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EXPLORING a UNIVERSE
of

MATTER, ENERGY and LIFE
EXPLORING a UNIVERSE of MATTER, ENERGY, and LIFE

A Proposal to Operate the Gemini Observatory for 2006-2010

I. OVERVIEW (D21)

This proposal is a from Association of Universities for Research in Astronomy, Inc. (AURA) for
funding the continuation of AURA’s management of the Gemini Observatory on behalf of
National Science Foundation (NSF) and the other members of the international Gemini
Partnership.

Based on specific direction from the Gemini Board, with advice from the Gemini science
community and the NSF joint Visiting Committee and Mid-term Management Review, AURA is
proposing for $226,495,370 to fund the operation of the observatory, the development and
exploitation of new instrumentation, and associated necessary enhancements to staff and general
infrastructure over the five-year period from 2006 through 2010.

The proposal consists of six main Sections (I through VI).  This first Section is a high-level
summary of the main proposal elements.  It provides a brief history of the Partnership and a
discussion of significant challenges that are essential to understanding the Universe around us,
which led to the creation of the Gemini Partnership.  Meeting these challenges remains the key
driver for the science and instrumentation programs now being proposed for the future.

Since this is a proposal to continue an AURA effort that has received NSF support continuously
since 1989, there is a discussion of the impact of this prior support, including the science to date,
the quality and nature of the observatory, resulting capabilities, and adjustments for the future.

The Partnership’s vision for the future includes a substantial enhancement of the science
program, enabled by their previous investments in Gemini, targeted explicitly to exploit the
partnerships strengths and the unique capabilities of the telescopes. The intent is to bring new
technologies, new approaches to observing and new institutional arrangements to bear on some
of the most fundamental questions facing astronomy today. Finally, there is a brief a discussion
of the management of the organization and the broader impacts it has already had on the world as
a whole.  All of these themes will be developed in much fuller detail in Sections II through VI of
the rest of the proposal.

A. The Vision
When confronted by the persistent great unknowns of the Universe, a key facet of the human
spirit is humankind’s ability to look beyond the barriers of today, and to dream.  It was such a
dream that started the Gemini Partnership and Observatory.

Over a decade ago AURA assembled an international group of astronomers who believed that
they could build a unique, powerful, ground-based observatory with two telescopes, one each in
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the Northern and Southern hemispheres.  Each telescope would have the clarity of vision of the
Hubble Space Telescope, and would have a vast single-piece mirror with at least four times the
collecting area of existing telescopes at that time, giving access to the whole observable universe.

As a result, in 1993, AURA, in partnership with the NSF, brought together the nations of the
United States, United Kingdom, Canada, Chile, Argentina, and Brazil to form the international
Gemini Partnership in order to realize this dream1.

1. The Mission

The mission of the Gemini Observatory is, to fulfill the scientific aspirations of the Gemini
astronomical communities by developing, operating, and maintaining the Gemini telescopes as
forefront optical and infrared facilities for astrophysical research.

2. The Requirements

Gemini had ambitious requirements – by placing these large telescopes on the highest, clearest,
and driest sites, the goal was to allow the Partner’s communities to explore some of the most
obscured stellar cradles of our galaxy, and investigate some of the furthest outposts of the known
Universe.  The Partners hoped to catch glimpses of other solar systems like our own and see how
new planets emerged from the chaos of proto-planetary disks.  These telescopes were expected to
transport us back to a time when the Universe was less than a tenth of its current age, to a view
of the Universe some 12 billion years before present, by detecting the infrared radiation from
distant galaxies.  This all had to be realized within a fixed budget – and this was achieved.

B. Scientific Horizons:  Universes of Matter, Energy, and Life.
The goal of this proposal is to provide the capabilities and organization to the Gemini
communities to tackle the principal unanswered questions in astrophysics.  One can organize
these questions by dividing the cosmos into three “universes”:  matter, energy, and life.  Each
presents a complex set of related issues.

1. Matter

The “universe of matter” represents the largest material structures observed – the galaxies and
super-clusters of galaxies.  These structures contain all the things that can be detected, including
the baryonic matter that makes up the stars, nebulae, planets, and – if our world is any indication
– life.  Understanding the nature of matter is a prerequisite to determining the role it plays in the
formation and evolution of galaxies.

An unseen form of matter, called “dark matter”, seems to dominate the dynamics and evolution
of galaxies.  Dark matter is thought to be ubiquitous in the Universe, but its nature remains
poorly understood.  Thus, it is reasonable to ask how astronomers might achieve a better
understanding of this mysterious stuff that cannot be directly observed, but nonetheless exerts a
powerful influence on structures as large as galaxies.

The answer to this conundrum lies in deducing its properties and distribution from the effect dark
matter has on galaxies.  Observations of the motions of stars within galaxies, for example, will
                                                  
1 Australia would later join the Partnership in 2000.
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give us a much better understanding of the gravitational interaction between baryonic matter and
dark matter, and how such interactions affect the formation of galaxies.  Black holes – some of
the most bizarre structures known – also play an important role in the evolution of galaxies,
perhaps even in their creation.  Yet a detailed understanding is lacking regarding the interactions
between massive black holes and galaxies, the relationship between black holes and galactic
processes (such as the birth, evolution and death of stars), and the implications for the
regeneration and enrichment of elements heavier than hydrogen and helium.

Ultimately, one is interested in how all of these processes lead to planet formation and to pre-
biotic material that are the seeds of life.  Past observations have revealed a myriad of possible
physical connections and correlations between these processes; the objective now is to better
understand feedback mechanisms between them and how the “snapshots” of distinct objects can
provide a full picture of interactions between the components of the Universe over time.

2. Energy

Exploring the “universe of energy” requires searching for a little-understood component of the
cosmos:  dark energy.  Somehow, dark energy provides a push that counteracts the pull of
gravity (which otherwise works to bind together planets, stars, and galaxies).

Gravity works at cosmological distances to slow down the expansion of the Universe.  However,
observations of distant supernovae show that the universal rate of expansion appears to be
increasing, apparently driven by dark energy.  The bulk of the energy in the universe seems to
exist in this unknown form.  Key unknowns about the universe of energy include:  the nature of
dark energy, its time dependence and role in the formation and evolution of galaxies; the cause
of the long-ago change from a Universe full of radiation to one dominated by matter; and the
processes and events led to the more recent transition to a Universe controlled by dark energy.

Understanding the history of energy and matter in the Universe takes us back to the universal
“first light”, when the earliest self-luminous structures (the predecessors of galaxies) erupted into
existence and filled the early voids of the Universe with radiation.  Related avenues of inquiry
include understanding the role of the first-light process in triggering the collapse of those
primordial structures into the galaxies that surround us today, and its relationship the recent
domination of the Universe by dark energy.

The answers to all these questions are critical to pinpointing the changing role of dark energy
over the evolution of the Universe.  Since this energy is only discernible across cosmological
distances, astronomy will undoubtedly play an essential role in answering those questions,
relying in part on research in the high-energy physics community.

3. Life

Research on the “universe of life” focuses attention on the symbiotic relationship of stars,
galactic gas and dust and their formation processes, and the planets and debris disks surrounding
young stars.  Life stands at the end of the evolutionary processes that create planets, and
therefore the seeds of life are contained in the endless cycling of star birth and star death.



4

At the ends of their lives, stars spread heavy elements across space through supernova explosions
and the formation of planetary nebulae.  Ultimately this “seed material” collapses into more
stars, proto-planetary disks, and ultimately, planets.  This life cycle of material processing, which
is traceable back to the first stars in the early Universe, is an extraordinarily important research
field because it represents the mechanism through which normal matter evolves from the
primordial elements of hydrogen and helium.

Defining and studying this cycle helps one to understand the planetary system surrounding our
own Sun.   With the growing census of planets in our solar neighborhood and advanced future
observations using Gemini, it should be possible to directly image and begin to characterize the
planets that are now being discovered through indirect means.

The study of supernovae also leads to a better understanding of the expansion rate of the
Universe.  In addition, the flashes of distant supernovae explosions also provide probes of the
dark energy that is affecting this cosmic expansion.

4. Solving the Puzzle

The universes of matter, energy, and life are tied inextricably together, yet their boundaries and
interfaces are understood only in a piecemeal fashion – tantamount to the early steps in solving a
jigsaw puzzle.  Only through further detailed observations, with new innovative instrumentation,
will enough pieces be collected for an understanding of the most important links, bridges, and
gaps in the puzzle, and the ultimate assembly of the “picture” of the actual Universe.

Though observations made at Gemini will not, unilaterally, answer all the questions posed about
the cosmos, the key projects being proposed will take advantage of Gemini’s unique capabilities,
to make vital and integral contributions to the vast scientific knowledge base about the Universe.
For current and future generations, the Gemini Observatory is poised to make its distinctive
contribution to our civilization’s shared legacy of knowledge and exploration, which will be
made available to all the schools and universities of the world.  Students and researchers will use
this database to help shape a comprehensive understanding of the formation and evolution of the
Universe, the seeds of life, and the nature of matter and energy.

C. Gemini’s Current Facilities and Approaches
AURA has fulfilled its commitment to the international Partnership by creating the Gemini
Observatory, which spans two hemispheres and has its roots in at least seven countries.  To date
Gemini has completed, and has been operating, its two 8.1-meter astronomical telescopes as a
single observatory, utilizing new technologies that now produce high-quality images comparable
to the Hubble Space Telescope and enable views of the Universe at unprecedented depths.  The
current Gemini Observatory is the platform upon which the new generation of instruments and
scientific directions will be based.
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1. Gemini – the Science Machines

Each of Gemini’s two telescopes has a very-high-quality, 8.1-meter monolithic primary mirror.
These highly automated telescopes incorporate active and adaptive optics to produce very-high-
resolution capabilities.  Moreover, they take advantage of two of the highest-quality developed
observing sites on the planet.  Collectively, they have provided coverage of both the Northern
and Southern skies since 2001.

Gemini’s imagers and spectrographs accesses most of the optical, near-infrared and mid-infrared
spectral windows accessible from the ground.  In order to facilitate almost instantaneous
instrument changes, to respond to changing atmospheric conditions or time critical observations,
the telescopes can mount as many as four instruments at any one time on a cassegrain turret.
Under normal circumstances, instruments are mounted for periods of many months or longer and
can be switched in a matter of minutes by redirecting the beam with a movable mirror.

With minimum summit support, the instruments are remotely operable from the Observatory’s
sea level base facilities in Hilo or La Serena.  Designed to facilitate queue as well as classical
observing, they permit “read only” viewing and video access from arbitrary remote sites virtually

Figure 1-1: The Gemini North (left) and Gemini South (right) telescopes on Mauna Kea Hawaii, and Cerro
Pachón Chile
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anywhere in the world, via the high-performance research Internet. This significantly increases
our distributed communities, access to either celestial hemisphere.

a. Infrared Optimization

The Gemini Observatory stands alone in the class of 8- to 10-meter telescopes due to its
optimization for infrared astronomy.  The telescopes employ sputtered silver multi-layered
coatings on their primary, secondary, and tertiary mirrors, and other unique facets of the
telescopes design achieve extremely low emissivity over the entire optical system.  With the
combination of telescopes’ - diffraction-limited imaging capabilities and extremely low telescope
background -, Gemini is the worlds most sensitive ground-based telescope at thermal infrared
wavelengths.

b. Gemini North

The Gemini North telescope stands as one of the four, major Optical/Infrared (OIR) telescopes
that, with other smaller facilities, on the summit region of Mauna Kea some 13,700 feet above
the Big Island of Hawaii.  Remote from major sources of light pollution, surrounded by a
thermally stable tropical sea, bathed in dry trade winds above the inversion layer and on a
massive mountain with very gradual slopes, Mauna Kea’s summit is renown as the world’s
premier Northern Hemisphere astronomy observing site.

Currently the telescope is equipped with a mid-IR imaging spectrograph (MICHELLE), a near-
IR imager with a grism spectrograph (NIRI), a visible-light, multi-object spectrograph (GMOS),
and a facility-adaptive optics system (ALTAIR).  The capability for an integral-field-unit
spectrograph (NIFS) will be added shortly, as well as a laser-guide-star upgrade for ALTAIR, the
facility adaptive-optics system.  A near-IR, multi-object spectrograph (FLAMINGOS-2) is
currently funded and expected to come on line in 2006.

Figure 1-2:  Even without adaptive optics, under ideal conditions Gemini optical images approach the
quality of the Hubble Space Telescope.  Gemini’s use of “queue observing” enables matching excellent
prevailing conditions to the observations.  Gemini is on the left and HST on the right in these images of
Hickson Compact Group 87.  The Gemini image’s intrinsic fwhm is 0.36 arcsec and HST’s is 0.17 arcsec.
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Located near sea level on the University of Hawaii-Hilo campus, the Hilo Base Facility (HBF)
serves as headquarters for the Gemini directorate and administrative core for Gemini North.  The
facility provides office space for science, engineering, and administrative staff and supports data
processing and other operations needs.  Most northern observing activities are executed from the
telescope control area of the HBF operations room.  In Hawaii, Gemini is a  “citizen” of a vibrant
astronomical research park that also hosts the headquarters of the Subaru Telescope, the Joint
Astronomy Center (UKIRT and JCMT), the Smithsonian Millimeter Area, the Caltech
Submillimeter Observatory and the Institute for Astronomy-Hilo.

c. Gemini South

Sharing much of the common infrastructure with the AURA-managed facilities on nearby Cerro
Tololo, the Gemini South telescope is perched on a ridge in the Andes Mountains at about 9,000
feet elevation on Cerro Pachón.  Located some 300 meters from the 4m SOAR telescope, this
site has proven to be one of the best developed observing sites in the Southern Hemisphere.

Gemini South is currently equipped with a mid-IR imager and spectrograph (T-ReCS), a near-IR
spectrograph (GNIRS), and, in the visible spectrum, a multi-object spectrograph (GMOS), and a
high-resolution bench spectrograph (bHROS).  Already funded and scheduled to come on line in

Figure 1-3. The November 2004 protected silver coated Gemini North primary mirror in its coating chamber.
This is the second successful silver coating. The Gemini South mirror was coated in May 2004.
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2006 are a near-IR coronagraphic imager (NICI), an adaptive-optics (AO) imager (GSAOI), and
a multi-conjugate AO system (MCAO).

Located in La Serena, Chile, the Gemini South Base Facility (SBF) overlooks the Pacific Ocean
near sea level – similar to its counterpart in Hilo, though facing west rather than east.  Like the
HBF, this facility provides office and meeting space for science, engineering, and administrative
staff, network and data-processing equipment and a remote operations room.  It is located within
the same gated compound as the operations bases for the AURA-operated CTIO and SOAR
observatories.

d. Gemini Tucson

The Observatory continues to operate a small office in the NOAO building in Tucson, Arizona.
This office supports the contract administration unit and management oversight of the Gemini
Instrument program within the US.

Figure 1-4.  With telescopes of Gemini superb image quality, observations are much more sensitive to the intrinsic
atmospheric seeing.  For many Gemini projects, the time to compete an observation is inversely proportional to the
square of the intrinsic seeing.  As can be seen from the above plot taken from Gemini South real time seeing
monitor, during any one night, there can be significant changes in the site seeing, and queue scheduling allows the
nighttime support astronomer to adapt the observations to make best use of the prevailing conditions.  As described
earlier, the telescopes are equipped with multiple instruments mounted on the telescopes and ready for
observations.  This facilitates scheduling observations on a queue basis and permits the agile time allocation
required to match highest priority programs to the available conditions.
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e. Gemini Science Archives

Data obtained from both Gemini telescopes are
reduced to usable data products at the respective
sites and subsequently delivered by the Internet2
(Abilene) high-performance research Internet to
the Gemini Science Archive (GSA) shortly after
the data have been obtained.  The GSA is located
at and managed by the Canadian Astronomical
Data Center (CADC) at the Herzberg Institute of
Astrophysics (HIA) in Victoria, British
Columbia. After an 18-month proprietary period,
all Gemini data become publicly accessible.
Already, after about only one year of operation,
astronomers using this Gemini archive resource
have published 9 papers.

The next step in maximizing the scientific
productivity of the Gemini Science Archive is to
ensure that it becomes a major research and
education tool in its own right, integrated
seamlessly into the newly evolving National and
International Virtual Observatories.

2. Gemini Science Operations –
Optimizing Partnership Scientific Return

In managing its premier IR and optical ground-based facility for the six partner countries,
Gemini has sought to optimize the scientific return both for the initial investment and the
ongoing operations cost.  Gemini management has approached this challenge in two broad ways.

a. Queue-Based Operations

Traditionally, the classical approach to astronomy – stemming from previous eras when
observing was constrained by technologies for telescopes, instruments, transportation and
communications – is to award fixed blocks of observing time locked to fixed dates.  Today, with
many of these technological constraints removed, the most effective model is one that matches
the highest-ranked observing programs to sky and observatory conditions best suited to the
observations.  Furthermore, it is far more efficient use of highly oversubscribed observing time
to restrict that time to the minimum required to obtain the desired data, and then proceed to the
next highest-rated program for the prevailing conditions.  In this way observations and
calibrations can be more optimally scheduled, allowing a greater number of programs to be
observed in any given night.

While this approach requires that Gemini Observatory staff make the observations on behalf of
the principal investigator (PI), modern communication networks allow the PI or, potentially,
entire research teams to “eavesdrop” on the actual observations and interact with the observers at
the telescope in real time when desired.

Figure 1-5.  The GSA Web interface provides unique
“meta data”, such as weather maps, images of cloud
conditions associated with each archived observation
to allow complete recovery of the actual observation.
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b. Classical Operations

There remain a number of scenarios where hands-on observing by a PI team may well be the
better choice.  These include programs that involve new, experimental observing procedures, the
training for young scientists, technology explorations, and the commissioning of instruments.
Gemini is fully equipped to support these modes as well, and the Observatory, on the advice of
the Time Allocation Committees, routinely allocates a fraction (currently 10–20%) of available
science time to classical observers.

D. Gemini Today – Foundations of a 21st Century Observatory
Over the last four years, the Observatory has moved into full time operations and, despite the
deliberately staged completion of the two telescopes, and some problems with timely delivery of
the first facility instruments the first scientific results have begun to flow.  -

1. Scientific Accomplishments

, By the end of 2004 more than 100 papers of unique science results have been published or are
in press in the major refereed astrophysical journals.  Some of the highlights are:

• Exploiting the queue observing mode, Gemini North by monitoring Saturn’s moon Titan
over several months with our adaptive optics system revealed short-lived temperate level
clouds in the atmosphere of Saturn’s moon Titan never seen before. These observations,
made in collaboration with the W. M. Keck Observatory, may show evidence of a giant
active methane ‘slush” geyser or a geological warm spot on Titan.2

• In the search for planets around nearby stars, Gemini observers have discovered a
population of brown dwarfs as binary companions to low mass stars, changing our view
of the formation mechanism of such low-mass stellar objects.3

• Probing the inner disk region of a possible nascent solar system in the debris disk of Beta
Pictoris in the thermal infrared revealed a central gap, corresponding to a dust depletion
zone the size of our own solar system.  Several clumps and gaps symmetrically located
on either side of the central star suggest tantalizing evidence of ring structures produced
by orbiting massive planets. A bright, hotter clump in the disk at ~50 AU from the central
star is likely the product of a cataclysmic collision between two planetesimals roughly the
size of Pluto. Collisions such as this would be expected in the hypothetical Beta Pictoris
planetary system of this age as it goes through an era of heavy bombardment, much like
our own Solar System did 4.6 Gyr ago.4

• A new, second black hole of 1,300 solar masses has been found orbiting around the
center of our galaxy, holding together seven massive stars.  It is probably the wreckage of
a previously much-larger star cluster.5

• Gemini observations with T-ReCS and MICHELLE confirm that significant amounts of
dust can be produced around the immediate progenitors of massive-star supernovae.

                                                  
2 H. G. Roe et al., The Astrophysical Journal, 618, L49-L52, 2005
3 L. Close et al., The Astrophysical Journal, 587, 407-422, 2004
4 C. Telesco et al., Nature, 433, 133-136, 2005 (Jan 12) 
5 J-P. Maillard et al., Astronomy & Astrophysics, 423, 155-167, 2004
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Dust formed out of the metals synthesized in the explosion itself may have been detected
from the supernova that exploded in the Large Magellanic Cloud in 1987.6

• Deep NIRI observations done with the Gemini North of a candidate redshift z = 10
galaxy purportedly discovered with the Very Large Telescope led to a non detection at
the greater depth obtained on Gemini, casting significant doubt on the reality of the z =
10 galaxy.7

• The Gemini Deep Deep Survey (GDDS) done with the Gemini North Telescope, a survey
of unprecedented depth achieved through a combination of queue observing and an
innovative observing technique, revealed that at least two-thirds of the massive galaxies
are already in place after the first 3 billion years following the Big Bang.  This means that
a significant fraction of these mature galaxies have formed only a few billion years after
the Big Bang pushing for a revision of most popular galaxy formation models.8

These science results will be presented in more detail in Section II.H.

2. Unique Technologies and Methodologies

Gemini is achieving the main themes of the Gemini science programs laid out in the1992 Gemini
Science Requirements which called for: “observing and understanding the origins and evolution
of stars, planetary systems, of galaxies and of the Universe itself.  The telescopes will be used to
observe objects ranging in distance from within our own Solar System to within 10% of the
observable horizon of the Universe.”

Realizing these goals has required AURA to develop many new technologies and techniques.
However, this has not been done in a vacuum, but with extensive collaborations.  These efforts
have been carried out in close partnership with the institutions and industries of the Gemini
Partner countries.  Some of Gemini’s most important technological achievements have been:

• Leadership in one of the most complete and ambitious adaptive-optics development
programs for ground-based astronomy in the world.

• Construction and implementation of fully integrated push-button adaptive optics systems
on both telescopes.

• Successful, shared-risk development, with industries and the US Air Force, to produce
new, high power solid state lasers capable of generating artificial guide stars for adaptive
optics in the upper atmospheric sodium layer.

• Development and application of protected silver coatings on all telescope mirrors to
enhance performance across the key spectral windows and thermal infrared optimization.

• Implementation of a powerful technique (nod & shuffle) to remove accurately the
contribution of varying atmospheric emission in CCD observations, thereby facilitating
spectroscopy to unprecedented depths in the red part of the optical spectrum.

                                                  
6 P. Bouchet, et al., The Astrophysical Journal, 611, 394-398, 2004
7 M. Bremer et al., The Astrophysical Journal, 615, L1-L4, 2004
8 K. Glazebrook et al., Nature, 430, 181-184, 2004 (July 8)
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• A fully integrated science data archives system that incorporates a unique “meta
databases” of observing conditions and constraints to ensure the lasting legacy of Gemini
ground-based data and science.

“The GDDS represents a very significant achievement, both scientifically and
technically.”  (Professor Richard Ellis, Caltech)

E. Gemini Tomorrow – A World Leading Observatory
Gemini’s ambitions for the future are based on the Gemini telescopes that have been built and
are currently operating and the efforts invested by its user community.  The Gemini community
is able to plan for many additional, far-reaching scientific frontiers because of past and current
successes, and because the community and the Observatory have developed a strong tradition of
operating through a system of systems solidly rooted in the Gemini science communities, partner
institutions, and industries.

1. A Partnership Committed to an Ambitious Program

Looking forward to the next five years, in September 2004, the Gemini Board reaffirmed the
Partnership’s commitment to Gemini and its future vision:

We are poised to advance into an exciting and challenging scientific era, having created
a first-rate institution, the Gemini Observatory.  We see the Observatory establishing a
leadership role in a global effort to define, address, and solve compelling scientific
questions.  The answers to these questions will have a fundamental impact on our view of
the Universe and our place in it.

Gemini, by exploiting its unique strengths and capabilities, will be a keystone in that
global effort.  Among our strengths are the breadth of the partnership, the diversity and

Figure 1-6: The key result from the
recent Gemini Deep Deep Survey. By
using an innovative observing
technique uniquely available on
Gemini called “nod-and-shuffle” the
GDDS Team were able to for the first
time probe the mass evolution of
galaxies back to a time when the
Universe was less than 30% of its
current age (z=2). The key finding
was that for most common galaxy
types, their masses were fully
assembled, contradicting the most
recent hierarchical galaxy formation
models (the black and red curves).
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depth of our communities and staffs, our connections with other institutions sharing
common scientific aspirations, and the energy and vision of our Observatory.

In pursuit of that vision, the Gemini Board asked the Observatory to:

Provide observing capabilities that will enable the Gemini community to be leaders in the
global scientific quest;

Remain an agile, responsive, innovative organization maximizing its use of the strengths
of the partnership;

Initiate and continually strengthen partnerships with other institutions in the pursuit of
scientific aspirations we hold in common with the global community; and

Explore new modes of astronomical observation and to lead in the evolution of necessary
cultural, managerial, and institutional changes.

This commitment by the Gemini Partnership, to a renewed Observatory mission extending into
the next decade and the request for agility, responsiveness, and innovation, forms the basis for
this proposal.

2. Science Goals for 2006-2010

The main focus of this proposal is the future of the Gemini Partnership and the Observatory,
specifically over the next five years (2006-2010), but also on its transition into the next decade.

In 2003, the Gemini Board challenged AURA and the Gemini community to develop “a
strategic approach that rests on the definition of compelling science questions to which Gemini
can uniquely contribute.  The Board urges the [community] to focus on the development of key
science questions for Gemini operating in a scientifically exciting era.9

Following the model Gemini first exploited in Abingdon England in 1997 for the previous
instrument generation, in June 2003 the Gemini Observatory assembled a team of some of the
world’s foremost astronomers and some of its most talented younger researchers in Aspen,
Colorado, to plot the course of future exploration for the Partnership (see also Section I.H.4).

They represented hundreds of other colleagues who had been meeting in the Partner nations, and
hundreds more who will use the Observatory in the years ahead.  The 93 participants in the
Aspen Workshop distilled the diverse research interests of the international Gemini community.
The consensus was that the Gemini Observatory could make major contributions in addressing
eight key questions:

• How do galaxies form?

• What is the nature of dark matter on galactic scales?

• What is the relationship between supermassive black holes and galaxies?

• What is dark energy?

                                                  
9 Gemini Board Resolution 2003, A.14.
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• How did the cosmic “dark age” end?

• How common are extrasolar planets, including Earth-like planets?

• How do star and planetary systems form?

• How do stars process elements into the chemical building blocks of life?

In order to achieve these goals, the participants of the Aspen Workshop also defined a suite of
key new instruments and other system enhancements that accomplish these challenging
objectives.  This proposal describes AURA’s approach to tackling these key questions of
astrophysics through the Gemini Observatory and its partnership.

F. Building a Bridge to the Future
The Aspen instruments will open up new windows to the Universe as they begin arriving in the
2008–2010 timeframe.  Until and after then, Gemini will continue to exploit the best of the
current powerful generation of instruments.

It is expected that the next five years will be an even more spectacular period of discovery.
Indeed, it is expected that the rate of publication of papers will grow by at least fivefold.

 
 
 

Figure 1-7: The performance of the Gemini North Adaptive Optics (AO) system, ALTAIR demonstrated with
this infrared K-band image of the planetary nebula NGC 2392 (left) compared to the same nebula imaged in the
optical with Hubble Space Telescope Wide Field Planetary Camera 2 (right).  Gemini’s AO imaging and
spectroscopy capabilities from the ground can now complement those deployed by the Hubble Space Telescope
at optical wavelengths.
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As with any discovery process, many results that will emerge from the Gemini telescopes in the
2006–2010 period cannot be accurately forecast at present.  However, current research efforts
have helped identify key areas of research where the Gemini Telescopes are likely to enable
breakthroughs with their powerful sets of optical, near-infrared, and mid-infrared instruments.

It is the current capabilities that will provide the bridge to the science of the Aspen Instruments.
With NIRI/ALTAIR, GNIRS, NICI and NIFS, Gemini will be exploring the environments of
nearby stars to find large Jovian planets and characterize planet formation.  Adaptive optics and
infrared spectroscopy will play crucial roles in this adventure and lay the foundations for the
Extreme AO System and the High-Resolution IR Spectrograph, key instruments identified in the
Aspen process.

Using the mid-infrared instruments MICHELLE and T-ReCS, Gemini will be investigating
several young planetary and debris disks to search for evidence of planetesimal collisions and to
understand early planetary system growth processes.

Gemini will reconstruct the history of early planetary systems and search for pre-biotic material
with MICHELLE, T-ReCS, GNIRS, NIRI/ALTAIR, and MCAO.

Figure 1-8 This Gemini-North adaptive optics image (top) shows 15 Sge and its newly found companion (15
Sge B) seen for the first time by Gemini*.  The data were obtained in the near infrared, at 2.2 microns. The
right-hand image has been processed to subtract the light of the much brighter primary star to highlight the
brown dwarf. The brown dwarf orbits its star (bottom) at a distance of 14 A.U., or about 1.5 times Saturn's
distance from the Sun.  Future Gemini instruments will allow probing Jupiter-like objects 50-60 times less
massive than brown dwarfs at similar distances from nearby star.
*Liu, M. et al., The Astrophysical Journal, 573, 720-727, 2002
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In the wake of the discovery of Sedna, presently the most distant known large object in our solar
system, Gemini expects to find several more similar objects between the edge of the presently
known solar system and the Oort Cloud.  Observing these minor planets with GNIRS and NIRI
will throw light on the formation of the solar system and on the secular evolution of such objects.
With the help of PHOENIX and GNIRS, the origin and nucleosynthetic history of key chemical
elements will be established.

Pursuing black holes at the centers of galaxies will be done with the battery of integral field units
on several Gemini instruments at both telescopes: GNIRS-IFU, GMOS-IFU and NIFS will be
outstanding tools for expanding our understanding of the role of black holes in the formation and
evolution of galaxies. The rotation of galaxies will be mapped to unprecedented redshifts, and
the mass assembly of galaxies will be reconstructed in details with the GMOS-IFU, GNIRS-IFU
and NIFS.
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Figure 1-9: Exploring the extra-solar planet discovery space with the Gemini Observatory.  The first generation
of classical adaptive optics imaging systems on Gemini, such as Hokupa'a and ALTAIR have already probed
the outer solar system environs of young and low mass stars, uncovering the structure of proto-planetary disks,
and discovering brown dwarfs shown in the inserts.  Next year the dual-channel chronographic imager NICI
will move Gemini into the regime where we may be able to image large Jovian planets and begin probing the
planet formation environment.  By 2007-2008 the Aspen envisioned Extreme Adaptive Optics imaging should
enable us to image “warm Jupiter’s” and the High-Resolution IR Spectrograph should be begin to probe the
habitable-zone in near-by, low mass star systems through infrared reflex spectroscopy.
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As researchers carry out the study of distant galaxies to z > 2, beyond the “redshift desert,”
FLAMINGOS and MCAO come closer to the era of galaxy formation.  The most daring users
will attempt to observe first light objects at redshift-7 and beyond, with the help of MCAO
equipped with special narrow-band filters.  This lays the foundations for the next-step – distances
that will only be fully accessible with the launch of the James Webb Space Telescope (JWST) in
the decade following this proposal.

On a greater scale, the unique capability envisioned at Aspen for a Wide-Field Multi-Object
Spectrograph will allow the Gemini community to begin to discern the underlying structure of
mass and energy on which these barely visible filaments of early galaxies rest, the unknown
carriers of dark matter and dark energy.  Gemini and its diverse Partnership are poised for an
explosive five years of discovery.

The Comparative Signal/Noise (S/N) gain of Gemini compared to JWST for
100,000 seconds of integration to a S/N = 10 on point like sources
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Figure 1-10: The performance of Gemini with its 2006-2010 near-diffraction-limited instrumentation is
compared to sensitivities expected from NASA’s James Webb Telescope – expected to launch in 2011-2012.
The graph shows that in the red- to near-infrared regime (0.7 – 2.0 microns), spectroscopy with resolving
powers > 100 (R > 100), Ground Layer AO (GLAO) and Multi-Conjugate Adaptive Optics will allow the
Gemini community to probe the JWST discovery space four to six years before its expected launch.
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Finally, AURA is aware that Gemini is evolving in a highly competitive environment. Other
large ground-based facilities, such as Keck, VLT, and Subaru, are pushing for the same
astrophysical frontiers.  For example, Gemini’s European colleagues, who operate the impressive
Very Large Telescopes, are committed to be “second to none.”  Gemini also competes for the
attention of broad communities that also have access to space facilities like the Hubble Space
Telescope, Chandra, Spitzer, and others. AURA believes that a more collaborative approach in
observing time and instrumentation, enabling its community to exploit a “system of telescopes”
is the most strategically sound and scientifically productive approach in such a competitive, but
resource constrained environment.  Therefore, as will be explained later in this proposal, Gemini
intends to continue and reinforce its collaborations with Keck and Subaru and further explore
other strategic alliances for key science experiments and new technologies.

G. Lessons Learned
A major Gemini success has been the growth in its communities’ confidence that queue
observing works and delivers the desired results – as evidenced by the fact that in the last few
allocation rounds, well over 75% of the time has been requested in the queue mode.  This
success also has presented a challenge for the Observatory, because its science staff was sized to
support 50% queue scheduling, with the assumption that 50% of the time would still be used in
the traditional mode of observers visiting the telescopes.

Queue time as a fraction of total
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Figure 1-11.  The growth of actual queue scheduled observing at both telescopes quickly exceeded the
originally planned 50% level, and has consistently outpaced the rate of growth science staff to support it.  On
the one hand, this demonstrates the users’ satisfaction with the efficacy of queue observing, and on the other it
has led to having to support the queue with overworked staff and “borrowed” NGO staff.
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One of the key changes being proposed in the new Gemini operating model is a restructuring of
the Observatory, and particularly the science staff, to support 100% queue scheduling on both
telescopes. As will be discussed in this proposal, this would allow more flexibility to try
innovative observing approaches, such as “assisted queue” observing, remote eavesdropping and
continuous “event-driven” observing, such as the rapid follow-up of gamma ray bursters,
identified in real time by such facilities as the SWIFT satellite.

H. Partnership and Management – Managing the Gemini Science Machine
Many countries developed elements of the technologies that have enabled the Gemini telescopes
and instruments, as they currently exist.  In 1989, AURA’s National Optical Astronomy
Observatory (NOAO) advanced the initiative to the NSF that led to the development of the
Observatory.  In time, the NSF determined that joining with international partners would take
advantage of the broadest possible range of scientific experience and technical talent, thereby
realizing more fully the vision for telescopes in both the Northern and Southern Hemispheres.

1. Partner Countries

After discussions between the interested parties, six countries – the US, UK, Canada, Chile,
Brazil, and Argentina – signed the international Gemini Agreement in 1993.  The relevant
ground-based astronomy-funding agencies in these countries committed to making direct
financial contributions toward the construction of the observatory facilities and their long-term
operation.  In broad terms, the astronomy communities of the partner countries receive Gemini
observing time in proportion to their fraction of financial contribution to the program.

In addition to observing time based on the Partners’ financial contributions, two parties are
compensated based on their provision of legal access to the observing sites.  As the site host for
Gemini South, Chile receives an additional 10% of the observing time there. Likewise, the
University of Hawaii, as Gemini North site host, receives 10% of its observing time.

During the course of the telescopes’ construction, Australia expressed an interest in joining the
Partnership as well.  The original Partners agreed to accept Australia as a paying partner at about
the 5% level, in exchange for a cash payment in lieu of its construction contribution, to be
followed by financial support of ongoing operations.  Australia’s front-end payment was used to
provide enhancements to instruments and facilities not included in the original Gemini plan.

Later, Chile elected to leave the ranks of the paying partners, and a group of other partners
bought out Chile’s paid share, in accordance with procedures included in the Partnership
agreement.  Chile remains scientifically active in the Observatory as a site host, with its 10% of
the Gemini South observing time.

2. AURA

For more than 40 years the Association of Universities for Research in Astronomy, Inc.
(AURA), a non-profit US corporation of 36 universities and research institutions, has built and
operated US ground-based national observatories, in both the US and Chile, on behalf of the
NSF.  These include NOAO’s Kitt Peak (KPNO) and Cerro Tololo Inter-American (CTIO)
observatories, the National Solar Observatory (NSO), and the Gemini Observatory.  AURA also
manages the science operations of NASA’s Hubble Space Telescope through the Space
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Telescope Science Institute and is under contract to NASA to manage the science operations of
the new James Webb Space Telescope.  AURA has managed Gemini under NSF Cooperative
Agreements since Gemini’s inception.

3. The Observatory

On a day-to-day basis, AURA operates the Gemini Observatory as a separate unit.  AURA has
assembled an excellent team of science, technical, and administrative professionals to operate
and maintain the telescope and instrument facilities, manage the instrument development
program and provide an aggressive public information outreach program.

In a larger sense, the Observatory is integrated into the Partnership as a whole, with key roles
played by several committees of Partner agencies and their science communities.  Representing
the science research and operations interests of the communities, these panels provide scientific,
operational and financial oversight.

The operational model for the Gemini Observatory delegates many functions traditionally
performed within an observatory back to the Partners.  This constitutes the core of the so-called
“distributed model.” Each partner has a group of scientists, referred to as the National Gemini
Office (NGO), which provides the local interface between the national community and the
Gemini Observatory.

4. Science Decision-Making

Gemini Observatory’s strategic planning process is fundamentally science-driven.  Accordingly
Gemini works closely with its user community through a variety of channels to develop long-
term science objectives.  In the instrument development program, this community-based
scientific decision-making process was clearly demonstrated in the form of key science meetings
held in Abingdon (1997), Santa Cruz (2000), and Aspen (2003) described previously.

These three meetings were coordinated through organizing committees comprised of core
members of the Gemini Science Committee and Observatory staff, thereby ensuring a structure
consistent with top-level Board direction about what the meetings should accomplish.  The
function of the organizing committee was principally to define the venue, date, agenda, and
chairs responsible for leading subgroups during the meetings.  The Aspen and Abingdon
meetings both were defined around broadly inclusive topics in astronomy, as a means of
organizing attendees into specific areas of expertise. For example, the Aspen meeting was
structured around these key astronomical topics:

• Stars, the Solar System, and Extrasolar Planets
• Star Formation Processes and the ISM
• Structure and Evolution of the Milky Way and Nearby Galaxies
• Formation and Evolution of Distant Galaxies and the High-Redshift Universe

Once these topics were identified, the Aspen organizing committee contacted world-renown
astronomers in the community who could chair subgroups during the meeting.  With chairs
defined, specialists in each field were then identified across the Partnership and all of the
participants invited to Aspen. In advance of the meeting in Aspen, national-level meetings were



21

organized that in effect increased the participation level in the decision-making process several-
fold, across the entire Gemini Partnership.  In the end, the input from hundreds of astronomers
over the course of an approximately one-year period was distilled into a set of prioritized new
instrument capabilities that the Observatory is now pursuing.

As evidence that these community-based planning meetings fundamentally map in new
capabilities at Gemini, it is worth noting that the Phase-2 instruments developed prior to the
Aspen meeting faithfully reflect priorities set during the 1997 Abingdon meeting.  For example,
the participants in Abingdon placed high priorities on instruments like an infrared multi-object
spectrometer (now known as FLAMINGOS-2), a high-resolution optical bench spectrometer
(now known as bHROS), a coronagraph (now known as NICI) and laser-based AO systems at
both telescopes (now manifested as ALTAIR+LGS and MCAO).  In October 2000, more than 60
astronomers met in Santa Cruz to develop the science case for a Gemini Multi-Conjugate
Adaptive Optics capability.

Meetings like those held in Abingdon, Santa Cruz, and Aspen demonstrate that Gemini
Observatory is clearly responsive to its community by providing the key capabilities demanded
by its broad base of users.  This important relationship with its users makes Gemini somewhat
unique in a highly competitive world of 8-10m telescopes and will help ensure support, from
Gemini’s users up through its funding agencies, over the lifetime of the Observatory.

I. Broader Impacts
Without broad dissemination of its science discovery information and the broad linking of its
overall programs to education and other societal needs, Gemini’s efforts and accomplishments
would not be complete.  These important topics are summarized here at a high level and
discussed in greater detail further in Sections II.J and III.H.

1. Integrating Research and Education, and Enhancing Educational Infrastructure

Gemini’s provision of world-class research facilities, and the research thus accomplished, is at
the forefront of modern astronomical discovery.  The Gemini educational outreach program is
intimately linked to the science and technology efforts of the Observatory and the Partnership.

Beyond simply informing the world of these accomplishments, Gemini’s innovative outreach
program makes significant investments in teacher training, teaching resource materials and other
forms of educational infrastructure to promote self-sustaining, long-term impacts.  In doing so, it
has partnered with the outreach arms of the Gemini Partner agencies, local public and private
school systems, and local independent educational consortia near its observing sites.

2. Enhancing Research Infrastructure

An inherent element of the Gemini Observatory effort is enhancing the astronomy research
infrastructure in the US and other Partner countries by providing world-class facilities and highly
cost-effective innovative approaches to astronomy observing and data delivery.  Indeed, this is
the essence of capabilities sought in this proposal.
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3. Underrepresented Groups and Diversity

Gemini is an active participant in several major efforts to impact educational and vocational
opportunities for underrepresented groups, including NASA’s New Opportunities for Minorities
In Space Science (NOMISS), Minority University Research and Education (MURE) programs
and the Astronomical Society of the Pacific’s (ASP) Family Astro program.  Gemini itself is
innately a very culturally and ethnically diverse group.  Citizens of 17 countries are direct
employees of Gemini.  Its observing sites are cultural and ethnically diverse.  At both sites fewer
than half the staff are US citizens.  Women make up 29% of its workforce, and 71% of them are
in “exempt” professional positions.  The rate of promotions among women staff is more than 22
percentage points higher than for men.

4. Broad Dissemination

Gemini collaborates with the outreach groups of the Partner agencies to ensure the broad
dissemination of the accomplishments of the Observatory to the world.  It has forged effective
media relationships that have allowed the Observatory ready access to both electronic and print
distribution channels.  Indeed, the media often turn to Gemini as a trusted information source.  In
appropriate venues, Gemini also has been very proactive in advocating its program to senior
decision makers in the US and elsewhere.

5. Human Resources Development in Science and Engineering

Many of Gemini’s educational programs are directed at children, with the aim of helping to
“light the fire” in the minds and hearts of those who will become the next generation of
scientists, engineers, technologists and voters.  Other ways that Gemini fosters new generations
of scientists and technical specialists include: participating in job development programs,
providing internship opportunities and collaborating with higher-education institutions to
develop new degree programs that target opportunities for would-be future employees.

J. Summary
In the 1980s, AURA began NSF-supported development for what was to become Gemini.  As a
part of this process, AURA helped organize the international Gemini Partnership that officially
began in 1993.  On behalf of the Partnership, the NSF has supported AURA in the ongoing effort
to develop, construct, and operate what is now the Gemini Observatory

The construction and commissioning effort delivered two telescopes with outstanding delivered
image quality and superb mid- and near-infrared sensitivity, ahead of schedule and on budget.
Though outsourced instruments were slow in being delivered, Gemini has developed a unique
suite of IR and optical instruments carefully matched to the telescopes strengths, providing for a
world-class observing system.  In addition, Gemini has developed various base and intermediate
facilities suited to the operation and management of the Observatory.

Gemini has realized a unique service-mode queue observing program, combined with a
sophisticated, distributed science proposal and user support system, that ensures very efficient
use of telescope time and high science throughput, and ties the Partnership communities very
closely to the operation and ongoing development of the Observatory.  Coupled with its physical
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facilities, Gemini’s system has already led to a wide range of unique science discoveries and
critical observations that are on the forefront of modern astronomy.

In developing and operating its innovative approaches to 21st Century observing, Gemini has
learned a number of things that will allow the program to become even more effective in the
future.  Among these is that queue observing not only works very well, but the community is
“voting with their feet” for queue over traditional hands-on classical observing.  While the queue
observing time fraction was originally set at 50% by the Gemini Board, today about 90% of the
programs are run in queue mode by PI request.  The Gemini Board has directed the Observatory
be prepared to support 100% queue in the near future.  This will have important operational
impacts requiring additional staff and infrastructure to support them.

There is a wealth of new science challenges facing astrophysics today.  These include discerning
the nature of dark matter and dark energy, and understanding cosmic, galactic, stellar, planetary,
and chemical evolution.  Many of these problems are ideally matched to the technical
capabilities of the Gemini telescopes, their current instruments, and to new instruments that
could be built-for-purpose over the next five years.  The Gemini community and the Gemini
Board are solidly behind this consensus plan to continue exploiting its current systems while
developing even greater capabilities and programs for the near the future.

AURA is proposing for $226,495.370 to realize these renewed goals during 2006 through 2010.
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II. RESULTS OF PREVIOUS FUNDING (D23)

Within the US, the Gemini Observatory program originated with NSF-funded efforts at NOAO
during the 1980s to develop advanced technologies for 16-meter and 8-meter telescopes.  The
formation of the Gemini Partnership between the USA, UK, Canada, Australia, Brazil, Chile,
and Argentina leveraged these efforts by linking them to important technology advances
developed by the Partners.  The Gemini Observatory represents the culmination of many such
initiatives over a period of years.

A. Introduction
The Gemini program began as the Gemini Project in 1989.  The Project’s immediate objective
was to build an observatory with two 8-m telescopes, spanning two celestial hemispheres, and
delivering superb image quality.

a. Science Requirements

The top-level science requirements were two identical telescopes with 8m diameter minimum
usable primary diameter delivering intrinsic image quality better than 0.1 arcsec.  Outstanding
image quality was the highest scientific priority of the project.  Broad wavelength coverage from
the visible to the mid infrared, high throughput (goal of 93%), and low emissivity (goal of 2%)
of the primary/secondary/tertiary mirrors were key requirements for achieving fully optimized
infrared telescopes.

To maximize scientific productivity, the telescopes were built to have the capability to respond
to changing sky conditions.  They were to be able to mount as many as four instruments
simultaneously permitting rapid changes between instruments.  This enabled efficient queue-
mode service observing, in addition to classical observing by a user at the telescope.

The incorporation of adaptive optics extended the near-diffraction-limited performance of the
Gemini telescopes from the thermal infrared to near infrared.

A carefully designed set of optical, near-infrared, and mid-infrared instruments was to be built
and commissioned to exploit the intrinsic strengths of the telescopes. They were to enable the
Gemini community to address key science questions on the formation and evolution of planets,
stars and galaxies.  The Gemini telescopes were to be the best ground-based telescopes in terms
of delivered image quality and thermal infrared performance.

As called for explicitly in the International Agreement, an integral part of the Gemini Program
was to develop and operate a worldwide accessible science archives as an active research tool,
hence ensuring the lasting legacy of the Gemini data set.  The Observatory also was to establish
and maintain a vigorous outreach and public education program.

b. From Project to Observatory

In 2000 Gemini began the transition from the Gemini Project to the Gemini Observatory, as first
science result began to emerge.  This Section II describes what AURA has achieved over the
period 1989-2005.  It discusses how the goals were met, and how the facilities and tools
implemented have satisfied the requirements and produced forefront science.  It presents the
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work on the telescopes and the instruments, the base facilities and infrastructure, the data
management system, and the science operation model that has been put in place.  It describes
some key science highlights illustrating that the goals have been met.  It closes with a review the
lessons learned during this period that enable adjustments to strategically position the
observatory for the period of 2006-2010, and it addresses the broader impacts of the Gemini
program.

B. Previous and Current Cooperative Agreements
A NOAO proposal submitted by AURA to the NSF in 1989 provided for the first funding of the
Gemini program.  Amendments to the 1989 NOAO cooperative agreement specifically addressed
the development of Gemini technology, observatory site evaluation, and other related work set
out in the 1989 proposal. With the formation of the Gemini partnership n 1993, the program was
identified as a distinct AURA unit with its own cooperative agreement in 1994.  This agreement,
along with various amendments, covered the construction of the telescopes, observatory domes,
certain associated facilities, infrastructure for site access, the initial suite of Gemini instruments
and the Gemini Science Archive.

NUMBER Title Period Total Amount

AST-8947990
Management of National Optical
Astronomy Observatories

9/23/91 – 4/20/94   $  46,395,971

AST-9414257
Support of Gemini 8-m Telescope
Project

1/1/94 – 12/31/06   $176,021,642

AST-0084699
Management of the International
Gemini Observatory

1/1/02 – 12/31/0610   $111,622,00011

At the outset of Gemini science operations in 2000, AURA proposed to the NSF to continue
managing Gemini as an operating observatory for the following five years.  This 2000 proposal
included the management of the continued development of the first and then second generations
of instruments, and led the current cooperative agreement with AURA.

The current proposal seeks funding for the continuation of those observatory operations, pursuit
of further technological advances, and initiation a new generation of instruments aimed at firmly
establishing Gemini as the world’s leader in ground-based IR astronomy through 2010.

C. Telescopes
The construction of two advanced technology 8m telescopes, separated by 7000 miles and
located on remote mountain sites, is quite a challenge technically and logistically.  It was
determined that the Partnership could not support the cash flow required to build both telescopes

                                                  
10 Although the current cooperative Agreement extends through 2006, the funding runs out at the end of 2005.
11 NSF estimated total.  Note this agreement is still in force.

Table 2-1. AURA/Gemini Cooperative Agreements
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exactly in parallel temporally.  Moreover, the major contractors for the construction were also
challenged to provide adequate staff and equipment for simultaneous construction phases.

Gemini resolved this problem by deliberately phasing the stages of construction so that Gemini
North was about 18 months earlier than Gemini South.  This not only solved the cash flow and
staffing problem, but also ensured that any lessons learned in the construction of the northern
telescope could be applied during the construction of the southern one.

A second feature was that AURA identified and Gemini hired several key Chilean technical staff
in 1997, and brought them to Hawaii to participate in the construction of Gemini North, before
going south the support the construction of Gemini South, and subsequent lead teams there
during the operations era.  These two tactics led to Gemini South going into science operations a
full six months ahead of schedule.

1. Telescope Construction, Commissioning, and Operation

Telescope construction and other remaining work of the Gemini Project were officially
completed at the end 2003. The majority of the telescope and observatory systems had been
completed and integrated on-schedule over the previous years, and the last project tasks
concentrated on several “punch list” activities to correct for deficiencies and problems identified
during delivery of the telescope, enclosure and coating chamber.  This work was finished
successfully and all telescope systems are now fully operational.  During the final phases of the
commissioning, an extensive program of testing was carried out in parallel with the ramping up
of science operations.  To maximize the science output, good-quality science data was obtained
alongside the commissioning work as each system was fine-tuned and the last remaining
operation debugging was done.

With a few exceptions, all telescope systems have met their technical requirements and have
proven to be reliable and well built. For a few technically challenging systems, such as the
secondary mirror control system and the acquisition and guiding (A&G) unit, problems remained
after delivery, but it was decided to accept the systems as-delivered. Gemini then undertook to
debug and rectify the remaining technical problems.

2. Engineering Support of Science Operations

In accord with the telescope and enclosure performance requirements, Gemini engineering
support goal is to maximize science time on sky by carefully planning all support engineering
work and instrument commissioning activities so as to produce the least interference with
nighttime science.  Preventive maintenance and careful monitoring ensure the reliability and
robustness of systems.

With the end of residual construction activities, in 2004 the telescopes were brought into full
science operations.  All routine telescope commissioning work was completed and nighttime
usage of the telescope was dedicated to gathering science data. The continued nighttime use of
the telescope for a small number of additional engineering and commissioning tests is now
assessed on a case-by-case basis to determine if there will be a sufficient net gain in performance
or reliability to justify the time taken away from science.  This strategy has been very successful
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with a substantial increase of the available science time, as the engineering usage dropped from
30% to less than 10% between 2003 and 2004.

The start of full science
opera t ions  saw the
development of routine
operational engineering
support with structured
planning and procedures.
E n g i n e e r i n g  s u p p o r t
revolves around a series of
daily observatory meetings
to identify technical
problems and issues that
arose during the previous
night's observing.  Before
each night’s observing
starts, a science-engineering
coordination meeting reports
the daytime engineering
work and status of telescope
systems as well as preparing
for the technical support and
science operations for the
coming night.

A fault-reporting database is combined with a system for monitoring and logging key telescope
system data.  System faults and telescope performance are closely tracked by the responsible
engineering staff members who rectify and adjust the systems for the following night's
observations.  An engineering data recording and archive (Gemini Engineering Archives) system
has been developed which monitors a large number of key performance values of the telescope
and instrument systems.  Various visualization and display tools are incorporated which enable
the engineering staff to check that the systems are behaving as expected and provide advanced
warning of potential problems.

Many of the telescope systems are now included in a systematic preventative maintenance (PM)
program using a commercial industrial PM software.  This enables a systematic scheduling of
PM tasks with integrated documentation, record keeping and tracking of spare parts as well as a
historical record of maintenance activities, problems and solutions. This method of preventative
maintenance monitoring is now commonplace in industrial applications.

These various operational support tools and procedures are now well developed and enable the
support science operations with a relatively small efficient engineering team, achieving good
observing efficiency and low downtime.

Figure 2-1. A routine pointing test of the Gemini North Telescope.  Squares
correspond to the individual pointing corrections.  The large and small
circles are 2.0 and 0.6 arsec on the sky.  This test led to an rms pointing
error of 0.56 arcsec over the whole sky.
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3. Technical Successes

While daily support of science operations is the highest priority for the engineering team,
engineering also undertakes various internal projects to further enhance the capability and
efficiency of the observatory.

The successful completion of the Gemini Project delivered two world-class astronomical
facilities.  The Gemini telescopes have shown themselves to achieve the ambitious objectives of
pointing (0.6 arcsec rms, Figure 2-1) and tracking precision (0.01 arcsec rms in 1 hour) that were
set in the technical goals.  The Gemini enclosures offer a unique capability to provide minimum
internal heat buildup and maximum natural ventilation to achieve a stable thermal environment
for image clarity.  The Gemini 8-meter primary mirrors were polished to a smoothness and
precision which, at the time, was unmatched by any other large telescope.  The level of care and
preparation that was put into designing every last detail of the telescope hardware is evident in
the quality construction and reliability.

Several major in-house projects are also underway that are developing new world-class
capabilities for the observatory.  These include a multilayer silver-coated optics to achieve low
telescope infrared emissivity (Figure 2-2) and a number of advanced adaptive optics systems
involving laser guide stars.

Gemini has developed a mirror coating procedure that enables it to apply an advanced multi-
layer silver coating to its telescope mirrors.  Capable of being applied by a large sputtering

Figure 2-2. Gemini South telescope primary mirror was the first to receive a silver coating in March 2004.
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coating facility, the four-layer coating is able to withstand the environmental conditions of
Mauna Kea and Cerro Pachón.  The ability to coat large astronomical mirrors with an advanced
coating now makes Gemini a world leader in this field.  This type of coating combines excellent
infrared reflectivity and low emissivity with a durable long lasting mirror coating (Figure 2-3).

In May 2004, the Gemini South 8m primary mirror and secondary optics were coated with this
silver coating.  Shortly after, the total telescope emissivity was measured on-sky at 1.7%.
Recently in November 2004, all mirrors of the Gemini North telescope were also successfully
coated with protected silver. This achieved the required specification of 2% and fulfils one of
primary requirements for the Gemini as the best infrared optimized telescope in the world.  At
around 2.3, 3.7, and 11 microns, a reduction by a certain factor in telescope emissivity is
equivalent to increasing the collecting area by the same factor.  The Gemini telescopes are now
the most sensitive ground-based telescopes in the thermal infrared and meet one of the key
original science requirements/goals.

4. Status of Control Systems

Like most modern observatories, Gemini relies heavily on the use of integrated software
packages to both control the telescope and instruments, as well as to prepare and sequence a
series of observations. Much of the planned software structure is now in place and is fully
operational and contributes significantly to the high observing efficiency of the observatory.

The telescope and instrumentation hardware systems run under a common EPICS standard
control language that makes maintenance and upgrades more straightforward.  It provides power
capabilities for synchronization of real-time control tasks as well as comprehensive in-built
logging and monitoring functionality. It provides power capabilities for synchronization of real-
time control tasks as well as comprehensive in-built logging and monitoring functionality.

Figure 2-3. Comparison of aluminum (yellow), bare silver (blue) and protected silver (bold red) in the mid
infrared.  The trace in bold red is the coating now on all the primary, secondary, and tertiary mirrors of both
Gemini North and South Telescopes. The top lines in gray are calibration references and illustrate the error
level in the measurements.
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Real-time software support is a significant fraction of the work undertaken by the Gemini
software group. The majority of the activity of the software group is focused on supporting
nightly operations, dealing with minor problems and on-going development work to introduce
new features and tools to further enhance the functionality of the observatory software.

The Gemini telescopes and instruments were designed with the goal of enabling them to be used
together in an integrated way to maximize the observing efficiency.  To achieve this, various
software packages were developed which enable the observers and telescope operators to
sequence a set of observations while at the same time automatically controlling a large number
of telescope sub-system simultaneously.  This software is now fully operational and enables the
Gemini telescopes to operate at high "shutter open" efficiency levels, which are comparable to
our world-class competitors.  Further work is underway to fine-tune the procedures and operator-
machine interfaces that are an important part of achieving even higher levels of observing
efficiency.  Table 2-2 shows the open shutter efficiency as a percentage of the usable time
between nautical twilights for the Gemini North (orange) and Gemini South (yellow)
instruments.12

A high-level software system provides the structure for the preparation, planning and execution
of the observing program sequence. This software provides the interface to the astronomers
submitting propose observations, followed by a more detailed set of software tools that permit
the detailed planning and execution of the observing sequences. The software engineers
supporting this activity use different software architectures and tools than for real-time control,
however they must be aware of how their software interacts with the real-time control to achieve
a totally integrated software package.

                                                  
12 Although Gemini’s “permanent” instruments are facility instruments, PHOENIX is a visitor instrument pressed
into early service on Gemini to address late delivery of a facility instrument.

Table 2-2. Open Shutter Efficiency of Gemini Instruments
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5. Image Quality

Fine image quality was a primary goal of the Gemini telescopes. Gemini uses a system of active
optics to control the shape and position of its telescope mirrors.  Over the past years of
commissioning, these systems have been characterized and fine-tuned to extract the sharpest
images available on the Mauna Kea and Pachón sites. The Gemini telescopes are currently
delivering image quality on a par with the world's leading telescopes and, in the right conditions,
some of the sharpest ground-based telescope images available.

Figure 2-5, 2-6, and 2-7 shows examples of images quality in the optical and near infrared at
Gemini South and North as measured over various periods.  Nevertheless, a number of possible
improvements have been identified which could further enhance the performance and reliability.
An active program is underway to closely monitor the nightly image statistics together with the
corresponding performance data of the critical telescope sub-systems to further enhance image
quality.

Figure 2-4. Cerro Pachón Seeing Monitor (foreground) is mounted on a 6m tower inside the protective
enclosure. Gemini South Telescope enclosure is seen in the background.
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Figure 2.5. Delivered image quality (referenced at zenith and a wavelength of 500 nm) for four semesters of
GMOS-S.  Note that most observations are done at 600 nm or longer wavelengths where seeing is even better.

Figure 2-6. Delivered image quality in the near infrared on visitor instrument Flamingos-1 at Gemini South.  J,
H and K corresponds to the main near infrared bands.
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For effective science operations, it is essential to monitor the outside “seeing” conditions that
affect the sharpness of the telescopes image.  Choices of observing programs are made on the
basis of the seeing. In addition, monitoring external seeing allows the performance of the
telescope’s optical system to be monitored, de-convolving the atmospheric effects from the
precision of the telescope optics.  Early in 2004 a site seeing monitor was installed on Cerro
Pachón in collaboration with the SOAR telescope and has become a critical tool for science
operations as well as proving a comprehensive archive of Pachón site seeing data (Figure 2-4).
A seeing monitor for Gemini North is planned for the first quarter of 2005. A small seeing
monitor telescope fitted with a MASS-DIMM seeing measurement instrument will be located on
the Gemini North building.  Although this is a less than ideal location, the use of the MASS
technique of scintillation measurement will provide accurate enough measurements for the
assessment of conditions and science operations planning.

6. Laser Guide Star System Development and Deployment Program

Following the original science requirement to optimize its adaptive optics capabilities (increased
sky coverage and gains in Strehl ratios), Gemini has undertaken to develop in-house facility-
class laser guide star adaptive optics (AO) systems for both its telescopes.  Both these systems
will be unique as they will enable laser guide star systems that will be easy to operate and
maintain, and able to be used routinely for science operations.  While the majority of the work is
contracted to outside specialized companies, Gemini is responsible for the design, construction,
and integration of the systems that must interface with the telescope.

 

Figure 2-7. Delivered Image Quality as measured at the instrument focal plane of the Gemini North telescope.
The median at 500 nm is 0.61 arcsec and translates to 0.41 arcsec at the K band (2.2 microns).
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When Gemini undertook to equip ALTAIR, the
Gemini North Adaptive Optics (AO) instrument,
with a facility-class 10-20W sodium Laser Guide
Star (LGS) system in 1999, some major obstacles
arose.  Based on laser proposals received that
year, which were both technically risky and
significantly expensive, it was apparent that
sodium laser technology was not mature enough
to rely on commercial sources at the time.  The
need for additional sodium laser research and
development (R&D) and significant system
engineering prompted Gemini to initiate a
comprehensive laser development program that
would combine small-scale internal funding (at
the $0.6M level) for risk-reduction on targeted
key laser components, and large-scale
collaborations (at the $10M level) to provide the
wider AO community with reliable turn-key laser
systems from at least one commercial source.

Five years later, the first prototype of turnkey a
continuous-wave, mode-locked, sum-frequency
laser built by Coherent Technologies Inc., a well-
established laser company in Louisville,
Colorado, is about to be mounted on the Gemini
telescope atop Mauna Kea for use with ALTAIR.
This fully-automated small-footprint solid-state
14W laser represents a considerable
improvement over the former generation of
bulky and inefficient dye laser systems. The
infrastructure for this system is currently being installed on the telescope and the ALTAIR LGS
system will be operational by the later half 2005. Expectations for the scientific outcome of the
Gemini North LGS AO system over the next five years are correspondingly high.

In parallel, a more advanced multi-conjugate AO (MCAO) system using several laser beams
originating from a 50W laser source is being developed for the Gemini South telescope. This is
pursued through a collaborative effort, the Gemini Laser Development Program. This formal
partnership includes the NSF-funded Center for Adaptive Optics, the Keck Observatory and the
Starfire Optical range (SOR) at the Air Force Research Laboratory (AFRL) that recently
culminated in the demonstration of a 50W sodium beacon at SOR (see Figure 2-8).  This
outstanding result offers the highest prospect for the Gemini South Multi-Conjugate Adaptive
Optics (MCAO) in need of a sodium laser with similar output power to project five laser beacons
on the sky, and negotiations are underway to procure a copy of the SOR laser.  MCAO first light
is currently planned for mid-2006.

Figure 2-8. The recently installed 50W sodium laser
on the USAF Starfire 3.5m telescope. Gemini
Observatory is developing a version of this laser
which will be used with the Multi-Conjugate
Adaptive Optics (MCAO) facility to be installed
(Courtesy AFRL)
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D. Current instruments
The function of the telescope optics and system is to collect the incoming radiation from
astronomical sources, while preserving the spectral and spatial information according to the
science requirements and to provide it in a form that can be used efficiently by the instruments.
The instruments deliver the radiation to the detectors from which the final signal is obtained.

 The instruments for Gemini fall in two broad categories, imagers and spectrographs. The
combination of technology of mirror coatings, detectors, optical materials and atmospheric
windows leads to the separation of instrument by wavelength into three broad categories: optical,
0.38 to 1 micron; near infrared, 1 to 5 microns and mid infrared, 8 30 microns.  The Gemini
instruments were designed and built following detailed consideration of key science programs
defined in the original Science Requirement Documents (1991, 1994, and 1996), subsequently
the Abingdon (1998) forum, the 2000 Santa Cruz MCAO Science Workshop, and the Aspen
(2003) process.  They were to exploit the strengths of the telescope described earlier and of
expected future development, especially in the areas of adaptive optics and detectors.

Over the past two years, a long-awaited array of instruments has been installed at Gemini North
and South, populating all instrument ports on the telescopes.  These instruments can be removed
as needed for servicing without affecting telescope operations with the remaining ones.  This has
enabled the commencement of queue-based operations – an important milestone for an
observatory that has matured rapidly over the past few years.  Currently, more than 70% of the
time at both telescopes is spent recording science observations with these instruments.  The years
of hard work spent by the international teams that developed these instruments has significantly
transformed the operations of these remarkable facilities.

1. Recently Delivered Instruments

Instruments that were delivered during the 2003-2004 time period include the Thermal Region
Camera and Spectrometer (T-ReCS), bench High-Resolution Optical Spectrograph (bHROS),
and Gemini Near-Infrared Spectrometer (GNIRS) – all installed at Gemini South – and the
facility AO system (ALTAIR) and Mid-Infrared Echelle Spectrometer (MICHELLE), housed at
Gemini North.  A second Gemini Multi-object Spectrograph (GMOS-South) was delivered to
Gemini South, as a mate to the GMOS at Gemini North.  The delivery of six instruments at the
two Gemini sites over about a 14-month period placed incredible demands on the staff for the
integration and commissioning activities associated with these new instruments.  The recent
arrivals complement the Near Infrared Imager (NIRI) and the Gemini Multi-Object Spectrograph
(GMOS-North) that were delivered at Gemini North respectively in 2000 and 2001.

Thermal Region Camera and Spectrometer (T-ReCS)

Built by the University of Florida, T-ReCS quickly achieved the status of the most sensitive mid-
IR camera system in the world, after its deployment at Gemini South.  T-ReCS uses a Raytheon
240x320 Si:As IBC detector, which is sensitive from ~8-25 µm. When used in combination with
the high-throughput, all-reflecting optics in T-ReCS, this instrument provides extremely sensitive
imaging with a plate scale of 0.09” per pixel and a field of ~29x22 arcsecs. The spectroscopic
mode of T-ReCS uses a ~22-arcsec long slit with a pair of gratings.  These dispersing elements
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yield at 10 µm either 0.019 µm/pix (R~100 with 6
µm covered simultaneously, or the entire N band)
or 0.0019 µm/pix (R~1000 for 0.6 µm
simultaneous wavelength coverage).

Figure 2-9 shows T-ReCS mounted on the up-
looking port at Gemini-S, where it experienced
first light in 2003. T-ReCS remains the most
compact instrument in the Observatory’s suite.
Many of the windows in T-ReCS are hygroscopic
and are therefore liable to reduce the sensitivity of
the instrument if contaminated by exposure to the
open air for long periods. To deal with this, the
instrument uses a novel window exchange
mechanism that helps ensure the availability of a
“fresh” (dry) window all the time.

The instrument’s interior is shown in Figure 2-10.  It relies upon a set of cryogenic motors that
feed various drive shafts into a cold, light-tight optical chamber that houses all of the optics,
baffles, and the detector.  The optical system is bolted onto opposite sides of the same cold plate
in the center of the vacuum jacket, with fold mirrors routing the science beam across both halves
of the plate.  Unlike most other Gemini instruments, T-ReCS does not incorporate an on-
instrument wavefront sensor.  Instead, it relies upon an extremely stiff structure to keep the
differential flexure between the detector and facility
peripheral guide probes within acceptable limits.

Gemini’s active optics system has unique
capabilities when operated in conjunction with mid-
infrared instruments. Using one of the telescope’s
optical peripheral wave front sensors, the telescope’s
chopping and guiding systems work in concert to
provide fast tip-tilt compensation while the
secondary is chopping. This has the effect of vastly
improving image quality over unguided imaging
and, in effect, provides nearly diffraction limited
(~0.4” at 10 µm) imaging with T-ReCS most of the
time. Failing to have this type of concurrent
chopping and fast guiding capability would greatly
reduce the spatial resolution and point source
sensitivity of the instrument, since Gemini’s light-
weight infrared optimization makes it susceptible to
wind shake, and its active optics must function
essentially all the time to maintain good image
quality.

Figure 2-9. T-ReCS is shown on the up-looking port
at Gemini-N. The cryostat is the small hexagonal
structure in the top of the space frame. A pair of
thermal enclosures below the instrument helps
preserve the Cassegrain cluster thermal environment.

Figure 2-10. The inside of T-ReCS is shown. At
the top is its unique window exchange
mechanism. On the inside a number of cryo-
motors with feed-throughs to the inner cold
optical box are evident.
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Bench High Resolution Optical Spectrometer (bHROS)

About the time T-ReCS arrived in Chile, University College London
(UCL) delivered bHROS to the summit of Cerro Pachón. Figure 2-11
shows bHROS – the only fiber fed instrument in Gemini’s suite. The
instrument resides within the pier lab which provides a vibration free
and thermally stable environment to house this R~120,000
spectrometer.  The bHROS uses a cross-dispersed echelle grating to
project several orders onto its 4x4k CCD mosaic detector.

The blue limit of the instrument’s sensitivity is ultimately defined by
the transmission characteristics of the fiber system at wavelengths
shorter than ~0.5 µm. In addition to being the only fiber fed
instrument at Gemini, bHROS is also the only “hybrid” instrument
because it uses GMOS to deploy its fiber entrance module. This
module fits within a cartridge of similar size to the IFU cartridge used
in GMOS and passes most of the GMOS field to its detectors. In this
way GMOS, when used as an imager, plays a key role in the
acquisition of targets before a precision offset is executed with the
telescope to place the target on the entrance pupil of a bHROS fiber.
GMOS also provides precision guiding during integrations through
the use of its on-instrument wavefront sensor during bHROS science
observations.

After bHROS was integrated on Cerro Pachón in mid-2003, tests
were conducted using standard stars to measure the throughput of
each optical component in the bHROS optical train. While this
resulted in fairly high confidence in the instrument’s internal
throughput, concerns remained regarding the instrument’s total
throughput, given the ~0.9” size of its fiber entrance pupil and the
likelihood that seeing would affect end-to-end throughput.  These tests combined with some
UCL interim troubleshooting to optimize the fiber system’s alignment ultimately produced a
measured peak throughput of ~10% under good seeing conditions.

The commissioning of higher-priority instrumentation has prompted a pause in bHROS
commissioning, but the expectation is that bHROS will be available to the general community in
late 2005.

Gemini Near-infrared Spectrometer (GNIRS)

In late 2003 GNIRS arrived, the last in the recent series of instruments delivered at Gemini-S.
Built by NOAO in Tucson, this much anticipated instrument offers a variety of infrared
capabilities that will no doubt support a wide range of scientific observations at Gemini-S.
GNIRS was integrated with the telescope and its control system in late 2003, with first light in
January 2004. Figure 2-12 features GNIRS bolted onto the infrared-optimized, up-looking port at
Gemini-S. The modes offered by GNIRS can be summarized as follows:
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Figure 2-11. A schematic of
the path for the bHROS fiber
system, from the ground-level
pier lab up through the central
hole in the telescope’s
azimuth platform, and then
into the GMOS mask
assembly, is shown.
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Figure 2-12. GNIRS on the up-looking port on
Cerro Pachón. The outrigger thermal enclosures are
seen to either side of the large cylindrical vacuum
jacket that houses Gemini’s most complex
cryogenic instrument.

Proto-planetary Nebula 10178-5958Proto-planetary Nebula 10178-5958

Sliced image through IFUSliced image through IFU

Dispersed image through IFUDispersed image through IFU

Figure 2-13. An image (top) is sliced by the
GNIRS integral field unit to produce a set of
images passed through the slit (center) that are
then dispersed to form a series of spectra
(bottom).

• Blue and red optimized cameras with 0.15
and 0.05 arcsec/pix plate scales

• Spectral resolutions of R~2000, 5400, and
18,000

• Near-infrared on-instrument wavefront
sensing (OIWFS provided by the
University of Hawaii)

• Cross dispersion to sample the entire 1-2.5
µm spectral range (R~2000)

• Spectropolarimetry (using a Wollaston
prism)

• Integral field spectroscopy (IFU provided
by the University of Durham)

GNIRS uses a type III ALADDIN InSb detector to sense flux from 1-5 µm.  This detector is
cooled, in conjunction with the rest of the instrument, by four separate 100W cold heads which
work together with an LN2 pre-cool system to cool the instrument to its operating temperature
(~65K bench temperature, ~29K array temperature) within 4-5 days.

The cold structure is a complex assembly that is
suspended from a central bulkhead that is
externally tied to the telescope’s instrument
support structure and the electronic enclosures.
Flexure compensation along the length of the cold
structure is done via clever use of a passive
compensator built into the collimator mirror mount
so that, as the instrument is tipped in various
directions, the collimator moves slightly to
compensate for flexure at the detector.

Figure 2-13 shows one of the more complex and
scientifically promising modes supported by
GNIRS. A cryogenic integral field unit in the
instrument transmits a ~3x4 arcsec field, that is
sliced into a set of separate images that mimic a
normal image passed by the spectrometer’s
foreoptics into the slit.  After being dispersed, a set
of spectra that completely fill the detector is
recorded.  These can be reconstructed into a series
of monochromatic images, in essence yielding a
spectrum at each point in the field.
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Figure 2-14. An example of an AO corrected image
from ALTAIR. In this case, the core of the galaxy M32
is shown in the K’ band pass (2.1 µm) across a 25 arcsec
field of view.

This is one of the first applications of such a cryogenic, diamond-turned, monolithic Integrated-
Field-Unit (IFU) structure in an infrared spectrometer.  Given the complexity of fabricating and
aligning such a complex optical element, the use of this sort of “plug-n-play” design bodes well
for developing even larger IFUs in the future.

Altitude Conjugated AO System (ALTAIR)

In parallel with the delivery of the previously
mentioned instruments to Gemini South,
exciting new instrumentation also was
integrated at Gemini North during 2000–03
(Figure 2-14).

ALTAIR, which came from the Herzberg
Institute of Astrophysics in Victoria, is
Gemini’s first facility-class AO system, and
it represents a breakthrough in the
Observatory’s capabilities.  As a facility
system, ALTAIR feeds any instrument
mounted on the telescope via the science fold
in the acquisition and guidance unit. It uses a
12x12 Shack-Hartmann wavefront sensor in
its natural guide-star mode to measure
wavefront errors via guide stars within ±60
arcsecs of the field center.

The Near Infrared Imager (NIRI) is typically
used in conjunction with ALTAIR, and use
with GMOS at optical wavelengths is possible. Table 2-3, below, lists the impressive point-
source sensitivity possible with the combination of ALTAIR and NIRI, as a function of natural
guide star brightness, offset from the science target, and seeing.

ALTAIR has proven to be the most complex instrument to integrate into Gemini’s control
system, because of the deep control links needed for efficient use of a facility AO system with a
telescope as complex as Gemini.  ALTAIR feeds wavefront-sensing data into the telescope’s
Data Handling System and offloads primary mirror figure errors and guiding corrections to the
telescope, so that its servo loops remain within their respective dynamic ranges (e.g., tip/tilt
mirror throw).

Although completing its integration was a tedious process, the net result was an AO system that,
when used in conjunction with the Observatory Control System that operates the telescope and
instruments, yields relatively high system efficiency (>50%) with very little overhead in the
initial setup on target fields and their associated guide stars.  The instrument is presently
available with NIRI to the astronomy community in both imaging and spectroscopy modes.
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The next major development thrust for ALTAIR will be completing its laser guide star mode
described in a previous section. This involves significant modifications to ALTAIR (e.g.,
installing a LGS wavefront sensor), as well as retrofitting a ~15W sodium laser; its associated
transfer optics and deployable clean room on the telescope; a laser launch telescope on the back
of the secondary mirror assembly; and various safety, diagnostic, and control systems needed to
sustain a reliable laser launch system. This work is currently on going.

Mid Infrared Echelle Spectrometer (MICHELLE)

The UK Astronomy Technology
Centre in Edinburgh buil t
MICHELLE and designed it as a
facility-class instrument to be shared
between UKIRT and Gemini North.
However, under a long-term loan
agreement, MICHELLE now makes
its “home” Gemini North (Figure 2-
16). There, it benefits from the
telescope’s exceptionally low
emissivity, large aperture and good
image quality, which make it
comparable in sensitivity to T-ReCS
at Gemini South.  The main
difference between the two
instruments is MICHELLE’s unique
potential with respect to spectral
resolution; it has a low resolution

Filter

Natural
Image

Quality
(arcsec)

Guide Star
(R mag)

Guide Star
Distance
(arcsec)

Point Source
Sensitivity

(mag)

Strehl Ratio
(%)

0.4 12 5 24.0 12
12 5 22.5 2

J
(1.2 µm) 0.6

15 5 21.9 0.1
0.35 12 5 23.9 32

12 5 22.8 10
H

(1.6 µm) 0.55
15 5 21.7 2

0.35 12 5 23.8 53
5 23.2 28

12
15 22.4 13
5 22.2 10

K
(2.2 µm) 0.55

15
15 21.7 5

Table 2-3.  A list of NIRI + ALTAIR sensitivities is shown as a function of guide-star brightness, offset from the
science target, and natural seeing. The seeing is given at the zenith.  AO performance and seeing degrade somewhat
with airmass.  The point source sensitivities are for a S/N=5 in one hour of on-source observing.  The use of
ALTAIR provides an average factor-of-two gain in S/N.

Figure 2-15.  Spectroscopy with adaptive optics, using
NIRI/ALTAIR at Gemini North shows a K-band spectrum of
Charon and Pluto (top) with 0.9” separation.  Pluto has strong
methane ice features, while Charon has water ice features.  A
spectrum of the K region of the binary asteroids Kalliope and Linus
(bottom) is shown with separation of 0.46”.
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Figure 2-17. Images taken during MICHELLE’s
commissioning of the planetary nebula NGC 7027 at two
MIR wavelengths. The spatial resolution (~0.4”) is
exceptional, allowing a detailed comparison of the
morphological differences of this target at 8 and 18 µm.

mode (R ~1000-3000), and its echelle
mode operates at ranges as high as R ~
30,000. This enables a whole new class
of science that can be done uniquely
with MICHELLE.

MICHELLE’s imaging mode, like T-
ReCS, provides diffraction-limited
observations under most conditions.
MICHELLE uses a Raytheon 240x320
IBC detector with switchable well
depths to optimize the detector for
either broadband imaging or
spectroscopic applications.  Also like
T-ReCS, MICHELLE lacks an on-
instrument wavefront sensor and therefore must rely exclusively on the facility peripheral
sensors for fast tip/tilt compensation, as well as higher order active optics corrections.  Unlike T-
ReCS, MICHELLE has a built-in polarimetry mode that works independently of GPOL and the
calibration system, so it offers somewhat greater versatility in these features.

A single peripheral wavefront sensor
currently supports Gemini’s fast tip/tilt
guiding, in combination with chopping.
This results in unguided imaging half
the time and reduces efficiency in
observing compact objects for which
chopping on the detector is used.
Improvements to expand fast guiding
on both sides of the chop cycle will
significantly boost the on-source
sensitivity of the instrument, though
this requires the use of both guide
probes and two guide stars, which will
reduce sky coverage.

Summary of Sensitivities of Current Instruments

The present Gemini instruments are a powerful set of optical, near and mid infrared telescopes.
Table 2-4 summarizes the sensitivities of all the above instruments (except bHROS) expressed in
magnitude limit to obtain a 5-sigma signal in 1 hour of integration on a point source under
median conditions.  These performances meet the science requirements.

Figure 2-16.  MICHELLE is shown on the up-looking port at
Gemini-N with two thermal electronics enclosures (blue boxes).
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2. Instruments Currently Under Construction

Near Infrared Integral Field Spectrometer (NIFS)

The worst event to affect Gemini astronomy instrument
programs during the past two years was the loss of NIFS
in the bush fires that devastated Mt. Stromlo and
destroyed most of the astronomy complex there during
January 2003.  Figure 2-18 shows the charred remains of
the instrument. The intense heat of the blaze vaporized
much of its vacuum jacket, exposing the inner optics to
heat and smoke and rendering it useless.  It had been
scheduled for delivery on Mauna Kea in mid-2003 and
was essentially in a fully integrated state and undergoing
detailed tests at the time of the fire. Fortunately the design
documents for NIFS (in electronic format) were removed

Figure 2-18. The remnants of NIFS
after the fires that destroyed it, along
with much of Mt. Stromlo.

Table 2-4. Sensitivities of the Current Gemini Instruments.



44

from the mountain prior to the fire.  The
prime contractor for NIFS, Australian
National University (ANU), responded
quickly to the loss by subcontracting
AUSPACE Limited to use the design
documents and rebuild the instrument.

Figure 2-19 is a photo of the partially
constructed new NIFS, in the lab at
AUSPACE, Canberra (Australia), during
early 2004, with the basic cold structure in
place and cold tests underway.  It signifies
a remarkable achievement by ANU and
AUSPACE by any standard.

Currently, NIFS is scheduled to arrive at
Gemini North in mid 2005. It retains all of
the design features of the original
instrument, including a ~3x3 arcsec
integral field unit that feeds an R~5500 spectrometer in the infrared with a 0.05 arcsec/pixel plate
scale.

NIFS uses a near-infrared On-Instrument Wavefront Sensor (OIWFS) that is identical to that in
NIRI and GNIRS.  This feature is expected to provide slow flexure compensation (rather than
high-speed tip/tilt guiding).

NIFS complements the IFUs now available for use with GMOS-N, GMOS-S, and GNIRS in a
“package” dedicated exclusively to integral field spectroscopy. Given the field size and plate
scale, NIFS is intended to work exclusively with ALTAIR – in either the Natural Guide Star or
Laser Guide Star mode.

Near Infrared Coronagraphic Imager
(NICI)

With its dual- channel differential
imager/coronagraph, NICI is the most highly
optimized coronagraph destined for a ground-
based telescope in the near future.
Commissioning at Gemini South in late 2005 is
anticipated. Given its unique capabilities as a
hybrid between an AO system and dual
channel NIR imager, NICI is expected to be in
demand for a variety of planet and disk
searches around nearby stars.

Figure 2-19. Nearly a year later, the rebuilt NIFS is shown
in the lab at AUSPACE in Canberra. NIFS underwent a
series of cold tests during the first half of 2004, before
being transferred back to ANU for final testing.

Figure 2-20. The assembled NICI instrument is being
pumped down shortly before its first (and successful)
cold test, with all of its mechanisms.
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In Figure 2-20, the fully integrated
cryostat is being pumped in the
Mauna Kea Infrared (MKIR) lab prior
to cold tests of the mechanisms.
There are several fairly complex
mechanisms incorporated into the
instrument, including filter and
dichroic wheels and a precision pupil-
mask rotator for keeping the pupil
mask precisely aligned with respect to
the projected telescope pupil image.

Figure 2-21 shows how NICI’s AO
system will be incorporated into the
instrument to feed an AO corrected
beam to the occulting mask in the
cryostat. NICI will use one of the
world’s first 85-element curvature
sensing AO systems to achieve good
correction on relatively faint sources.

When combined with the intrinsically
clean PSF passed by the telescope (due to its small central obscuration and narrow secondary
mirror support vanes), this AO system is expected to provide high-strehl, uniformly structured
PSFs. The beam is split by a dichroic into two channels, which are imaged by identical camera
systems providing 0.02 arcsec/pix plate scales onto a pair of ALADDIN InSb science detectors.
NICI’s array controller is configured to precisely
synchronize the readout of the detectors to freeze the
expected residual atmospheric artifacts (“speckles”) in
both channels, where differential-processing
techniques can substantially remove them.

Florida Multi-object Imaging Near-IR Grism
Observational Spectrometer (FLAMINGOS-2)

Gemini’s first near-infrared Multi-Object
Spectrograph is scheduled for delivery in 2005.
FLAMINGOS-2, under construction by the University
of Florida, will provide either imaging across its ~6
arcmin field of view or multi-object spectroscopy in
select bands across the 1-2.5 µm region.  The latter
will be in a ~2x6 arcmin field and have medium
spectral resolution (R~1000 – 3000).

In addition to its planned use in direct observations at
Gemini’s f/16 native beam feed, FLAMINGOS-2 also

Figure 2-22. A CAD rendering of the overall
FLAMINGOS-2 assembly is shown. The
instrument is in an up-looking perspective,
with the 4 mounting pads to the instrument
support structure at the top.

Figure 2-21. A CAD rendering of the NICI cryostat, with
its pair of cameras, being fed by an external (warm) AO
system is shown.
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is being designed to be compatible with the Multi-Conjugate Adaptive Optics (MCAO) system,
also currently under construction for Gemini South.   The combination will form the world’s first
AO-fed fully cryogenic multi-slit NIR spectrometer.

As seen in Figure 2-23, the opto-mechanical
design of FLAMINGOS-2 actually consists
of two dewars. The front dewar houses an
on-instrument wavefront sensor that is
similar to that used in GMOS (built under
subcontract to the Herzberg Institute of
Astrophysics), a slit exchange wheel, and a
decker wheel to control slit length.

The wavefront sensor will provide fast tip/tilt
and slow focus compensation for the
instrument using the same optical CCD (E2V
CCD39) that is used in all of Gemini’s
optical wavefront sensors.  The OIWFS
probe arm will be cooled to avoid having
thermal radiation leak into the science
channel.

The entire fore-dewar cold structure is cooled with a closed-cycle cooler and heated via a
network of power resistors.  Masks are loaded into the slit wheel via an external access port after
the gate valve separating the two dewars is closed and the fore-dewar is warmed and returned to
atmospheric pressure. After new masks are loaded the process is reversed to provide, through a
single-daytime procedure, a new set of ~11 multi-slit masks for another round of observations.

The rear of the dewar houses a large set of
cryogenic optics mounted on a single cold bench.
The optics use a fairly standard all-transmissive
linear design—with the addition of a pair of fold
mirrors—to map either the f/16 (direct) or f/30
(MCAO) beam onto the instrument’s HAWAII-2
detector.  Included in this rear dewar is a pupil
wheel, filter wheel and grism wheel.  This design
represents an interesting blend of relatively low-
risk components that borrow heavily from a
previously built instrument.

Given its unusual capabilities, compared to most
multi-object spectrometers available on 8–10 m
class telescopes, FLAMINGOS-2 is expected to
be an extremely popular scientific instrument.
Few fully cryogenic NIR multi-object
spectrometers have been built to date.

Figure 2-23. The FLAMINGOS-2 cryostat has several
components as seen in the top (exploded) and bottom
(integrated) views. The MOS fore-dewar is separated
from the rear dewar by a large gate valve, enabling
rapid thermal cycling of the MOS dewar when new
slit masks are installed.

Figure 2-24. The inner cold structure of
GSAOI is shown. At left is the entrance
window and baffles. Light is passed through
a folded optical structure that transmits an
80-arcsec field to the detector mosaic, using
0.02 arcsec pixels.
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Gemini South Adaptive Optics Imager (GSAOI)

Currently under development by the Australian
National University, GSAOI is scheduled to
arrive in Chile in 2005 for use as the
commissioning and science camera for the
Gemini South AO system.  GSAOI will be one
of Gemini’s simplest instruments (Figure 2-24),
but as the “work horse” instrument for a range of
applications with MCAO (delivering AO
corrected image over a field of ~80 arcsec), it
will also be one of the most important.

In order to preserve the low wavefront error of
the MCAO beam, GSAOI is a system of
exceptional intrinsic optical quality; its estimated
rms error is 33 nm.  No focus adjustment is
needed between filters, and it is designed to
measure residual static errors and report them to
the MCAO reconstructor to further enhance the
overall system performance.  This is achieved by
remotely inserting doublets that create extra and intra-focal pupil images for use in curvature
wavefront sensing analysis, as measured by the science detector.  Using the same mechanism to
rotate a simple lens set into the beam provides a pupil viewer.  This capability has proven crucial
for accurate on-telescope alignment.  A couple of filter wheels are included, which together
provide space for about two-dozen filters.

As shown in Figure 2-25, this instrument
contains Gemini’s largest infrared focal
plane, which consists of four 2048x2048
HAWAII-2RG detectors. These state-of-
the-art low-noise detectors provide a wide
range of readout modes.

Given the expected long integration times,
GSAOI will use a relatively simple array
controller (SDSU-3) to readout four
channels from each detector. The outer
rows/columns of each detector serve as a
bias reference to correct for low-level bias
drifts over long exposure sequences.  The
instrument’s unique on-detector guide
window feature of these devices to permit
sampling of a subarray in each detector for
fast tip/tilt sensing, independent of the
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Integration frame
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and cryostat window
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controller box
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Figure 2-26. Packaged essentially identical to NIFS and NIRI,
GSAOI will bolt onto any instrument port at Gemini-S, where
it can be fed by the MCAO corrected beam. The main
components have been identified in this CAD rendering.
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Figure 2-25. A close up of the HAWAII-2RG
mosaic package is shown. This concept was
provide by GL Scientific to mount the
Rockwell detectors in a manner similar to
how CCDs are mounted in large mosaics,
allowing excellent inter-chip registration.
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operation of the rest of the array. This feature enormously simplifies the instrument by rendering
an on-instrument wavefront sensor unnecessary.

In practice, given the field size, likelihood of narrow band filters in the science channel, and
typical guide star availability probabilities, this feature will probably be used for slow flexure
compensation more than fast guiding, but even providing that key function is crucial for the
system to preserve high-strehl images, all while eliminating the type of otherwise costly and
complex cryogenic wavefront sensor that is built into NIRI, GNIRS, and NIFS.

Multi-Conjugate Adaptive Optics System (MCAO)

The multi-conjugate AO system planned for deployment at Gemini South in 2006 will be the
first of its kind.  It will provide relatively wide-field correction across much of the sky, using a
constellation of five sodium laser beacons, projected from an optical system mounted on the
back of the telescope’s secondary mirror support structure.

Unlike conventional AO systems, which use a
single deformable mirror to correct for turbulence
at a particular altitude (generally conjugated to the
telescope’s entrance pupil), MCAO samples the
entire volume contained within the five laser
beams projected to the sodium layer’s altitude to
perform a real-time tomographic measurement of
turbulence along the telescope’s line of sight.  It
then uses three deformable mirrors, which operate
in series and are conjugated to altitudes of 0, 4.5,
and 9 km, to compensate for this turbulence using
an algorithm that has been optimized to produce
uniform strehl (i.e., constant to within a few
percent) across the 1-2 arcmin MCAO field.

Figure 2-27 shows the MCAO package. It consists
of a bench that is slightly offset from the entrance
and exit beam, which are centered on the
instrument support structure. This bench houses
the instrument’s relay optics, wavefront sensors,
and deformable mirrors used by MCAO. Adjacent to this bench are a pair of electronic
enclosures which house all of the drive electronics, mechanism control electronics, high speed
processors, and other items needed to operate the system.  Packaging such a complex instrument
in a volume roughly half that generally allocated to facility instruments demands innovation. For
example, in order to permit access to the optics, the electronics enclosures will be hinged to
retract away from the bench and allow rapid access to the bench.  The “receiver” shown in the
figure is only part of the MCAO system.   The other essential part is a ~50W laser that will be
mounted on the side of the primary mirror cell and enclosed in a deployable clean room, as is the
case for the ALTAIR laser system.

Figure 2-27. The mechanical layout of Gemini’s
MCAO system, when mounted on the side (AO)
port is shown. The optics are all mounted off a
central bench structure, with side mounted
thermally insulated electronics cabinets.



49

A set of beam steering mirrors that are essentially identical to those used for ALTAIR will be
used to feed the beam from the solid state laser up the side of the telescope, across the secondary
mirror support structure and into a projection
system.  This projector emits a ~0.5 m wide
beam from the back of the telescope that
eventually diverges into the five sodium
beacons separated by ~1 arcmin on the sky. To
minimize the complexity, this beam projection
system will closely replicate the system being
installed at Gemini-N in 2005 to support
ALTAIR’s LGS mode.

Tables 2-5 and 2-6 summarize some of the basic
performance parameters of Gemini’s MCAO
system.  In addition to the five laser guide stars,
it system requires three relatively faint stars to
determine the low-order tip/tilt and focus
corrections.  At mid-Galactic latitudes, MCAO
is expected to provide good sky coverage across
~70% of the sky from J to K. This drops to
~10% under worst-case Galactic-pole
conditions. Importantly, compared to a
conventional LGS based AO system (CAO),
MCAO provides good sky coverage even at short (J) wavelengths across most of the sky. While
the science performed by AO systems to date is impressive, it is limited to the availability of
natural guide stars and can only be pursued across a few percent of the sky.  Thus MCAO’s
anticipated capabilities in accessing the bulk of the sky for AO observations represents a
revolution in AO technology. As stated by participants of the 2000 Santa Cruz MCAO Science
Workshop, MCAO gives the Gemini community early access to JWST-type science.

In summary, the current instruments now in operation (the Near Infrared Imager, the adaptive
optics system ALTAIR, the mid infrared imager and spectrograph MICHELLE and the multi-
object spectrograph GMOS-N on Gemini North; the mid-infrared high resolution spectrograph
PHOENIX, the near infra-red spectrograph GNIRS, the mid infrared imager and spectrographs
T-ReCS and the multi-object spectrograph GMOS-S on Gemini South) represent a powerful set
of scientific workhorses, capable of great scientific breakthroughs. They exploit the full strengths
of the telescopes as defined in the original science requirements.  The new comers NIFS,
bHROS, NICI, FLAMINGOS-2, GSAOI/MCAO will also act as the precursors of the Aspen
Instruments in the type of science they will allow and the size of science teams they will bring
together.  Through a broad consultation process and careful choices, we aim to match the
demands from the users and the scientific opportunities, within the various scheduling
constraints and the observatory resources.

E. Base Facilities
While most instruments are built in the partner country institutions, the staff that operates the two
telescopes and their instruments is now based at the two main sites in Hilo, Hawaii and La

% Sky
Coverage

(CAO/MCAO)
90º latitude 30º latitude

J 7/12 21/67
H 16/14 44/69
K 35/24 74/82

Table 2-5.  Predicted sky coverage at J, H, and K,
using conventional AO and multi-conjugate AO.

Field of View
(Diameter –

arcsec)
J H K

MCAO 90 110 120
CAO 20 30 40

Area Gain 20× 13× 9×
Table 2-6.  A comparison of predicted fields of view
for MCAO vs. classical AO and the relative boost in
areal coverage MCAO will provide.
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Serena, Chile. When Gemini was a construction project, the group was based in Tucson, Arizona
in re-locatable buildings on the roof of the NOAO base building on the campus of the University
of Arizona.  It then shared various levels of administrative infrastructure with NOAO.

1. Hawaii

In mid 1997, the Mauna Kea summit building was sufficiently complete to permit the actual
reassembly of the telescope.  Over the next year, significant numbers of Gemini staff moved
their worksites from Tucson to Hawaii.   As this migration began, Gemini personnel first were
based in rented office space in downtown Hilo, while the Gemini Hilo Base Facility (HBF) was
under construction.  The HBF itself was finished in August 1998, and the group moved from the
temporary to permanent quarters.

The HBF is located in a modest research-park environment associated with the main campus of
the University of Hawaii Hilo (UHH).  Its immediate neighbors are the sea-level facilities of the
Joint Astronomy Centre (JAC), the Caltech Submillimeter Observatory (CSO), the National
Astronomy Observatory of Japanese (Subaru), the University of Hawaii (UH) Institute for
Astronomy Hilo branch, the Smithsonian Submillimeter Array (SMA), and the UH Hilo Mauna
Kea Astronomy Education Center (MKAEC, currently under construction).

The HBF is a 17,000 square-foot building that provides offices, labs, a library, the network and
communications hub, and modest meeting facilities for the Gemini science, engineering, and
administrative staff.  It also is home to the Gemini Directorate and core administrative services.
The facility includes a telescope control or “operations” room that allows astronomers and
supporting staff to perform most observing function from the convenience of a sea-level
environment.  The latter is especially important due to the high elevation of the Mauna Kea site –
nearly 14,000 feet.

While this facility has served Gemini well, as the scope of the science mission has evolved over
the first few years of Gemini operations, necessary staff increases have led to uncomfortable
overcrowding of the facility.  A major remodeling of the facility to reorganize the space was
done in 2002.  In 2004, two relocatable buildings totaling 1,000 sf were added to the back of the
property to ease the worsening situation somewhat.  Notwithstanding, there remains a severe
problem that will only grow worse as Gemini enters the next phase of its life cycle.  Solutions to
this problem will be addressed by this proposal.

2. Chile

Like Hawaii, the Gemini South summit facility construction was largely a contracted activity at
the outset.  As staff members began moving south in larger numbers, Gemini established a
temporary sea-level building on the AURA base campus (recinto) in La Serena Chile.  Work
began on a permanent Southern Base Facility (SBF) in late 2001, and was completed in early
2003.

The SBF is very nearly the same size as the HBF, at about 17,000 sf, and it provides essentially
the same functions.  Unlike Hilo it does feature a 42-seat lecture theater, which it shares with the
other AURA-managed programs based in La Serena.  Although space has become tight in this
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building, some options for reorganizing this space still remain, and the original temporary
building will remain available to handle short-term overflows for the next few years.

F. Data Management – From Capture to Delivery
Large astronomical data sets (images and spectra in their various forms depending on the
instrument and the detector used) are produced each day and night by the Gemini telescopes and
science instruments.  Engineering data are also generated by many telescope and instruments
systems; key configurations are recorded and included in the data flow.  Environmental and sky
conditions are monitored and also recorded.  All of these sources produce complex data set that
must be managed and recorded.  The channel for this data flow is the Data Handling System
(DHS). The role of the DHS in the Gemini Control System is data-driven, acting on any data it
receives, from any Gemini principal system. The DHS is responsible for maintaining a data store
for all the principal systems. Principal systems also use the DHS to log any history information,
to do on-line data processing and view data using a Quick Look Tool. The DHS also performs
synchronous data processing, maintains status records in the Status Alarm Database, provides
facilities for creating archive and transportable media and interfaces with the off-line data
processing system.

The Data Management system is a mini system of systems.  First, there is the infrastructure, both
hardware (the various computers and servers at all Gemini sites) and software, like the DHS.
Second, there are the various tools to visualize the data, the software to reduce the data (e.g.
mainly IRAF based, but also IDL or other data reduction software) and process them (On Line
Data Processing), and finally the repository of the data in the Gemini Science Archive.  We
describe each of these elements of the Gemini data management system.

1. Reduction Pipeline

Facility instrument data are written to disks located at the summit of each telescope site, Mauna
Kea and Cerro Pachón.  As the data are obtained and read out, the observer does an initial Data
Quality Assessment (DQA) on selected frames by displaying each of them manually using IRAF
standard tasks to obtain average counts, check for saturation, etc.  (IRAF is a standard
astronomical data reduction package used worldwide and created by NOAO several years ago.  It
is distributed free of charge; more on IRAF in the next subsection.)  At present, little or no
processing is done.  The exceptions are some direct imaging modes with GMOS and NIRI,
which can make use of the current capabilities of the Online Data Processing (OLDP) system.
The Observatory is actively working to increase the amount of data going through the OLDP.

As the OLDP is still being developed and gradually implemented for the various instruments,
quality assessment is currently restricted to checking whether the conditions under which the
data were obtained match those requested in the observing program (such as image quality, sky
background or cloud cover), and once the requested integration time is achieved, the observation
is considered completed.  The following day, the data frames that have not been flagged during
the night are evaluated by the human data processor (depending on the instrument, either a Data
Analysis Specialist or an astronomer/science fellow).  The Data Analysts also review the
observing log entries for inconsistencies, and correct information in the data file header part of
the science frames themselves to prepare the data for ingestion in the Gemini Science Archive.
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At the end of an observing block, the data are packaged and sent to the PI team, and to the
Gemini Science Archive.

While effective with seasoned users, this approach still requires significant human intervention
from the science staff.  It becomes even more demanding as the fraction of science time and the
number of available instruments increase.  Consequently, the observatory is planning for
significant improvements and enhancements of the science data flow management with more
automation and a more advanced final data product.  These new developments will be described
in Section III.E.2-.3.

2. The Gemini Data Reduction Work

The goal of the data reduction software effort is to provide tools to Gemini users that will enable
them to concentrate on the scientific analysis of their data. To maximize the scientific
productivity of the Gemini telescopes, the observatory is providing data reduction software
tailored to data from all Gemini facility instruments. The function of this software is to aid the
users in removing instrument specific features from the data and in producing calibrated data.

IRAF was selected as the Gemini reduction software because of its availability and its wide use
by the international astronomical community. The Gemini reduction software is constructed as
an external IRAF Package.  It takes advantage of the many tools already available in the IRAF“
core” that has been built by the NOAO IRAF Group over the years.

The reduction of Gemini data does not require specialize knowledge.  This means that users do
not need to be expert with the instrument specific details or with details in the data format in
order to make scientific use of such data.

a. Releases and Milestones (1998-2003)

Gemini started work on the data reduction software in late 1998.  This effort has been
coordinated and supported by Gemini science staff.  Up through mid 2003, it resulted in five
releases of the Gemini specific software (the Gemini IRAF Package) for data from visitor and
facility instruments.  Initially, the major part of the data reduction software effort went to support
the Gemini-North Telescope commissioning and for data from the visitor instruments Hokupa’a
(adaptive optics imager) and OSCIR (mid infrared imager).  Once the commissioning effort was
secure, science requirements documents (for the data reduction software of the facility
instruments) were finalized, as well as coding standards and requirements for the Gemini IRAF
Package.  Generic tools for handling the multi-extension FITS files from Gemini facility
instruments were also developed (2001).  Packages for NIRI imaging and spectroscopy, GMOS
imaging and all spectroscopy modes (including nod and shuffle) were released in 2001 and 2002.
These packages served as basis for the other facility instruments that have come on line since (T-
ReCS, MICHELLE and GNIRS) and are soon to arrive (NIFS, NICI, FLAMINGOS-2 and
GSAOI).

b. The Gemini IRAF Project (July 2003 – June 2005)

In July 2003, the Gemini Observatory and NOAO started a two-year collaborative effort – the
Gemini IRAF Project – to improve the reduction software available for processing of data from
the Gemini facility instruments and the underlying IRAF system on which the Gemini reduction
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software is built.  Gemini has dedicated two FTEs to the project, in addition to the continuous
contributions from the Gemini science staff.  NOAO devotes 2 FTE equivalent of effort to the
Project.  The Gemini IRAF Project aims to meet both short-term deadlines from new instruments
being brought on-line and a number of longer-term goals consistent with the two-year timescale
and resources provided.  Through this collaboration with NOAO, IRAF itself is being
significantly improved to fulfill the needs of the Observatory and of the Gemini users.

The current work aims at making it easier to maintain and support the software, and assures the
package is extensible to new Gemini instruments.  The software now has more robust
performance. Improved utilities for script writing have been created.  Several tasks can be used
in the OLDP.  A special effort is devoted to produce generic compiled modules for specific
classes of data expected from Gemini instruments (e.g., multi-object and long slit spectroscopy,
and IFU data).

By the end of 2005, there will be improved command language scripting capabilities, including
native error handling and robust support for multi-extensions FITS files by all Gemini IRAF
tasks.  Several enhancements will allow more powerful spectroscopy reduction capabilities,
including automatic wavelength calibration for all modes and image mask support.  All these
should help users to extract the best science from their Gemini data in a timely manner.

Figure 2-28.  The Gemini Science Archives is a key component of the Gemini observing system.  All data
from the telescopes and instruments are ingested following quality assessment shortly after capture.  During an
18-month proprietary period, the access is restricted solely to the principal investigators and their collaborators
(and Gemini science staff).  Thereafter, the data are released to the general community and public.
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3. Gemini Science Archives

After more than five years of design and development, the Gemini Science Archives (GSA
V.1.0), was released on September 20, 2004.  The GSA architecture was developed by the
Canadian Astronomy Data Centre (CADC), at the Herzberg Institute for Astrophysics, in
Victoria, B.C. Canada. CADC has vast experience with science archives development.

The concept of an astronomical science archives, where data from a telescope is stored safely for
posterity, is not new.  The Gemini Science Archive (GSA) provides a state-of-the-art online,
open database. The GSA allows quick, easy, and complete access to all aspects of the science
data.

After a proprietary period of 18 months, during which data are restricted to the Principal
Investigator (PI) team), access to Gemini data through the GSA then is unrestricted once users
complete a simple registration form. The GSA can be accessed via the CADC homepage at URL
http://cadcwww.hia.nrc.ca or directly at http://cadcwww.hia.nrc.ca/gemini. Online help is
available as are links to other useful aspects of CADC and Gemini Operations. 

a. The Current GSA V.1.0

The GSA represents an important step
forward among existing ground-based
facility archives.  For example, the user
has extensive database search options,
including by target, observational
parameters, and by instrument setup.
Datasets that have not been released to
the public, but in the GSA (i.e. during
the proprietary period) can be queried
and their non-proprietary information
viewed, but the data cannot be
downloaded.  It is also possible to send
queries on the complete dataset catalog
via standard or "canned" instrument-
specific parameters or by selecting a
personalized set of the complete dataset
parameters.  This allows for extensive
searching of appropriate calibration
data for specific instrument setups.  A
quite unique feature is making queries
of a large meta-data database
containing considerable quantities of
information, for example, the observing
conditions and environmental
parameters during the acquisition of the
science data (Figure 2-29).

Figure 2-29.  The Gemini Science Archive ingests all the science
data from the Gemini North and South instruments, and also
many sets of peripheral data (metadata) describing the instrument
configuration, as well as information related to the weather and
the environment.
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PIs access their proprietary data with a secure password-protected entry system.  The user is
offered clickable links on results pages to allow extended database navigation, for example, into
other "related" datasets including calibrations, complete program dataset lists, complete UT date
lists, Gemini instrument description pages, and filter/grating/grism information.

Work is currently underway on the ingestion of data processed through the OLDP, and tools to
provide on-line preview of these automatically reduced data sets.  Tools are being finalized to
allow ingestion of the science programs associated with each observation and other key
instrument components characteristics.

b. The Operation of the Gemini Science Archive

The operation of the GSA is under a five-year contract with the CADC in Victoria, Canada.  The
CADC maintains the hardware and software infrastructure of the archive, and fully supports the
users end.  The contract with CADC has long-term provisions ensuring that the Gemini data are
saved for future generations.

The GSA operational system
involves several activities at both
Gemini Telescopes sites and at the
CADC.  The data acquired using
Gemini North and Gemini South
facility instruments are checked by
Gemini staff and then electronically
transferred to CADC; they are also
currently packaged and shipped on
CD-R (for the PI), and packaged
and shipped on DVD-R (for the
GSA).  Ancillary meta-data, such as
weather and environmental
conditions, are ingested into a
Metadata DataBase (MDDB) at
CADC.  Scientific and technical
staff at CADC validates and ingest
the data into the GSA as soon as
possible after acquisition and
quality control.  Data sets from
System Verification or Director’s
Discretionary Time programs may
have a proprietary period as short as
three months.  Data headers are
available to the community
immediately upon ingest since these
are considered non-proprietary.
This information can be used to determine whether some object has already been observed, in
which configuration and when the data will become available (Figure 2-30).

Figure 2-30.  A screen composite showing the top-level search tool
(background) for querying the Gemini Science Archives.  A group
of UK investigators used archived GMOS images of NGC 628
(foreground images) to locate and identify the nature of the
progenitor star of a supernova that exploded in 2003.
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Table 2-7.  Gemini Science Archives Contents – January 2005

Instrument or Source Gbytes/Datasets Public Datasets/%
GMOS-North 706 GB/10,212 4,751/47%
GMOS-South 235 GB/3,359 140/4%
NIRI 183 GB/27,911 8980/32%
NIRI/ALTAIR 28 GB/4,563 0/0%
T-ReCS 55 GB/1,576 0/0%
PHOENIX 31 GB/14,620 9229/63%
OTHER* 238 GB/44,660 38,821

Total Science 1,476 GB/106,901 61,921/58%
Total Calibration 792 GB/80,326 80.326/100%

TOTAL 2,268 GB/187,227
* Other instruments include visitor instruments Hokupa’a (most of the data sets) and Flamingos-1 (most of the
data volume) and the Acquisition Camera (Gemini South).

The GSA is accessible worldwide. It is presently one of the most sophisticated astronomical
archives in existence. The development work we intend to carry out in 2006-2010, described in
the Section III, will make the GSA a most powerful research tool. Our goal is that a significant
fraction (e.g. 20-25%) of the Gemini papers in ~2010 will originate from data retrieved from the
Gemini Science Archive.

4. Network – Worldwide Broadband

The Gemini network connections support a variety of internal and external functions, including
science data transfers, videoconferencing, web services, email, ftp, as well as science,
engineering, administrative, education, and outreach applications.

Gemini’s connectivity requirements can be broken down into several realms, between:

• systems within a specific physical site (summit or base)

• corresponding summits and bases

• Gemini North and Gemini South

• Gemini North/South and the Gemini Science Archives

• the Gemini Science Archives and the partner science communities

• Gemini North/South and the partner science communities; and

• Gemini North/South and the general public worldwide.

Among all these considerations, a pace-setting factor for the Observatory’s bandwidth to the
outside world is the science data volume delivered to the Gemini Science Archives.  In turn, this
volume is driven by the detector size and operating modes of the science instruments.  Through
at least 2004, Gemini’s peak 12-hour external bandwidth requirement is in the vicinity of 10
Mbps.  This is expected to rise toward the end of 2005 and in subsequent years (this future need
will be discussed in Section III).
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Gemini’s internal and external bandwidth have proven sufficient to meet its scientific, technical,
and administrative requirements to date, although at times meeting these needs has been
challenging.  As noted below, the NSF has made significant funding contributions to ensure
adequate Observatory connections to the US infrastructure and its attendant international
connection points.  These additional funds have come from supplements to AURA and other US
entities from the NSF Astronomy and Computer Information Science and Engineering divisions.

a. Gemini North

Both the summit and the base facilities have modern 100 Mbps internal networks featuring
multiple virtual Local Area Networks (vLANs) that systematically organize traffic and provide
means to balance traffic loads. Much of the network core equipment is Gigabit Ethernet (GE)
compatible for future enhancements. Servers for UNIX, linux, PC, web, storage and other special
purpose are embedded in these infrastructures.

Separate firewalls protect the summit and base, with independent access to the outside world.
The Gemini North summit and base facilities are interconnected by a dedicated DS-3 (45 Mbps)
fiber circuit.  Apart from the astronomy data, the balance of the traffic is videoconferencing,
remote observing, and data backups.  The amount of traffic is increasing as new instruments are
added to the telescope and more data processing is performed in real time, using an online data
processing cluster.  Up to 30 GB of raw and processed data per night can be transferred, although
the quantities do depend on the type and number of observations and instruments.

Gemini North’s connections to the outside world result from an AURA/Gemini collaboration
with the University of Hawaii (UH).  This collaboration, funded by two supplemental funding
grants ($600,000 to Gemini; $350,000 to University of Hawaii), provided basic infrastructure to
connect Gemini and all the Mauna Kea observatories from the Big Island through Honolulu and
ultimately to the Abilene network connection point in Seattle. This infrastructure is now self-
supporting and its capabilities have evolved considerably since its inception in 2000.

Today the Gemini North is connected to the outside world by a five-hop microwave route and a
double hop fiber link via the Big Island’s west coast.  These provide network diversity from the
Big Island to Oahu. These OC-3 (155Mbps) and OC-12 inter-island Wave Division Multiplex
(WDM) fibers are provided by UH.  A commercial vendor, which leases capacity to the
university, provides links on the Big Island.  The commodity Internet capacity can burst to 155
Mbps.

b. Gemini South

Like Gemini North, the summit and the base facilities have modern 100 Mbps internal networks
featuring multiple virtual Local Area Networks (vLANs) that systematically organize traffic and
provide means to balance traffic loads. Much of the network core equipment is Gigabit Ethernet
(GE) compatible and targeted GE circuits are in use. Servers for UNIX, linux, PC, website,
storage and other special purpose are embedded in these infrastructures.

The summit and base are each protected by separate firewalls and are interconnected by two
dedicated OC-3 microwave circuits totaling 310 Mbps.  This system is shared with the other
AURA-operated observatories based in La Serena, including CTIO and SOAR.  The microwave
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system was funded by an NSF-funded supplement ($700,000) made to Gemini on behalf of both
Gemini and CTIO.

The Gemini South sites are connected to the Abilene network at 10 Mbps by a dedicated Private
Virtual Circuit (PVC).  The circuit is shared with CTIO and SOAR, with Gemini having a 6
Mbps capacity guaranty. This circuit connects to Abilene in Atlanta through Florida International
University’s AMPATH program in Miami.  This link was funded by an NSF supplementary
grant ($1,000,000 over three years) to Gemini, on behalf of both Gemini and CTIO.  It becomes
self-supporting from operations funds in mid 2005. A separate commodity Internet link is
available with a capacity of 4 Mbps.

c. Gemini Science Archive

The Gemini Science Archives at the Herzberg Institute of Astrophysics (HIA) in Victoria British
Columbia connects to Internet2’s Abilene network at 1 Gbps via the Canadian CANARIE
network. Gemini has assisted in configuring routers and firewalls to run virtual private network
connections to the Gemini North and South.

d. Gemini Partner Communities

The Observatory is committed to make its observing sites and the archives available to the
Partner communities through the US high-performance research network infrastructure, through
Abilene and other US peers.

The individual Partner communities are responsible for making their connections to the US
infrastructure via their own national research networks.  All of the Partners have available access
to national and regional research networks with high-quality connections to the US network
infrastructure.

e. Virtual Private Networking

One must take great care to preserve the security of the Gemini telescopes, data, software, and
administrative information from attacks and intrusions from the Internet.  Like all facilities,
major and minor, the entrance ports of the Gemini system are constantly being scanned and
probed by would-be intruders.

Gemini’s four base and summit sites plus the GSA site at NRC/CADC in Victoria, BC, Canada
are linked using static virtual private networks (VPN).  At the firewalls of each site, a secure
Internet Protocol (IP) tunnel is created to each of the other four sites. Users can access any
computers at these sites as long as they have the correct security credentials. The encrypted
nature of the link and the diversity of routing via an adjacent site, should the primary links fail
provide excellent, reliable, and secure connectivity over Internet2.

The concept is taken a stage further by assigning dynamic VPN tunnels to trusted mobile users.
As Gemini staff move from site to site, or attend conferences or meetings, they are able to access
the internal network at Gemini from their portable computers in a secure environment. The
resulting access to email, files, video conferencing and internal web pages has revolutionized the
network access of Gemini’s frequent travelers.
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The VPN infrastructure is the transport mechanism of the telepresence functional requirements.
In addition to the high quality videoconferencing using the H.323 protocol, Gemini will be
extending the telescope observing control and monitoring interface to scientists and engineers at
Partner institutions.

The security of the VPN tunnels and careful management of read-only and read-write capability
of these display screens means that a scientist at a distant university will be able to video
conference with the telescope operator, while watching the quick-look data to monitor the quality
of the data being captured. Engineering screens detailing the state of instruments and control
systems will allow the scientist to immerse his/herself in the observing run. The ultimate goal is
for scientists to be able to collect their reduced data from the science archive at the end of the
night or an instrument run.  A broader discussion of network security is found in Section IV.J.5.

G. Science Operations – a Unique Model
The goal of Gemini Observatory science operations is the effective utilization of its overall
capabilities to exploit the unique characteristics and strengths of the telescopes, instruments and
sites, and execute the highest priority observations as identified by the partners, consistent with
the allocation of time among partner countries.  Versatility is a key science requirement to
achieve maximum scientific productivity under changing sky conditions and target opportunities.

Figure 2-31. Amount of science time scheduled on the Gemini North Telescope (green) and Gemini South
Telescope (orange) as a function of semester since 2000B.  The names of the instruments as they came on line and
were offered on each telescope are written on top of each semester block.  The fraction of the time not devoted to
science was used for telescope and instrument commissioning and other task of engineering like Al or Ag coating
of the mirrors.  These fractions do not take into account weather or technical failure loss of time.
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The Gemini Telescopes have been used for science for four years at Gemini North and three
years at Gemini South.  Astronomical program execution in the service/queue and classical
modes started on 23 October 2000 at Gemini North.  The first scheduled science at Gemini South
was on 4 October 2001.  From a 20-30% initial fraction, the science time on the sky has
increased over each successive semester to reach 90% of the total time at Gemini North and
Gemini South in 2004 (Figure 2-31).

Gemini has designed and operates one observatory across two sites separated by 10,000 km.  In
addition, it is linked to eight National Gemini Offices (NGO) that provide local presence and
supporting to the user community.  The NGO concept is at the core of the Gemini distributed
model.  Gemini has built a competitive, consistent, and cost-effective science delivery system to
in the most effective way the scientific aspirations of the Gemini partner astronomical
communities and exploit fully the strengths of the telescopes.

1. The Gemini Observing Process

The Gemini observing system is innovative with respect to the previous generation of ground-
based facilities.  With the European Very Large Telescope (ESO VLT) in Chile and the Hobby-
Eberly Telescope (HET) in Texas that have also come on line recently, the Gemini Observatory
is among the very few ground-based telescopes to have adopted a space facility approach in
scheduling observing programs as well as collecting and distributing data. To provide an
efficient but versatile observing system, Gemini supports both classical and queue observing.
The objectives of the queue are to match observations to atmospheric conditions.  Classical
observers come to the telescope for programs that, in principle, require more real-time
interaction with the system and/or the instrument.

The Gemini observing process is a fully integrated process from observation definition and
execution, to the full data handling system, including its quality assessment and archiving.  The
two-telescope system is supported by a moderately sized science staff, exploiting extensive
planning tools, and benefiting from automation and high-level software intelligent interfaces. It

Figure 2-32. Semester 2005A proposal statistics of requested observing time on Gemini North (yellow) and
Gemini South (green) instruments.   There was a record 468 proposals submitted for review by the National
Time Allocation Committee.  Keck/HIRES is part of the 5 nights traded between Keck and Gemini each
semester starting in 2005A.
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enables a fully traceable data flow from the telescope system, weather environment and science
instruments right through the Gemini Science Archive.  It also allows a transparent accounting of
every second used on the telescopes.

a. The Proposal Process

Obtaining science time on the Gemini telescopes is a fully competitive process.  Proposals are
solicited twice yearly from the Gemini partner country communities.  The Gemini Observatory
issues a call for proposals every six months (semester).  The call specifies the science capabilities
available and the various constraints on each telescope.  Thereafter, the proposal process is
handled entirely by the Partner countries

Submissions by investigators (called Phase I proposals) are funneled through the nine Time
Allocation Committees (TACs), the national TACs of the seven Gemini partner countries, plus
the University of Hawaii (host of the Gemini North Telescope) and the Gemini Staff TAC,
according to the PI’s domicile.

The proposal gives the core information required by the NTAC peer review to assess the
scientific merit and technical feasibility of the proposed observations, and enable scheduling the
observations on one of the Gemini Telescopes.   The scientific and technical assessments of the
proposals are supported by the National Gemini Offices.

The NTACs that meet in each country review, rank, and recommend a list of selected programs.
These lists are sent for final review and recommendation to the International TAC (ITAC).  The
ITAC is the “super-TAC”, chaired by one of the Gemini Associate Directors.  Representatives

Figure 2-33.  Number of proposals as a function of semester 2000B – 2005A for both telescopes.
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from each country meet twice a year to merge their recommendations, do “horse trading”, and
make a final program recommendations to the Gemini Director.

The NTACs received more than 468 proposals for both telescopes for the 2005A semester.
When the ITAC process was completed, 178 programs were recommended for telescope time.
Figure 2-32 gives proposals statistics for semester 2005A. The increase of proposals number
from 2000 to 2005 is shown in Figure 2-33.

The demand of telescope time is quantified by the oversubscription rate, that is, the number of
hours requested divided by the number of hours available. Oversubscription on the Gemini
Telescopes has fluctuated over the years and has varied from one country to the other.  The
average oversubscription, weighted by partner share, has been about a factor of 3.0 for Gemini
North and South.  This is similar, but slightly higher than the ratio for ESO/VLT proposals
(~2.5), a European organization that operates in a similar way. The oversubscription rate is
shown if Figure 2-34.

The nominal Partner observing-time shares are slightly different from the funding shares due to
site-host and Gemini staff time.  The observing shares are 53.91% for the US/NSF (including the
UH 10% on Gemini North and the Chile 10% on Gemini South and US at 43.91%), 22% for
UK/PPARC, 13.86% for Canada/NRC, 5.72% for Australia/ARC, 2.20% for
Argentina/CONICET, and 2.31% for Brazil/MCT.

Figure 2-34. Evolution of the oversubscription of the observing time on both Gemini Telescopes.
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b. System Verification, Demonstration Science, and Director’s Discretionary Time

In addition to competed time, there are other science-enabling routes to telescope time.  System
Verification and Demonstration Science proposals are important for the shakedown of
instruments as part of the system and to highlight new science capabilities at the telescopes.

System Verification (SV) is a test of the total Gemini observing system for a new instrument. It
is distinct from commissioning, which occurs prior to SV activity.  Equipment commissioning is
intended to verify that the equipment, e.g. an instrument, performs as anticipated.  That is, the
Observatory must characterize all of its operation modes and demonstrate that it meets design
requirements.  SV goes beyond that to demonstrate that the entire observing system works.  That
is to say that scientific observations with the commissioned instrument can be planned and
performed, and that resulting data are of the quality expected and can be handled in the manners
specified for use by the Gemini user community.

Demonstration Science (DS) time is for programs to demonstrate and highlight a new science
capability at Gemini.  Both SV and DS programs are reviewed by the Gemini Science
Committee and represent only a few percent of the total observing time in any semester.

In addition, one may propose for Director's Discretionary Time (DDT).  Up to about 10% of the
observing time on each telescope may be assigned to DDT.  These proposals must belong to one
of the following categories:

Figure 2-35. This snapshot shows the real-time status of the Gemini South proposal queue on 2 December
2004.  The x-axis shows the program identification number and the y-axis is status a color code.  The black
indicates observations completed, and various other colors code for different preparatory status.  The tool can
be reached at http://www.gemini.edu/sciops/schedules/schedCurrQueueIndex.html.
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Figure 2-36.  This flow chart shows the different stages of a successful proposal/program.

1. Proposals for observing Targets of Opportunity requiring immediate or timely
observation of a sudden or unexpected astronomical event.

2. Proposals requesting observations related to a highly competitive topic.

3. Proposals requiring follow-up observations of research conducted on other space or
ground-based facilities, where break-through results are expected from a timely
follow-up.

4. Proposals of risky nature requesting a small amount of observing time to test the
feasibility of a technique or of a program.

The Gemini Director reviews the proposals and makes DDT awards, and reports the use of DDT
to the Gemini Board.

c. The Phase II Process

Once the Gemini Director has approved proposals, principal investigators are asked to prepare a
detailed definition of their observations by using the on-line Observing Tool (OT).  This Phase II
process includes defining the telescope to be used (north or south), the required instrument, and
its specific configuration (filters, grating and its angle, adaptive optics feed or not, exposure time,
target pointing and off-setting, etc.).

The Observing Data Base (ODB) at each Gemini site is the single repository of all the Phase II
proposals during their life cycle.  This cycle can be up to several semesters (a “roll-over” policy
for Band 1 programs allows to keep programs up to three consecutive semesters). The ODB is



65

tightly integrated with the software execution system as a source of execution instruction for the
instrument and the telescope; it is also a repository of the data product and accounting of time
usage.

The ODB status is public and updates in real time.  Since the Phase II process requires
verification at the NGO and Gemini Observatory level, five phases of program status have been
defined and can be monitored (Figure 2-35).  The National Gemini Offices staff does most of the
Phase II support.  After Phase II completion (Step b in Figure 2-36), Gemini staff takes over.

d. Queue versus Classical Observing Mode

The queue requires more emphasis on science staff support, because observatory astronomers
have to run the queue and execute the programs through a detailed planning and execution plan.
The classical mode puts more emphasis on the engineering staff support, since one expects an
immediate response to solving technical problems.  In the queue, one may temporarily (until the
next day) by-pass a problem by switching to another program or instrument.

The Gemini operations plan and staffing were developed in 1995-1997.  An effort was made to
balance the promised efficiency of queue service observing with community desires for some
classical, hands-on telescope access.  This result was an operations model based on 50% queue
and 50% classical observing.  Notwithstanding, the actual demand for queue has proven to be
much higher than anticipated.  Currently about 90% of the submitted and approved programs are
for queue, while only 10% are for classical observing.

Observer feedback has made it clear that the inherent advantages of queue observing, coupled
with Gemini’s efficient planning and the organization, have resulted in the success of the queue.
The user community has come to trust the Gemini staff as expert observers and knowledgeable
Ph.D. astronomers who are capable of fully understanding the details of the user programs.  No
doubt, the tradition of the Hubble Space Telescope also has helped create a new confidence in a
system delegating competent observatory staff to the process of observing, a process that has
grown to be much more complex than in the previous generations of 4m-class telescopes.

In line with the top-level
operation requirements,
the queue mode also
provides a very versatile
way of operating a
telescope, allowing quick
response for target of
opportunities or special
phenomena, with minimal
disturbance on the overall
operation. For equatorial
targets, we may even do
Gemini North - Gemini

Table 2-8. Completion statistics for queue program over semesters when we
have been operation facility instruments (since 2002B).  Also shown is the
statistics for a heavily used stable instrument (GMOS-North).



66

South transfers of programs or portions of programs. Our top-level goal remains the optimization
of the observing (in quality and efficiency) and the maximization of the science by executing in
priority the highest ranked programs (Table 2-8).

e. The National Gemini Offices

In order to fulfill the scientific aspirations of the Gemini astronomical communities, the Gemini
Observatory works in closely with the Partner communities through the National Gemini Offices
(NGOs) to ensure the excellence and cost effectiveness of the facilities, instrumentation, and
support provided to the entire Gemini user community.

The Gemini distributed model for science operations delegates many functions to the Partners
that traditionally are carried out within an observatory.  Each Partner has a group of scientists,
referred to as the National Gemini Office (NGO) for that country.  It provides the local interface
between the national community and the Observatory.  The delegation of specific responsibilities
is described in the document: “Gemini User Support by the National Gemini Offices Under the
Gemini Agreement”.

The NGOs are well versed in the national astronomy research priorities.  They handle much of
the front-end interactions that lead to observing proposals and the ranking of them in connection
with the use of that partner's share of the observing time.  They subsequently coordinate the pre-
observing and post-observing work that leads to the final scientific products.

Overall, the NGOs provide a local presence, expertise, and knowledge in each Gemini Partner
community.  They alleviate the many time zones of dispersion among Gemini users.  Note that
the Gemini Observatory has no direct control on NGO staff, and the NGOs get their funding
from their national agencies in a process distinct from the observatory funding.

f. Telescope Time Exchanges

Over the past few years, a more coordinated approach to the building and using of new
instruments for very large telescopes has gained strong support among science policy makers
and, increasingly, among scientists themselves.  In this spirit, Gemini and Keck have agreed to
exchange five nights of observing time at each facility in semester 2005A.  The Gemini user
communities have access to five nights of HIRES, the optical high-resolution spectrograph on
Keck I per semester. In return, Keck users have access to the mid-infrared imager/spectrograph
MICHELLE on Gemini North for five nights.

H. Science Results
After a just few years of operation, the Gemini Telescopes are already fulfilling some of the
Partnership’s most ambitious dreams and delivering forefront science.  The following is a review
of some of the science that is most unique to Gemini’s capabilities and strength: high spatial
resolution and thermal infrared performance.  These few highlights represent only a small sample
of what has been done by Gemini in probing the universe from the solar system neighborhood to
a time when the universe was less than 1 billion years old.
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Figure 2-37.  These adaptive optics images are from NIRI/ALTAIR on Gemini North (except September 2004
and December 2-3, which are from Keck II).  Sub-observer longitude and latitude are given.  All images are
scaled to show Titan at the same size despite varying distances from the Earth.  In the stratospheric probing
images, only the limb-brightened stratospheric haze is seen, with a seasonal north-south asymmetry.  In the
tropospheric probing images, the stratospheric hazes are limb-brightened, a general brightening in the south is
due to the tropopause cirrus, there are distinct south polar clouds (see especially 9 April, although a cloud is
near the south pole in every one of these images), and new ~40 degrees south clouds are especially apparent
on 8-9 April, 4 May and 2 September.  The new temperate latitude clouds are indicated with white arrows.  In
the surface probing images, Titan’s 22.5 degree per day rotation is apparent and as are tropospheric clouds.

1.  Probing the Weather of Saturn's Moon Titan

Space missions, like Voyager and Cassini, are extraordinary machines for solar system
exploration.  However, large Earth-based telescopes like Gemini, using adaptive optics, are
unique tools for long-term monitoring of the weather on the planets and satellites of our solar
system.  Exploiting the queue-observing mode, Gemini North has been monitoring Saturn’s
moon Titan over several months.  Titan – the second largest moon in the solar system – is
surrounded by a thick atmosphere of molecular nitrogen with a few percent of methane.

Coordinated adaptive optics imaging at Gemini and Keck show that Titan hosts a rich variety of
meteorological features, from short term (a few days) to a seasonal cycle (several months).



68

The opacity of Titan's stratospheric haze decreases sharply with wavelengths across the visible
into the infrared.  There are narrow spectral windows in the near infrared between the methane
bands through which astronomers can probe Titan's surface, its lower atmosphere, and
stratosphere.

Henry Roe (University of California, Berkeley) and his collaborators used adaptive optics on the
Gemini North and Keck II telescopes to study the tropospheric haze and the discrete clouds of
Titan, and to probe its surface.  Their observations have revealed that the southern hemisphere
shows currently more cloud activity than the northern hemisphere.  Since no tropospheric
brightening is seen in the far northern latitudes of Titan, it is suggested that the south polar haze
and clouds are of a seasonal origin.  During the long Titan winter (in this case in its northern
hemisphere), lack of sunlight drives the chemistry of the lower polar stratosphere towards an
extremely different equilibrium relative to the sunlit stratosphere; the haze bank is depleted of
high concentrations of molecules, such as C2H4, C4N2, CH3CN and C3H8, and cloud activity
ceases, especially near Titan's north pole.

In contrast, during summer as has been the case in the southern hemisphere in 2003, 2004, and
2005, more abundant sunlight increases the concentration of the aforementioned molecules, a
process that favors condensation and cloud formation (as the southern hemisphere of Titan).

Recent adaptive optics images obtained with Gemini’s Altair/NIRI system and Keck II AO system
have revealed short-lived temperate level clouds in the atmosphere of Saturn’s moon Titan never
seen before (Figure 2-37).

Henry Roe and his team speculate that these newly discovered short-lived (a few days) clouds
could have been caused by a transient surface event (like a methane “slush” geyser, a geological
warm spot, or a “cryo-volcano”).

2. Searching for Planets and Finding “Lots of” Brown Dwarf

Spectroscopy of several nearby stars over the last decade has shown that many stars have large
planets orbiting them.  None of these planets has yet been seen in direct imaging, despite efforts
by several active research teams.  Consequently, using adaptive optics to explore of the
surroundings of nearby stars is a rapidly growing field.  With its fine AO imaging capability,

Figure 2-38. Using adaptive optics on Gemini North, a team from the University of Arizona imaged the tightest
known brown-dwarf-star pair around the low- mass star LHS 2397a.  Located at about 50 light-years from our
Sun, this binary system represents the first clear example of a brown-dwarf orbiting within 4 AU of its parent star
– this is less than the orbital distance between Jupiter and the Sun.  First image on left is from HST in 1997, and
three other images are from Gemini Hokupa’a in 2002. Note change of object positions.
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Gemini has been a key contributor to the exploration of the close environment of many bright
and faint nearby stars in search for faint companions, such as Jupiter-like planets.

Although no Jupiter-like planets have yet been found, the exploration of several nearby stars at
Gemini North has revealed a relatively high number of brown dwarfs.  With a mass less than 7%
that of the sun (or few tens of Jupiter’s), a brown dwarf is a sort of celestial hybrid between a
giant planet like our Jupiter and normal star like the Sun, that does not allow for nuclear fusion
but has planetary characteristics such as weather.

A unique adaptive-optics search for low mass companions using Gemini North, by Laird Close
(University of Arizona) and his collaborators, has led to surprising results.  Compared to their
more massive cousins, low-mass stars or brown dwarfs of about one-tenth or less the mass of the
Sun more often come in pairs, and they form much tighter orbiting systems.  Faint low-mass
companions appear evolve at about 4 AU, instead of ~30 AU for larger companions (Figure 2-
38).  The Gemini data indicate that the frequency of brown dwarf companions to very low mass
stars can be up to 20 times that for Sun-like stars.

While there is a dearth of wide systems, the abundance of tight low-mass pairs has implications
on the formation mechanisms and evolution of low mass stellar objects.  It is theorized that
“gravitational kicks” eject preferentially low-mass stars through interaction with other stars in
stellar clusters where stars are born.  If the stars are pairs or multiple systems, this kicking
process selectively unbinds wider and looser systems, while allowing tighter systems to survive.
Parallel work conducted with HST, and published many months later, has confirmed the Gemini
study.

Figure 2-39. The Gemini North Telescope using the University of Hawaii's Hokupa'a adaptive optics system
found a very faint companion orbiting around 15 Sge (left)*.  The data was obtained in the near-infrared, at a
wavelength of 2.2 microns. The same Gemini data have been processed to show the brown dwarf companion
more clearly (right). The brown dwarf lies only 0.8 arc seconds from the primary. (The fainter ripples are
artifacts of the image processing.) The brown dwarf is located at about the 7:00 position on these images.
*Liu, M. et al., The Astrophysical Journal, 573, 720-727, 2002
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3. Worlds in Collision Around Beta Pictoris

One of the finest targets to study the early evolution of planetary systems is the 20-million year-
old star, β Pictoris.  This nearby star has an archetypal proto-planetary disk.  This gives a
snapshot glimpse at what the Solar System is believed to have looked like approximately 5 billon
years ago.  The Gemini Telescopes with their excellent diffraction-limited imaging and mid-
infrared performance are exceptional machines to explore such debris disks.  Charlie Telesco
(University of Florida), Scott Fisher (Gemini Observatory), and several collaborators carried an
extensive imaging campaign of this object with OSCIR and T-ReCS at Gemini South.  This
resulted in the deepest and most detailed data set ever of this disk (Figure 2-40).

A central gap in the proto-planetary disk was found, corresponding to a dust depletion zone the
size of our own solar system.  Several clumps and gaps symmetrically located on either side of
the central star suggest tantalizing evidence of ring structures produced by orbiting massive
planets (see Figure 3-10).

Figure 2-40.  Very deep mid-infrared images of the protoplanetary disk around the star β Pictoris.  These images
are the deepest and most detailed ever obtained of an extrasolar planetary disk presumed in formation. The
images obtained with T-ReCS at Gemini South show an asymmetry between the left and right parts of the disk
that is explained by a recent collision of planetisemals.
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Figure 2-41.  Difference images of the β Pictoris disk once the left side is subtracted from the right side,
dramatically showing an enhanced cloud of dust at ~54 astronomical units from the star.  The amount of dust in the
enhancement is equivalent to the released in a collision between two bodies the size of Pluto and Charon.

More exciting still is the strong asymmetry of the dust distribution between the left and right
sides of the disk.  If the left side is subtracted from the right side, the resulting image shows a
spectacular large cloud of dust at about 52 astronomical units from the star (Figure 2-40, dotted
vertical line at right, and Figure 2-41). The team proposes that the cloud is the result of large
planetesimals colliding and producing huge clouds of dust particles.  A recent collision of two
planetesimals of about the sizes of Pluto and Charon would explain the amount of dust in the
cloud seen by Gemini in the β Pictoris disk.

Disks of material surrounding stars such as β Pictoris are thought to contain objects of all sizes,
from small dust grains similar to household dust to large planetesimals, or developing planets.
As all these objects orbit around the star, they occasionally collide.  Gemini’s fine mid-infrared
imaging allows observing the largest of these catastrophic encounters, which leave behind tell-
tail debris clouds of fine dust observable at infrared wavelengths.
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Figure 2-42.  40” x 40” Gemini Hokupa’a/QUIRC
adaptive optics image shows the region around the
galactic center.  The expanded view shows IRS 13E and
W from deconvolved Kp band image.  Coordinates are
in arcseconds offset from SgrA*, considered to be the
galactic center.  This group of seven massive stars is
moving together westward along the plane of the sky at
~280 km/s and is presumably held together by an
intermediate-mass black hole of 1300 solar masses.

4. Remains of Massive Star Cluster Near Milky Way’s Galactic Center

Using Gemini Science Archive data obtained with the Hokupa'a/QUIRC Adaptive Optics system
on Gemini North, a French/US team of astronomers led by Jean-Pierre Maillard of the Institut
d’Astrophysique de Paris has recently confirmed that the well known infrared source IRS 13,
near the center of our Galaxy, is an association of several massive stars tightly bound together.

The team used data from Hubble Space Telescope, the Chandra X-Ray Observatory, the Canada-
France-Hawai’i Telescope (CFHT), and the Very Large Array to complement the Gemini AO
images. When the Gemini data were used
with the longer and shorter wavelength
observations, it was concluded that several
previously undetected objects were massive
stars.  The stellar group is exceptionally
concentrated (Figure 2-42).  In all, the
seven individual stars of IRS 13E are seen
within a diameter of about 0.5" (about 0.6
light-year across).  These stars are co-
moving westward in the plane of the sky
with a similar velocity of about 280
kilometers per second.

The compactness of the cluster and the
stars’ common proper motion suggest that
they are held together by an unseen, but
massive, source.  From the cluster’s size,
the team inferred a mean orbit radius for
the cluster and radial velocities of
individual stars derived from the BEAR
Fourier Transform Spectrometer (at
CFHT).  They then determined an
estimated average orbital velocity of 30
kilometers per second.  The authors finally
explored a range of orbital assumptions and
were able to constrain the mass of the black
hole to about 1,300 solar masses.

This new second black hole of 1300 solar masses orbiting around the center of our galaxy,
holding together the seven massive stars of IRS13E is probably the wreckage of a previously
much larger star cluster.  The group probably orbits around the main black hole at the galactic
center (which itself has a mass of about four million solar masses).
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Figure 2-44. Thermal dust emission from the Type II SN 2002hh some 600 days after its discovery in the
nearby galaxy NGC 6946.  Left is the image from the Sptizer SINGS IRAC camera at 8 microns . The
image on the right was taken by Gemini using MICHELLE at 11. micron.  Spitzer is more sensitive, but
Gemini provides the exquisite spatial resolution allowing to disentangle the sources and clearly
circumscribes the emission from the supernova itself (marked as source 1). Note that the Gemini image is
offset to have the supernova source at 0,0 coordinates.  (Barlow, M. J. et al, 2005, submitted to Nature).

5. Deep Mid-infrared Imaging Reveals a Dusty Ring Around Supernova 1987A

The most recent naked-eye supernova
exploded in the Large Magellanic Cloud in
1987.  A team led by Patrice Bouchet (CTIO)
used the Gemini South mid infrared imager
T-ReCS to image the remnant of Sn 1987A
in October 2003.  They found emission by
dust within the remnant.  The relatively cool
(~150 K) dust observed with T-ReCS is
surprisingly luminous and co-existent with
hot gas components of the relic equatorial
ring at other wavelengths from X-ray to
radio.  The detection of the ejecta is likely the
faintest ever detected at this wavelength
regime at a level of 0.32 (+/- 0.1) mJy.

The similarity of the 10-micron image with
Chandra X-ray images obtained by the
Gemini and radio images by the Australian
National Telescope Facility (ANTF),
suggests that the thermal emission is due to
the recent heating of pre-existing dust in the
equatorial ring by the supernova blast wave.

Figure 2-43.  This T-ReCS mid-infrared image at 10.7
micron reveals a dusty equatorial ring around
Supernova 1987a in the Large Magellanic Cloud as
well as a faint trace of the supernova ejecta at the
center of ring and location of the progenitor star.
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This Gemini observation is the first detection of mid-infrared emission from the ejecta/ring
region of SN 1987A in five years (Figure 2-43).  More interesting and puzzling is a very faint
source at the position of the explosion revealed by T-ReCS, possibly dust formed out of the
metals synthesized in the explosion itself, in contrast to the dust in the rings due to the
progenitor.

Dust has also been observed recently with Gemini and Spitzer around the Type II supernova
2002hh in the nearby galaxy NGC 6946 (Figure 2-44).   Although the observed infrared emission
is probably dominated by dust originating from mass loss by the massive star progenitor, the
Gemini and Spitzer observations do not rule out the possibility that significant quantities of dust
may have formed in the ejecta of SN 2002hh itself.

6. Deep Near IR Gemini NIRI Observations Refute Alleged Redshift z = 10 Galaxy

An international team led by Malcolm Bremer (University of Bristol, UK) and including Joe
Jensen  (Gemini Observatory) used the Gemini North Near Infrared Imager (NIRI) to cast
significant doubt on the reality of a z=10 galaxy purportedly discovered with ISAAC on the Very
Large Telescope.

The observations were made on 30 May and 6 June 2004 at Gemini North, when Bremer’s team
imaged the field at H with NIRI to better constrain the photometry and morphology of the

Figure 2-45.  Gemini/NIRI H-band image (left panel) of z = 10 candidate.  Exposure time was 22.6 ksec in 0.”47
seeing.  The image on the right is the 13.9 ksec VLT/ISAAC H-band image of the same field under ~0.”50
seeing.  The circles show the location of the purported object.  Several faint objects that are undetected or
marginally detected in the ISAAC image are apparent in the NIRI image.
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object.  The Gemini image is significantly deeper than the existing H-band image obtained at the
VLT in which it was proposed that this object represented a Lyman-break galaxy at z=10 (Pelló
et al. 2004).  The object is not detected in the Gemini data (Figure 2-45).  The object should have
been detected at more than ~7 sigma in a 1.4” diameter aperture.

This non-detection by Gemini means there is no evidence for a break between the J and H bands
and consequently casts significant doubt on the reality of the z=10 galaxy.

7. Gemini Deep Deep Survey – Old Before Their Time

The GDDS represents a unique and extremely deep spectroscopic data set providing significant
new insights into galaxy populations in the era of a few billion years after the Big Bang.  In
2004, a Gemini team led by Karl Glazebrook of Johns Hopkins University published a series of
five papers presenting some spectacular results on the evolution of field galaxies at a time when
the universe was younger than half its present age.

Figure 2-46.  This shows the stellar mass-redshift distribution of the GDDS galaxies.  The color code
(key on lower left) shows the observed K-band magnitude of the galaxies.  Circle/star shape symbols
denote objects respectively redder or bluer in V-I than a model Sbc spiral galaxy template.  Symbol
size is keyed to the I-band magnitude.   The horizontal line denotes the characteristic Schechter mass
scale in the local universe.   These results show that red, old galaxies make a large contribution (30%)
to the stellar mass in the Universe at the redshift range of 1.2 < z < 1.8.
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From the Gemini Deep Deep Survey (GDDS) done with the Gemini North telescope, the team
found that at least two-thirds of massive galaxies appeared during the first 3 billion years after
the Big Bang.

Using the Gemini Multi-Object Spectrograph (GMOS-N), the multinational team observed four
widely separated 30-arcmin2 fields.  The spectroscopic exposure time for each field was about
30,000 seconds.  The spectrograph was operated in the “nod and shuffle” mode.  This technique
enables the removal of contamination by the earth’s atmospheric luminescence to a high degree
of precision.  Spectra of several hundred distant galaxies were obtained and measured.

The unprecedented depth of this spectroscopic survey was achieved because of the queue-
observing mode that exploited the image quality required for the 100 hours of this program.

As has been suspected, massive, evolved galaxies are found at an epoch earlier than half of the
present age of the universe (Figure 2-46).  However, the discovery of such massive evolved
galaxies at much greater distances than expected – and hence at earlier times in the history of
the Universe – is a challenge to our understanding of how galaxies form (Figure 2-47).  They are
at odds with the hierarchical model of galaxy formation, whereby massive galaxies form from an
assembly of smaller units.  In this model the most massive objects form more slowly, thus would
appear last.  The GDDS results challenge this model.

Figure 2-47.  The stellar mass density versus redshift.   A clear decline with redshift is observed in stellar
mass locked up in the most massive galaxies.  But surprisingly, the massive galaxies do not decline more
rapidly than the whole population.  The GDDS points are the filled circles with horizontal and vertical error
bars.  Theoretical models of hierarchical galaxy formation are plotted as full lines.   The GDDS finds the
number of massive galaxies about 100 times higher than predicted by the models.
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Deep Gemini spectroscopy with nod and shuffle has also enabled a team of US astronomers, led
by James Rhoads from the Space Telescope Science Institute, to push into the redshift z > 6
regime, close to the end of the “cosmic dark ages”.  LALA J142442.24+353400.2, found with
GMOS-North (and named for the survey in which it was discovered and its celestial
coordinates), lies at a redshift of 6.535.  This puts it 12.8 billion light-years away.  Thus, today it
appears as it looked some 850 million years after the Big Bang.  This faint, distant galaxy is
fabricating stars at a rate of more than 11 solar masses per year, a frenetic pace among galaxies
at this distance and epoch in the early universe.

As researchers carry out the study of distant galaxies to z > 2, beyond the “redshift desert”,
FLAMINGOS and MCAO come closer to the era of galaxy formation.   The most daring users
will attempt to observe first light objects at redshift 7 and beyond, with the help of MCAO
equipped with special narrow-band filters.

This lays the foundations for the “next-step”, exploring the early Universe using Ground-Layer
Adaptive Optics (GLAO), probing distances that will only be fully accessible with the launch of
JWST in the following decade.  On a greater scale, the unique capability envisioned at Aspen for
a Wide Field Multi-Object Spectrograph will begin to discern the underlying structure of mass
and energy upon which these barely visible filaments of early galaxies rest, the unknown carriers
of dark matter and dark energy.  As these above science highlights show, Gemini and its diverse
partnership, is poised for an “explosive” next five years of discovery.

I. Lessons Learned
These first four years of science operation have been challenging and educating.   There are
some clear lessons that we have drawn in adjusting to the demand of running two new complex
telescopes under the new model of queue observation and in a context of late delivery of facility
instruments.  We have also gained a better knowledge of our user community in term of science
productivity and the factors that enhance it.

1. Staffing for Higher Queue Fraction

Having the right science staffing size to operate both telescopes has been a major issue in the
early years of the observatory.  We were overly optimistic that we could handle the transition
from a construction project to operation.  We underestimated the amount science staff support
for telescope and new instrument commissioning, and the “effort cost” of substituting visitor
instruments for the delayed delivery of outsourced facility instruments.  The absence of a
“builder team” for some instruments at commissioning (e.g. NIRI and MICHELLE), and
incomplete high-level software, plus the inevitable learning curve put a high burden on the
science staff.

The lag in science staff hiring and the booming popularity of queue observing resulted in
personal research time being used as time contingency and 20-40% overtime.  These lessons,
although hard learned, have been extremely useful in correcting the present situation and in
planning for the operation of the Gemini telescopes in the next five years.  We have put in place
a better plan for instrument commissioning, tighter schedules with closer collaboration between
the science staff, the builder team and the Gemini engineering team.  We have also increased
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“low-level” and “science technical” support.  We have developed a staffing plan to ramp up the
use of the telescope for 100% queue in the period 2006-2010, while allowing visiting observers.

2. Improving the Data Products System

As described in this Section, we have created tools for the users to reduce Gemini data, but there
is a clear need to send more highly processed data to the users and the Gemini Science Archive
(in addition to the raw data and the calibrations frames).  Our users are demanding that Gemini
processed their images and spectra in order to remove the sky distortions and instrument
signatures.  The Gemini Board, the Gemini Science Committee, and the observatory staff believe
that automatic-pipeline-reduced data are most important and that such products would
dramatically increase the scientific productivity of the Gemini Telescopes.  The Gemini Board
has put this effort has a very high priority for 2006-2010.

3. Trading Observing Time with Other Forefront Facilities

Exchange of telescope time between large astronomical facilities represents a paradigm shift for
astronomers.  We believe that a more coordinated of the use of the most advanced facilities on
the most powerful telescopes on earth will lead to unique science results.  This new paradigm
represents not only a more efficient way to use the world’s resources, but it is likely to strengthen
the competitiveness of astronomical research with respect to other fields.  By breaking some of
the existing borderlines and barriers between research centers, we hope to foster a more
productive science environment and new collaborations.  The Gemini-Keck time exchange is a
first step toward establishing a more unified "market" for forefront astronomical research, while
allowing better coordination between research efforts and investments.  With the Gemini Board’s
support, we intend to explore creative ways in trading telescope time with other forefront
facilities in 2006-2010.

4. New Ways of Enabling Science

Large allocations of telescope time (e.g. >50 hours per telescope per semester) appear to have
been more scientifically successful.  Since large programs bring together bigger teams –
generally well organized and with a range of expertise and abilities – big programs result in more
papers, more impact of these, and a more timely publication.  Examples of large programs at
Gemini have been the Adaptive Optics Imaging of the Galactic Center with Hokupa’a, the
Gemini Deep Deep Survey (GDDS) with GMOS-N, the Gemini Brown Dwarf Program with
Hokupa’a, and the Deep Beta Pictoris Disk Program.  Jointly with the NGOs and ITAC, we are
promoting large collaborative efforts and looking at ways to foster critical-mass teams around
key science themes.

J. Broader Impacts
In the largest sense, the general public seems to have a rather natural attraction to, and
engagement with, modern astronomy.  This is probably a consequence of the fact that astronomy
innately deals with some of the more profound questions that humankind has striven to resolve
for millennia, including: “Where did I come from, where am I now, and where am I going?”

The Gemini impacts the world community in many different ways discussed below.  A major
vehicle for this impact is the Gemini Public Information and Outreach program (PIO).  The PIO
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Figure 2-46. 2005 Hawaian StarTeachers Tom Chun, Sonya Carvalho and Roddy Floro (top row) and
Chilean Sky Teachers Dalma Karina Valenzuela Azola, Carlos Videla Bonilla and Sonia Layana Castillo.

mission is to: “create a public legacy of Gemini science while meeting the media relations and
education needs of the Gemini partnership as well as our local, international and global
communities”.

1. Integrating Research, Education, and Enhancing Educational Infrastructure

Astronomy research at the Observatory and the related activities of the partnership communities
are unequivocally advancing basic discoveries and contributing to a fundamental understanding
of nature, as outlined in Section I of this proposal.  These pursuits, combined with Gemini’s
multinational nature and its physical presence in two hemispheres, confer unique advantages for
fostering communication of astronomical discoveries to the world at large, and Gemini has acted
on that opportunity, at the request of the Gemini Board and of the Agencies.  However, to have
lasting impact, efforts to share science findings and technology achievements must be linked
with enhancing the educational infrastructure, in geographical areas it directly touches, and in
encouraging that development in other areas in which it has influence. Thus, the development of
teacher training and materials, human networking and physical infrastructure for education is
inextricably tied to the core outreach program.

Gemini has established excellent relationships with US electronic and print media and with
science publications worldwide.  The regular distribution of Gemini press releases to this
communications network has resulted in the broad dissemination of news stories in local,



80

regional, national print and electronic media, as well as numerous articles in popular science and
technology and educational publications.

Under the terms of the Gemini Agreement, the National Gemini Offices of the individual
Partners are responsible for direct contact with the media in their respective countries.  The
Observatory’s role is to serve as a resource to the national program offices by coordinating press
releases, providing press kits and alerting them to events of interest to their respective programs
– including organizing and annual face-to-face meeting with the key outreach people from all of
the Partner countries.  (See a further discussion under Broad Dissemination below.)

On local and regional scales, Gemini’s educational outreach program has achieved significant
impacts in many areas.  For example, the Observatory’s StarTeachers program has organized
exchange visits between K–12 teachers on Hawaii’s Big Island with their counterparts at Gemini
South near La Serena, Chile. To date, six teachers (three from each country in 2003) have
completed a program of face-to-face classroom exchange visits utilizing extensive
videoconferencing.  This program has exposed several thousand students to the wonders of
astronomy and its advanced technologies, and the cultural diversity of these two bi-hemispheric
communities linked by world-class astronomy.

Figure 2-47.  Hawaiian students and teacher preparing for a star show and lesson with portable planetarium
StarLab in Hilo, Hawaii.
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Figure 2-48. The Gemini South StarLab visits a remote community in Chile where the only facility able to
accommodate the inflatable planetarium is a church (note the doorway).

At the same time, the participating teachers and their colleagues have benefited from directly
experiencing teaching modes made possible by the advanced communication technologies used
routinely by Gemini.  This program has been so effective that the Chilean Ministry of Education
awarded the Observatory the Gabriella Mistral Medal for educational excellence in 2003. This
was the first time this prestigious award has been awarded to a non-Chilean organization.  In mid
2005, six more teachers will participate in the program.

The Gemini and Keck observatories have collaborated with the Hawaii Department of Education
to have the Big Island accepted into the Challenger Center’s NASA-funded Journey Through the
Universe program.  This program will provide teacher training and significant K–12 classroom
experiences for the children of Hawaii Island—one of only four communities awarded in 2004.

Teachers are undergoing training on the Big Island and in Chile to use Gemini’s three StarLab
portable planetaria in their classrooms (Figure 2-47).  The Gemini staff has recently completed a
new cylinder for projecting the stars and Polynesian navigation routes in the inflatable
planetarium dome.

Outreach efforts in Chile, with support from CTIO, have facilitated the establishment of a
volunteer astronomy program called Red Laser (a Spanish contraction for “Network La Serena”).
This independent group of Chilean educators and university science students has carried the



82

StarLab program far beyond that which Gemini and CTIO alone could do (Figure 2-48).
Thousands of students, their teachers and many members of the general public have benefited
from these programs.

Gemini has produced a “virtual tour” of the Observatory in CD-ROM format that allows viewers
to tour the interior of the telescope facility and plan and execute virtual observations of selected
targets, all in an educational exploratory setting.

Table 2-9.  Gemini Public Information and Outreach Direct Contacts in 2004
(Gemini South includes the volunteer efforts of Red Laser)

Gemini is a key supporter of the University of Hawaii Hilo in its development of the Mauna Kea
Astronomy Education Center, a $25M NASA-funded planetarium and astronomy and Hawaiian
cultural museum currently under construction across the street from the Gemini Northern
Operations Center in Hilo.  Gemini and the other AURA-South observatories have a similar
relationship with the local-community Mamalluca astronomy center and planetarium at Vicuña
Chile near Cerro Pachón.  (See a further discussion of educational partnerships and infrastructure
in Underrepresented Groups and Diversity below.)

In addition, Gemini offers internships for young people in many programs, ranging from science
and engineering to outreach and administration, at both observing sites.  The Observatory has
also sponsored local teachers in attending major science meetings in their area, with Gemini staff
acting as science interpreters.

2. Broad Dissemination

Establishing the public legacy of Gemini science is a key element of the observatories mission.
Gemini is proactive in informing the public, and decision makers, about the science and
community impacts of Gemini.  The Gemini website (http://www.gemini.edu) is updated
frequently with breaking news.  Press kits are available on the website for both broad
background and topical issues.

Table 2-10.  Press Releases, Web Activity, and Virtual Tour CDs in 2004

Activity Events Web Hits CDs Distributed
Press Releases 8 50,953
Websplashes 25 33,838
Virtual Tour CDs 11,250

Gemini North Gemini South
Program/Activity Schools Events Audience Schools Events Audience

StarLab Planetarium 43         188       3,368    97         118       27,539  
Community Presentations 10         250       4           4           319       
Classroom Presentations 8           8           180       3           4           120       
Summit Tours 19         656       21         368       
Base Facility Tours 20         558       2           2           74         
Teacher Trainings 6           112       63         2           215       
Family Nights 42         748       
Special Public Events 7           2,800    3           186       

51         300       8,672    169       154       28,821  
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Gemini images and video comprise an especially important resource for media distribution and
use.  An extensive collection of high-quality images have been produced and made available to
the media over the past five years, resulting in broad use of many of these images in astronomy
textbooks and by local, national and international media.  A new initiative begun in mid-2004
will produce astronomical images from Gemini that will rival Hubble telescope images in
composition and educational content.

Another example of Gemini products for broad dissemination is the set of posters currently being
developed for distribution to the partnership in early 2005 (Figure 2-49).  Also, a Gemini/NSF-
sponsored photo show called “Tools of Vision,” which features Gemini facility images, is
currently on display on the third floor of NSF headquarters in Arlington, Virginia.

The Observatory has prepared a number of public reports to inform astronomy and agency
communities and the general public at various levels.  A noteworthy example on a local scale
was the 48-page tabloid/newspaper insert on astronomy in Hawaii, coordinated by Gemini public
information staff and published in June 2003 in Hawaii Tribune-Herald.  A similar publication is
being produced for Chile in February 2005.

Gemini also is active in advocating for future science opportunities at the highest levels of
science and funding communities.  The Observatory’s recently published 95-page advocacy

Figure 2-50. One of Gemini's most popular local outreach programs, "Einstein Alive", featured a
characterization of Albert Einstein speaking to audiences ranging from elementary schools to families and the
public.  Gemini has offered this program twice to the local Hawaii community (1999 and 2001) and reached
over 1,000 people in public events and more than 6,000 students in the 20 schools on the Big Island and Oahu.
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document Scientific Horizons at the Gemini Observatory – commonly referred to as the “Aspen
Report” – has proven very effective in communicating the enormous potential for Gemini
science over the next several years to national and international decision makers.

3. Human Resources Development for Science and Engineering

Another facet of the Gemini educational outreach program is the sparking of interest in children
and young adults regarding careers in science and engineering.  Although Gemini’s observing
sites are geographically distant from the “center of mass” of the its Gemini Partner communities,
there is a sound – if not self-serving – long-term motivation to develop such interest as a means
of cultivating well-trained local candidates for many positions in future years.

All of the outreach efforts outlined above contribute to this effort in obvious ways.  Several of
the cited programs, such as NOMISS, are focused specifically on internships and other forms of
on-the-job training in the Gemini environment.  In addition Gemini supports the curriculum for
the University of Hawaii-Hilo’s Bachelor of Science in Astronomy program by making available
Observatory staff members as lecturers and access to internships for its students.  The
observatory has benefited by being able to hire several graduates from the UH/Hilo programs of
Physics & Astronomy and Computer Sciences in the recent years.

Gemini also has contributed significantly to the
development of a UH-Hilo Bachelor of
Science program in Electronic and Information
Technology.  Working with NASA, several
other Mauna Kea observatories and Alu Like
(a jobs program for native Hawaiians), senior
Gemini staff have guided the development of
the curriculum and given considerable advice
on the so-called Two Plus Two program.
Under this concept, community colleges would
offer academic coursework for the first two years of the program and issue an Associate of
Science degree upon graduation.  Two additional years in a complementary UH-Hilo curriculum
would lead to the Bachelor of Science degree.  The UH system has approved the program, which
presently awaits funding and the completion of new classroom facilities in order to proceed.

At Gemini South, local students also have opportunities for internships.  These opportunities are
growing in number, and it is expected that as connections increase with the local university
infrastructure this growth will accelerate further.

On a larger scale, the science and engineering groups at both telescopes participate in
undergraduate and post-graduate internships with the aim of developing tomorrow’s leaders in
these key areas.

4. Enhancing Research Infrastructure

The initial and ongoing development of the Gemini Observatory is a major development in basic
astronomy research infrastructure.  As detailed in various other subsections of this proposal, it
has included the development, construction, and operation of major, world-class research

Table 2-11. Interns at Gemini

Type of Internship Number

Astronomy: Support & Research 22
Adaptive Optics 6
Engineering & Software 18
Public Outreach 2
Postdoctoral Research Fellows 5

TOTAL 53
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facilities, and continues to augment those facilities with newer generations of instruments and
observing facilities such as several levels of adaptive optics.

In the course of these efforts, Gemini has entered into many partnerships with other
observatories and related institutions to develop other forms of infrastructure that serve the
broader needs of astronomy and other sciences.

For example, Gemini provided all the physical infrastructure—including roads, electric power,
water, telephone and computer networks, and residential and dining quarters—that transformed
Cerro Pachón into a viable Southern Hemisphere astronomy observing site.  The SOAR
observatory on Cerro Pachón now shares this infrastructure, and it remains available to serve at
least three more research facilities in the future.

At Gemini North, the Observatory has entered into partnerships with a number of other 8-10m
observatories to support the common development of high-end detectors.  Gemini partnered with
Keck to provide a desperately need detector for NIRSPEC, in exchange for access to Keck by
members of the Gemini community.

Gemini also partnered with Keck, the Center for Adaptive Optics, and the US Air Force to
develop high-powered solid-state lasers suitable for common use in laser-guide-star AO systems.
Another Keck-Gemini agreement allows Gemini users to access the Keck high-resolution optical
spectrograph, HIRES, in exchange Keck users have access the Gemini-based MICHELLE mid-
IR imager/spectrograph.  Gemini is also in discussions with the National Astronomical
Observatory of Japan (NAOJ) regarding a partnership to develop and operate a shared wide-
angle-field facility on the Subaru telescope on Mauna Kea.

As described in the subsections on networking, Gemini partnered with the University of Hawaii
to provide a huge enhancement in network infrastructure that extends to all of the Mauna Kea
observatories.  Similarly, for Chile Gemini partnered with CTIO, SOAR, and Florida
International University to provide Internet2 access to Gemini South and all of the AURA
observatories based in La Serena, with the expectation that service to the nearby Carnegie
Institution observatories will be added in the near future.

5. Underrepresented Groups and Diversity

With its population of Caucasian, Japanese, Hawaiian, Chinese, Korean, Filipino, and many
other peoples, Hawaii is one of the most culturally and ethnically diverse states in the US.  In
addition to local outreach programs that strive to reach minorities and geographically isolated
audiences in Hawaii and Chile, Gemini also has made a special effort to reach at-risk students
and families of lower socioeconomic levels in Hawaii through the NSF-funded Family Astro
partnership.

Family Astro allows communities to become partners and utilize the family-friendly activities
and educational materials developed to encourage families to partake in special educational
events.  Gemini became a partner in this program in early 2004.  Still ramping up, in 2004 it has
already trained 112 leaders and provided programs to 748 family participants.  A similar
program has targeted youth at a juvenile detention center in our host community in Chile.
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Gemini is a partner with the University of Hawaii Hilo in its NASA-funded New Opportunities
for Minorities and Space Science (NOMISS) program, providing internship opportunities for
individuals from under-represented groups. Similarly, Gemini supported UHH in its EPSCoR
proposal.

The indigenous Hawaiian population is an important minority group for Gemini North and the
other Mauna Kea observatories.  Hawaiians and part-Hawaiians make up about 30% of the
population of the Big Island.  For many of these people the summit region of Mauna Kea holds
considerable cultural and religious significance.  Gemini’s outreach to this important community
has been proactive.  In addition to the above-described educational efforts that have touched
many Hawaiian adults and children, Gemini staff serves on important committees and boards.
These include the Mauna Kea Management Board, the Headmaster’s Advisory Committee of the
Big Island Kamehameha Schools and various committees of the Mauna Kea Astronomy
Education Center, which seeks to link Hawaiian culture and modern astronomy through museum
exhibits and planetarium programs.

As an international entity, Gemini itself is very diverse. More than 51% of its employees are
foreign nationals.  A total of 19 different countries are represented on its staff: Argentina,
Australia, Belgium, Bolivia, Brazil, Canada, Chile, China, Denmark, France, Germany, Israel,
Korea, Luxemburg, Peru, Spain, Sweden, UK, and US.

A total of 43% of Gemini's staff falls into categories classified as racial minorities.  This degree
of internal cultural diversity poses interesting challenges, especially when mixed with other
factors, such as the rapidly evolving business culture in Chile. (It is worth noting that at least
eight Chileans on staff have been or are working at long-term Gemini assignments in Hawaii.)

The Observatory has been quite proactive in addressing issues of cultural diversity.  In 2003,
Gemini engaged a management consulting team from Ernst & Young’s Santiago (Chile) branch
to conduct a month-long review to evaluate possible culturally based communication difficulties.
The resulting analysis generated suggestions that led to various organizational adjustments and
the institution of a yearlong Cultural Integration Program (CIP), begun in mid–2004.

The CIP program incorporates the services of a Chilean psychologist who is a student of cross-
cultural organizations and has considerable experience working in the US.  He is conducting a
series of training seminars for all Gemini staff to help bridge different perspectives and
worldviews, with the goal of improving their mutual understanding, sense of shared goals and
cooperation.

Gemini’s Affirmative Action Plan has been audited and approved Office of Federal Contracts
Compliance, and all Gemini managers are trained on their related responsibilities.  All
employment decisions are made without regard to race, color, gender, age, religious affiliation,
national origin, handicapped status, veteran status and other protected classes specified under
Hawaii law.  Affirmative Action goals are considered in assessing the qualifications of job
candidates.  In actively seeking women and minorities for existing and future positions, Gemini
regularly contacts local, state, and federal employment referral agencies when openings occur.
Gemini’s managing organization, AURA an Equal Employment Opportunity employer.
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A total of 29% of Gemini’s employees are female.  Of these, 71% are in exempt, professional
positions.  The Observatory makes a good faith effort to identify females and minority
individuals with the requisite skills for promotion into higher-level positions.  Since 2000, fully
69% of the Gemini female staff has received promotions, compared to only 46.5% of the males.

6. Society as a Whole

Gemini continues to have significant impact on the local and regional areas containing its
observing sites.  In addition to the effects outlined above, it has been a major source of jobs in
these local areas, both of which are economically depressed in many respects.  A little more than
half of the staff at Gemini North is drawn from the local labor pool.  At Gemini South, more than
63% of the staff is from the local community.

Gemini staff have been active in supporting UH Hilo job development programs; these include
the creation of a high-technology business incubator, the Hawaii Island Innovation Center in a
redeveloped building downtown Hilo – a partnership between UH Hilo and the State-funded
High Technology Development Corporation.

On an ongoing basis, Gemini’s current operations and development contribute directly about $30
million annually to the world economy, much of it flowing into observing-site and partner
communities.

Developments in adaptive optics, such as those at Gemini, already have benefited medical
imaging technology.  The development of technology for high-powered, solid-state sodium-line
lasers, under a partnership between Gemini, Keck, the Center for Adaptive Optics and the US
Air Force, is expected to have significant spin-off effects in many other laser-based technologies.

Gemini has outsourced significant amounts of work to contractors, both in the local areas and
among the Partnership and other countries. Since 1989, Gemini has outsourced more than
$192M to both commercial contractors and educational nonprofits throughout the world, but
primarily in the Partner countries. This has promoted job development and the growth of
technology infrastructure in many geographical locations.

At the end of it all, Gemini’s research will impact human society as a whole by contributing to
finding clearer answers to the fundamental origins questions about the cosmos, life, and
humanity.

K. Summary
AURA managed the development of the Gemini telescopes and ancillary facilities in Hawaii and
Chile.  It successfully completed their construction, integration, test, and commissioning on
budget and six months early.  AURA subsequently has developed the operations model and
operated the Observatory as a major research facility with observing sites in Hawaii and Chile.

As observing systems, the capabilities of the Gemini Observatory are quite unique.  The
telescopes realized the underlying design objectives of high image quality and superb
performance in the thermal infrared, with excellent performance at near-infrared and optical
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wavelengths as a result of extraordinary mirror quality, high-performance multilayer silver
coatings, and a low-emissivity telescope structural design.

Gemini further has exploited the telescopes’ innate quality.  It has become a leader in point-and-
click altitude-conjugated adaptive optics, and in the development of laser-guide-star and multi-
conjugate AO.  Other developments include innovative observing techniques, such as “nod and
shuffle” that strongly reduces the effect of atmospheric luminescence contamination at optical
wavelengths.

The current suite of delivered facility instruments has demonstrated the efficacy of Gemini’s
physical systems, the innovative and efficient queue-observing approach, and the distributed
operations model.  There is full participation by the Partner communities in the science
operations from initial observing proposals to delivery to the PI and archives, through the NGOs,
SOWG, NTACs, ITAC, and other interactive bodies.

Gemini has developed a modern and innovative on-line science archives at the CADC in Victoria
BC that ensures that Gemini data are made available to researchers promptly after observations
are taken and available to the broader community after a proprietary period.

Gemini’s significant science results have unfolded over a broad range of important topics in the
relatively short time that Gemini has been in full science operations, leading to over 100 refereed
science papers, and an even larger number of technical papers.

Gemini’s operations experience since 2000 has demonstrated the success of its approaches, and
also shown a number of ways to improve and enhance the system of systems.  These include
establishing the support capability for 100% queue observing and fully reducing data in an
automated way to remove telescope and instrument signatures, while ensuring that the
Observatory’s science staff have adequate time for personal research.

The Observatory has sought out new approaches to science in general, including several
collaborations with neighboring observatories to allow the Partner communities to access other
unique observing systems in fair exchanges for Gemini unique capabilities.

Gemini has had significant impacts on the local and world communities through the sharing of
its science discoveries, an aggressive outreach program that has provided direct contact with the
public, from school children to adults, teacher training, multiple programs for under represented
groups, internship opportunities, and its economic impact on the Partner communities.

AURA and Gemini are positioned to take the science and operations program to the next level of
the next five years.  The Gemini Board has provided clear direction for that future effort,
reflecting the scientific consensus of the Partnership’s science communities.  The details of that
proposed effort are found in the next section.

L. Publications
We present in Section II.L.1 the list of all papers based on Gemini Telescope data that have
been published in the period 2000 to 2004 and some of those already in press for 2005.  We
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include here only the papers published in the major refereed journals: the principal journals are:
The Astrophysical Journal, the Astronomical Journal, the Publications of the Astronomical
Society of the Pacific, the Monthly Notices of the Royal Astronomical Society, Astronomy &
Astrophysics, Nature and Science.  Close to 65% of the Gemini papers are published in The
Astrophysical Journal, recognized as the highest impact journal. Our list does not include papers
published in secondary journals or in conference proceedings.   We keep and update the
publication list and keep track of several metrics to assess on a continuous basis the science
productivity of the Gemini telescopes and instruments.

Section II.L.2 gives the list of engineering papers presented at the various SPIE conferences.
This is a representative of the contribution by Gemini staff to telescope, instrument and data
handling technological innovation.

1.  Science Publications Based on Gemini Data in Major Refereed Journals

Davidge, T. J.; Rigaut, F.; Chun, M.; Brandner, W.; Potter, D.; Northcott, M.; Graves, J. E. The
Peak Brightness and Spatial Distribution of Asymptotic Giant Branch Stars Near the Nucleus of
M32. The Astrophysical Journal, Volume 545, Issue 2, pp. L89-L92.2000.

Kastner, Joel H.; Soker, Noam; Vrtilek, Saeqa D.; Dgani, Ruth. Chandra X-Ray Observatory
Detection of Extended X-Ray Emission from the Planetary Nebula BD +30°3639. The
Astrophysical Journal, Volume 545, Issue 1, pp. L57-L59. 2000.

Diaz, M. P.; Costa, R. D. D.; Jatenco-Pereira, V. The Infrared Emission of the Shell around Nova
V705 Cassiopeiae 1993. The Publications of the Astronomical Society of the Pacific, Volume
113, Issue 790, pp. 1554-1558. 2001.

Perlman, Eric S.; Sparks, William B.; Radomski, James; Packham, Chris; Fisher, R. Scott; Piña,
Robert; Biretta, John A. Deep 10 Micron Imaging of M87. The Astrophysical Journal, Volume
561, Issue 1, pp. L51-L54. 2001.

Allington-Smith, Jeremy; Murray, Graham; Content, Robert; Dodsworth, George; Davies,
Roger; Miller, Bryan W.; Jorgensen, Inger; Hook, Isobel; Crampton, David; Murowinski,
Richard. Integral Field Spectroscopy with the Gemini Multiobject Spectrograph. I. Design,
Construction, and Testing. The Publications of the Astronomical Society of the Pacific,
Volume 114, Issue 798, pp. 892-912. 2002.

De Buizer, James M.; Watson, Alan M.; Radomski, James T.; Piña, Robert K.; Telesco, Charles
M. Mid-Infrared Detection of a Hot Molecular Core in G29.96-0.02. The Astrophysical
Journal, Volume 564, Issue 2, pp. L101-L104. 2002.

Marchenko, S. V.; Moffat, A. F. J.; Vacca, W. D.; Côté, S.; Doyon, R. Massive Binary WR 112
and Properties of Wolf-Rayet Dust. The Astrophysical Journal, Volume 565, Issue 1, pp. L59-
L62. 2002.
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Vacca, William D.; Johnson, Kelsey E.; Conti, Peter S. N-Band Observations of Henize 2-10:
Unveiling the Dusty Engine of a Starburst Galaxy. The Astronomical Journal, Volume 123,
Issue 2, pp. 772-788. 2002.

Luhman, K. L.; Jayawardhana, Ray. An Adaptive Optics Search for Companions to Stars with
Planets. The Astrophysical Journal, Volume 566, Issue 2, pp. 1132-1146. 2002.

Close, L. M.; Potter, D.; Brandner, W.; Lloyd-Hart, M.; Liebert, J.; Burrows, A.; Siegler, N.
Discovery of a 0.15" Binary Brown Dwarf, 2MASS J1426316+155701, with Gemini/Hokupa'a
Adaptive Optics. The Astrophysical Journal, Volume 566, Issue 2, pp. 1095-1099. 2002.

Close, Laird M.; Siegler, Nick; Potter, Dan; Brandner, Wolfgang; Liebert, James. An Adaptive
Optics Survey of M8-M9 Stars: Discovery of Four Very Low Mass Binaries with at Least One
System Containing a Brown Dwarf Companion. The Astrophysical Journal, Volume 567, Issue
1, pp. L53-L57. 2002.

Potter, D.; Martín, E. L.; Cushing, M. C.; Baudoz, P.; Brandner, W.; Guyon, O.; Neuhäuser, R.
Hokupa'a-Gemini Discovery of Two Ultracool Companions to the Young Star HD 130948. The
Astrophysical Journal, Volume 567, Issue 2, pp. L133-L136. 2002.

Jayawardhana, Ray; Luhman, K. L.; D'Alessio, Paola; Stauffer, John R. Discovery of an Edge-
On Disk in the MBM 12 Young Association. The Astrophysical Journal, Volume 571, Issue 1,
pp. L51-L54. 2002.

Liu, Michael C.; Fischer, Debra A.; Graham, James R.; Lloyd, James P.; Marcy, Geoff W.;
Butler, R. Paul. Crossing the Brown Dwarf Desert Using Adaptive Optics: A Very Close L Dwarf
Companion to the Nearby Solar Analog HR 7672. The Astrophysical Journal, Volume 571,
Issue 1, pp. 519-527. 2002.

Kwok, Sun; Volk, Kevin; Hrivnak, Bruce J. Subarcsecond Mid-Infrared Imaging of Two Post-
Asymptotic Giant Branch 21 Micron Sources. The Astrophysical Journal, Volume 573, Issue 2,
pp. 720-727. 2002.

Courbin, F.; Meylan, G.; Kneib, J.-P.; Lidman, C. Cosmic Alignment toward the Radio Einstein
Ring PKS 1830-211? The Astrophysical Journal, Volume 575, Issue 1, pp. 95-102. 2002.

Allington-Smith, Jeremy; Murray, Graham; Content, Robert; Dodsworth, George; Davies,
Roger; Miller, Bryan W.; Jorgensen, Inger; Hook, Isobel; Crampton, David; Murowinski,
Richard. Integral Field Spectroscopy with the Gemini Multiobject Spectrograph. I. Design,
Construction, and Testing. The Publications of the Astronomical Society of the Pacific,
Volume 114, Issue 798, pp. 892-912. 2002.

Flicker, R. C.; Rigaut, F. J. Hokupa`a Anisoplanatism and Mauna Kea Turbulence
Characterization. The Publications of the Astronomical Society of the Pacific, Volume 114,
Issue 799, pp. 1006-1015. 2002.
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Yang, Yujin; Park, Hong Soo; Lee, Myung Gyoon; Lee, Sang-Gak. Gemini Near-Ir Photometry
of the Arches Cluster Near the Galactic Center. Journal of the Korean Astronomical Society,
vol. 35, no. 3, pp. 131-141. 2002.

Plante, Stéphanie; Sauvage, Marc. The Embedded Super-Star Cluster of SBS 0335-052. The
Astronomical Journal, Volume 124, Issue 4, pp. 1995-2005. 2002.

Davidge, T. J. The Upper Asymptotic Giant Branch of the Elliptical Galaxy Maffei 1 and
Comparisons with M32 and NGC 5128. The Astronomical Journal, Volume 124, Issue 4, pp.
2012-2022. 2002.

Stephens, Andrew W.; Frogel, Jay A. The Structure and Stellar Content of the Central Region of
M33. The Astronomical Journal, Volume 124, Issue 4, pp. 2023-2038. 2002.

Ledlow, M. J.; Smail, Ian; Owen, F. N.; Keel, W. C.; Ivison, R. J.; Morrison, G. E. Gemini
Multi-Object Spectrograph Observations of SCUBA Galaxies behind A851. The Astrophysical
Journal, Volume 577, Issue 2, pp. L79-L82. 2002.

Davidge, T. J. Deep g'r'i'z' GMOS Imaging of the Dwarf Irregular Galaxy Kar 50. The
Publications of the Astronomical Society of the Pacific, Volume 114, Issue 801, pp. 1206-
1214. 2002.

Stolte, A.; Grebel, E. K.; Brandner, W.; Figer, D. F. The mass function of the Arches cluster from
Gemini adaptive optics data. Astronomy and Astrophysics, v.394, p.459-478 (2002)

Smith, Verne V.; Hinkle, Kenneth H.; Cunha, Katia; Plez, Bertrand; Lambert, David L.;
Pilachowski, Catherine A.; Barbuy, Beatriz; Meléndez, Jorge; Balachandran, Suchitra; Bessell,
Michael S.; Geisler, Douglas P.; Hesser, James E.; Winge, Claudia. Chemical Abundances in 12
Red Giants of the Large Magellanic Cloud from High-Resolution Infrared Spectroscopy. The
Astronomical Journal, Volume 124, Issue 6, pp. 3241-3254. 2002.

Roe, H. G.; de Pater, I.; Macintosh, B. A.; McKay, C. P. Titan's Clouds from Gemini and Keck
Adaptive Optics Imaging. The Astrophysical Journal, Volume 581, Issue 2, pp. 1399-1406.
2002.

Freed, Melanie; Close, Laird M.; Siegler, Nick. Discovery of a Tight Brown Dwarf Companion
to the Low-Mass Star LHS 2397a. The Astrophysical Journal, Volume 584, Issue 1, pp. 453-
458. 2003.

Hutchings, J. B. Host Galaxies of z~4.7 Quasars. The Astronomical Journal, Volume 125,
Issue 3, pp. 1053-1059. 2003.

Le Floc'h, E.; Duc, P.-A.; Mirabel, I. F.; Sanders, D. B.; Bosch, G.; Diaz, R. J.; Donzelli, C. J.;
Rodrigues, I.; Courvoisier, T. J.-L.; Greiner, J.; Mereghetti, S.; Melnick, J.; Maza, J.; Minniti, D.
Are the hosts of gamma-ray bursts sub-luminous and blue galaxies? Astronomy and
Astrophysics, v.400, p.499-510 (2003)
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Ciardi, David R.; Telesco, Charles M.; Williams, Jonathan P.; Fisher, R. Scott; Packham, Chris;
Piña, Robert; Radomski, James. Mid-Infrared Imaging of the Protostellar Binary L1448N IRS
3(A,B). The Astrophysical Journal, Volume 585, Issue 1, pp. 392-397. 2003.

Hynes, R. I.; Charles, P. A.; Casares, J.; Haswell, C. A.; Zurita, C.; Shahbaz, T. Fast photometry
of quiescent soft X-ray transients with the Acquisition Camera on Gemini-South. Monthly
Notice of the Royal Astronomical Society, Volume 340, Issue 2, pp. 447-456. 2003.

Redman, R. O.; Feldman, P. A.; Wyrowski, F.; Côté, S.; Carey, S. J.; Egan, M. P. Interactions
between a Bright Young Stellar Object and the Midcourse Space Experiment Infrared-dark
Cloud G79.3+0.3: An Early Stage of Triggered Star Formation? The Astrophysical Journal,
Volume 586, Issue 2, pp. 1127-1135. 2003.

Radomski, James T.; Piña, Robert K.; Packham, Christopher; Telesco, Charles M.; De Buizer,
James M.; Fisher, R. Scott; Robinson, A. Resolved Mid-Infrared Emission in the Narrow-Line
Region of NGC 4151. The Astrophysical Journal, Volume 587, Issue 1, pp. 117-122. 2003.

Close, Laird M.; Siegler, Nick; Freed, Melanie; Biller, Beth. Detection of Nine M8.0-L0.5
Binaries: The Very Low Mass Binary Population and Its Implications for Brown Dwarf and Very
Low Mass Star Formation. The Astrophysical Journal, Volume 587, Issue 1, pp. 407-422.
2003.

Kaspi, V. M.; Gavriil, F. P.; Woods, P. M.; Jensen, J. B.; Roberts, M. S. E.; Chakrabarty, D. A
Major Soft Gamma Repeater-like Outburst and Rotation Glitch in the No-longer-so-anomalous
X-Ray Pulsar 1E 2259+586. The Astrophysical Journal, Volume 588, Issue 2, pp. L93-L96.
2003.

Davidge, T. J. The Outer Regions of the Nearby Sc Galaxies NGC 2403 and M33: Evidence for
an Intermediate-Age Population at Large Radii. The Astronomical Journal, Volume 125, Issue
6, pp. 3046-3070. 2003.

Crowther, P. A.; Drissen, L.; Abbott, J. B.; Royer, P.; Smartt, S. J. Gemini observations of Wolf-
Rayet stars in the Local Group starburst galaxy IC 10. Astronomy and Astrophysics, v.404,
p.483-493 (2003)

Gledhill, T. M.; Yates, J. A. Mid-infrared imaging of the dust shell around the post-asymptotic
giant branch star HD 161796. Monthly Notice of the Royal Astronomical Society, Volume
343, Issue 3, pp. 880-890. 2003.

Cunha, Katia; Smith, Verne V.; Lambert, David L.; Hinkle, Kenneth H. Fluorine Abundances in
the Large Magellanic Cloud and omega Centauri: Evidence for Neutrino Nucleosynthesis? The
Astronomical Journal, Volume 126, Issue 3, pp. 1305-1311. 2003.
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Siegler, Nick; Close, Laird M.; Mamajek, Eric E.; Freed, Melanie. An Adaptive Optics Survey of
M6.0-M7.5 Stars: Discovery of Three Very Low Mass Binary Systems Including Two Probable
Hyades Members. The Astrophysical Journal, Volume 598, Issue 2, pp. 1265-1276. 2003.

Díaz, Rubén J.; Dottori, Horacio; Vera-Villamizar, Nelson; Carranza, Gustavo. Circumnuclear
Structures in the Interacting Seyfert Galaxy NGC 1241: Kinematics and Optical/Infrared
Morphology. The Astrophysical Journal, Volume 597, Issue 2, pp. 860-869. 2003.

Close, Laird M.; Wildi, Francois; Lloyd-Hart, Michael; Brusa, Guido; Fisher, Don; Miller,
Doug; Riccardi, Armando; Salinari, Piero; McCarthy, Donald W.; Angel, Roger; Allen, Rich;
Martin, H. M.; Sosa, Richard G.; Montoya, Manny; Rademacher, Matt; Rascon, Mario; Curley,
Dylan; Siegler, Nick; Duschl, Wolfgang J. High-Resolution Images of Orbital Motion in the
Trapezium Cluster: First Scientific Results from the Multiple Mirror Telescope Deformable
Secondary Mirror Adaptive Optics System. The Astrophysical Journal, Volume 599, Issue 1,
pp. 537-547. 2003.

Stern, Daniel; Hall, Patrick B.; Barrientos, L. Felipe; Bunker, Andrew J.; Elston, Richard;
Ledlow, M. J.; Raines, S. Nicholas; Willis, Jon. Gemini-South+FLAMINGOS Demonstration
Science: Near-Infrared Spectroscopy of the z = 5.77 Quasar SDSS J083643.85+005453.3. The
Astrophysical Journal, Volume 596, Issue 1, pp. L39-L42. 2003.

Swinbank, A. M.; Smith, J.; Bower, R. G.; Bunker, A.; Smail, I.; Ellis, R. S.; Smith, Graham P.;
Kneib, J.-P.; Sullivan, M.; Allington-Smith, J. Galaxies under the Cosmic Microscope: A Gemini
Multiobject Spectrograph Study of Lensed Disk Galaxy 289 in A2218. The Astrophysical
Journal, Volume 598, Issue 1, pp. 162-167. 2003.

Smith, Verne V.; Tsuji, Takashi; Hinkle, Kenneth H.; Cunha, Katia; Blum, Robert D.; Valenti,
Jeff A.; Ridgway, Stephen T.; Joyce, Richard R.; Bernath, Peter. High-Resolution Infrared
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III. PROPOSED NEW WORK (D19)

Building on the platform of its current systems and people, and its experience with the innovative
observing technologies and methodologies just described in Section II, the Gemini Observatory,
in concert with its international community has the enormous potential to be a major contributor
to answering some of the most profound scientific questions facing humanity today.

A. Introduction
Section III now describes AURA’s specific proposals for both continued Gemini Observatory
operations and for a number of major instrument, telescope, data-management, and operational
enhancements over the period from 2006-2010.  The proposed observing strategies, a new
instrument generation, and infrastructure improvements are in direct response to the Gemini
community as expressed in the Aspen Report13, and Gemini Board strategic planning process14

and Retreat15. This proposed program, and the envisioned research efforts also form the
foundation for, and a bridge to, the next generation of worldwide astronomy capabilities beyond
2010.

AURA proposes a combination of new state-of-the-art instruments, upgrades to existing
instruments, and new telescope facilities specifically targeted to address the fundamental science
questions posed in the Aspen Report1.  New facilities include the addition of an adaptive
secondary at Gemini North and completely redesigned Acquisition and Guiding (A&G) systems
for both telescopes to greatly enhance the reliability of both telescopes and further improve their
innate image quality.  The operations model will be updated to accommodate 100% queue
observing, enhanced data reduction and distribution, and a more integrated and inclusive
approach to managing the distributed model in partnership with the National Gemini Offices.

This will require a renewed investment in instrumentation, associated technologies, and the
Observatory staff. It will also require the expansion of basic infrastructure, a building addition in
Hilo, a permanent dormitory facility on Cerro Pachón, and some remodeling of the La Serena
base facilities.

B. Compelling Science Questions
Through a series of meetings, which culminated in June 2003 in Aspen Colorado, astronomers
from the entire Gemini Partnership expressed their visions of what scientific frontiers the
Observatory should pursue in the future.  This meeting, which was part of the “Aspen Process”,
is part of the long range strategic planning effort the Observatory uses to define the future
scientific direction Gemini should take. Involving literally hundreds of astronomers across the
entire Gemini Partnership, the Aspen Process was truly a community based effort and, as such, is
fairly unique among the planning processes used at major observatories. The product of the
culminating workshop in Aspen was a set of fundamental questions in astronomy that Gemini’s
community would like to answer using both existing and bold new instrumentation at the
Observatory.  These questions include:
                                                  
13 Scientific Horizons at the Gemini Observatory: Exploring a Universe of Matter, Energy and Life
14 Gemini Board Strategic Planning Report, May, 2003
15 Gemini Board Retreat Summary
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• How do galaxies form?
• What is the nature of dark matter on galactic scales?
• What is the relationship between super-massive black holes and galaxies?
• What is dark energy?
• How did the cosmic “dark age” end?
• How common are extrasolar planets, including Earth-like planets?
• How do star and planetary systems form?

• How do stars process elements into the chemical building blocks of life?

These are far-reaching and fundamental questions that impact our core understanding of the
universe. In recent years astronomical research has demonstrated that the bulk (~95%) of the
matter and energy in the universe exist in unknown forms, often referred to as dark matter and
dark energy.  Not surprisingly the Gemini community expressed, through the Aspen workshop, a
deep interest in using the Gemini 8 m telescopes to probe the mysterious nature of dark matter
and energy.

In addition the community wants to exploit Gemini’s unique capabilities and embark upon
ambitious campaigns to search for extra-solar planets through a combination of direct imaging
and spectroscopy (to assess their compositions) and high-resolution radial velocity spectroscopy
to detect, for the first time, planets with masses approaching the earth’s. This type of legacy
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Figure 3-1. The flow-down from the three major
themes defined in the Aspen Workshop, into a
set of key questions, and then into a set of new
and existing instrumentation needed to answer
these questions, is illustrated. Yellow blocks at

the base of the pyramid indicate existing
instruments that serve as the foundation of
Gemini’s instrument program. Green blocks
indicate new instruments (defined in detail in
Table 3-3) proposed to work in concert with

existing instruments to answer key questions.
The graphic at the top was kindly provided by

Augusto Damineli.
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Figure 3-2 – Simulated differential coronagraphic
image detection (10σ) of a 5 MJup, 1 Gyr age
planet located 0.5” from an H=5 K0V star.  The
planet/primary contrast is ∆H=18 mag (i.e., a
factor of 10-7.2 in flux at 1.5 µm). The integration
time simulated is 105 sec. The image shows the
net methane signal of the planet at ~1.6 µm,
obtained by combining 4 narrow-band (2%)
images whose wavelengths span the 1.5 µm
methane absorption feature. All four wavelengths
were assumed to be acquired simultaneously with
an integral field unit (IFU) or a multi-color digital
array (MCDA).  All images were simulated
assuming an extreme adaptive optics system with
4096 actuators and a Lyot coronagraph featuring
a Gaussian occulting spot and an undersized Lyot
stop. Terrestrial atmospheric turbulence and
(conservatively large) static aberrations are
included in the simulated images. Despite this, the
signature of the planet is clearly detected
(courtesy René Doyon).

generations to come by helping answer such basic questions as “what is the universe made of”
and “how common are planets, including earth-like planets”. These are questions that not only
astronomers would like answered, but arguably all of humanity.

Figure 3-1 illustrates the links, both symbolic and programmatic, between the science mission
Gemini Observatory is about to embark upon and
the existing and new instruments needed to support
these ambitious experiments in observational
astronomy. The energy, matter, and life themes
have been distilled into the aforementioned key
questions, which in turn map into either new or
existing instrumentation at Gemini. Through this
process, continuity between the on-going and
future development program is preserved, as a
broadly supported and coherent scientific mission
is executed. In the following sections these science
objectives and the instrumentation needed to help
reach these objectives is explained in more detail.

C. Science Object ives -
Instrument Requirements

1. D i r e c t  I m a g i n g
Extrasolar Planets – Extreme Adaptive
Optics Coronagraph (ExAOC)

Observations of remnant dust disks (both
primordial and debris disks) and direct detections
of planets will require very high-contrast imaging
in the near-infrared range (>107 rejection <2" from
the primary).  This will require a very high-
performance adaptive optics system capable of
producing the highest possible Strehl ratio with
particular attention to stability and highly accurate
calibration.  Such a capability would enable:

• Planet searches at wide separations (>30 AU)
of dynamical structures in scattering disks
around the very youngest stars in nearby star-
forming regions.

• Characterization of light that could reveal inner holes, gaps, and warps in disks
indicative of the presence of planets.

• A complete census of gas-giant planets surrounding young (<1 billion-year old) stars
within 100 parsecs of the Sun.
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Figure 3-3 - A plot showing the sensitivity of a
simulated coronagraphic imager as a function of
radius from the host star (courtesy René Doyon).

Such a program, combined with ongoing radial velocity surveys and complementary ground- and
spaced-based studies, would provide fundamental constraints on the formation and evolution of
planetary systems around Sun-like or similar stars. This would enable us to place our solar
system in context by revealing how frequently such planetary systems are formed.

Young, giant planets are still cooling and are therefore brighter and easier to detect in the
infrared than older, cooler objects.  Initial extreme adaptive optics searches may be focused most
effectively on younger systems, and any characterization of the resulting census will also require
age determinations.  Prior surveys, both spectroscopic and astrometric, will increase the
efficiency of planet surveys by identifying 10–100 million-year old stars located far from their
birth sites (where gas and dust would make it difficult to identify planets).  Estimates of the
source density of these stars can be made through extrapolations of surveys for solar-type stars in
the Gould’s Belt.16

With almost one-hundred gas-giant exoplanets detected in the last six years, for the first time we
can pose and begin to answer fundamental questions about the nature and frequency of planetary
systems around other stars.  Perhaps the most challenging––and most exciting–– prospect is that
within the next five years the Gemini telescopes will have the capability of directly imaging gas-
giant planets orbiting nearby stars.  On this time scale, we can expect that current Doppler
detection planet searches will have identified
most of the gas-giant planets more massive than
about 0.5 MJup, orbiting out to 5 AU, around stars
between spectral types F8 and M8 within the
nearest 50 parsecs.  Current high-resolution
imaging facilities may have also detected a few
wide-separation (>10 AU), massive (>5 MJup)
planets around young (<300 million-year-old)
nearby stars.

However, even with the advances expected in
the next five years, we will not yet have a handle
on how common are systems with massive
planets orbiting at radii between 5 and 20 AU
− that is, planetary systems with planets in
Jupiter- to Uranus-like orbits like our own.  In
this context, the ability to detect a significant number of planets with masses comparable to or
greater than Jupiter’s around older stars in Jupiter- to Uranus-like orbits will be critical to our
understanding of just how common systems like our own really are.

Direct detections of Jupiter-mass planets around young stars using ExAOC should be possible
due to the efforts of several groups worldwide that have indicated that suppressing light levels by
~107 within ~0.1” of bright stars is theoretically feasible.  This capability, combined with

                                                  
16 Mamajek, et al., 2002, AJ, 124, pp. 1670-1694; Wichmann, et al., 2003, A&A, 399, p.983-994
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Figure 3-4 - Near infrared spectrum of the brown
dwarf Gl229B from Oppenheimer et al. 1998.
Numerous spectral features can be seen.
Spectroscopy of similar features on planets around
others stars would make possible entirely new fields
of exoplanetary science.

simultaneous detection in more than one pass band, or the use of a low-resolution integral-field
unit, will make the direct detection of significant numbers of extrasolar planets likely.
Simulations of a population of 10,000 stars, comparable in mass and age to those in the solar
neighborhood, and adopting planet masses and orbits like those detected in Doppler detection
programs to date allow a sample of planet properties to be derived.  By comparing these
properties (brightness, color and separation) with the detection thresholds appropriate for
ExAOC with light suppression at the 107 level, a detection fraction of around 8% can be derived
for planets around target stars down to R=7 mag, meaning between 10 and 100 exoplanets would
be directly detectable through AO imaging by Gemini.

Perhaps the most exciting prospect is that Extreme AO planetary detections could be observed
spectroscopically with an integral field unit, making possible a new connection between the
fields of astronomy and planetary science.  Knowledge gained from spectroscopic observations
of millions of stars and thousands of brown dwarfs would then be extended to planetary masses,
where our current knowledge is limited to the handful of planets in our own solar system (Figure
3-4).

2. Doppler Searches for Low-Mass Planetary Companions – High-
Resolution Near-Infrared Spectrometer (HRNIRS)

In the next five to ten years, considerable effort
will be spent worldwide in a search for gas-giant
planets around nearby stars.  Terrestrial mass
planets (i.e., planets with masses <10 MEarth) are
expected to remain undetectable until the
development of space-based searches for the
transits of these planets as they pass in front of
their parent star, or the direct detection of them
via spaced-based interferometry with the
NASA/TPF and ESA/DARWIN missions.

One alternative to these space techniques is the
use of the same Doppler-wobble techniques
currently used to detect gas-giant exoplanets, but
targeted at lower mass host stars.  Such low-
mass host stars (e.g., M-type and L-type dwarfs
with masses ranging from ~5–30% of the Sun’s
mass) will wobble more than a more massive
star, due to the influence of an earth-mass planet.  This will enable the detection of much lower
mass exoplanets for a given Doppler velocity detection limit.

Unfortunately, these M- and L-dwarfs are intrinsically very faint.  Even with an 8–10 meter
telescope and the best available radial velocity technologies, objects of <10 MEarth can only be
detected down to V=11 mag.  At this magnitude limit there are only a handful of such stars
spread over the whole sky, which forces progress on this front from optical observations to await
the construction of a 30-meter optical telescope.
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However, there is one area of observational phase-space that has not yet been exploited in the
search for terrestrial mass planets.  It is also one in which Gemini can make a major contribution.
M- and L-dwarfs emit most of their flux in the near infrared between 1 and 2.5 µm, and not at
optical wavelengths, where Doppler wobble searches traditionally have been performed.

The advantage of observing in the near-IR is significant.  Typical late M- or L-dwarfs can be
more than a factor of one hundred times (or six magnitudes) brighter in the 1.2 µm J band than in
the 0.65 µm V band.  A Doppler search in the near-IR using similar instruments and precisions to
those currently used in the optical can therefore observe targets as faint as J=10 (or equivalently
V=16).  At these magnitudes there are 8000 times more M- and L-dwarfs available for
observation than there are at V=10.

A very stable, near-IR, high-resolution spectrograph on Gemini would therefore enable a detailed
statistical analysis of the number and density of habitable terrestrial-mass planets almost a
decade in advance of similar searches in the optical range, with either 30-meter ground-based
telescopes or from space.

3. High-Resolution Studies of Star Formation Regions - High-
Resolution Near-Infrared Spectrometer (HRNIRS)

How do protostars with a wide range of masses collapse from individual cloud cores to form star
and disk systems?  In order to pierce through veils of extinction of up to 200 visual magnitudes,
near- and mid-infrared spectroscopic studies are required to study various embedded structures.
For example, accretion discs play a crucial role in the formation of stars and planets.  Previous
studies of the accretion process have relied on photometry and inference of disk properties from
their spectral energy distributions.

The CO band head at 2.3 µm17 is particularly well suited to studying accretion disks around
young stellar objects.  Ionized hydrogen lines, such as Brγ, can be used to deduce inflow and
outflow rates.18  The region close to the central star (<1 AU) is much hotter (>1000K) than that
probed by mid-infrared spectra and cannot be spatially resolved.  While optical spectroscopy of
Hα and Na I lines have been used to obtain velocity and density information about inflowing
gas, these lines are often optically thick and difficult to interpret due to contributions from many
different regimes in these complex systems.

Near-infrared spectroscopy provides access to higher recombination levels, such as the hydrogen
Brackett series, that are generally less optically thick and less likely to be contaminated by gas
excited from lower levels.  High spectral resolution measurements of the hydrogen Brγ line,
believed to be formed in magnetospheric accretion columns, can be used to measure free-fall
velocities and thereby constrain protostellar masses.19

                                                  
17 Carr, J. S., 1989, ApJL, 345, 522; Carr, J.S., Tokunaga, A.T., Najita, J., Shu, F.H., & Glassgold, A.E., 1993, ApJ,
411, L37; Chandler, C.J., Carlstrom, J.E., & Scoville, N.Z., 1995, ApJ, 446, 793; Najita, J., Carr, J.S., Glassgold,
A.E., Shu, F.H., & Tokunaga, A.T., 1996, ApJ, 462, 919
18 Najita, J., Carr, J.S., & Tokunaga, A.T., 1996, ApJ, 456, 292; Muzerolle et al., 1998, AJ, 116, pp 445-468
19 Bonnell et al., 1998, MNRAS, 299, pp. 1013-1018
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The ability to carry out high spatial- and spectral-resolution, multi-object, near-infrared
spectroscopy would enable the accretion and inflow/outflow properties of an entire young stellar
cluster to be studied simultaneously in the 1–2.5 µm region, providing a coeval sample of young
stars to be studied as a function of mass.

There is a rich chemistry in circumstellar disks, where melting dust grain mantles and large
cometary bodies flood the gaseous medium with material processed on grains.  There are a wide
variety of molecular species of interest in studying the gas content of disks, including CO, H2O,
H2, CH3OH, NH3, CH4, C2H2, HCN, OCS, OCN-, NH4+, 13CO, C18O, silicates, polycyclic
aromatic hydrocarbons, nanodiamonds, aliphatic hydrocarbons and other hydrocarbons in the L-
band at 3.6 µm, as well as O-H, C-H and N-H stretches that populate the 2.9–4.0 µm region of
the spectrum.

A range of clusters can be studied to investigate dependence upon age, metallicity, and galactic
environment.  Additionally, the velocity structure of the cluster would test dynamical models of
star formation that involve fragmentation and star-to-star interactions.  Typical cluster sizes are
well matched to the MCAO field of view on Gemini.  To roughly estimate the sensitivity, we
take the FLAMINGOS sensitivity of 5σ - 1 hr = 18 magnitude at K at a resolution of R=350 and
scale it to a resolution of 30,000 (10 km/s).  This gives 5 σ - 1 hr sensitivity of 13.2 magnitude at
K.  A similar result is obtained by scaling Keck NIRSPEC sensitivities.

Typical young clusters have an observed absolute K magnitude of 3–4 at the peak of the
luminosity function.  This means we can observe them out to a distance of ~1 kiloparsec, where
such clusters are numerous.  Typically, a few hundred stars in each cluster are brighter than this
peak and, distributed over a projected size of a few arcminutes on the sky.  Therefore, we need a
large multi-object capability that can provide many simultaneous spectra to efficiently measure
the properties of each cluster.  To yield the highest sensitivity in crowded regions, such a high-
resolution, near-infrared spectrograph should be deployed to take advantage of the excellent
image quality across the two-arcmin MCAO-corrected field.

With the single-slit, cross-dispersed mode of the high-resolution, near-IR spectrometer, it will be
possible to explore the emissions from warm and hot gases, probing a range of density and
temperature regions (hence radii) using tracers like CO, H, FeII and CH.  The radial and vertical
temperature structure of circumstellar disks gives us critical information for determining the
physical state of disks at different evolutionary stages.  Kinematic structure can provide evidence
for gap clearing by planets.

We also want to understand the unresolved inner disk structure, where so-called clumps, walls
and gaps that exist on critical scales of 1–10 AU can be sensed with a velocity resolution of 6–60
km/s.  A recent survey of T-Tauri stars20 suggests the CO fundamental emission at 4.6 and 4.9
µm is a sensitive probe of circumstellar disks at radii equivalent to the terrestrial planet zone of
the Solar system.  Furthermore, CO emission is detectable even in very small amounts of gas.
Thus, it could be used to trace the residual gas in dissipating disks and thereby set the timescale
for the formation of giant planets.

                                                  
20 Najita, J., Carr, J.S., & Mathieu, R.D., 2003, ApJ, 589, 931
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Samples will include many tens of classical and weak-line T-Tauri stars, which would provide
the necessary range of parameters with statistical significance, as well as more massive Herbig
Ae and Be stars.  At progressively longer wavelengths, high-resolution IR spectra would trace
colder material at larger radii where the Keplerian velocities are intrinsically small.  (The
observations are complementary with ALMA, which will probe the coldest, most distant reaches
of the disk.)  Therefore, the highest resolution is required at the longest wavelengths to trace the
slowest moving material.

But even in the near-infrared, high spectral resolution will be advantageous. A ΔV of ~5 km/s (R
= 60,000), for example, could just resolve a 1-AU gap between 3 and 4 AU in a circumstellar
disk.  Cross-dispersion provides simultaneity not only for much higher efficiency (many
PHOENIX programs executed on Gemini South requested 3–5 different grating settings) but also
because many, if not all, sources are variable on timescales as short as hours.

Another exciting program currently being attempted with PHOENIX on Gemini-South that
would greatly benefit from the enhanced wavelength coverage and sensitivity of HRNIRS in its
cross-dispersed mode is the search for CO, H2 and H3

+ in planet-forming environments.  These
measurements are important in a variety of interstellar medium and star-forming environments
for testing the canonical CO/H ratio that is so often used to infer the total gas mass from CO
measurements in galaxies out to very high redshift.  The search for H3

+, previously only detected
in our own Jovian planet atmospheres, offers the possibility of finding a direct link between
planet-forming disks and giant planets themselves.21

4. What is Dark Energy? - Wide-Field, Fiber-Fed, Optical Multi-Object
Spectrometer (WFMOS)

Dark energy is apparently responsible for 70% of the mass-energy density of the Universe, but
its nature is completely mysterious.  Constraining the nature of dark energy would be a major
milestone in human knowledge, and it would represent a direct linkage between astronomical
observation and the realm of high-energy physics.  The WFMOS instrument on Gemini would
permit the determination of cosmological standard rulers to a precision of 1% using galaxy
redshift surveys, and it would measure the rate of change of the equation of state w(z) with a
level of precision an order of magnitude greater than current experiments allow.  Constraints on
w(z) obtained by Gemini would be comparable to those obtained from the SNAP satellite.
However, they would be based on angular diameter distances rather than luminosity distances,
making them subject to entirely different systematic sources of error.

                                                  
21 Brittain & Rettig, 2002, Nature, 418, pp 57-59
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Figure 3-5.  (Top panel)  The galaxy power
spectrum at z~1 divided by the corresponding
power spectrum for a zero-baryon model.
Points with error bars are the results from a
synthetic survey of 2 million galaxies over
the redshift range 0<z<1.3 over 600 square
degrees.  The volume covered is equivalent
to six SDSS volumes.  (Bottom panel)  The
corresponding power spectrum divided by a
smooth reference spectrum.  This
normalization highlights the amplitudes of
the acoustic peaks.  The solid line is the input
model power spectrum and the dashed line is
the best fit of an empirical decaying
sinusoidal function.

The capability of using future large-scale redshift
surveys to measure the acoustic peaks in the power
spectrum of galaxy distributions is depicted in Figure
3-5.  The figure shows the recovery of the angle-
averaged power spectrum from a simulated survey
covering 600 square degrees and sampling two
million galaxies with a redshift range between
0.5<z<1.3.  The equivalent of six Sloan Digital Sky
Survey volumes would be sampled in this
measurement, at a redshift range where the linear
regime of gravitational instability extends to twice as

many wave numbers as in the local case.  Reaching this depth and volume is highly ambitious,
but quite achievable with an instrument like the WFMOS.  This spectrograph could complete the
survey in 100 nights, assuming 45-minute exposures and 8-hour nights.

The WFMOS measurement of the acoustic peaks in the galaxy power spectrum would allow
extraordinarily interesting constraints to be placed on the time evolution of the equation of state
parameter w. Consider the simplest case of a linear dependence of w on redshift, parameterized
as follows:

w = w0 + w1z

Because the goal is the study of time dependence in w, two redshift intervals are needed.  If the
600-square-degree survey from Figure 3-5 is augmented by a 200-square-degree survey of
galaxies at redshift z=3 (selected via the Lyman Break technique), limits can be placed on w0 and

w1 that are quite comparable to those obtained from the SNAP survey (Figure 3-6).  The

 

Figure 3-6.  A comparison between the error contours in
(w0, w1) parameter space obtained from an acoustic peak
survey to those from a combination of SNAP + constraints
from the cosmic microwave background and the Sloan
survey.
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Figure 3-7 - A plot showing how measured
elemental abundances change with signal-
to-noise ratio and resolution.

necessity of obtaining a high-redshift sample at z=3 in addition to an emission-line sample at
z=1, coupled with a multitude of diagnostic absorption features in absorption-line spectra at rest
wavelengths between 1300Å and 2000Å, drives the need for blue-sensitivity in the WFMOS
spectrograph.

5. How Do Galaxies Form? – Wide-Field, Fiber-Fed, Optical Multi-
Object Spectrometer (WFMOS)

One of the cutting-edge science cases enabled by WFMOS––deciphering the history of normal
galaxies and the nature of the dark matter that dominates their gravity––requires that positions,
motions, elemental abundances and ages be derived for tracer objects in a wide range of local
environments and distances from the Sun.  These required capabilities will allow us to reach a
fair sample of all the different morphological types of galaxies in a range of environments from
the general field, to groups, to loose clusters such as Virgo, to relaxed rich clusters like Coma.

Table 3-1 lists candidate galaxies and clusters and illustrates how the local Universe, for the
purposes of this research, is not isotropic, but contains some objects visible only from one
hemisphere.  To provide a quantum leap in efficiency
and effectiveness for the science of stellar populations
the WFMOS must be capable of providing data of
significantly larger sample size, signal-to-noise ratio,
and detail than existing instruments.

Our own Milky Way Galaxy is a typical large-disk
galaxy.  It is atypical only in the detail with which
observational data can be obtained.  The history of
galaxies is largely determined by the dark matter that
dominates their gravitational fields.  Deciphering the
evolutionary history of the Milky Way would provide
not only a benchmark to verify theories of galaxy
formation and of dark matter, but also a template to
interpret less detailed observations for more distant
systems.  The formation of a Milky Way analog cannot
require exceptional conditions.  Understanding the
interrelationships among the dominant stellar
components of the Milky Way and other Local Group
galaxies underpins the understanding of the origins of
the Hubble Sequence of galactic morphologies.  The
new WFMOS capability envisioned for Gemini will
provide complementary information to that obtained by
the satellites GAIA and SIM, and it represents the next
generation of ground-based instrumentation, with
unique capabilities, as compared to other existing or
planned facilities.
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The ambitious proposal for the “Archaeology of the Milky Way” requires that we obtain accurate

kinematics and elemental abundances for a million stars.  The elemental abundances set the more
stringent requirements.  These require high signal-to-noise ratios and high-resolution spectra.
We also need to have good estimates of gravity and stellar effective temperature.  These should
be derivable from optical and infrared photometry, which will be available from the large
ongoing and planned surveys such as UKIDS, VISTA, and SDSS.  Figure 3-7 shows how
derived ratios of oxygen to hydrogen, as a function of oxygen abundance, degrade in quality as
both signal-to-noise and resolution are decreased.22  This example is for a red-giant star, which
would be representative of a target in the outer halo.

“Chemical tagging” certainly requires measuring elemental abundances to better than ~0.2 dex.
Clearly R=40,000, with a signal-to-noise ratio of ~50, is required.  The kinematics must be
sufficiently accurate to look for gradients along streams and thus should be at the level of 1 km/s.
Radial velocities can be achieved with an accuracy of 0.1 of a velocity pixel for these signal-to-
noise ratios.  The required kinematics are easily achieved with R=40,000 and a signal-to-noise
ratio of ~50.

Different elements contain unique information, as they are created in stars of different main
sequence masses and evolutionary timescales.  The various elements have useful transitions in
different parts of the spectrum, and we require that the spectrograph and detectors be flexible and
have good sensitivity below 4000 Å to reach Calcium II H&K (3933 Å and 3968 Å).  This blue
sensitivity is also needed for [OII] 3727 Å for gas diagnostics.  At these resolutions and signal-
to-noise ratios, with an 8-m telescope and an efficient spectrograph we will be able to target stars
with V < 18 mag in exposures of a few hours.  At this apparent magnitude limit, we can obtain
exquisite chemical abundances and kinematics for main sequence stars and subgiants within a
few kiloparsecs in the Milky Way, red giants in the Milky Way halo, and red super-giants out to
M31 and M33 (see Table 3-1).

                                                  
22 Smith, V., from “Future Instrumentation for the Gemini 8 m Telescopes: US Perspectives in 2003”,
held 30-31 May 2003, Tempe, AZ., page 19

Object (m - M)o Angle For 1 kpc Sampling α (J2000) δ (J200)
Galactic Center 14.5 7deg 17:46 -29:00
LMC 18.5 1deg 05:23 -69:45
M31 24.3 4' 00:43 +41:16
M33 24.6 3.5' 01:34 +30:40
Sculptor Group 26.5 1.5' 00:23 -38:00
M81/M82 27.8 1' 09:55 +69:40
Cen A 28.5 40'' 13:25 -43:00
NGC3115 30.2 20'' 10:05 -07:42
Virgo Cluster 30.9 14'' 12:26 +12:43
The Antennae 31.5 10'' 12:00 -18:53
50Mpc 33.5 4''
Arp 220 34.5 2'' 15:34 +23:30
Perseus Cluster 34.5 2'' 03:18 +41:31
Stephan's Quintet 35.0 2'' 22:36 +33:57
Coma Cluster 35.0 2'' 13:00 +28:00
Table 3-1 - Candidate targets are listed in order of increasing distance modulus.
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Determining the interrelationships between the main stellar components of the Milky Way and
other Local Group galaxies involves more modest requirements for the accuracy of metallicities
and kinematics, which in turn requires lower spectral resolution.  For metallicities accurate to 0.2
dex and kinematics accurate to 10 km/s, a spectral resolution of ~5000 should suffice.
Therefore, at this lower resolution we can push fainter to include a larger sample of halo main-
sequence stars with V ~ 22 mag.

The surface density of stars in the Galaxy depends on the line-of-sight (latitude and longitude),
the apparent magnitude, and the color range selected.  For V ~ 18, which is the practical limit for
good elemental abundances (based on the star count model of Gilmore23 and the targeting of
metal-poor RGB and turnoff stars), there are on the order of 800 stars per square degree in a
typical line-of-sight at intermediate –latitudes.  Pushing fainter for overall metallicities––say V ~
22 mag–– means that the stellar surface densities will be about a factor of two higher, or 1,500
stars per square degree.  Assuming two set-ups a night, a multiplex capability of around 2,000 in
a 1.5º field of view would be a good match to both aspects of the science case, and this would
allow the required sample sizes of around one million stars to be achieved in approximately six
months.

6. What is the Nature of Dark Matter on Galactic Scales? - Wide-Field,
Fiber-Fed, Optical Multi-Object Spectrometer (WFMOS)

As much as 90% of the mass in the Universe is detectable only by the effects of its gravity.  This
mass is dark and emits no electromagnetic radiation.  What is it?  Candidates include exotic
elementary particles whose existence has yet to be established by direct detection.  Identification
of the nature of dark matter would be a fundamental achievement in furthering our understanding
of the Universe.  Astrophysical constraints on dark matter properties complement those from
high-energy physics and may help in probing the identity of dark matter.

The nature of dark matter determines its “temperature,” which is a diagnostic of its streaming
motions around galaxies that in turn determines its spatial distribution.  This last quantity can be
measured by mapping the kinematics of tracers of the gravitational field.  Going from kinematics
– a mere description of motion – to determining the reasons underlying the motion (dynamics) is
a core goal of this program.

The Local Group of galaxies contains some of the most dark–matter-dominated systems known,
based on inferences from the line-of-sight motions of the extant samples of tens of member stars.
The new WFMOS capability envisioned for Gemini will provide information complementary to
data from the satellites GAIA and SIM.  WFMOS will provide the definitive data for
determining the temperature of dark matter in nearby galaxies.  The proposed WFMOS
capability also would allow the extension of these techniques to more distant galaxies, enabling
the tracing of dark matter in galaxies across the full range of Hubble types and environments.

                                                  
23 Gilmore et al., 1989, ARAA, 27, pp. 555-627
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For Local Group galaxies, the requirements are to obtain good radial velocities for sufficient
numbers of member stars across the face of the galaxy to be able to remove the degeneracy
between mass and orbital anisotropy through models.  For the target dwarf spheroidal galaxies,
their low surface brightnesses argue for going as far as possible down the luminosity function.

At typical distances of 100 kiloparsecs, V~23 approaches the main sequence turnoff of an old,
metal-poor population.  An instrument like WFMOS is ideal, and it could provide the required
data across the degree-scale Local Group dwarfs very efficiently.  While this work has already
been undertaken with existing facilities, the proposed WFMOS observations will make these
efforts obsolete.

7. Using WFMOS to Explore Strategic Partnerships with Other
Observatories – Exploiting a “System of Telescopes”

Given the enormity of the previously described WFMOS surveys, as well as the cost and
complexity of a multi-object spectrometer that has a multiplexing gain nearly 10 times larger
than any spectrometer built to date, Gemini is seriously examining the possibility of building this
instrument collaboratively with Subaru Observatory, where it would be deployed. It would be
shared between the Gemini and Subaru communities and joint international science teams would
be defined to lead major new surveys of our galaxy and those out to z~3. Coordinating the
development and research programs of major ground based facilities is a pragmatic approach to
applying finite resources to achieve common goals.

MV V = 13. 14. 15. 16. 17. 18. 19. 20.
MPG -2.0 (4.0) 4.2 4.4 4.6 4.8 (5.0) 5.2 5.4

-1.5 3.9 4.1 4.3 4.5 4.7 4.9 5.1 5.3
MRG -1.0 3.8 (4.0) 4.2 4.4 4.6 4.8 (5.0) 5.2

-0.5 3.7 3.9 4.1 4.3 4.5 4.7 4.9 5.1
0.0 3.6 3.8 (4.0) 4.2 4.4 4.6 4.8 (5.0)

CG/BHB 0.5 3.5 3.7 3.9 4.1 4.3 4.5 4.7 4.9
1.0 3.4 3.6 3.8 (4.0) 4.2 4.4 4.6 4.8
1.5 3.3 3.5 3.7 3.9 4.1 4.3 4.5 4.7

A 2.0 3.2 3.4 3.6 3.8 (4.0) 4.2 4.4 4.6
2.5 3.1 3.3 3.5 3.7 3.9 4.1 4.3 4.5

F 3.5 2.9 3.1 3.3 3.5 3.7 3.9 4.1 4.3
4.0 2.8 (3.0) 3.2 3.4 3.6 3.8 (4.0) 4.2
4.5 2.7 2.9 3.1 3.3 3.5 3.7 3.9 4.1

G 5.0 2.6 2.8 (3.0) 3.2 3.4 3.6 3.8 (4.0)
5.5 2.5 2.7 2.9 3.1 3.3 3.5 3.7 3.9
6.0 2.4 2.6 2.8 (3.0) 3.2 3.4 3.6 3.8
6.5 2.3 2.5 2.7 2.9 3.1 3.3 3.5 3.7

K 7.0 2.2 2.4 2.6 2.8 (3.0) 3.2 3.4 3.6
7.5 2.1 2.3 2.5 2.7 2.9 3.1 3.3 3.5

Table 3-2 - Log distance (pc) as a function of apparent (v) and absolute (MV) magnitude is tabulated.
MPG/MRG = metal poor/rich giant; CG/BHB = clump giant/blue horiz. Brackets help to delineate the 1 -
10 - 100 kpc transitions.
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Figure 3-8.  The proposed WFMOS, when
deployed at Subaru is shown.

This is consistent with a global strategic plan the
Observatory is pursuing to develop a system of
telescopes that are optimally configured to provide a
comprehensive set of capabilities to astronomers.
Together, instrumentation deployed at Keck, VLT,
Subaru, and Gemini spans a factor of ~100 in
wavelength range, provides tremendous multiplex
gains, spatial resolutions as fine as a few milli-arcsec,
and fields of view approaching a degree. As all of
these observatories round out their baseline
instrumentation several trends are emerging,
including:

• Astronomy is truly an international endeavor, with ~2/3 of all investment made to date in
the aforementioned facilities coming from non-US sources and fruitful research
collaborations established between astronomers across the globe.

• Combined, roughly a billion dollars has been invested in the current 8-10 m generation of
telescopes and though they all have unique strengths, replication of their capabilities, as
represented by their instruments, has proven to be expensive, inefficient, and (thus far)
inevitable.

• Astronomy, as a scientific field, is posing ever-deeper questions about our universe and
answering them will require significant amounts of observing time on these precious-few
large telescopes.

Together these trends all point toward the need to define across the existing large ground based
observatories coherent and globally rational development programs as we all strive to maximize
our finite resources. Exploring the details of deploying WFMOS at Subaru, thereby reducing
costs to the Gemini Partnership and Subaru, and then using it jointly on a common science
mission is a clear manifestation of this strategic vision.

8. How Did the Cosmic Dark Age End?  – Upgrading Existing
Instruments

Direct discovery of the first luminous objects in the Universe (“first light” systems) would
represent a high point of 50 years of effort to discover the ultimate origins of galaxies and, by
extension, the origin of the chemical elements heavier than helium.

Investigations of first light play to Gemini’s strengths in the following ways: (1) In most models
the sources of first light are expected to be faint but relatively abundant (unless the sources are
individual naked quasars).  Gemini’s relatively small field of view compared to other 8-meter
telescopes is not a significant disadvantage, as it can be more than offset by improved image
quality.  (2) Since first light occurs at z>6, studying this epoch almost certainly means studying
small, faint, nearly point-source objects in the near-infrared, which is a scientific focus perfectly
suited to the relatively wide field of view offered by MCAO on Gemini.
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Galaxies and quasars have now been discovered at redshifts greater than six.  At these redshifts,
the Universe was only 800 million years old, and these objects almost certainly sample the first
significant star formation in the Universe.

The Gunn-Peterson trough in z>6 QSOs24 shows evidence of a large neutral HI fraction at these
redshifts.  As described below, the claim that these systems necessarily flag the epoch of
reionization is controversial.  Current accounting of the UV-Lyman continuum leakage from
QSOs and star-forming galaxies suffer from considerable uncertainty.25

At an even more fundamental level, the interpretation of all these observations is problematic in
light of our lack of knowledge on the sources of the reionizing photons.  Hints have recently
surfaced that we are at last closing in on these sources.  Deep HST/ACS images26 have revealed
an abundant population of candidate z~6 objects at z'=27-28 magnitude.  This result follows
tantalizing evidence of a first population of star-forming galaxies at z>6 from deep, narrow-band
imaging surveys.27  It is conceivable that at last the sources of reionization may have been
directly detected, but there is spectroscopic confirmation of Lyman alpha at z>6 for only a few
objects thus far.

Establishing the link between the first-light galaxy population and reionization will provide tight
constraints on models for galaxy genesis, not to mention an important (and quite independent)
basic test of the reionization picture inferred from Gunn-Peterson trough observations and
modeling of the cosmic microwave background fluctuations seen by WMAP.

As the medium around young galaxies becomes neutral, Lyman alpha emission becomes
suppressed.  At the redshift of reionization (the “overlap phase”) we expect a sudden drop, by at
least a factor of two, in the number of Lyman alpha galaxies accompanied by a sharp reduction
in the equivalent widths of detected objects28.  However, the predicted source counts are
sensitively linked to assumptions regarding the local neutral fraction surrounding these objects.
For example, recent discoveries29 of three Lyman alpha emitters at z~6.6 (redshifts higher than
the putative epoch of reionization inferred from the Gunn-Peterson effect observations) does not
necessarily contradict conclusions based on Lyman alpha troughs, because a neutral fraction of
<10% may be sufficient for a Gunn-Peterson trough to exist at z<6.630.  Or, these galaxies may
reside within ionized bubbles in a generally neutral IGM31.

A larger sample of z>6 Lyman alpha emitters would distinguish between these possibilities and
probe whether the density of sources at z>8 lies on the smooth extrapolation of the counts of
z~4.5 systems detected from existing and upcoming narrow-band searches.  These observations

                                                  
24 Becker, et al., 2001, AJ, 122, pp. 2850-2857
25 Steidel, et al., 2001, ApJ, 546, pp. 665-671; Fernandez-Soto, et al., 2003, MNRAS, 342, pp. 1215-1221
26 Yan, et al., 2003, ApJL, 585, pp. L93-L96; Bouwens, et al., 2003, ApJ, 595, pp. 589-602
27 Hu, et al., 2002, ApJ, 568, pp. L75-L79; Kodaira, et al., 2003, Publications of the Astronomical Society of Japan,
55, pp. L17-L21; Rhoads, et al., 2003, AJ, 125, pp. 1006-1013
28 Molhotra, S., and Rhoads, J. E., 2002, ApJL, 565, pp. L71-L74
29 Hu, et al., 2002, ApJ, 568, pp. L75-L79; Kodaira, et al., 2003, Publications of the Astronomical Society of Japan,
55, pp. L17-L21
30 Rhoads, et al., 2003, AJ, 125, pp. 1006-1013
31 Haiman, Z., 2002, ApJ, 576, pp. L1-4
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would strongly constrain the physical extent of local sources of ionization in the high-redshift
IGM and set the stage for targeted spectroscopic follow-up observations.

The key feature of a mapping instrument designed to detect Lyman alpha in the J-band with the
Gemini telescopes is the ability to image nearly point-like objects over a wide field of view in
between the OH lines, where the sky background is quite low.  Extremely narrow band (R~1000)
filters would be ideal, as they would take advantage of gaps between atmospheric lines
corresponding to different redshifts.  Equipped with excellent NIR detectors with low read noise
and dark current (i.e., sky-noise limited between the lines in J), instruments like the Gemini
South Adaptive Optics Imager (GSAOI) and FLAMINGOS-2 could be used to search for first
light objects, as shown in Figure 3-10. With its ~6 arcmin field, FLAMINGOS-2 would be used
as a survey tool while GSAOI+MCAO would be used for follow-up high-resolution imaging.

A campaign of emission-line redshifts targeting first-light galaxies is both highly exciting and,
by building on underlying panoramic mapping surveys, likely to succeed.  It is interesting to
speculate on what might be accomplished with much deeper observations that would allow
continuum to be detected.

These would break completely new ground and allow Gemini to explore the fundamental linkage
between the physics of first-light sources and the initial mass function of the first stars.  The
equivalent width of a high-redshift Lyman alpha emission line simply tracks the hardness of the
ionizing spectrum and thus is a relatively clean probe of the initial mass function of star
formation.

Figure 3-9 - Predicted source density of first light sources as a function of flux in Lyman alpha.  An escape
fraction of 10% is assumed.  Figure courtesy Cedric Lacey and Simon Morris, University of Durham.
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Figure 3-10.   “In Search of the Dark
Ages - An Experimental Challenge”
A hydrodynamic simulation of the first
stars is shown which could be detectable
through ul t ra- low background
atmospheric windows accessible to
Gemini. The combination of Gemini’s
unique multi-beacon laser based Multi-
Conjugate Adaptive Optics system
(MCAO), coupled to new extremely low
dark current infrared Hawaii-2RG
detectors make this type of experiment a
possible precursor to NASA’s JWST.

More specifically, the equivalent width distribution of Lyman alpha lines is decoupled from
complications introduced by cosmological evolution and neutral fraction in the surrounding
IGM.32 The detection of continuum in unlensed first-light systems would certainly challenge the
capabilities of Gemini and would require taking advantage of the excellent image quality
possible with adaptive optics, coupled with extremely long integration times––an area of
parameter space that Gemini has pioneered.

Such observations could be feasible with the new generation of low-noise infrared detectors
operating where the areal density of targets is high (Figure 3-10).  Alternatively, many spectra of
individual objects may be added to improve signal-to-noise ratios, or gravitational lensing
amplification may be used to augment rest-frame flux.  By linking such observations to searches
for nearby Population III objects, Gemini could explore both endpoints in the star forming
history of the Universe using a single stellar population.

D. Connections to Science Beyond 2010
It is important to stress that the science themes and new capabilities described in the previous
section have not been identified in isolation from Gemini’s previous science programs, nor
without regard to the current and future direction of the Gemini partnership’s broader scientific
ambitions. The science themes of the original Gemini
Science Requirements and the scientific horizons
identified through the Aspen Process described in this
proposal provide an essential scientific and technical
bridge to the next decade.

In this section we briefly describe how the new
facilities and capabilities described in this proposal
provide a scientific complement to many existing and
future scientific facilities already in operation, under
construction or envisioned by Gemini Partners such as
the ALMA Submillimeter array, space facilities such
as NASA’s Spitzer and James Webb Space
Telescopes, and future space missions (e.g., ESA’s
GAIA and Kepler missions). In addition, this section
highlights how many of the proposed instruments and
capabilities provide technological as well as
operational pathfinders for future optical/infrared
Extremely Large Telescopes (ELTs) such as GSMT
and OWL.

1. The Universe of Matter

Gemini’s first exploration into the “redshift desert”
was the Gemini Deep-Deep survey (GDDS).  The
planned use of new infrared multi-object

                                                  
32 Molhotra, S., and Rhoads, J. E., 2002, ApJL, 565, pp. L71-L74
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spectrographs and MCAO will push further into the history of galaxy mass assembly and pave
the way for a thorough exploration of this hidden region of the Universe using the JWST (Figure
3-10).

The concept for a new Wide-Field Multi-Object Spectrograph under discussion (possibly to be
pursued in partnership with other major observatories) will provide a huge data legacy. Used in
combination with ESA’s GAIA mission, this will yield a full tomographic map of our galaxy and
reveal the “fossil record” of its formation history.

2. The Universe of Energy

More fundamentally, the planned redshift survey of one million galaxies will provide one of the
first independent yardsticks to quantify the time-dependent history of the dark energy pervading
the Universe. Such an archival database could be used, in combination with the planned Large
Synoptic Survey Telescope (LSST) or Joint Dark Energy Mission (JDEM), to unravel the
mysterious origins of the most dominant energy component of the Universe. Perhaps more

Figure 3-11.   Images of the debris disk, a potential nascent solar system, around Beta Pictoris as seen by
optical imaging from HST and the inner 80 AU region as revealed through thermal infrared imaging from
Gemini. Using Gemini’s thermal infrared imaging cameras and spectrographs allows astronomers to probe the
inner regions of debris disks, which will be complemented by comparable resolution molecular maps from the
Submillimeter facility ALMA, due to come into operation in 2008-2009.
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importantly, as the inquiry mode of ground-based astronomy transitions from small PI-driven
projects to large, collective experimental endeavors involving large “experimental teams,” our
communities and institutional practices will need to change.  Consequently, the large-scale,
ground-based experiments being planned by Gemini are, in addition to scientific explorations,
sociological pathfinders for the changing experimental paradigm our communities will have to
confront with the next generation of Extremely Large 30–100m telescopes.

3. The Universe of Life

Our ability to probe the inner 100-AU regions of nearby debris disks using our unique thermal
infrared imaging and spectroscopy capabilities will allow us to begin the study of the formation
of planetary systems such as our own (Figure 3-12).  The resulting high-resolution maps of the
dust properties of these potential planet-forming regions, which will be complemented by similar
spatial resolution molecular maps from ALMA during 2008–2010, will provide the first-ever,
detailed picture of the intricate interplay between dust and gas that leads to the formation of
planets in the solar systems of nearby stars.

The next great leap in the study of the Universe of Life––and one of the key science drivers of
the 30–100m Extremely Large Telescopes being studied for the next decades––is the ability to
detect planets within the habitable zone around nearby stars (Figure 3-11). This is an
extraordinarily challenging undertaking, requiring adaptive optics and cameras capable of
producing diffraction-limited images that can discriminate faint, Earth-like planets against their
parent stars with contrast ratios in excess of 1: 5x109.

 The classical AO imaging systems on Gemini can achieve contrast ratios of approximately 1:104

at distances of many arcseconds from most stars.  It would take a highly focused scientific
program, such as the one being proposed by Gemini via its Universe of Life theme, to bring

A view in 2020?
Solar system @ 10 parsecs

(Gilmozzi et al 2002)

Jupiter Earth
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Figure 3-12.  A simulation of what a 100m ground based telescope could achieve in the coming decades,
the direct imaging of earth like planets in the habitable zone around another star. However the technology
and techniques required to achieve such a stunning image will rely on the foundations laid in the previous
decade by path-finding programs such as Gemini’s ‘Universe of Life’ science theme.
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about the technology and innovations required to bridge a contrast divide of four orders of
magnitude.

With our new Near-Infrared (multi-channel) Coronagraph (NICI) we should be able to push this
contrast ratio into the 1:105 regime, a few arcseconds from stars. The Extreme AO system (Ex-
AO) in this grant proposal would enable the study of the first young Jupiter-mass systems from
the ground, which would require achieving contrast ratios of between 1:106 and 1:107, or less
than one arcsecond from parent stars.  The Gemini-based Ex-AO systems will also become the
technology test-bed for the next generation Ex-AO systems required for the ELTs to bring the
imaging of Earth-like planets within our scientific and technical grasp.

E. Key Supporting Technical Requirements
In addition to the instrumentation itself there are important observing-facility and observing
support upgrades and enhancements that will be necessary to achieve the goals of the Aspen
science mission.

1. Next-Generation Instrumentation at Gemini

After Aspen, following an intensive and iterative round of analyses and discussion, in November
2003 the Gemini Board approved the design and feasibility studies of new instruments capable of
answering many of the Aspen science questions.  While the details of next-generation
instrumentation remain uncertain, the Observatory launched design and feasibility studies will
define the cost, risk, technical details and scientific trades for the new instruments derived from
the aforementioned Aspen meeting.  The planned performance characteristics of these new
instruments are summarized in Table 3-3.

2. Adaptive Secondary and Ground Layer AO

In addition to the new instruments planned for Gemini and listed in Table 3-3, the Observatory is
assessing the feasibility of deploying an adaptive secondary as part of a ground layer AO
(GLAO) system.  Combined with Gemini’s unique low-emissivity silver coatings, thin secondary
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support vanes, exquisite pointing and thrust for delivering seeing limited images at all times, the
use of an adaptive secondary in a GLAO configuration stands to “bridge the gap” between
normal, seeing-limited facilities and AO facilities. The intent of this system is to provide good
seeing all the time at near-infrared (and even R-band) wavelengths. As shown in Figure 3-13, the
size of a seeing-limited stellar image from Cerro Pachón would be roughly cut in half with an
adaptive secondary at 2.2 µm.  In contrast to the performance of conventional AO systems, an
adaptive secondary would provide the most dramatic gains under the worst viewing conditions.
Feeding the beam from an adaptive secondary into the insturment support structure literally will
enhance the performance of each instrument at Gemini.

Another unique mode for an adaptive secondary on Gemini that plays to the telescope’s intrinsic
strength is the use of a deformable mirror to support mid-IR AO imaging.  At 10–20 µm, the
strehls produced by such a system exceed 90%, yielding point-spread functions that are
extremely well defined.  This means deconvolutions of images can be performed with high
confidence.  For example, direct imaging of stellar images at 10 µm using an adaptive secondary,
in combination with conventional mid-IR imagers like T-ReCS and MICHELLE (i.e. not
complex coronagraphs), could be employed to search for faint circumstellar disks.  With its
impressive applications from optical through mid-IR wavelengths and a capacity to significantly
enhance the performance of all existing instruments, adaptive secondary technology stands to be
a breakthrough in the Observatory’s quest to offer its community the best possible tools for
research in astronomy.

Instrument
Description

Wavelength
Range (µm)

Spatial
Resolution

Spectral
Resolution

1-Shot λ
Coverage

Field
of

View

Multiplex
Gain

Primary
Modes

Comments

Extreme
Adaptive

Optics
Coronagraph

0.9 – 2.5

0.02” IFU
sampling;

0.02”
imaging

30-300 J, H, or K 3” 1 Object Coronagraph

107 contrast
from 0.1-

1.5” radius;
includes

polarimetry
mode and

IFU
foreoptics or
dual channel

imager

High-
Resolution

NIR
Spectrometer
+ MCAO-fed

MOS

0.9 – 5.0

0.2” pixels
(single slit)

or
0.05” pixels

(MOS)

70,000
(single slit)

or
30,000
(MOS)

1.0-2.5 µm
or

3-5 µm

3” slit
(single

slit)
or
2’

Patrol
(MOS)

1 object
(single slit)

or
~20 slits
(MOS)

X-dispersed
spectrometer

or
MOS with

MCAO & X-
dispersed

option

Seeing
limited SS
mode with

polarimetry;
includes

absorption
cell

Wide Field
Fiber Fed

Optical MOS
0.39 – 1.0

~1”
sampling

1000-30k
0.4 µm

(low res.)
1.5° 4000-5000

Fiber-fed
spectrometer

Similar to
KAOS

Table 3-3.  The top-level design guidelines defined for the Aspen instruments now under development are listed above.
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3. New Acquisition and Guiding System Unit

A key component of a GLAO system would be a new Acquisition and Guidance (A&G) unit.
The A&G is one of the most important sub-systems of the Gemini telescopes.  All large modern
telescopes must be actively controlled, since the size of the optics and structure makes it
impossible to passively maintain the accurate alignment and shape necessary to achieve the
demanding image quality and performance required.  The A&G is the heart of the telescope and
instrumentation, and it directly affects the performance and reliability of the entire system.  The
optimized design of Gemini utilizes a single cluster of Cassegrain focus instrumentation, making
access to the A&G difficult and resulting in a single-point failure risk in the event of A&G
problems.

Furthermore, the existing A&G is nearing the end of its operational lifetime, and past design and
manufacture problems have resulted in performance and reliability problems.  The A&Gs at both
Gemini sites are the major cause of time loss, despite intensive technical attention and
preventative maintenance during shutdowns.  Many A&G mechanisms and electronics have
restricted access inside the instrument cluster.  Design and construction problems related to many
of the systems, including the wavefront sensor (WFS) and probe arms, seriously limit the
technical performance of key telescope capabilities, such as fine, active adjustment of the mirror
figure and precision in telescope offsetting.

To address these difficulties a new A&G is planned.  Its requirements will be based on past
operational experience, and it will utilize the latest technologies.  A starting point will be the
design of well-proven systems from other modern telescopes.  The mechanisms will be designed

CP Natural Seeing

4’ 6’ 10’

CP Natural Seeing

4’ 6’ 10’

 

  
Figure 3-13 – On the left, the Cerro Pachón seeing distribution is shown after being “processed” by a GLAO
system, using laser guide-star constellations that are either 4’, 6’, or 10’ in diameter.  Note how the size of a stellar
image is cut in half during most seeing conditions.  Taking these enhanced seeing results and computing the
corresponding integration time reductions leads to the plot on the right.  Typical point-source observations can be
completed in half the time using this technology.
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for high precision, stability, and reliability, with emphasis on sensitive WFS detectors and
maximum throughput for guiding and active optics systems.  The highest quality components
will be used for maximum reliability, and from the beginning, maintenance and accessibility
requirements will be designed in.

An experienced, capable manufacturer will be selected to develop a requirements document for
the new A&G and carry it through the stages of, prototyping, a thorough design review, and
construction.  An extensive series of testing and verification will be performed, and every system
will be investigated thoroughly off-telescope for reliability, stability and performance.

A key new feature of the future A&G will be an infrared (IR) WFS capability to complement
Gemini’s mid-IR specialization and the need for maximum guide-star availability under
conditions where interstellar dust hampers sky coverage.  The separate WFS systems for high-
order active optics (aO) and guide/tip/astigmatism will be combined into one wave-front sensing
system to allow continuous higher order aO correction.

4. Increased Instrumentation Support and Infrastructure

Large, cryogenic instruments require off-telescope docking stations that must be equipped with
helium cooling, chilled water, air, power, and network connections.  This generates a need for
increased infrastructure for telescope utilities and workspaces.  Every docked instrument needs
significant additional maintenance support and monitoring, as well as testing with observatory
control-system software upgrades.

To manage this challenge Gemini is taking two approaches. First, as the reliability of the
telescopes begins to improve, particularly with the new A&G systems, we will begin directing
existing telescope support effort into instrument support positions. This will lead to the creation
of 4 additional instrument support positions from existing staff. In addition, this proposal
requests additional detector, software, and engineering management positions to support future
increased instrumentation activities. Second, crucial complementary activity will be undertaken
in the form of decommissioning several of Gemini’s older, less competitive instruments, as
described in the next section.

5. Decommissioning Older Instruments – Making Room

Even with an Observatory as young as Gemini, by 2006 several instruments will be approaching
lifetimes in excess of 5 years and many are based on technology that is over a decade old.  The
arrival of several new instruments in 2005 has triggered a careful assessment of the continuing
competitiveness of some of these early “stalwart” instruments, particularly given the finite
resources for support and maintenance of a large suite of 8 m class instruments.  Gemini has
therefore begun the process of defining a decommissioning plan that will be used to “gracefully”
retire several instruments before the next generation of Aspen instruments arrives in the
2008–2010 timeframe.
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The Gemini Science Committee (GSC)
has played a crucial role in the initial steps
of developing this plan by providing a
road map for consideration, based
primarily on the projected scientific
importance of various instruments.  At the
core of this plan is the importance of
having two primary instruments installed
on each telescope for a period of many
years to provide the community with a
long-term stable suite for research.  The
third port on each telescope would then be
used to swap less frequently used
instruments on and off the telescope.  The
intent is to limit instrument swaps to two a
semester per telescope.

Table 3-4 illustrates the instrument-
decommissioning schedule recently
proposed by the GSC.  Though it needs
further refinement and integration with
other operational parameters to mature

into a coherent plan, this schedule at least outlines instrument assignments and decommissioning
plans at Gemini – North and South over the next three years.  At Gemini-North GMOS and NIRI
will be the mainstay instruments for at least that three-year period, with the laser guide-star mode
of ALTAIR (which is capable of feeding either of these instruments) also remaining permanently
on line.

The situation for Gemini-South is more complex, as it has more instruments than Gemini-North.
Throughout 2005, GMOS and GNIRS will be the core pair of instruments offered.  The
following year FLAMINGOS-2 could replace GNIRS as a core instrument.  The latter could be
swapped with T-ReCS and NICI on the remaining port, as user demand dictates.  In 2007, the
community will begin to have access to MCAO, which will feed either GSAOI or
FLAMINGOS-2.  GMOS and bHROS could be decommissioned, along with T-ReCS or GNIRS.
Final decisions about decommissioning will factor in demonstrated user demand in 2006.

While it is likely this plan will be altered in the years ahead, it is presented here as an entry point
into the planning process that will ensure the Observatory balances its resources against the suite
of instruments built, while being responsive to the research needs of our community.

F. Fine-Tuned Operations Model
Maximizing the return on the Partners’ investments in the Observatory necessitates optimal
matching of executed science observations with the prevailing observing conditions.  This
philosophy can be summarized in the phrase “use every second wisely”. We describe the
upgrade in the science operations model we plan to implement during the next five years.

Gemini North Gemini South
2005

GMOS-N GMOS-S (+ bHROS)
NIRI GNIRS

MICHELLE  /  NIFS T-ReCS  /  NICI
ALTAIR + LGS Hok85  /  Phoenix

2006
GMOS-N GMOS-S ( + bHROS)

NIRI FLAM2
MICHELLE  /  NIFS T-ReCS  /  NICI  /  GNIRS

ALTAIR + LGS

2007
GMOS-N GSAOI

NIRI FLAM2
MICHELLE / NIFS (T-ReCS/GNIRS) / NICI

ALTAIR + LGS MCAO
Table 3-4.  A suggested decommissioning sequence for
future Gemini instruments shown. Red instruments represent
long-term baseline capabilities. Black instruments will be
swapped on the remaining port. Blue instruments are
mounted on the low-mass port available on each telescope,
typically reserved for the facility AO systems.
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1.  Queue and Classical Observing Fractions in 2006-2010

The community response to the availability of both classical and queue observing modes has
evolved from the initially assumed demand of 50:50 to a ratio of 80:20 or greater.  The few
visiting observers choose the classical mode chiefly by “conservatism” or to participate in the
execution of programs that are complex or may require significant user interaction.  However,
this mixed approach has several drawbacks:

• The support requirements for sporadic classical runs can introduce complex scheduling
problems as the observatory tries to match staff and engineering support to specific
classical runs.

• The original Gemini operations model assumed classical runs were on average of three
nights duration, requiring dedicated science support on only the first night. However
experience has shown that requiring a minimum of three nights for a classical run is
unpopular and difficult for many of the partners to deliver.

• Even with a minimum three night classical run, because of the inherent complexity of all
Gemini’s instruments, the natural learning curve of new observers is extremely steep. In
an evolving instrument environment, combined with the intrinsic freedom classical
observers have to change, re-optimize, or experiment with new observing procures or
methodologies, the classical observer requires dedicated Gemini science support effort on
all nights of a classical run; this makes the nighttime support requirements
indistinguishable from queued scheduled runs.

• From on-sky efficiency metrics (Table 2-2) and simple consideration of the sub-optimal
match between classically scheduled programs and the range of observing conditions,
classical programs rarely make optimal use of the Gemini facilities.

To get around these constraints, and in fact to enable new and more flexible PI driven or visitor
observer programs, in consultation with the Gemini Board, the proposed operations model aims
therefore to provide sufficient support staff for 100% queue observing. This has several
advantages:

• Visiting observers can be supported for runs of arbitrary duration in a newly defined
"assisted visitor" mode, whereby staff expert in telescope and instrument operation,
who can best maximize efficiency, will execute the visiting researchers’ programs. This
will be in a pseudo-queue mode, but under the real time guidance of on-site investigators.
Under this new model there are always a minimum of two nighttime Gemini staff at the
summits (a safety requirement). Hence the visitors will now have the choice to observe
either from the summits or base facilities; principally in the Hilo Base Facility case, this
option insulates the programs from potential lost nights due to visitor altitude sickness.

• Supporting a “remote eavesdropping” mode becomes a natural evolution of this
approach. It is likely that in many cases short “assisted visitor runs” will be inconvenient
for some investigators, particularly for those programs that have tight constraints on the
conditions. Remote “eavesdropping" mode, combined with the now continuous
availability of Gemini science support becomes a real viable alternative.   In remote
eavesdropping, the investigators will use high-bandwidth Internet connections to sit in on
the observation execution and advise the on-site staff observer when necessary.  The
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remote investigators will require access to telescope and instrument status information
and to the raw and processed data streams from the science instruments to contribute
effectively to the execution of decision-making processes.  Initially (2005–2007), remote
eavesdropping will be accessible via central facilities at the National Gemini Offices,
where available, and eventually (2008–2010) to the astronomer's local centers or
desktops.

With this new 100% Queue approach that we would implement over 2006-2007, comes the
recognition that the Observatory is able to support on a continuous, 365 night basis the “use
every second wisely” approach to observing. A very high fraction of queue observing and a more
comprehensive approach to optimizing and matching observing to conditions and scheduling
constraints would ensure an increased completion rate of highly ranked proposals.

Indeed the process of electing the next appropriate observation is subject to many constraints,
including target availability, observing conditions, program priority, the need to balance Partner
usage of time and whether the program has already been initiated.  These constraints can be
complex, given the typical semester's queue of more than a thousand observations, and multi-
instrument observing adds a further dimension of complexity.  A robust scheduling system is
mandatory and is currently being put into place (2005-2006).

The accuracy of the medium-range schedule can be enhanced by accurate weather forecasting,
already in place for our sites (especially Mauna Kea).  We propose development of short-
(nightly), medium- (10-day) and long- (semester) range scheduling tools to enable optimal
selection of observations and periodic adjustment of the weighting set that guides overall
operational efficiency and balance. In addition, the short- and medium-range schedules will
enable advanced notification of potential eavesdroppers of the likelihood of program execution.

Responsibility for development of these new tools and fine-tuning the operations models across
both sites will be placed under the new Associate Director for Science Operations.  The proposed
increase of science staff for the 100% queue model will also correct the workload situation
described earlier and allow our scientists to be more effective and productive while fulfilling
their primary service mission to the Gemini communities.

2. Data Products – The DataFlow Project

As Gemini moves to the exclusive use of facility instruments, combined with the exclusive use
of pre-planned sequences inherent in the “use every second wisely” philosophy, the thorough
and automated reduction of data to datasets immediately usable for research analysis becomes a
practical and highly desirable goal.

The current procedure is very labor-intensive for the science staff and becomes even more
inefficient as the fraction of science time and the number of instruments increase.
The next phase of Gemini data reduction development is thus to implement an integrated
“dataflow” system.  The DataFlow Project will create a fully integrated system for the handling,
processing, and storage of data frames containing science/calibration or engineering data, from
the instrument output at the telescope to the delivery of data to the public and the Gemini
Science Archive.  The system will also encompass the tools and procedures to implement real-
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time quality assessment of the data as the observation progresses through its full cycle (see
Figure 2-36). The base requirements of the DataFlow Project are a more efficient operation, a
data flow management system and a quantifiable metrics to assess with a high degree of rigor,
that the data being delivered can be used to answer the scientific questions originally posed.

The objectives of the DataFlow Project are to deliver to the PI:

(a) Raw science datasets that, combined, meet or exceed the requirements for fulfilling the
scientific goals of the approved proposal; and correspondingly good calibration datasets to
(re)process such data, if desired;

(b) Observations processed through the combination of datasets to a level that enables basic
scientific analysis without further specific processing; and

(c) Making the science data (raw and processed) and the associated calibrations available to the
astronomical community at large through the Gemini Science Archive.  To increase the added
value of the data the Observatory will make the necessary efforts to ensure they can be fully
calibrated, even if the original proposal did not require it.

There are three broad elements in this data system:

a. Data Management

Automated management of datasets will be carried out from observation to storage and shipping.
The system will archive raw and final data products, including facilitating reprocessing with
updated calibrations, if needed, and distributing the data to PIs and the community.  The concept
of an automated dataflow from raw to fully processed data, from the summit to the archive,
requires more than just an automated process to copy frames from one location to another.  The
system must also have the capability for tracking the existence, location and processing history
of every frame; it should be "aware" of the locations of the datasets when processing, modifying
or packaging.

The working hypothesis for DataFlow Project is that the Observing Database (ODB) act as the
sole interface between the user (observer, Data Analyst, contact scientist/queue coordinator, data
packager, etc), and the action to be taken (DQA processing and display, image header checking
and update, etc). The ODB will be upgraded to contain all the information in any given
observation, from observing to shipping, including any data-processing done, the associated
OLDP processing recipes, observing logs and comments from the observer or data processor.

b. Data Quality Assessment (DQA)

Data Quality Assessment (DQA) is a key component of the dataflow system.  DQA procedures
at the telescope will allow evaluating whether the data meet the PI science requirements. The
observer can then decide whether to continue, repeat or interrupt an observation.  The tools for
DQA should be transparent to the observer, which requires that all setups and definitions be done
beforehand.  The DQA system will contain a set of standard processing recipes and use
calibrations from an existing database.  The processing will be pipelined, to obviate the need for
nighttime observer intervention.
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Following an observing night, the DQA system will allow a more careful check and processing
of the data to confirm or revise the initial DQA done by the observer. This second step will be
carried out by using the updated calibration set, and applying refined processing recipes that
adjust for specific observation details, such as weather conditions.
To have a reliable DQA, a close evaluation of the results at each processing step must be
possible.  This requires a hybrid system in which the processing, even with use of a fully
automated Online Data Processing tool, will be manually controlled at critical steps.

c. Full Data Processing

Full data processing is the most ambitious objective of the DataFlow Project. This step has the
intent to deliver to the PI, and broader community, data from which all instrumental signatures
have been removed, that is, in a form allowing for data analysis (rather than data reduction).  The
aim is to shorten the time between observation and publication of results by sidestepping the
need for each user to master the details of processing and calibrating the data.  Full data
processing will also provide the necessary products for the planned expanded use of the Gemini
Science Archive for generating Virtual Observatory (VO) metadata.

In summary, the goal of the DataFlow Project is to deliver science-grade data. For most of the
current instruments and observing modes the processing tools (IRAF scripts) exist and are well
understood.  However, these tools were developed to run with some a relatively high level of
human interaction.  Therefore, a significant effort is required to reach the level automation
required for the DataFlow Project. Funding and staffing for this effort are part of our proposal.

3. Archives

As of late November 2004, a scoping contract had been signed with CADC to define the first of
the Gemini Science Archives’ Advanced Capabilities (ACs).  The plan for the current and future
ACs is detailed below.  For the period 2006–2010, the following capabilities will be
implemented:

a. Electronic Transfer & PI Data distribution (ETD)

Timeline: 2005–2006 – Currently Gemini PIs obtain their data and accompanying meta-data on
hard media from Gemini staff via postal service.  The plan is to deliver the data directly from the
GSA to PIs.  Providing this service will involve further development and streamlining of the
prototype Electronic Automatic Data Transfer (EADT) currently operating between Gemini
North and South instruments and the archive at CADC.  This advanced capability involves
changes to internal data handling procedures, OLDP automation, and Data Quality Assessment at
Gemini.  It also requires modifications at CADC for data verification prior to transfer, transfer
protocols to enhance dataflow, automation of ingestion and error handling, advanced reporting
implementation, data packaging (including calibration and metadata association), and PI
notification of data availability.  All of the above will significantly reduce the time between data
acquisition, ingestion into the GSA and the availability of data to PIs.  The upgraded process also
will increase data integrity and safety.  As new instruments, such as NIFS, NICI, FLAMINGOS-
2 and MCAO, come on line, GSA data availability will be streamlined further to allow quick and
easy access to engineering and system verification data and, soon thereafter, PI data.
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b. On-Line Data Re-Processing (OLDRP)

Timeline: 2005–2007 – Under this project, we plan to implement the reprocessing of Gemini
data at the CADC using, for example, the most up-to-date calibration files available.  The
reprocessing will utilize the Gemini IRAF package in the form used by the OLDP system at
Gemini.  Two possibilities exist, and they will require further analysis and scoping before the
best option is chosen.  Option 1 is to allow user requests to trigger the reprocessing of datasets
through an on-line reprocessing system.  Option 2 is to reprocess the entire collection
automatically at intervals yet to be determined.  This option requires the successful completion
of AC, which depends on considerable progress in automating the OLDP at Gemini, full
verification, and ingestion of processed data into the GSA at Gemini and CADC and
considerable software development for integrating OLDP reprocessing into the GSA architecture
at CADC.  Full compatibility of the reprocessing environment with current and future
instruments will be required to streamline software updates and changes.

c. Refinement of Gemini Data World Coordinate System (WCSR)

Timeline: 2005–2006 – Each time an instrument is removed and reinstalled on the telescope the
WCS of Gemini data is, at best, accurate to a few arcseconds.  However, for many of the
purposes described above and below, a sub-arcsecond level is required.  To facilitate better
accuracy, we plan to recalculate the WCS of Gemini datasets using external catalogs (e.g. the
highly accurate Tycho, Hipparcos, GSCII and UCAC2 catalogs; and the accurate 2MASS, SDSS
and USNO catalogs).  This should give us, in the majority of cases, a much-refined WCS and
provide the accuracy required for future developments.

d. Advanced Internal & External Data Association (ADA)

Timeline: 2006-2008 – This project involves the creation of advanced association databases on
the basis of coordinates, target name, data type, etc.  Datasets will be associated internally within
the GSA itself (e.g. data taken on the same source at different times, or with different filters,
instruments or observing modes) and externally to other data sources available at CADC (e.g.
HST, CFHT, JCMT observations).  Also included here is the creation of advanced source
catalogs from Gemini data (e.g., source extraction from all Gemini data, such as all sources in a
particular GMOS image or MOS spectral image), and the cross-association of these sources and
position with external catalogs (e.g., 2MASS, SDSS, GSCII).

e. Enabling the GSA for the World of the Virtual Observatory (VO)

Timeline: 2006–2010 – The VO enabling of the GSA is a project that involve significant
development at CADC.  The interface to the VO world will be the Canadian Virtual Observatory
(CVO) interface at CADC, and this will provide Gemini data products to the worldwide VO
community.  The extent, content and manner of presentation of VO data products is still being
discussed at the national and international VO levels, and it will be some time before Gemini
data products could be made available.  However, our desire is to be a leader in the
dissemination of VO data products, and the early start we have made in the GSA V.1.0 and in
this AC will allow us to meet this goal.  It’s worth noting that many of the above ACs (1–5) are
prerequisites for inclusion of Gemini datasets into the VO world.
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f. Development Approach

Most of the GSA operation and development work is contracted out.  One Gemini staff person
(the GSA Project Scientist) spends a significant fraction of his/her time on GSA work.  With the
programmed development for 2006–2010 and the increased profile and importance of the GSA
in the observatory system and as a key interface to the user community, we plan for increased
internal support within Gemini.  In addition, we will encourage a higher profile for the GSA
within the Observatory to remove lingering problems with Gemini staff effort on GSA
development.

4. Network Connectivity

The Gemini instruments are the generators of the flow of data from the telescopes.  While not the
only source of network traffic (see Table 3-6), the rate of science data generation is a key driver
for the technical requirements for network connectivity.  Two indices are used to bracket these
requirements:  the peak readout rate of the detectors and the required sustained flow of data
during a 12-hour daytime to move the previous night’s accumulation of data to the Gemini
Archives from the observing sites.

The nighttime peak rates more nearly represent an index of the requirements for science of the
internal local area network, while the daytime sustained rates relate more directly to the external
wide area network requirements.  Cumulatively, video and audio communications, email, web
services and various administrative services also add noticeably to the needed bandwidth.
Prudent planning recognizes the requirement for the network to handle peak and sustained
requirements, especially in time-critical applications.  This typically means there must be
sufficient “headroom” in the circuit to ensure that performance is not degraded when more than
one data stream competes for space.  Experience has shown that the nighttime peak and daytime
sustained rates are good upper and lower bounds, as rules of thumb.

Table 3-5.  Rate and Storage Requirements for Current and Planned Instruments

Instrument Name
Delivery

Date
Format

N x M x O
Storage
(MB/hr)

Storage
(GB/nite)

Nighttime
Peak

Transfer
Rate (Mbps)

Nighttime
Average
Transfer

Rate (Mbps)

Daytime
Archives
Transfer

(12 hr) Rate
(Mbps)

GMOS (S) 2002 1 4608 6144 1,019 10.2 9.1 2.3 2.4

T-ReCS (S) 2002 1 240 320 61 0.6 0.2 0.1 0.1

bHROS (S) 2003 1 4608 4096 226 2.3 10.1 0.5 0.5

MICHELLE (N) 2003 1 240 320 61 0.6 0.2 0.1 0.1

GNIRS (S) 2003 1 1024 1024 210 2.1 33.6 0.5 0.5

NIFS (N) 2003 1 2048 2048 403 4.0 26.8 0.9 0.9

ALTAIR WFS (N) 2003 1 80 80 102 1.0 20.5 0.2 0.2

NICI (S) 2005 2 1024 1024 503 5.0 67.1 1.1 1.2

GSAOI (S) 2005 1 4096 4096 1,007 10.1 53.7 2.2 2.3

FLAMINGOS-2 (S) 2005 1 2048 2048 403 4.0 26.8 0.9 0.9

NIFS 2005 1 2048 2048 252 2.5 13.4 0.6 0.6

ExAOC 2008 2 2048 2048 1,007 10.1 26.8 2.2 2.3

HRNIRS 2009 4 2048 2048 1,342 13.4 53.7 3.0 3.1

WFMOS (N) 2011 12 4096 4096 12,080 120.8 71.6 26.8 28.0
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Although smaller amounts of bandwidth are available, the typical quantum of commercially
available bandwidth is about 50 Mbps (e.g. 45, 155, 622, etc.).  The table shows that, except for
WFMOS (a Hawaii-based instrument) the peak rates are generally below or about the 45 Mbps
level until 2005.  Although beyond the scope of this proposal, it should be noted that in 2011 the
WFMOS sustained archives rate at Gemini North will be significantly increased.

a. Gemini North

At Gemini North, external network resources are pooled with the University of Hawaii (UH) and
the other Mauna Kea observatories.  The UH Information Technology department has nearly
completed an agreement with the Southern Cross commercial fiber network to provide a circuit
of at least 10 Gbps between the Big Island and the US Mainland (near Seattle, where it will be
connected to Internet2 (Abilene), the Canadian research network (CANARIE4) and a wide range
of international networks.  At the same time, the Observatory’s local service provider is
negotiating with Gemini and the other observatories to increase their individual connections to
these off-island circuits to 1 Gbps, at no increase in total price.  Consequently, Gemini expects to
be well prepared for the next five years and thereafter for WFMOS.

b. Gemini South

Gemini South has been partnered with the other La Serena-based, AURA-managed observatories
(CTIO and SOAR), and in some aspects with the Carnegie observatory, to secure international
bandwidth.  In addition, AURA has elevated the level of its existing partnership with Florida
International University (FIU), its current international provider.

In April 2005, the AURA-South connection to Internet2 will increase from its current 10 Mbps
to 45 Mbps, at no increase in total price.  It must be remembered that this circuit is scaled to meet
the combined needs of Gemini South and CTIO/SOAR, each of which share in the cost.  Since
no WFMOS is planned for Gemini South, 45 Mbps will be adequate to meet the Observatory’s
program requirements through at least 2006 or 2007.  The nature of the arrangement with FIU
will ensure the Gemini South bandwidth can continue to grow beyond this level, as required, at
moderate additional cost.

Table 3-6.  Joint Peak Bandwidth Requirements for Gemini South and CTIO/SOAR

Type 2004 2005 2006 2007

Image data transfer 15.2 25.7 25.7 44.6

NOAO Data Products Prgm 2 10 10 10

Videoconferencing 2 3 4 5

Email/web/FTP 1 2 3 4

Dynamic VPN 0.2 0.4 0.6 1

Total (Mbps) 20.4 41.1 43.3 64.6
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5. NGO Interactions

The Gemini Board and Partner agencies have renewed their support for the NGO concept as a
key component of the distributed model. For the 2006–2010 period, we intend to beef up the
distributed model by assuming a stronger internal NGO management at the Observatory,
improving communication and promoting an active NGO staff visiting program. Specifically, the
intent is as follows:

• We will consider creating mechanisms for improved communications of information to the
NGOs.  These might include providing the relevant NGO staff access to the information for
given instruments and including NGO staff members in instrument group discussions or
facilitating communications with the NGOs.

• To better coordinate efforts between the Observatory and the NGOs, we will create a new
top-level position to manage the distributed model.  As the Gemini NGO Coordinator, the
new Deputy Director will work closely with the NGO leaders to ensure implementation of
the “Gemini User Support by the National Gemini Offices Under the Gemini Agreement”
protocols for Gemini user support by the NGOs. The coordinator will be responsible for
ensuring that the distributed model leads to the successful scientific exploitation of the
Gemini facilities and instrumentation and providing effective support to the user community.

• We will explore long-term visits  (>two months) by NGO staff and co-location of selected
staff from the largest NGOs – an experiment that was extremely positive in the early years of
Gemini.

a. An Evolving Proposal Process

We propose to maintain the existing NTAC/ITAC system for reviewing proposals, as presented
above, during the 2006—2010 period. However, to achieve a more efficient scientific system the
Observatory will collaborate with the communities and agencies in continuing to explore a
model for time allocation and review processes that get the best science programs on the
telescopes.  This might be based on a unified TAC (à la STScI, or VLT). In such a case, the
Observatory would have control of the whole proposal process; the ITAC would supersede
NTACs and would certainly modify its composition and organization in important ways. If such
a transformation happens, it would be at the end of the 2006–2010 period of funding.

G. Infrastructure Requirements

1. Mauna Kea Storage Space

There is a need for a more efficient arrangement of storage space within the existing telescope
enclosure building.  Plans are under consideration to remodel certain areas of the interior in order
to meet this objective.

2. Hilo Base Building Expansion

Gemini’s Hilo base (HBF) building was originally designed for about 55–57 people in 1996.
Over the years the Partners have authorized increases in the program scope that have led to the
growth of staff and visitors to more than 85 people.  Even with the addition two temporary
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relocatable buildings, the current office space is overextended by at least 20 people.  This has
resulted in office overcrowding and the loss of laboratory, library, conference, and storage space.

In November 2004, the Gemini Partners authorized a major new instrumentation initiative for the
2006–2010 period and an increase in the fraction of queue observing time from 50% to 100%.
This will require permanent seating for the current ten staff in the temporary buildings and 20
current staff in unsuitable quarters in the main building.  In addition, the Hilo staff will increase
by 20 positions.  Including long-term senior visiting staff from the National Gemini Offices,
scientists on sabbatical, instrument-related post-docs, graduate students, interns and summer
students, the total number of needed additional seats in the 2005–2010 timeframe is about 62.

Gemini has explored the possibility of renting space in other buildings in University Park.  At the
present time none is available, and contacts with the University and the other resident programs
has made it clear there will be virtually no space available over this period.

The original HBF architectural design anticipated that an add-on structure could be built across
the back of the property.  Although this structure as originally designed would not be large
enough to solve the current problem, the concept is valid and the stub outs for power and
communications are already in place.

Gemini’s efforts with the original architects to explore solutions of this sort have produced a
preliminary design for a two-story, roughly 14,000 square-foot building along the back of the
property.   This solution will meet the need to comfortably redistribute the currently over-
crowded staff and provide for additional visitors anticipated for such a world-class observatory.
The planned building would encroach on the current access roadway that runs across the back of
the property to the north side parking areas.  At the same time, an expanded parking area will be
needed to accommodate increases in personnel and County of Hawaii code requirements.  The
new structure and the additional parking area will require extensive solid-rock excavation; thus,
while the cost of the building is projected at $5.5M, there is some uncertainty about the actual
total cost.  The Gemini Board has authorized funding in 2005 to complete a formal building
design.  It is hoped that construction can begin in early 2006.

3. Cerro Pachón Dormitory

When the Gemini South operations plan was developed seven or eight years ago, a decision was
made to use the dormitory facilities on Cerro Tololo, about 15 miles away, rather than construct
a new facility on Cerro Pachón. The Tololo facilities represent the functional equivalent of the
Hale Pohaku dormitory facilities on Mauna Kea, located near, but not immediately at, the
summit.

Gemini's rationale for using the existing Tololo facilities was predicated on the assumption of
continued high levels of collateral use by the AURA/NSF's Cerro Tololo Interamerican
Observatory and others and the cost-effective economies of scale that would result from this
practice.

Currently it appears inevitable that ongoing reductions in the usage of these facilities by CTIO
support staff, science staff and visitors will lead to a reduction of these economies over time.
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Consequently when the costs of travel time and transportation are considered, there is no
reasonable probability of an overall cost-effective outcome over the next five years.  Thus,
Gemini is exploring a long-range plan to provide a new, permanent dormitory, dining and office
facility at Cerro Pachón, about two miles away from the summit.

The envisioned facility would be a ten room dormitory, with a commons room, dining room,
kitchen and pantry, three small offices a small video-conference room, and sleeping rooms for
two cooks.  It would include high-grade network connections for data, video and telephone.

This new facility would require 700–800 square meters of space, presumably to be located in the
general vicinity of the current temporary 20-unit dorm.  The cost would be about $1.2M.  In
November 2004 the Gemini Board approved moving forward with the design of this structure in
2006, and it could be completed in 2007.

4. La Serena Base Facility Remodeling

To accommodate the influx of perhaps 14 new staff members authorized in the 2006–2010 long-
range plan revisions of the spaces in the SBF will likely be needed.  This appears feasible within
the current building envelope.

In addition to the SBF building itself, Gemini has a temporary 200 square-meter building on the
AURA campus about 100 meters from the SBF that was used during the construction of the
telescope.  This building, which is not in current Gemini use, will be brought back into
temporary service to support an instrument team that will spend 18–36 months onsite beginning
in late 2005.

5. Staffing Impacts

The “fine tuning of the operations model” discussed above, the need for enhanced data products
and the increased coordination and management of the distributed model necessitated a complete
review of current staffing levels required to implement the objectives called for by the Gemini
Board.

The Observatory approached the review by starting with a new “bottoms up” assessment of the
science requirements then moved on to identify required increases in engineering staff and
determine the knock-on effects on the networking and administrative support groups.  FTE labor
charts, organized by function, can be found in the budget section of this proposal (Table 7 in
Section V.F.1.).
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a. Science

The Observatory undertook a bottoms-up approach to determine the ultimate science staffing
level required to achieve the Board’s objectives.  Specific tasks were identified; an estimate of
full-time equivalent effort for each site was made; research time was factored in; and the level of
expertise for each task was identified.  Twenty-two separate tasks were listed, ranging from
nighttime observation tasks to the management of dataflow to the National Gemini Office
interface and support personnel—, all with the philosophy that we would operate so as to “use
every second.”  Down time for vacations and holidays was factored in.

The final analysis showed a requirement for 31 astronomers and parallel-track scientists and 29
scientific technicians (e.g., data-processing technicians and science support associates who aid in
observing).  Our current scientific staff level has been 37, so the staffing increment represents 23
FTE of effort.  Of these 23 FTE the Observatory anticipates that 7 either will be contracted effort

Table 3-7. task FTE level site research task sub-total
 per task  multiplier multiplier tech sci
night obs control 1 sci 2 1.4  2.8
night obs control overlap 1.6 sci 2 1.4  4.48
       
OLDP prep and QA 4 tech 2 1 8  
CS tasks, prep, QA etc 1 sci 2 1.4  2.8
       
manage TAC process 0.5 tech 1 1 0.5  
queue scheduler 0.7 tech 2 1 1.4  
sci queue management 0 sci 2 1.4  0
       
sci staff management and supervision 1 sci 2 1  2
GN and GS heads sci ops 0.75 sci 2 1.2  1.8
       
instrument scientist and team 0.5 sci 10 1.3  6.5
instrument commissioning 1 sci 2 1.4  2.8
instrument cross-training 1 sci 2 1.4  2.8
new instrument prep 0.1 sci 2 1.4  0.28
       
obs training (NGOs etc) 0.5 sci 2 1.4  1.4
NGO support & interface 0.3 sci 1 1.2  0.36
       
archive management 0.5 sci 1 1.2  0.6
dataflow management 0.5 sci 1 1.2  0.6
data proc development - sci 1 sci 1 1.2  1.2
data proc development 3 tech 1 1 3  
       
citizenship committees etc 0.2 sci 2 1.4  0.56
SSAs 6 tech 2 1 12  
IRAF 2 tech 1 1 2  

totals     26.9 30.98
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or effort provided initially by the National Gemini Offices.  To allow for manageable growth, the
new staff will be phased in over the 2005–2007 timeframe, with the expectation of full staffing
by January 2008.  Table 3-7 summarizes the scientific staffing planning process. [The numbers
differ by 2 FTE in the required staff positions (58 versus 60), because the positions of Deputy
Director, Head of Science and Associate Director, Science Operations and their duties are not
included in the list.] The Observatory will be able to begin the science ramp-up in 2005, adding
3.5 FTEs with 2005 O&M Funds.

b. Technical

The integration and support of new instruments is the single biggest challenge that Gemini
Engineering faces in the coming years.  A stable instrument configuration and changeless
operations are the keys to minimal downtime and maximal observing efficiency.  Supporting
more instruments than are accommodated by the existing telescope foci requires frequent
removal and reinstallation.  This creates a highly non-linear demand on support resources, due to
the knock-on effect of moving/de-powering/disconnecting instruments.  New, large instruments
are not separable units that can be easily disconnected from the integrated telescope system.

Engineering requirements were analyzed in light of schedules for instrument commissioning and
support.  Added into the planning mix was the fact that technical staff currently involved in the
development, construction and future commissioning of the multi-conjugate adaptive optics
system on Gemini South will transition from that assignment to the support of the laser systems
and the commissioning and support of the new Aspen instruments.  The adaptive optics team will
transfer from the Facility Development Fund to Operations and Maintenance, resulting in an
O&M effort supplementation of 6.9 FTEs in 2006.  In addition, 4 new FTEs will be added to the
engineering staff: a high-level software engineer in 2005 (using 2005 O&M funds), a detector
engineer and mechanical technician in 2006 and another high-level software engineer in 2007.

c. Human Resources and Safety

Subsequent to the identification of the science and technical staffing requirements, Human
Resources (HR) and other support functions were analyzed.  The addition of 27 FTE in the
science and engineering groups and an additional 4 FTEs for the support systems noted below
increases the demands on the HR group, in terms of hiring and day-to-day staff support.

The current level of 4.5 FTEs in HR and Safety will be insufficient for supporting the projected,
steady state total of 179.75 FTEs at the two Gemini sites.  In fact, a boost in HR staff will be
needed as early as 2006–2007 to support the new staff hired to fulfill the work plan.  Thus, the
Observatory will add two HR positions; one will be located in Chile to increase HR availability
there.  The other can be posted in either location, but will most likely reside in the United States
to undertake duties such as the management of the H-1B visa program.

The H1-B visa program is necessary for enabling staff that must move freely between Hawaii
and Chile, as a part of the Observatory’s global team model, to do so legally.  The procurement
of visas and the management of that program are time-consuming, and demands for visas will
increase along with staff levels.
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d. Networking, Connectivity and Systems Support

The network and communication systems for Gemini Observatory are sophisticated and
complicated.  The systems include complex firewall systems and enable remote operations and
connectivity between Gemini sites via videoconferencing and, in the future, electronic
eavesdropping by observers.

The number of workstations will increase in direct proportion to the staffing, so that the number
of machines (both on the desks and in the network rooms) and individuals requiring support
could overwhelm existing staff.  In addition to sheer increases in numbers, the board directive to
support enhanced data-reduction capability will increase complexity even further.  The
networking staff will increase from 10 FTEs to 13 FTEs by adding one person in 2005 with 2005
operating funds, another in 2006 and a third in 2007.

e. Finance, Accounting, Procurement and Administrative Support

There will be two full-time positions added, both in 2006, to provide additional support for
travel, procurement and general administrative services resulting from the addition of 34 staff
total (5.5 in 2005, 16.75 in 2006, 8.75 in 2007 and 3 in 2008).

H. Broader Impacts
As discussed in Sections I.I and II.J, Gemini has a wide range of ongoing activities that aim to
ensure the Observatory does not represent a scientific “ivory tower,” set apart from its
surrounding local and world communities.  These established programs would continue,
benefiting from future improvements based on experience and new opportunities for cooperation
and collaboration.

1. Integrating Research, Education, Enhancing Educational
Infrastructure and Broad Dissemination

Enhanced communications infrastructure will enable even higher levels of connectivity between
the science discoveries and the formal and informal educational infrastructure.  Gemini will
continue its very effective programs linking schools and students to its observing centers and
researchers in both hemispheres.

The current Gemini PIO effort is not designed to simply establish a “steady-state” status at the
end of 2005. As in astronomy, such a model is not a viable way to operate in the rapidly
changing confluence of astronomy, education, and the media. Instead, we anticipate the end of
our current expansion will begin a continuous evaluation of our needs and exploration of
opportunities for the future.

Seeking the continued extension of resources and funding options will be an ongoing part of our
efforts. We anticipate that a long-term expansion of outreach capabilities at Gemini South will be
an important part of the Gemini PIO effort to better match the level of activity currently
established at Gemini North. Expansion at Gemini South will undoubtedly present different
needs and influences than the Gemini North effort. However, the staggered approach of first
developing key programs at Gemini North will result in a smoother integration at Gemini South
during the next phase of the outreach/education expansion.
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The future of the Gemini PIO effort has considerable room for continued growth in areas such as
staffing at Gemini South and new outreach programming both locally and with more active
participation from our partners.  Following are some concepts that are part of the continued
expansion vision for the Gemini PIO effort:

•  New Products–Annual “Science Review”, popular-level summary of top science from
Gemini.  Initiated in 2004 with the Gemini Science Conference summary already planned
for 3rd quarter 2004.  Target: funding agencies, informed pubic and educators

•  Improvements–Add full color to all pages of the Gemini Newsletter and increase
production values to match

– Restructure WWW media resources, navigation and delivery and increase high-
resolution image capabilities and web-based broadcast quality video delivery

•  Expansion–Continue development of astronomical/technological animations and
illustrations

– Broaden Virtual Tour content to multi-lingual status and increase delivery and
distribution globally to educators, informal science centers and public venues

– Expand distribution of Gemini Newsletter to include libraries, broader educational
institutions and media venues

•  Support–Increase administrative support for PIO staff to allow more effective
communications with our network and media contacts etc.

The ultimate goal of any PIO effort is to establish a legacy for an institution by promoting its
results within a broad international community.  This is a long-term commitment, and most of
the work done at Gemini until now has served to lay the foundation - the work of creating a
global legacy is just beginning.  Following are some guiding principles that will help steer the
Gemini PIO effort on the goal of leaving a Gemini global legacy:

As we look toward the future for Gemini PIO, the following principles will steer our work:

Utilizing appropriate technologies to disseminate resources effectively and globally;

Networking with a broad base of professional communities and participate in local, national
and international conferences and meetings;

SHARING RESOURCES AND KNOWLEDGE FREELY; AND

Being prepared for opportunities new partnerships and change.

In moving beyond the past five-year period, it is important to understand that our ultimate goal is
to establish a legacy of Gemini’s scientific impact by promoting our results within the broad
international community. This is a long-term commitment and most of the effort we’ve made has
laid a strong foundation for future efforts. Now that Gemini’s scientific potential has been
realized, increasing the flow of science results, the work of creating a broad global legacy and
impact has just begun for the Gemini PIO program.
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The Gemini local outreach effort has established itself as a leader in both of our host
communities (in Hawai‘i and Chile) by implementing a diverse set of programs for local
residents and students.  From the StarLab portable planetarium to the StarTeachers Exchange
program, Gemini has established a new standard for local astronomical outreach in our
communities.

Utilizing the popular StarLab portable planetarium system, Gemini has successfully delivered the
science and excitement of astronomy to local classrooms in our host communities.  The success
of this program has resulted in significant growth and outside support for this program and
allowed us to increase the variety of programming offered.  As a key local outreach program that
is mirrored both in Hawai‘i and Chile, StarLab operates differently in each location due to
differences in geography, educational systems and outside partnerships.

People-to-people programs, such as StarTeachers and the Journey Through the Universe
collaboration, will continue to advance direct student education and the preparation of teachers
for science and technology instruction.  We intend to increase the science content and improve
the quality of the presentation (e.g., converting to full-color publication) of the bi-annual Gemini
Newsletter.

Gemini also will continue to work through the outreach programs of the Partner nations to
leverage access to science results and education throughout the Partnership.  Outreach staff will
work to foster and nourish excellent relationships between the Observatory and popular and
science media to ensure continued access to these important communications tools. To this end,
we have established the Gemini PIO Liaison Network consisting of at least one member from
each Gemini partner country.  This group meets annually to discusses many of the topics
highlighted in the following examples:

The Canadian Student Observation Essay Program (done twice 2002 & 2003) has become a
model for future programs with other Gemini partners; the
Delivery of images, press releases and other commonly used PIO materials has been

centralized on the Web for easy access throughout the partnership; and

 Resources such as conference display materials, graphical elements, Internet updateable
lobby video displays and kiosk versions of the Virtual Tour have been made available to the
partnership to assist in preparation of exhibits and displays.

Media Relations is connected to almost all activities of the Gemini PIO Program.  From local
press releases on outreach activities to releases on key Gemini scientific results that go out to
media around the world, media relations are at the core of the Gemini PIO effort.

2. Enhancing Research Infrastructure

The proposed new suite of Aspen instruments described, at length in Section II, will greatly
enhance the astronomy research infrastructure in all the Partner countries.  Proposed observing
and instrument collaborations, with organizations such as the Keck and Subaru observatories,
will produce leveraged enhancements of science capabilities well beyond those achievable at
Gemini alone.  Gemini continues to be a major collaborator in the development of new
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technologies, such as high-powered sodium lasers for laser-guide-star applications, which will be
indispensable in the next generation of major astronomy facilities.

3. Diversity, Underrepresented Groups and Human Resources
Development

The innately diverse, multicultural nature of Gemini’s Partnership, the local observing-site
communities and Gemini staff (Section II II.J) will continue unabated.  This naturally affords the
foundation for continued efforts toward providing equitable opportunities for its staff.

Gemini’s programs to offer training, internship and job opportunities for underrepresented
groups also will continue to expand along with opportunities to actively collaborate on initiatives
sponsored by state and national agencies, local school systems and educational consortia.

The development of the next generation of scientists and technologists is a closely related
subject.  Though not exclusively targeting underrepresented groups, an important element of
Gemini’s outreach program is focused on exposing young people to the excitement and
possibilities of science and technology and career options in these areas.  This effort will remain
is broadly based, while continuing to include focused efforts targeting underrepresented groups.

4. Society as a Whole

The enhancements to science instruments and facilities that would be funded in response to this
proposal would serve to increase the ongoing salutary economic impacts of the Observatory on
the local communities, research institutions, and commercial enterprises Gemini relies.  Gemini
will continue to outsource significant projects to local and Partner-country industries.  This
results in the creation of additional jobs as well as considerable “trickle–down” effects.

The scientific issues that Gemini will address and the knowledge that will flow from those
efforts will contribute to our understanding of the essence of Nature. It is anticipated that this
will have profound effects on society in ways one can only imagine. While these outcomes
cannot be predicted in detail, experience teaches that these endeavors will bear very real benefits.

I. Summary
Over the course of the last three years of the previous award, AURA has been engaging the
community and Agencies on the future direction for the Gemini Observatory and partnership.
One of the most prominent products of this process, culminating at a workshop in Aspen, was a
set of fundamental questions in astronomy that Gemini’s community would like to answer using
both existing and new instrumentation and capabilities at the Observatory.

Quite specifically, three new instruments are being proposed, an Extreme AO coronagraph, a
high-resolution infrared spectrograph and a highly ambitious wide field multi-object optical
spectrograph.  In the latter case, a new paradigm is being explored. Given the enormity of the
previously described WFMOS surveys, as well as the cost and complexity of a multi-object
spectrometer that has a multiplexing gain nearly 10 times larger than any spectrometer built to
date, Gemini is seriously examining the possibility of building this instrument collaboratively
with Subaru Observatory, where it would be deployed.
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These instruments would be procured and managed by the Observatory, using rigorous program
management techniques developed by AURA over the period of the previous award.

To complement these instruments two major facility enhances are proposed, an adaptive
secondary mirror for Gemini North, to enable Ground Layer AO (GLAO), and a replacement and
improved Acquisition and Guide (A& G) systems for both telescopes. The existing A&G
systems are nearing the end of their operational lifetime, and past design and manufacture
problems have resulted in performance and reliability problems.

The broader scientific context in which these instruments and capabilities were considered is also
discussed since the scientific horizons identified through the Aspen Process provide not only a
reinvestment in the current Gemini facilities but also an essential scientific and technical bridge
to the next decade. In addition we describe how the Observatory will manage and support these
new capabilities through both a modest increase in engineering support, combined with a
deliberate decommissioning plan of some of Gemini’s older, less competitive instruments.

Through a Visiting Committee, Mid-Term Review and Gemini Board Retreat, the Gemini
operations model was examined, resulting in a request for a modified operations plan to include
support for 100% queue scheduling, a more complete pipelined data reduction infrastructure and
a new approach to managing the distributed model in partnership with the NGO’s. A full
bottoms-up analysis of these requirements is described and the associated increase in staff and
infrastructure costs required. In the latter case this includes a significant investment in an
extension to the existing Hilo Base Facility, and a Dormitory for the nighttime Cerro Pachon
staff and observers.

Finally this section highlights the expected broader impacts of this proposed reinvestment in the
Gemini Observatory and Operation, including improvements and enhancements to our successful
outreach program, increased collaborations with industry and a continuing commitment to
engaging a diverse workforce.
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IV. MANAGEMENT (D17)

The Gemini Observatory serves the interests of all its member countries, as provided for in the
international Gemini Agreement, which governs all aspects of the Observatory and all entities
that play roles within the Observatory.

A. Introduction
The preceding Sections have described Gemini achievements and aspirations as a science
research effort.  At the same time, AURA manages and operates the Observatory as a
freestanding science center.  Section IV now describes the operational management side of this
effort.

B. Partnership Organization and Roles – The Main Players
The management structure and administration of Gemini reflect its intrinsic nature.  The Gemini
Board communicates policies and directives through the National Science Foundation (NSF), the
executive agency, to the Association of Universities for Research in Astronomy (AURA), which
serves as the managing organization.

1. Partner Countries and Agencies

Various government agencies of the Gemini Partner countries established the Observatory.
These agencies continue to establish broad funding and policy guidelines through the Gemini
Board, and empower the NSF to carry out the work of the Observatory.  Based on funding
support, these are shown below.

Table 4-1. Partners Cost Shares

Country Share (%) National Agency
----------------------------------------------------------------------------------------------------------------
US 50.1 National Science Foundation (NSF)

UK 23.8 Particle Physics and Astronomy Research Council (PPARC)

Canada 15.0 National Research Council (NRC)

Australia 6.2 Australian Research Council (ARC)

Argentina 2.4 Cosejo Nacional de Investigaciones Cientificas y Technicas (CONICET)

Brazil 2.5 Ministry of Science and Technology (MST) 

Chile33 Comisión Nacional de Investigación Cientifica y Tecnológica (CONICYT)
----------------------------------------------------------------------------------------------------------------

2. Gemini Board

The Gemini Board sets budgetary policy for the Observatory and carries out broad oversight
functions, as defined in the international Gemini Agreement.  The Gemini Board has reserved the
right to approve the appointments of the Gemini Director and Associate Directors for Gemini
North and South.

                                                  
33 Initially, Chile was both a regular partner and a site host.  Today, Chile remains as a site host only.
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a. Designated Members

The Partnership has identified certain Board members as Designated Members.  These are
selected by the Partner agencies from the US, UK, and Canada to represent their respective
interests.  Each Designated Member has separate veto power over any Board decision that he/she
deems to be not in the Partner's interest.  Thus, the NSF's Designated Member must concur with
all decisions made by the Board, including budgets, staffing, and program plans.

3. Executive Agency – NSF

Under the Gemini Agreement, as the executive agency the NSF acts as the sole conduit for
funding and policy guidelines for the Observatory. NSF also selects and contracts with a
managing entity for Gemini.

a. Gemini Observatory Visiting Committee – NSF Oversight

On behalf of the Gemini Board, the NSF established the Gemini Observatory Visiting
Committee (GOVC) as an independent oversight panel that performs site visits and reviews
every two years. The NSF selects the Committee members, which includes members from the
international Gemini community.  Nominees may not have any formal relationship with AURA.

The GOVC reviews the Observatory’s overall health, the Director’s performance in operating the
Observatory in a user-oriented manner, the Observatory’s effectiveness in providing an excellent
environment for research and maximizing scientific productivity through technical and
operational improvements, and other facets of Observatory operations and AURA management
that affect user service.

4. Managing Organization – AURA

The NSF selected the Association of Universities for Research in Astronomy, Inc., a non-profit
US corporation of 36 universities and research institutions, as the managing organization for the
Observatory. AURA’s primary mission is to establish, operate and maintain outstanding
astronomical research centers for use by all qualified US astronomers and, in Gemini’s case,
non-US astronomers as well.

In addition to the Gemini Observatory, under cooperative agreements with the NSF, AURA
manages the National Solar Observatory and the National Optical Astronomy Observatory (with
telescope facilities in Arizona and Chile).  It also manages the operation of the Hubble Space
Telescope and will manage the James Webb Space Telescope through the Space Telescope
Science Institute, under contracts with NASA.  AURA manages the Gemini Observatory as a
distinct operational unit.

C. AURA’s Management of Gemini – Focused on Excellence
AURA is accountable to the Gemini Board, through the NSF, for operating the Observatory
within specified parameters of performance, schedule, scope, and budget.  The NSF provides the
necessary authority to enable effective execution.  In turn, AURA delegates authority to the
Gemini Director and provides oversight in accordance with AURA policy.
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1. AURA Structure

The AURA Board of Directors establishes policies, approves its budget, elects members to its
internal management councils, appoints the President, Center Directors, and other principal
officers, and otherwise manages the affairs of the corporation according to its charter.

AURA strives to compose its Board of the most knowledgeable and best-qualified professionals
available.  Thus constructed, it is impossible to exclude the potential for conflicts of interest from
time to time.  AURA’s internal policies aim to avoid such conflicts, wherever possible, and to
mitigate and manage them if they are not readily avoidable.

The AURA President is the corporation’s chief executive officer and responsible for overall
management, within policies and guidelines established by AURA’s Board.  The Center
Directors are the chief operating officers for their respective Centers.

2. Established Policies

With NSF approval, AURA has established a set of overall policies that define general
boundaries for the conduct of business by the Centers.  In addition, with NSF approval, AURA

Figure 4-1.  The Gemini Observatory integrates the Partner agencies, their astronomy communities, and
the Observatory itself into a single working unit.  The national science groups at the bottom form a closed
loop through their agencies at the top by the Gemini Board.
.
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has worked with Gemini in certain areas to develop Gemini-specific policies essential to its
unique program and circumstances.

3. AURA’s Operational Oversight of Gemini

The AURA Board provides oversight for all activities of the corporation, within the limits of
responsibility set by its NSF cooperative agreements.  The AURA Oversight Committee-Gemini
(AOC-G) provides information, recommendations, and findings to the Gemini Board and
responds to specific oversight requests from the Board. The AOC-G reports through the AURA
President to the AURA Board. The AOC-G includes a minimum of seven members, at least three
of which are elected from a slate of candidates nominated by non-US Gemini Partner countries.

The AOC-G fulfills two major functions.  First, in providing external oversight over the
operational aspects of the Gemini Observatory, the AOC-G reviews productivity, the adequacy
of observing procedures, the efficiency of user services, and AURA’s performance as the
managing entity.  Second, it assists AURA in carrying out essential management duties such as
those pertaining to personnel matters and administrative policy development.

4. The AURA Tenure Program – Maintaining Scientific Excellence

Gemini’s considerable reliance on queue-scheduled service observing requires:

• A science staff that uses the Gemini telescopes as well or better than visiting
astronomers, and whom the Gemini communities accept as credible observers.

• A substantial commitment to the Observatory and mission by the staff,
particularly the science staff.

Thus, a principal element in operating the Gemini telescopes is the ability to hire, motivate, and
retain a cadre of high-quality scientists.  This cadre also represents a significant operational
investment, since it is the repository of the detailed operational knowledge that makes the
Observatory run.  The AURA tenure program is a key tool in science-staff recruitment,
management, and career development.

Gemini’s implementation of the tenure system incorporates both multi-faceted tenure criteria and
an effective post-tenure review process.  Using the tenure system, Gemini achieves these key
objectives with:

• Tenure decisions based on institutional and strategic priorities that emphasize
scientific excellence, Gemini community service, and commitment to the Observatory
and its mission.

• A regular process of periodic evaluation of all tenured staff that enhances the value of
tenure to the Observatory and AURA.

• Post-tenure reviews aimed at facilitating professional growth by providing positive,
constructive feedback.

D. Internal Performance Oversight
In addition to independent oversight by the NSF/Gemini Board and the AURA Board, the
Observatory’s organizational structure provides internal checks and balances to monitor and
improve performance.
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Sustaining excellence in the Observatory’s performance of its mission requires relevant objective
data.  Various aspects of Gemini science operations lend themselves naturally to quantitative
measurements of Observatory and National Office performance:

1. Science Productivity

a. Science Impact Measured by Publications and Citations

The Observatory keeps a very detailed publications database that is updated on a weekly basis.
The research productivity based on the number of papers and citations is one of the criteria for
deciding whether or not to maintain an instrument on the telescope.  For the full statistics on
citation, Gemini works with the Herzberg Institute of Astrophysics that has experience in
managing publication and citation statistics.  HIA also provides useful historical comparisons
between observatories/telescopes that help us to assess ourselves in a critical way.

b. Science Productivity for Each Telescope

Using the Gemini publications database, the number of publications is tracked as a function of
instrument, original program ranking, and several other criteria.   It provides a robust basis for
analysis of indicators of the popularity and productivity of all Gemini capabilities and observing
modes.

c. Average Cost of an Available Science

Having a reliable database of publications and a good knowledge of budget, one can establish the
cost of the science products.  This can be done in various ways such as cost per paper or per
citation.  One can then make comparisons with other ground-based or space observatories, which
can be a usually very revealing exercise.

d. Number of Programs Executed and Users Served

Gemini keeps statistics by country and demands for each instrument.  These are indicators of the
effectiveness and competitiveness of the instruments, spectral windows explored, and observing
modes (e.g. AO versus non-AO, queue versus classical).

e. Quality of Services Provided Through the Distributed Model

Oversubscription rates and their histories are tracked on a semester-to-semester basis.  They are a
measure of demand and can be compared to similar information from other observatories.
Feedback from observers is also a useful tool, although astronomers are traditionally poor at
filing feedback forms on their data.  Focused questionnaires sent regularly to users are good
probes.   Semi-annual meetings of the Operations Working Group provide a very effective forum
where NGO representatives and Gemini North and South Associate Directors review their
concerns and user issues.

2. Time Charged According to Partner Share

The principal investigator for each observing program is charged the time spent executing that
program.  These aggregated charges comprise the overall Partner usage.  However, a finer level
of measurement is available from the Observatory Control System, since it timestamps each step
of the observation.  Thus, the time required to slew the telescope, reconfigure it, acquire the
target, carry out the observing sequence, perform calibrations, and assess data quality are all
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recorded.  Similarly, time lost due to weather or failure of either a telescope or instrument, or
time spent on scheduled engineering activities, also is recorded.

The metrics available to measure the observing system performance are:

• The efficiency of execution of an observation program, as either a classical or
queued observation.

• Within the queued program, the percentage of highly ranked proposals completed
within a given semester, tagged by nationality and instrument technique.

These quantitative measures are used to provide feedback to further improve the observing
systems (e.g., calibration systems, instrument efficiencies and observation sequencing) and to
further optimize the queue system and observing performance.

3. Gemini’s Distributed User Support System

This system also time-stamps its activities via its “help desk” function, whereby each requestor
assigns their query to a subject category that is used to route it to the appropriate National Office
or to Gemini. The system’s built-in reporting tools allow for quantifying:

• Load and balance (e.g. the number of requests received per NGO, instrument
or subject, and country of origin).

• Performance (e.g. number and timeliness of user-request responses).

• Fairness (e.g. distribution of response times by country of origin, instrument
or subject).

When ranked by subject or instrument, these performance data on the support system provide
feedback for improving user-support tools and information, such as manuals and web pages.
When organized by NGO, this information allows the Partnership to assess the effectiveness of
the distributed-user support model.

4. Program Reviews

In close communication with AURA, the NSF, and the Gemini Board, the Director organizes
periodic reviews of the Observatory’s overall performance that summarize performance metrics,
financial data, scientific accomplishments and other information relevant to management goals.

To minimize the burden of the review process on Observatory staff, the AOC-G and GOVC
make themselves available for scheduled reviews, and the Gemini Board and the NSF are invited
to do likewise.  The reviews also are open to the AURA Board, and individuals invited by the
Gemini Director.

5. Gemini Reports

The Gemini Director submits the following Observatory reports through AURA to the NSF to be
coordinated with established formal reviews, such as the Gemini Board meetings.  While these
might reasonably be considered NSF oversight tools, they originate from the Observatory and
also provide Gemini with the opportunity to evaluate itself, since the Observatory is reporting on
its own performance along a variety of axes.  These reports include, but are not limited to:
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a. Annual Progress Report and Program Plan

This covers Observatory accomplishments, the status of scheduled observing during the most
recent twelve months, and scheduled projects and issues to be resolved during the following
twelve months.

b. Annual Financial Report

This document summarizes expenditures to date, outstanding financial commitments, and a
comparison of costs incurred with budgeted funds.

c. Master Site Plan

This annual report provides the NSF with a comprehensive update on all buildings and land
holdings (owned or leased) controlled by the Observatory.  It includes maps, site plans, and
textual descriptions of each asset, its purposes and current and expected future needs.

d. NSF Facilities Project Reports

This actually consists of two annual reports.  The first is a pre-year estimate of performance
based on objective criteria, such as the number of hours available for scheduled observing
programs.  The second report is a post-year report on the actual performance based on the
defined metric criteria during the performance period.

6. Impact of PIO Program

The Gemini Public Information and Educational Outreach program is very active in both the host
communities and throughout the Partnership (see Section IV.J.6).  Gemini monitors the number
of school and public events, teacher trainings, and other programs, and the number of people
reached.  Gemini tracks the effectiveness press releases and the media that respond by publishing
them.  Gemini also tracks the details and number of hits on the Observatory’s web pages.

E. An Integrated Observatory  – A Collaboration of Communities
Gemini must effectively and efficiently meet the diverse science objectives of the Partner science
communities.  During the construction of the Observatory, AURA and the Gemini Partners
collaborated to develop an integrated working structure. The AURA-operated Observatory is
joined with the Partners, firstly through their agencies on the Board, and secondly by direct links
to their national astronomy communities.  The community links operate through committees and
offices that actively shape the science program and participate in science operations.

The Observatory’s “customers” are the Partner agencies, acting on behalf of their respective
science communities.  Gemini’s integrated approach makes the agencies and their communities
intimate participants in the Observatory’s science and instrumentation programs; they are a part
of the Observatory itself.  At the same time, the science communities are connected through their
normal working channels to their respective policy and funding agencies.  This serves to ensure
that science operations proceed expeditiously, and in the longer term, that the communities close
the loop on needs, performance, and policy with their agencies and the Gemini Board.
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Another impact of this approach manifests at the organizational level, where a high degree of
“matrixing” occurs between functional units within and between each area of responsibility.
Thus, for example, in many instances addressing issues of science operations requires a
discussion of management elements that support those operations.

In summary, AURA and its partners utilize an organizational structure whereby the Gemini
Board provides overall direction through the NSF, as executive agency, and AURA, as managing
organization, with advice from their respective oversight committees.  The national astronomy
communities interact with the Observatory in an operational sense through the Gemini Science
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Figure 4-2.  The Gemini Board, NSF, AURA, and Partner-community groups monitor, coordinate,
advise, and otherwise interact with the Observatory to ensure optimum performance.



155

Committee (GSC), the International Time Allocation Committee (ITAC), the Operations
Working Group (OWG), and the individual National Gemini Offices (NGOs).  These
relationships are illustrated in Figure 4-1 and further clarified in Figure 4-2.

The resulting tight coupling of the Observatory and the science communities ensures a constant
exchange of information and support on science planning, instrumentation, observing operations,
user support, and diverse priorities.  Further, it allows the user-scientists to be directly involved
in vital aspects of the program on a regular basis, and to provide feedback and guidance to the
Partner agencies.

F. Observatory Organization – The Working Model
The two Gemini telescopes operate as a single observatory, maximizing scientific return and
saving costs through an integrated structure that allows for a common telescope allocation
process, common management practices, uniform approaches to software and observing support
and a single program for instrumentation and upgrades.

Observatory functions are organized around teams, with the intent of minimizing hierarchy and
maximizing communications throughout the organization. Using communications technologies
such as video conferencing, Gemini creates "virtual" teams that span oceans and continents, and
hence reduce the need to duplicate skills in Chile and Hawaii.  The Deputy and Associate
Directors lead these staff teams, under the guidance of the Director.  Figure 4-3 shows these
relationships.

The ultimate goal of the Gemini science system is the largest possible volume of high-quality,
meaningful science research results flowing out from the Gemini Partner research communities.
Beyond the “internal” staff teams, the Observatory joins with its communities through the
NGOs, ITAC, GSC, and so forth, to complete the science system under Gemini’s Distributed
Model.  Within the Observatory, as Head of Science, the Deputy Director is constantly
monitoring the efficacy of the global system.

Although coordinated, the user observing programs at the two telescopes each proceed along
their own paths, in part determined by the extent to which views of the celestial sphere and
instruments suites differ from each other.  Notwithstanding these differences, the two telescopes
share a common set of science observing processes and procedures coordinated by the Associate
Director for Science Operations.

A single Engineering team and a single Operations team, headed by their respective associate
directors, provide common services to the Hawaii and Chile observing sites. Similarly, both sites
have a common instrument development program, led by the Associate Director for
Development.  All three of these efforts are highly coordinated and employ extensive use of
cutting-edge digital communications systems to provide remote diagnostics, video conferencing,
and cross-site training and exchanges to knit the Gemini Observatory together in a highly cost-
effective manner.

1. Gemini Director – The Directorate

The Gemini Observatory Director is responsible to the Gemini Board, through the NSF and
AURA, for the overall conduct of the Observatory.  The Director defines and carries out the
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overall scientific mission of the Observatory, as approved by the Gemini Board and provides
scientific and management leadership. The Director also ensures the Observatory is in
compliance with federal and other regulatory requirements, including the maintenance and
development of the Observatory Safety Program.

The Director’s office is the reporting point for the International Time Allocation Committee
(ITAC), which serves both observing sites.  The Gemini Science Committee advises the Director
on defining and executing the Observatory’s scientific mission. Twice a year the Director meets
with the Operations Working Group (OWG), which is comprised of representatives of the
National Gemini Offices and the Associate Directors of Gemini North and South, Development
and Engineering. This serves to ensure effective coordination of Observatory operations support
across the international Partnership and it offers a forum for providing advice on the
management of the Gemini Development program.

2. Deputy Director, Head of Science – The Global Science System

The Deputy Director reports to the Director and assists the Director in a wide range of matters
affecting the Observatory and it user communities.  The Deputy Director also acts on the
Director’s behalf on many occasions, as directed.

The Deputy Director is overall Head of Science.  In this role, the Deputy Director is responsible
for monitoring and responding to the productivity of the overall science mission.  The Deputy
Director also manages interactions with the National Gemini Offices, tracks key research
performance metrics, and engages the NGOs, ITAC, GSC, and other appropriate groups in
necessary efforts to optimize the Distributed Model to reach the highest achievable levels of
science throughput.  The Deputy Director is the principal science interface to the Public
Information and Educational Outreach program.  Together, the Director and Deputy Director
conduct the research appraisals of the Gemini scientific staff.

3. Associate Director, Science Operations – The Observing Program

The Associate Director for Science Operations is the single point of contact for science
operations at both telescopes.  Reporting to the Gemini Director, the Associate Director is
responsible for the ensuring that both telescopes develop and continuously improve a common
set of efficient and effective procedures and practices for observing operations.  Together, the
Director and the Associate Director conduct the operations performance appraisals of the science
operations heads for both sites.

In view of the distance in time and space between the Gemini Director’s office in Hawaii and
Gemini South, this associate director also acts as the Head of Gemini South, empowered to act
with the Director’s authority when circumstances require swift action but preclude consultation.

a. Heads of Science Operations, North and South

The Heads of Science Operations North and South are primarily responsible for the day-to-day
management of the science programs at their respective sites.  They are responsible for
scheduling science programs on the telescope their ensuring their execution, as well as the
scientific quality, services, and capabilities of their respective telescopes. This includes balancing
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telescope scheduling and use to meet the needs of all the Partners, while maintaining high quality
scientific performance.

The Heads of Science Operations supervise the Staff Astronomers, Gemini Fellows, and Science
Support Associates (SSAs) at their respective telescopes.  They coordinate with the Associate
Director for Science Operations and each other to ensure the highest level of science productivity
within the Observatory.  They interact with the Director on all matters relating to the quality and
effectiveness of science operations and the resources needed to sustain high science throughput.
Together with the Associate Director, they conduct the operations performance appraisals of the
Staff Astronomers, Gemini Fellows, and SSAs.

4. Associate Director, Development – The Unified Instrumentation Program

The Associate Director for Development formulates and manages the scientific aspects of the
instrumentation program.  Within given constraints, the program must:

Deliver instruments in compliance with the fixed budgetary and schedule limits of the
instrument and facilities development funds.

Fulfill the overall scientific mission of the Observatory and the specific Gemini science
requirements established by the Director on behalf of the Partnership.

Carry out responsibilities for development with sensitivity to an equitable sharing of
responsibilities and benefits between the Partners, in accordance with the Gemini
Agreement.

Acting under Board approval, the Associate Director makes all reasonable efforts to ensure that
instruments meet established science requirements.  With the concurrence of the Associate
Director for Engineering and in consultation with the Gemini Science Committee, the Associate
Director for Development has the authority to change the cost and scope of instrument
agreements on behalf of Gemini.  The associate directors for engineering and development also
have the discretion to leverage developments in new technologies.

5. Associate Director, Engineering – The Unified Engineering Team

The Associate Director of Engineering leads the core engineering team, which serves both sites
in supporting the maintenance and upgrade of facilities, instruments, hardware, software, and
instrument development. In addition, this office supports the development program by providing
project management services, on a peer basis with the Associate Director for Development, and
works with all other associate directors to ensure that the Observatory continues to realize its
goal of highest quality.
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GEMINI OBSERVATORY OPERATIONS STRUCTURE

Assoc. Director
Science Ops,
Head Gemini

South

Assoc. Director
Engineering

Assoc. Director
Operations

Extended Staff
(NGOs)

Deputy
Director, Head

of Science

Assoc. Director
Development

Science
Ops

Head, GN

Science
Ops

Head, GS

Director

Safety
Program

Instrument
Development

Program

Finance,
Accounting
Contracts, &
Procurement

Engineering
Program

Facilities
Operations

Public
Information
Educational

Outreach

Science
Ops

North

Science
Ops

South

Information
Systems

Human
Resources

Figure 4-3. The key relationships between the management team and the various scientific, operational, and
business functions of the Observatory depend on both direct and matrix connections among the various
functional groups and connections to the Gemini communities.

Global Science
Program



159

6. Associate Director, Operations – The Unified Infrastructure Team

The Associate Director for Operations is responsible for the provision, allocation, and overall
management of the services supporting the Observatory’s administrative, technical, logistical,
and infrastructure needs in conjunction with fulfilling its scientific mission. Duties of this office
include the management of financial and human resources affairs, safety, information systems,
and public information and outreach.

G. Senior Management Staff – The People
The Gemini Project assembled a first-rate management team to serve on the Directorate during
its initial years of operation.  Most of these professionals are expected to continue providing their
skills and experience at all levels of the Gemini organization during the coming years.

Dr. Matt Mountain has held the position of Gemini Director since late 1994. Matt served as
International Project Scientist from 1992 through 1994, providing scientific leadership. Matt
received his B.Sc. in physics in 1978 and his Ph.D. in astronomy in 1983, from the Imperial
College of Science and Technology, London University. He then held a research fellowship at
the Imperial College before joining the staff at the Royal Observatory, Edinburgh. During his
seven years there, he studied star formation and infrared instrumentation, culminating in his
participation and collaboration in the commissioning of a new infrared spectrometer for the
United Kingdom Infrared Telescope (UKIRT) in Hawaii.  Matt also headed a program for
implementing active and adaptive optics on the UKIRT at the Joint Astronomy Center in Hawaii.

Dr. Jean-René Roy is the Deputy Director for Gemini North and Head of Science, obtained his
Ph.D. in astronomy from the University of Western Ontario, London, Canada.  After
postdoctoral work at Caltech (USA), the University of Utrecht (The Netherlands) and the
Herzberg Institute of Astrophysics (Canada), he was on the staff of the Department of Physics of
Laval University (Quebec, Canada) from 1977 until 2000, when he joined the Gemini
Observatory.   Before joining the Observatory, Roy was closely involved with the Gemini
Science Committee and the Gemini Board as a Canadian representative.  He chaired the Board in
1998 and 1999.  While at Laval University, he took extended research leaves at the Anglo-
Australian Observatory, the Canada-France-Hawaii Telescope, the Observatoire de Paris-
Meudon and the European Southern Observatory – Garching.  His research areas are the
chemical and morphological evolution of disk galaxies and the evolution of massive star forming
regions.

Dr. Phil Puxley is Associate Director for Gemini South.  Previously he spent four years as the
Associate Project Scientist, during which time he was responsible for developing and
implementing the plan for science operations.  Prior to joining Gemini he was a Senior Scientist
at the Royal Observatory, Edinburgh, where he served as Project Scientist for two infrared
instruments.  His experience as a support astronomer includes work at the UKIRT, and as an
active researcher, he has carried out spectroscopic observations and infrared imaging of massive
star formation in galaxies.

Dr. Doug Simons currently serves as Associate Director for Development. He received his B.S.
in astronomy at the California Institute of Technology in 1985 and a Ph.D. in astronomy at the
University of Hawaii in 1990. Subsequently, he worked as a staff astronomer at the Canada-
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France-Hawaii Telescope for four years, joining the Gemini Project in May 1994.  His principal
areas of interest include infrared instrumentation and infrared studies of the galactic center, low-
mass stars, and star formation regions.

Mr. Peter Gray is Associate Director for Engineering for the entire observatory, a position he
has occupied for the past two years.  Prior to joining Gemini, Peter held a similar position in
Chile with the ESO Paranal Observatory in Chile, and was the engineering manager responsible
for the construction, integration and testing of the four VLT eight-meter telescopes over a period
of five years. He career as a senior engineer spans over 20 years of service at many of the world's
major observatories, including the University of Arizona, UK La Palma Observatory, and the
Anglo-Australia Observatory. His background is as an opto-mechanical engineer and hold
degrees in engineering and physics.

Dr. Jim Kennedy is Associate Director for Operations for the entire observatory, a role he has
played for seven years.  He led the effort to establish the in-house administrative and operational
systems for long-term operations activities for both Gemini telescopes.  Jim has been a senior
manager for AURA for more than 18 years.  Trained in radio astronomy and physics, Jim is a
former academic Engineering Technology chair, and high-level manager in industry.  He has a
strong, balanced background in science, engineering, and educational program management.

Dr. Francois Rigaut is the Adaptive Optics Program Scientist.  He received a Ph.D. in
astronomy at the Observatoire de Paris in 1992.  At the European Southern Observatory (ESO),
Dr. Rigaut was the lead scientist for the COME-ON adaptive optics system on the La Silla 3.6m
telescope from 1989 to 1992.  He then moved to the Canada-France-Hawaii Telescope as the
project scientist for the Adaptive Optics Bonnette (PUEO) until 1997.  Before coming to Gemini
in February 1999, Dr Rigaut spent two years heading the adaptive optics group at ESO,
headquartered in Garching, Germany.  In addition to adaptive optics and instrumentation, his
principal areas of interest include studies of the galactic center, star-forming regions and
gravitational lenses.

Polly Roth has served as Gemini Controller for more than six years.  She has a B.S. in
accounting from the University of Minnesota and nearly 30 years of experience in accounting
and administration for non-profit organizations. This has included service as accounting manager
for the California Association for Research in Astronomy (CARA) during the construction of the
Keck I telescope.  She was also the CEO of a $10 million non-profit corporation that provides
employment and training services.

Melissa Welborn is the Human Resources Manager and the Safety Manager for the Observatory.
She has a B.S. in education and is certified as a mediator and a Senior Professional in Human
Resources. Melissa’s extensive experience in human resources and safety includes having served
as a vice-president of the American Society for Training and Development.  She has been with
Gemini for seven years, managing human resources functions that encompass significant
immigration issues.  She also has served as a Regional Director of the Society for Human
Resources (SHRM).

Peter Michaud has acted as Gemini’s Manager of Public Information and Outreach since June
1998. Peter holds a B.S. in atmospheric physics, certification in physical science education.
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Prior to joining Gemini, Peter spent almost a decade managing the Bishop Museum Planetarium
in Honolulu. A highly effective outreach specialist, Peter has played a central role in developing
the Gemini Outreach Program, which is active in the site communities of the Big Island and La
Serena, Chile, as well as globally.

H. Key Personnel – The Director
Dr. Matt Mountain has been the Director since 1994, having served the two previous years as the
Project Scientist.  AURA has recently renewed his five-year contract.  With impressive
credentials as an infrared astronomer and instrumentalist (see above), his leadership has been
crucial to the success of the program over the last five years as the project proceeded through
construction and integration, test, and commissioning stages.  Matt has been a key architect of
the Gemini operations philosophy and plan, and his leadership in the next phase will be essential.

I.  Instrument Development Management
This section describes how Gemini Observatory will build upon lessons learned over the first
decade in the program and manage the instrument development program in the future. It is
divided into three sections.

The first includes a top-level description of the instrument development “life cycle” within
Gemini, explaining how the Observatory shepherds the development of instruments through a
multi-year process.

The second describes recent changes in the instrument program that will be used to streamline
the procurement of future instrumentation, reduce the risk of schedule and cost overruns that
plagued many previously acquired Gemini instruments, and through a competitive bid process,
allocate future instruments to the most qualified teams in the world, all while balancing this
enormous long-term reinvestment in the Partnership.

The third section is a summary discussion of instrument development risk management.  In
reality, proper risk management is an intimate, continuous component of every step of the
development process.  It requires providing for the early recognition of deviations, and providing
planned alternatives that are aggressively pursued when critical factors threaten to exceed limits.
Given this reality, risk management topics are woven into the discussions below that describe the
lifecycle elements, as they occur.

1. Instrument Development Life Cycle

The process used to take instruments from basic concepts to completed systems can be broken
down into four broad components, as shown in Figure 4-4.

This multi-year process begins with Gemini community-based strategic planning to define future
science directions for the Observatory and roughly estimate the resources needed to reach these
goals.

Gemini’s diverse and worldwide groups of instrument builders then are invited to participate in
competitive design studies for new instruments.
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After a down-select phase, assignments for instrument are awarded to qualified teams who build
them under contract to Gemini.

Each of these steps is discussed in more detail below and together they describe a science driven
process for defining and developing future instruments.

It is a challenge to accurately forecast scientific trends, given the rate of discovery within
astronomy today, but the Gemini process ensures an instrument set that is well reasoned with
requirements tempered by a vision of the Observatory’s science direction in the context of other
ground- and space-based facilities.

Currently Gemini is in the first phase (Science Definition and
Long Term Budget Planning) of the development program for
its next round of instruments.  It is also in the last phase
(Completion Phase) for a number of instruments being
delivered now at Gemini-North and Gemini-South.
Maintaining continuity between these beginning and ending
steps in the program is crucial to providing a steady stream of
state-of-the-art instruments for the Gemini community to
future use.

It is important to note that while many instruments are being
delivered currently, it takes years to complete the “lifecycle”
illustrated in Figure 4-4.  Furthermore, astronomy has always
been a technology-limited scientific enterprise, and the
instruments being delivered now were designed, on average,
about five years ago.  Given that it will take at least 5-7 years
from now to build the Gemini’s next generation of
instruments, the current round of instruments will be over a
decade old from a technology perspective, making them
obsolete in many ways by the time the next generation of
instruments arrive. The time to start building the next
generation of instruments for Gemini is clearly at hand, if Gemini is to retain its preeminent role
as a leader among ground-based observatories.

a. Step 1 – Science Definition and Budget Planning

Determining which instruments are developed through the design-study level requires input from
a variety of sources. Broad community involvement is needed to determine an optimal set of
scientific drivers, from which an initial instrumentation suite can be derived. This initial science-
definition phase is led by Gemini, working in close cooperation with Gemini’s National Offices,
which act as conduits for astronomers within each Partner country.  In essence, the National
Offices are Gemini’s portal to its end “customers”, the astronomers who will use future
instruments at Gemini.

The science definition phase is centered about a series of topic-oriented scientific workshops that
organize participation along lines of expertise in astronomy. Topics range widely from planetary
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science and star formation to nearby galaxies and cosmology. The product of these scientific
workshops is a series of legacy-caliber science missions worthy of being pursued at Gemini.

The broadly defined set of new instrument requirements needed to fulfill these aspirations is
derived from these potential science missions.  Beyond providing overall organization, one of the
Gemini’s primary process roles is to provide technical support for astronomers who need
guidance on telescope and instrument capabilities (e.g., sensitivities, image quality, spectral
coverage, etc.). This type of interaction is crucial to ensure that the science objectives defined by
the community are technically feasible.

The whole process of mapping science goals into instrument requirements is inherently non-
linear and circuitous, with design trades being weighted by various reality factors, including
technical feasibility, risk, cost, etc. Though complex, within a year of the culminating
international science workshop, Gemini develops a program outlining science missions and the
corresponding next-generation instruments, with clear traceability to the science goals identified
by its community.

Beyond leading the definition of new instrumentation, Gemini will also explore modifications to
existing instrumentation, if cost-effective approaches for augmenting capabilities exist. A phased
approach to deployment also may be used to maximize the scientific return on instruments.  For
example, it may not be possible to design instruments in the initial phase with sufficient detector
coverage to meet all of the science goals.  However, sub-populating the focal plane with
detectors at the outset, while designing the optical train, array read-out controller, data handling
system, and other elements to handle an upgraded and fully populated focal plane in the future is
a cost-effective approach to providing instruments with staged capabilities.

Finally, during this stage preliminary cost estimates are generated to support broad trades
between and within competing instruments, as different modes are considered for inclusion or
deferral.  Performance models also are developed in order to guide and constrain the process of
refining the science possibilities identified in this early stage of the project. Such early cost and
performance containment is intended to guide (but not overwhelm) the process of defining
scientific capabilities in an early stage where scientific creativity and originality are especially
valuable.

b. Step 2 – Announcements of Opportunity

The product of the science definition phase is a set of design guidelines and rough cost estimates
for a set of instruments that can be used to launch frontier science with Gemini.  In some cases it
may be necessary to fund technology development, at modest levels, to establish the viability of
particularly challenging new instruments, reduce the risk of developing them, and define cost
estimates with much better accuracy for budget planning purposes.

A balanced approach, that takes advantage of varying site conditions, spectral/spatial resolution,
and wavelength range with at least some instruments having relatively simple designs, allows the
community varied capabilities for pursuing predicted and unforeseen research pathways alike.
Other factors considered in developing the next suite of instruments include the long-term
balance of instruments at both site, the need to phase in new capabilities with older ones likely to
be decommissioned, and in some cases constraint of finite resources which precludes developing
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some instruments immediately, although potentially they could be built in the future round of
development.

A good example of many of these issues is GIRMOS. Several years ago, when the Phase 2
instrument set was devised, Gemini and the National Offices determined that the technology
needed to make a deployable cryogenic integral-field infrared spectrograph was highly uncertain,
which made deriving cost estimates difficult.  As a result, Gemini funded several technology
studies to look into both cryogenic fiber-based and image-slicer concepts for this instrument.

One idea that emerged from this effort was the novel GIRMOS concept, from the UK/ATC. The
technology studies defined in detail the design approach to build such an IRMOS, but also
revealed, the cost to be prohibitively high and its applicability with MCAO marginal at typical
target sky densities and apparent magnitudes.

Now, some three years later, an instrument with roots in the GIRMOS concept has emerged on
the proposed instrument list from the Aspen Workshop.  The envisioned instrument would work
behind a Ground Layer Adaptive Optics System, to boost the sky coverage of the instrument.
While these events have resulted in delays in developing the world’s first cryogenic deployable
integral field spectrograph, they also have led to careful assessments of cost, risk, and science
capability that will, in the end, produce an instrument with enormous research potential.

With design guidelines and rough order of magnitude (ROM) cost estimates developed for
instruments and key areas of technology development, Gemini will release Announcements of
Opportunity (AO’s) to solicit proposals for design studies and/or development programs. These
AO’s will be distributed via web pages, advertisements, the Commerce Business Daily, and other
venues to stimulate interest in a broad range of potential bidders, ranging from the private sector
to universities and national laboratories and facilities.

The product of the AOs will be a series of proposals, submitted to Gemini for review by Source
Selection Boards (SSBs).  Gemini will chair these boards but they will also include specialists,
consultants, and experts from around the world.  Comprised of five to six members, the SSBs
will use common selection guidelines and criteria successfully used by Gemini in the past.

Selection criteria include the quality of the proposal submitted, cost, facilities available, past
experience, merits of the technical approach proposed, etc. When possible, more than one team
will be selected to conduct design studies for an instrument to stimulate competition and reduce
cost.

c. Step 3 – Conceptual Design Phase

After Gemini selects a proposal for a new instrument the design-study phase commences.  The
core product of this step is sufficient information to decide whether to proceed with building it.

During this phase detailed and complex trades are made between scientific capability, cost,
schedule and various risks.  The scientists and engineers on the instrument team, with regular
input from the Observatory, make assessments of exact plate scales, optical throughput, spectral
resolution, stability and so forth to ensure that the trades comply with high-level scientific goals
and technical/programmatic constraints.



165

The design-study teams work within cost ranges, derived by Gemini in consultation with experts
in various fields, so that teams do not produce designs beyond the fixed budgets available to
design and build instruments. Design- study deliverables typically include:

• Overall Instrument Design Description – Illustrates all aspects of the design at a level
needed to develop a reliable cost estimate for completing the instrument, including
mechanical 3-D renderings, electronics schematics, optical designs, sensitivity estimates
based upon performance models, etc.

• Functional Performance Requirements Document (FPRD) – A document that describes
all the technical requirements the instrument must fulfill and serves as the guide for the
engineering team to continue with detailed design and fabrication of the instrument.

• Observational Concepts Definition Document (OCDD) – A document drafted by the
instrument science team to describes how the instrument will be used at the telescope.
The OCDD and FPRD are cross-linked, as requirements for scientific performance map
directly into engineering technical requirements. The documents undergo further
refinement before finalization at the CDR level of the instrument design phase.

• Unique Interface Control Documents (ICDs) – While Gemini will issue ICDs to define
key electrical, mechanical, optical, and software interfaces to the telescope, some
interfaces will be unique to an instrument and must be sourced by the instrument team.

• Management Plan – Describes for the remainder of the project the management approach
intended to complete the instrument, including how it will be designed, fabricated,
integrated, tested and commissioned at Gemini. This also contains a detailed Work
Breakdown Structure (WBS) for the entire project, with costs, manpower requirements
and durations associated within each WBS component. A detailed schedule for
completing the design, fabricating, testing and commissioning the instrument is also
submitted.  A procurement list that describes the needed components and materials and
tallies the total cost to complete the instrument is also submitted to Gemini.

• Science and Technical Trade Studies – These describe the derived science applications
for the proposed design and the results of technical trade studies conducted during the
instrument design phase (e.g., trades between mechanical layout and cooling efficiency,
total mass and rigidity of the optical train in a varying gravity load environment, etc.)

• Error Budgets – Detailed error budgets applied to the opto-mechanical design of the
instrument, which indicate allowed positional errors of optical components, wavefront
errors and throughput allocations. These budgets also demonstrate how errors stack up to
meet required image and/or slit-throughput requirements, factoring in telescope and
atmosphere errors provided by Gemini.

As mentioned before, if the budget permits, design studies are issued on a competitive basis
between at least two teams. This naturally promotes competition in what will undoubtedly be an
expensive arena and leads to greater technical diversity. Also, since Gemini owns all aspects of
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the designs (except for those agreed on as proprietary), the Observatory may choose the strongest
aspects of different designs and merge them into more optimized designs, and/or merge
individuals or entire teams into collaborative efforts. Design-study teams are given cost
envelopes to work within through the Requests for Proposals, and without competition teams
will lack motivation to develop designs costing less than the indicated budget available. Thus
despite the higher initial costs of competing design studies, using them at this early stage in the
process has repeatedly proven to be a net cost reducer in the overall Gemini development
program.

d. Step 4 – Completion Phase

At this stage, detailed cost estimates have been derived for instruments and various forms of key
or enabling technology identified and, if possible, developed in parallel. Historically, the most
risk-prone period in this phase, when unforeseen problems emerge and additional work is
required, is occurs upon completion of the first tests, early in the instrument’s integration phase. ,
The instrument developer also faces risk as slips [errors??] accumulate, as running costs become
dominated by the ongoing manpower needed to keep the project going beyond its planned
duration. Management structures and development strategies must address these issues during
Phase 2 to minimize such risks.

In general terms, this can be achieved by “freezing out” decisions early in the process and
recognizing that, while such decisions may impact performance at some level, they ultimately
bring forward the key initial tests of the project and expose issues before resolving them
becomes time-critical.

The use of existing or previously proven designs and technology also reduces risk and is
reflected in the types of technology development that would be funded early in the project
through the Conceptual Design Phase.

Following the authorization for instrument construction, using a detailed project plan to identify
items whose purchase requires a long lead time and then aggressively pursuing procurement has
worked in the past to “buy” schedule contingency early in the Completion Phase and reduce the
impact of technical problems that emerge during the test phase.

The Completion Phase includes a key project milestone on the path toward delivering the
instrument. This part of the design work substantially culminates in the Critical Design Review
(CDR), which includes deliverables such as:

• Final FPRD and OCDD – Final changes are made to these fundamental design and
operational documents up to the CDR, upon consultation with Gemini. Note that the
FPRD serves as the basis for the Acceptance Test Plan, while the OCDD serves as the
basis for the User’s Manual; i.e., though frozen at CDR, they are drawn from heavily in
subsequent delivered documentation.

• Compliance matrix – A detailed summary table, indicating whether the design proposed
meets or fails each design requirement listed in the FPRD.
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• Final derived error budgets – Made in consultation with Gemini, these include changes
made in error budgets submitted during the conceptual design phase. .

• Final system design – This typically includes a complete 3-D, opto-mechanical model,
sufficiently well developed to permit fabrication drawings to be immediately extracted.
Also included are the predicted cooling performances of cryogenic instruments, mass
budgets, finite-element analyses indicating predicted flexure or thermal performance
under varying environmental conditions, etc.

• Software – Detailed software designs, including all ICDs, flow charts, etc. needed to
begin coding the actual software immediately.

• Electronics – Final design documentation for all electronic systems, including cabling
descriptions, layouts for wiring throughout the instrument and grounding schemes, all
sufficiently detailed for immediate manufacture of the electronics.

• Acceptance Test Plan – In draft form, a plan that describes the procedures needed to
verify that the instrument meets all requirements listed in the FPRD, using a variety of
tests before the instrument is shipped and after it is connected to the telescope.

• Verification and Commissioning Plan – In draft form, a plan that describes how to
systematically characterize the instrument’s performance in all modes on the telescope.
Such tests provide astronomers performance data used in formulating observing
proposals.

• A revised budget and schedule to complete the instrument – Including a WBS showing
all the tasks needed to fabricate, integrate, test and commission the instrument.

• Draft manuals – These include a user manual, software manual and service and
calibration manual.

• Safety Review – As part of CDR, a safety review is conducted to determine whether the
design meets safety requirements, particularly in the area of installation, maintenance,
repair and operation of cryogenic systems, high-voltage drivers, large and potentially
dangerous mechanisms, etc.

Some aspects of the design are frozen well before CDR. For example, the optical design often is
frozen at the Preliminary Design Phase (PDR), because optics frequently are long-lead items and
the instrument design flows substantially from the optical design; thus, to delay procuring optics
until a later stage is of limited value.

Actual fabrication of instrument components proceeds at this point, with the noted exceptions of
key long-lead items. The project-building phase no longer involves detailed or complex design
trades with the science team, as all key decisions impacting performance should have been made
previously. Tasks during this phase focus on parts procurement, issuance of subcontracts to
machine shops or specialty vendors, careful tracking of components as they arrive, etc.
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This phase tends to have relatively few risks, and it leads to an integrated instrument that
requires extensive testing in a lab environment to verify functionality and performance. As
mentioned previously, this critical period of initial laboratory testing substantially defines the
likelihood of the instrument being delivered on schedule, so earlier steps taken to advance this
milestone generally reduce the risks of schedule and cost increases.

Though subsystem testing certainly helps reduce complications downstream with full-up system
tests, full integration of the instrument is necessary to allow the recognition and resolution of
complex system-level interactions, whether optical (focus or light leaks), mechanical (flexure),
electronic (unexpected noise), or software (unforeseen control system interactions).

This is particularly the case for large cryogenic instruments, which have long thermal cycle
times. For Gemini-class instruments, each episode of rework can take weeks just to thermally
cycle the instrument, and this entails enormous costs over a protracted troubleshooting period.

Following the completion of the integration and testing steps, Gemini conducts on-site
acceptance testing by. Typically this involves a Gemini-selected team with expertise in a broad
range of engineering disciplines, as well as science and management representatives. They use
an acceptance test plan, agreed upon well in advance and derived from the FPRD, to formally
work through all aspects of instrument performance and functionality to verify that contractual
obligations have been met.

In cases where the instrument fails to meet performance specifications, it is necessary to evaluate
the consequences from a science perspective before making a final pragmatic assessment of the
real impacts of the identified problems. All interfaces that can be checked should be verified on-
site before the instrument is shipped to either Gemini-North or Gemini-South.

In general, up to 95% of the acceptance test plan can be executed before the instrument is
shipped, with final verification occurring after the instrument is mated to the telescope and final
checks on key interfaces are verified and on-sky performance is measured.

At the end of this multi-year process commissioning can begin. The purpose of this step is to
characterize in detail the instrument’s actual performance, in conjunction with the Gemini
science staff, so that future astronomer-users understand the installed instrument’s performance
sufficiently to design research programs based on its capabilities.

2. Changes Over a Decade in Gemini’s Instrument Program

Thus far, basic questions on instrument procurement and approximate costs have been addressed.
A natural follow-up question is, “How will Gemini improve the track record of its instrument
program to ensure new instruments meet program-wide goals?”

Gemini’s instrument program has evolved considerably during its ten-year lifetime. In many
ways the changes made in the instrument program have been reflections of the nature of the
Gemini Partnership, which also has changed as the Gemini 8-m Telescope Project has
metamorphosed into the Gemini Observatory.
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To date Gemini’s instrument program has produced five facility-class instruments; five telescope
facilities (including ALTAIR, GPOL, and GCAL) and six instruments or facilities are still under
development (including MCAO). Clearly, Gemini’s instrument program is one of the largest in
ground-based astronomy. Unlike any other program, it calls upon an international resource base,
and in many respects it has been a leader in key technology development beneficial to all of
astronomy.

Given the experience of all the instruments delivered to date, Gemini is well poised to carry out
the design and fabrication of a modern, new suite of instruments to serve as the platforms for
future observations at Gemini.  While this is true today, the early Gemini program suffered from
fairly staggering losses, including enormous cost overruns, multi-year schedule slips and,
perhaps most importantly, lost scientific opportunity.  The lessons learned from these episodes
have served to reshape the program into its present form.

It should be noted that Gemini is not alone in this situation.  Figure 7 illustrates how poor the
cost and schedule track record has been for 8 – 10 m instrument programs. While the track
record of Gemini’s instrument program is arguably improving, the past problems cannot be
ignored. However, it is important to recognize the variety of changes made that will lead to
improved program performance as the next set of instruments is built.

Competition: The initial round of Phase 1 instruments built for Gemini was allocated to
organizations within the consortium, according to Partner shares.  This was for a range of
reasons, including expertise in a particular technical field, interest in a particular scientific field,
etc. This approach to assigning instruments to teams was substantially competition-free, and
while it was effective in ensuring that project funds were distributed uniformly back to the
Partners, it failed to award projects based upon broadly competitive merit.

Gemini has abandoned this approach in the current instrument allocation process, which is based
upon a fairly conventional competitive bid system.  The only restrictions are that only Gemini
Partner countries can bid on Gemini instruments and that, over time, the instrument development
budget should go back into the Partnership according to Partner shares.

Given the size of the Gemini consortium in the worldwide arena of astronomical instruments
(arguably larger than any other comparable program), this reinvestment in the Partners is not a
fundamental problem. Nonetheless, Gemini must maintain a program that is attractive to a wide
range of bidders, while recognizing that many observatories compete for the same
instrumentation resources. Changes designed to attract participants to the program are discussed
below.

Project Management:  In the first round of Gemini instruments, the selected teams had
essentially no experience with building instruments of the size and complexity of a Gemini
facility-class instrument. This new breed of instruments represented a quantum leap for most
teams, and familiar approaches to managing PI-class instruments no longer applied.
Consequently, early Gemini instruments experienced inadequate project management techniques
that significantly contributed to such problems as cost overruns, schedule slips and feature/scope
creep.
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In many cases oversight was inadequate, for gauging progress against a project plan.
Exacerbating this situation was Gemini’s early hands-off approach of not requiring a formal
project management structure to build instruments or deal directly with overruns, since the
instruments were all on fixed-price contracts and overruns were therefore not a primary Gemini
project concern.

The whole area of project management has been overhauled in recent years, out of recognition
by Gemini’s instrument teams that their survival depended on it.  While most institutions could
absorb a 20% overrun in a past $500,000 project without major implications, a 20% overrun in a
$5–10M Gemini instrument could financially cripple these same institutions.

Today, Gemini requires formal project management for all teams awarded instrument contracts.
The full-up cost of an instrument is reevaluated at all major design reviews, and cost metrics are
forwarded on a monthly basis to allow Gemini to detect potential disasters long before they
might occur and protect the interests of both the contractors and Gemini.

Full Costs: In the past Gemini paid only for direct costs (parts and salaries for all instruments,
and, as part of the contracting process, instrument teams had to either forego overhead payments
or seek compensation through an independent arrangement with their national funding agency.

This led to a range of complications. First, failure to pay full prices for instruments proved to be
a disincentive in a competitive arena where better opportunities for compensation existed, either
financially or through scientific opportunity, than Gemini offered to its instrument teams during
this era.

Second, seeking overhead payments through a separate funding track inevitably led to delays in
starting projects, as bids are not tied to federal fiscal cycles.

To bypass these problems, Gemini now pays the full costs of instruments through increased
contributions from Partner funding agencies. This practice, combined with guaranteed telescope
time (described below), makes Gemini’s instrument program unique.  As demonstrated through
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Figure 4-5 – Data compiled by Adrian Russell at the UK/ATC depicts schedule (left) and cost (right)
overruns that have occurred with 8-10 m class instruments built at a variety of institutions including
Gemini. Instrument names have been withheld in this plot. The track record of managing the development
this class of instrumentation is demonstrably poor, with cost overruns often exceeding 2-3x the original
approved budget and deliveries often being years behind schedule.
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its initial application in the GSAOI proposal process, it has proven to attract a range of potential
teams for Gemini’s program.

Direct Contracting: Concurrent with the above-mentioned changes in costing structure, Gemini
also initiated the option of directly contracting with any organization selected to build an
instrument. In the past, the National Gemini Offices have been the de facto source of contracts
for new instruments a parallel workscope between Gemini and the NGO established a formal
link to the builder.  This had several downsides, including the creation of delays as unnecessarily
complicated Gemini/NGO workscope negotiations were conducted in parallel with NGO/vendor
negotiations. While this complex structure was rooted in the fixed-cost nature of Gemini
contracts and the National Offices’ role to minimize, if not eliminate, cost overruns on behalf of
their respective funding agencies the net advantage was dubious. . This structure ensured a role
for the National Offices in helping to manage Gemini’s instrument program, but it proved
ineffective, given that overruns occurred anyway.

Today, Gemini has the option of direct contracting with any instrument team. This not only
reduces contract negotiation periods (a key stumbling block in starting new instruments), but also
better defines Gemini’s roles as the actual end customer and budget holder in contracts with
instrument builders. The policy regarding contract pricing also has changed. While Gemini
continues to use only fixed-price contracts, it reserves contingency within its budgets and works
closely with instrument teams to hold any overruns within the total budget envelope, which
includes contingency.

This streamlined, more realistic approach to defining the working relationship between Gemini
and its instrument builders is revolutionary compared to the original approach and will surely
pay dividends in the future.  It was first applied with GSAOI, and no startup delays occurred
after selection of the team – a first in the instrument program.

Redefining a Vendor/Customer Relationship: One of the largest and earliest challenges in
building a more viable instrument program was to revise the working relationship between
Gemini and its instrument teams. Initially instruments were built under a partnership model, but
this resulted in a fuzzy distinction between Gemini’s role as a customer and the instrument
builder’s as vendor. The previously described contracting model was a manifestation of this
problem.

In Gemini’s current project management the customer/vendor relationship is more explicit.
Contracts define the deliverables and Gemini-controlled payments up front to avoid confusion
and potential problems later. This more conventional approach benefits both parties to the
agreements.

Guaranteed Telescope Time: A key new component of Gemini’s instrument program is the use
of guaranteed telescope (GT) time in exchange for providing an instrument. This has several
benefits.  First, the policy acts as in incentive to institutions that stand to receive up to 20 nights
of telescope time in exchange for building an instrument.

Second, the actual amount of time awarded is performance-driven, so that teams lose GT as
instrument delivery slips. This provision motivates instrument teams to complete projects on
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time. The project scientist drives closure on instruments from within the team, which otherwise
would suffer very little impact from late instrument deliveries. The GT arrangement rewards
(and penalizes) a team based on actual delivery performance without using actual cash, based on
the expectation that most teams’ institutions would resist financial penalties for late deliveries.

These and other changes in Gemini’s instrument program have overhauled the program at
multiple levels over the past decade. Managing such a large program will always be a dynamic
process, and further changes are likely in the years ahead.  In summary, the changes described
above have achieved an instrument program that is:

• More attractive, as Gemini pays full costs and awards telescope time to builders;
• Much more efficient, given the option of direct contracting, with no need for separate

overhead payment negotiations;
• Less institutionally threatening, given that formal project management and contingency

are built into budgets as standard procedure;
• Structured around fair competition, so that over time all Partners have opportunities to

benefit from Gemini’s program, and its astronomical community benefits from
instruments built by teams selected through a conscientious and judicious process.

Although the instrument program is still imperfect, the Gemini Partnership clearly has learned
important lessons during the program’s first decade, and it will continue to make changes in the
future to ensure its long-term success.

3. Development Risk Management

Risk management is a key need in managing a development program like Gemini’s.  Risk
management must be emphasized even more in the future, as the costs and technical challenges
associated with the Aspen instruments will vastly exceed those of instruments built in the past
for Gemini.

The risks to the builder and the Observatory need to be understood, quantified, monitored, and
controlled throughout the development of these unique instruments. While aggressive risk
management is commonplace in the commercial sector, past instrument development teams have
not given it serious attention. Since Gemini deals exclusively in fixed-price contracts, even a
10% cost overrun with an Aspen instrument represents a major problem for most institutions to
absorb.

Various steps to reduce risk in development management are incorporated in the delivery and
assessment of the documents, reviews, and milestones described above in the conceptual design
and completion phases.  Having made technical, schedule, and cost risk adjustments at the outset,
at each subsequent step the remaining uncertainties are reassessed and addressed as required.

One of the principal items in schedule and cost risk is simply getting the program started on time.
A corollary, for all project stages, is the need to identify components with long lead-times for
acquisition from outside sources and to aggressively pursue early procurement of those items.
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An important strategy for mitigating technical risk is the reuse, when practical, of proven
components, such as the NIRI components in that have been usable in three instruments so far,
and components of ALTAIR that are in two other instruments.

Other standard tools in risk management rely on the thoughtful use of cost and scope
contingencies.  For example, for instruments relying on unproven technology but predicated on
fixed schedules and budgets, Gemini contingency is defined in a variety of forms up front.

For example, functional contingency (margin for graceful design descopes) is discussed during
the conceptual design study phase, when acceptable descopes must be defined for high-risk
scenarios.

A 30% budget contingency is assigned to each instrument as its the conceptual design phase is
completed. The manufacturer directly controls half the contingency and Gemini holds the other
half in reserve.  If problems occur during the development, previously agreed-upon milestones or
other contractual provisions trigger the release of contingency according to a defined plan.
These practices offer considerable latitude in managing risks over the course of developing what
is inevitably a one-of-a-kind instrument.

Another common approach to unproven technologies is to require separate, up-front technology
development efforts for uncertain critical elements.  For example, if an instrument relies on a key
but unproven deformable mirror technology, a separate technology development effort might be
launched with a defined range of products due before the Critical Design Review.

If the desired product is not developed in time to support its integration in the instrument, then
the previously defined fallback options are imposed to fulfill the reduced capabilities previously
agreed upon.  On the other hand, if the new mirror can be made, but outside the cost envelope,
Gemini can release contingency funding once the development effort is completed, risks are
understood, and an agreed-upon approach is defined.

Of course, monitoring risk is integral to controlling it, so the Observatory builds a reporting
structure into each contract that typically includes the following over the duration of the activity:

• Information about the current technical and financial status of the work, detailing
expenditures in money and manpower compared to originally projected levels

• An updated schedule outlining the most current project plan to completion. This plan is
generally maintained in Microsoft Project or an equivalent program

• A list of the major milestones with the original, previous, and current dates by which they
will be attained, as well as explanations for any significant changes from the previous
dates, with each subsequent list including all explanations from previous lists

• Problem areas related to the work, including potentials for delays

• Action items for AURA and the builder (both open and closed), and their status
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• Proposed changes in key personnel.

Risk tables are generally used (see Figure 4-6) to track specific risk items over the course of
regular submissions of monthly reports or major reviews. These reports, in combination with
pre-planned major reviews and intermittent site visits, allow the direct monitoring of progress on
all fronts, with the aim of controlling risk at all stages. In addition, the submission of these
written monthly reports triggers a teleconference with builders to discuss technical, financial, or
schedule issues in detail. The intent in this series of steps is to detect major problems during the
instrument development and long before they can pose serious risks (e.g., failure to complete the
instrument).

J. Business Operations – Keeping the Wheels Turning
The approach to the business management of the Observatory recognizes the nature of an
international project. The NSF and AURA are US institutions that work closely with
counterparts in other Gemini partner countries.  Accordingly, the Observatory is administered in
accord with the principles of the Gemini Agreement in an open, transparent way that is fair and
equitable to each partner country.

In the event that the Observatory’s adherence to all
applicable US laws and regulations raises issues of
fairness with respect to non-US partner countries,
AURA will help the NSF find appropriate ways to
resolve such issues.  AURA and NSF previously
have exercised this critical function on a number
of occasions, e.g. resolving a conflict between US
import duties and Chilean laws pertaining to
astronomy.

The NSF reviews and approves AURA’s policies
and procedures.  All matters requiring NSF
approval are first submitted to the AURA
President for review and concurrence.  All such
communications and approvals are in writing from
AURA to the NSF.

 The Associate Director for Operations holds responsibility for Observatory business
management.  That office directs the Gemini administrative unit, whose mission it is to
provide/ensure:

• Sound controls, for government contracts and corporate governance;
• Excellent data reporting, for management's analysis and government oversight;
• Accurate data with "clean" audits in both the government and private arena;

• A safe and healthful working environment for all Observatory personnel and
visitors;

• Sharing of the Gemini scientific legacy with the outside world.

Research School of Astronomy & Astrophysics GSAOI CDR 3-11
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Figure 4-6.  A representative risk table from the GSAOI
CDR is shown.
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In formulating the administrative systems, the primary goal was to establish the most cost-
effective systems possible, consistent with the scientific objectives of the Observatory.
Therefore, the Observatory utilizes existing resources through sharing infrastructure with other
Mauna Kea observatories at Gemini North, and with Cerro Tololo Inter-American Observatory
(CTIO) and the SOAR Observatory near Gemini South in Chile.  The Observatory will continue
to utilize the ever-increasing levels of communications technology to operate the telescopes as a
single observatory, using common management and administrative systems to the extent
feasible.

There are several types of administrative systems required for proper operation of the
Observatory.  For purposes of the management plan, they are generally grouped as follows:

• Accounting and Finance
• Human Resources
• Contracts and Procurement
• Safety
• Network and Computer Support
• Facilities Operations
• Intellectual Property

Each system is briefly summarized below. Following the summaries is a description of the
general methodology utilized to implement each system.

1. Accounting and Finance

The Observatory has a computer-based accounting system to track and compile information
regarding funds received and expenses incurred in operations.  The accounting system includes
standard accounts payable, accounts receivable, payroll, purchasing and general ledger functions.
In addition, it manages all the property-tracking functions.  These systems interconnect the
Observatory's work sites in Hilo, La Serena, and Tucson to provide rapid information transfer to
and from the central records.

The format for accounts and reporting is structured to provide Observatory management
(including the Gemini Board) with required operational data, while providing a compatible
interface with the standard form of AURA financial statements.  The financial systems
encompass activities related to banking, investment of funds, monitoring/auditing, and
budgeting.  Finally, the Observatory has internal control systems to monitor accounting and
financial functions, as well as the standard external audits that are a part of the audit of the
AURA corporate structure.

The Controller is responsible to the Associate Director for Operations for managing all Gemini
financial accounting and related Federal, State, AURA, and Gemini compliance matters.  This
includes supporting budget preparation, accounting, financial reporting, payroll, banking,
purchasing, paying, property control, audit support, import/export, and other duties as assigned.
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2. Procurement and Contracts Administration

The Observatory has procurement-related systems for both Gemini North and Gemini South.
These systems include acquisition contracting, purchasing, shipping/receiving, import/export
control, and contracts/grants.  They also include appropriate systems for awarding work
packages to Gemini Partners, as well as to share staff and facilities with Gemini partners.  The
Controller is responsible for contracts and procurement management.  However, major budget
authority rests with the Director and the Associate Directors.

3. Human Resources

The HR services encompass standard functions, including recruiting, employee relations,
immigration, and the administration of personnel policy, compensation, and benefit plans.
Recruiting functions are conducted according to hiring policies formulated by the Observatory in
consideration of AURA policy and the requirements of applicable national and local laws.
Given the Observatory’s international nature, the management of visas and other immigration
issues requires significant effort.

The Human Resources Manager reports to the Associate Director for Operations regarding all
HR activities and related Federal, State, AURA, and Gemini compliance matters.  This includes
recruiting, salary surveys, performance evaluations, fringe benefits management, EEO and other
Federal- and State-mandated programs, voluntary employment and training programs, and other
duties as assigned.

4. Safety

The goal of the Gemini safety program is to provide a safe and healthful environment for
Gemini’s employees and visitors.  Meeting this goal requires training for, and ensuring
compliance with, all locally and nationally mandated safety requirements, as well as other
appropriate safety standards.  Essential elements for achieving compliance include:

Maintaining awareness of regulations and best practices in the US and Chile (and applying
the “higher standard” (typically US standards) in Chile).

Developing and implementing policies to support compliance, for example:

Identification and application of proper safety equipment,
Mandatory periodic high-altitude medical examinations,
Mandatory physician's permission for return to work after accident or illness, and
Internal and external comprehensive safety inspections.

Sustaining a prevention program that includes:
Frequent site monitoring and training,
Appropriately trained safety officers for its various sites,
Regular safety meetings for staff,
New employee orientations and recurrent employee training, and
Strict enforcement of safety rules and procedures.

Pursuing a response program that reacts to accidents and safety incidents and aims to
understand their causes and effects. This encompasses:

Formal procedures for event reporting and appropriate responses,
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Thorough investigations of each event to identify corrective actions, and
Assurance that identified safety corrections to procedures and activities are promptly and
correctly applied. This involves:

Documentation of all safety-related activities,
Regular reviews of compliance status with the Director and senior managers, and
Sanctions for failure to cooperate.

The Safety Manager is responsible to the Associate Director for Operations for ensuring that the
Observatory complies with Federal, State, Chilean, AURA, and other regulatory and policy
requirements, including the maintenance and development of the Observatory’s safety program.

5. Information Systems

High-bandwidth digital communications systems tied to state-of-the-art computing systems are
essential to the Gemini program.  The IS group develops and maintains policies, procedures, and
support for the internal and external network infrastructure, including secure access and virtual
private networks, and computer systems administration.  The group provides this support for
nearly 1,000 distinct network-connected devices at five sites across two hemispheres and three
continents.

Gemini has high-performance connections from each of its sites to the US Internet2, with further
connections to the rest of the world.  These current capabilities and future requirements are
discussed further in Sections II.E.4 and III.C.4, respectively.

6. Public Information and Outreach

Gemini is building a considerable legacy of scientific and technical knowledge and experience
on the part of the Partner nations and their science communities.  In the largest sense, Gemini has
an obligation to share this knowledge within the Partnership and with the world at large.  The
role of the PIO group is to facilitate the broad dissemination of this knowledge.

The PIO group performs its functions by being an information resource for the education and
information offices of the various Partner agencies and their communities, providing a forum for
communication among those information offices, providing newsletters and press releases, and
establishing and maintaining media relationships with the international popular science media as
well as national and local press.

The PIO group actively supports various educational initiatives on all scales, in including many
that foster science education in local communities around the observing sites in Hawaii and
Chile. PIO personnel also work to raise public awareness of the value of Gemini science, as well
as the importance of local cooperation in minimizing light pollution and other local issues
significant to the Observatory.

The work of the PIO group is further discussed in Sections II.J and III.H.

7. Facilities Operations

The day-to-day operations of Observatory facilities are directly coordinated by their respective
site managers.  The observing facilities are the responsibility of the Associate Director for
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Engineering.  All other facilities are the responsibility of the Associate Director for Operations.
The support staffs are matrixed combinations of the operations, engineering and observing staffs.
The site managers ensure the appropriate coordination between the guest observers, other
visitors, scientific staff and other Gemini staff members.

8. Intellectual Property

The treatment of intellectual property by the Gemini Observatory falls under two broad
categories: technology and scientific data.  AURA enforces policies that have addressed both.

a. Technology

The ongoing development and use of technology is essential to Gemini's success. Within the
Gemini organization, awareness of the intellectual property policy is an element of responsibility
for each group manager.  Negotiation and issuance of any licenses is a function assigned to the
procurement officer, under the policy direction of the Associate Director for Operations, and
ultimately the Gemini Director, who assures adherence to the intellectual property policy
established by the Gemini Board.  The Associate Director for Engineering is responsible for the
technology aspects of the intellectual property program.

b. Data Rights

Assuring public access to data generated by the Gemini telescopes on fair and equitable terms is
key to the success of Gemini.  The Gemini Board has determined that there is an initial 18-month
period during which the investigator(s) allocated time for a particular observing program have
exclusive access to those observing data.  Following the end of that period, access is free for any
non-commercial research or educational purpose.

K. Operational Risk Management – Being Prepared
Gemini Observatory’s Operational Risk Management Plan provides for a multifaceted approach
to the minimization of ill effects from unfavorable, but possible, future events.  First and
foremost, Gemini works to identify and prevent unfavorable events, preparation of contingency
plans which provide alternative approaches for unknown factors in the future, financial and
temporal allowances for unknown future factors and, finally, the Observatory procures insurance
that will compensate the Observatory for those occasions when the worst happens.  In addition to
the operational risk management plan outlined below, please refer to Section I.H.3 of this
proposal that talks about risk management in the instrument development program.

1. Managing Expenditure Risk

The keystone to the Observatory’s management of expenditure risk is a comprehensive
budgeting process and continuous budget monitoring.  Elements of expenditure risk are listed
below along with the Observatory’s approach to managing these risks.

a. Inflationary Risk

The Observatory monitors current rates and projections for the future in their bases of operation
in Hawaii and Chile on at least a monthly basis using the websites of the Federal Banking
systems in the United States and Chile.  Inflationary assumptions are included in all budget
models and are reviewed biannually.
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b. Exchange Rate Risk

Approximately 10% of the Observatory’s annual expenditures are transacted in Chilean pesos.
Thus the exchange rate for the US dollar into the Chilean peso represents a significant risk factor
requiring consideration during budget preparation.  Gemini monitors the exchange rate daily and
reviews assumptions periodically throughout the year, making budget revisions as necessary.
Future projections from expert sources are researched, weighed and taken into account for
budgetary assumptions.  A conservative exchange rate is used during budget preparation in order
to increase the likelihood that surprises in the exchange rate will be good ones rather than
unpleasant ones.  Another tool the Observatory uses to mitigate the effect of the exchange rate on
expenditures is forward currency agreements on many contracts with foreign subcontractors.  In
most cases, the Observatory is successful in writing fixed price contracts in US dollars.

c. Operational Risk

The Observatory manages operational risk through the application of strict internal control
procedures and mature and tested operational practices.

• All financial dealings are governed by a formal and strictly adhered to internal control
policy and related procedures.

• The Observatory has engaged in the consistent application of mature and time-tested
policies and procedures and follows all applicable rules and regulations.

• There is a strict requirement for managerial approval of purchases.

• Budget management is much enhanced by the fact that managers receive monthly
financial reports that show the status of expenditures as compared to the budget and have
access to financial information at any time by request.

• There are strict restrictions on the number of individuals who can commit funds to
subcontractors and vendors.

• The Observatory engages in competitive procurement practices, oftentimes exceeding
Federal requirements for competition when it is cost effective to do so, requiring formal
bids and doing research on subcontractor and vendor reliability and stability.

• The Observatory follows strict contracting practices utilizing fixed price contracts versus
cost reimbursement contracts, obtaining bank guarantees where necessary and executing
thorough contracts.

• The Observatory supports budget management practices that provide enough flexibility
so that a manager can respond to unforeseen circumstances.

2. Risk Sharing

Whenever possible, the Observatory will share risk with others.  For example, the expenses of
the risk reduction studies for the Adaptive Optics program were sometimes shared with other
interested parties.

3. Insurable Risk

AURA provides insurance for all allowable coverage (general liability, automobile, and workers
compensation).
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4. Geopolitical Risk

As technology advances and the economy becomes increasingly global, organizations face risk
from factors that previously have had little impact on them.  Factors such as the price of oil,
other commodities, and manufactured goods are vulnerable to geopolitical events that no single
institution can control, and which have far-reaching effects on all.  Global factors are clearly
outside of an organization’s ability to manage, but the wisdom and ability to create contingency
funds often are within an organization’s scope.  The Observatory budget includes operational
contingencies to meet unexpected events, including geopolitical ones, and while the Observatory
cannot create a working relationship with every national government and, AURA has developed
a mature and solid relationship with Chilean governmental entities that have jurisdiction over
Gemini operations in their land.

5. Operation Interruption Due to Network and Communications Systems Failure

The Observatory has a sophisticated network and communications system that is protected by
firewalls, UPS (uninterruptible power source) systems, and data back-ups.  In addition, Gemini’s
capability for remote operations permits several options for operating the telescopes on both
summits.  Each telescope can operate independently, or operate the other observatory, or can be
operated remotely from either base facility.  This built-in control redundancy allows options
should parts of the system fail.

In the larger picture, deliberate intrusions into the systems from unauthorized outside entities
represent a potential threat to network operations.  To address information systems risk
management, Gemini’s top managers enforce standards recommended by the National Institute
of Standards and Technology (NIST).  Until 2003, Gemini followed an informal policy of
eliminating risk by implementing the best security practices.  However, the climate has changed
dramatically, particularly in the non-Microsoft Windows arena, and an audit of Gemini’s
practices has begun, in accordance with the NIST Self-Assessment Guide for Information
Technology Systems.  After establishing the management of risk analysis and ensuring the
follow through of the assessment, detailed investigations into the following areas are being
performed:

• Personnel Security – How do Gemini users, designers, engineers, software
programmers, office staff and managers access computer systems? Investigate the three
fundamentals of access, authentication and authorization.

• Physical and environmental protection – How does Gemini protect its telescopes, base
facilities, mobile equipment and communication links against threats and unauthorized
access?

• Production and Input/Output Controls – How does Gemini control the flow of
observational data from Telescope instrument through to its archive? How are corporate
records managed to ensure they are correctly stored, handled and ultimately destroyed?

• Contingency Planning – How does Gemini plan to cope with a potential relocation of a
base facility or recover from a damaging fire? How would it cope with large disruptions
following severe earthquake or volcanic activity?

• Hardware and System Software Maintenance – How does the Gemini IS Group
monitor the installed base of Solaris, Linux, Mac OS X and Windows servers,
workstations and laptops? How does it monitor all routers, hubs, switches,
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communication links, telephone systems, videoconferencing systems? How does it ensure
systems are correctly patched and updated to the latest software releases?

• Data Integrity – How does Gemini monitor the accidental or malicious alteration or
destruction of data? Is it monitored for change and how is the original restored?  How
does Gemini manage this process for all operating systems, applications and custom
software?

• Documentation – Does Gemini have procedures for ensuring the documentation for
every computer system and application is obtained, maintained and distributed?

• Security Awareness, Training and Education – Do Gemini staff understand the role of
the IS Group in providing the above services? Are they aware of their role in ensuring the
security of computer systems, observational data and telescope control systems?

• Incident Response Capability – These vents are becoming far more common and their
impact reaches deep into the infrastructure. Does Gemini have a crisis handbook for
managing the handling of a new virus outbreak or server compromise? What are the
diagnosis, damage limitation and recovery procedures?

• Identification and Authentication – How are user accounts, passwords and privileges
maintained on Gemini systems? As there different mechanisms for Solaris, Linux,
Windows, Dial-up users, VPN users, FTP users, Help Desk users, Sitescape users and
Jira users, how are these disparate systems uniquely controlled?

• Logical access controls – Do the security mechanisms accurately detect unauthorized
access? Once logged into a system, what additional controls are there to protect
telescopes, instruments, departments, managers, accounting and Human Resources?

• Audit trails – How can events be reconstructed or intrusions detected and problems
identified? What automated systems perform this analysis and flag system
administrators?

As these step are completed the NIST document “Recommend Security Controls for Federal
Information Systems” will be introduced to Gemini as a template for Information System policy.
This program has been developed by NIST in furtherance of its statutory responsibilities under
the Federal Information Security Management Act (FISMA) of 2002, Public Law 107-347. This
charter will be the springboard for many service changes in Gemini that will start reviews of
fundamental designs of the information systems infrastructure. Although this plan has not been
completed yet, its topics could well be:

1. The physical isolation of the telescope-observing network from the external networks.
2. The simplification of multiple user authentication systems to a single RADIUS or

Lightweight Directory Access Protocol (LDPA) server.
3. The centralizing of all data storage to a centrally managed secure redundant and

distributed storage area network, to include all observational data, home accounts,
engineering drawings, management and accounting information.

6. Interruption of Operations Due to Weather:

For most observatories, weather is the biggest factor in the loss of time on the sky, and yet at first
glance, this risk seems impossible to manage or control.  However, Gemini took a giant step
toward mitigating weather effects on observations when it undertook to operate the observatory
with a mixture of classical observation scheduling and queue scheduling.  In classical
scheduling, when the time assigned for an observation arrives that observation may occur under
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optimal conditions, or less than ideal conditions, or not at all, due to inhibiting weather or
mechanical conditions.  With queue scheduling, observations are placed in a queue and ranked in
order of importance, to be conducted when observing conditions are ideal or nearly ideal.  When
weather precludes the opening of the dome at all, closed-dome calibrations or engineering tasks
can be undertaken.

7. Reputational Risk

A January 2004 article in The Economist magazine made the statement that “The biggest risk any
company faces is the loss of its good name, and you cannot insure against that.”  Gemini
Observatory’s reputation relies on factors ranging from accounting practices to telescope
reliability.  To preserve its reputation, Gemini Observatory:

• Places top priority on telescope reliability and quality science, and makes all decisions
with those priorities in mind.

• Enforces strict internal controls and adherence to policies, rules and regulations.

• Welcomes extensive oversight by various bodies outside of Gemini operations (Gemini
Board of Directors, AURA Oversight Committee, Science Steering Committee, National
Science Foundation officials, National Science Foundation Office of the Inspector
General, auditors from an independent auditing firm, etc.)

• Engages in local community efforts enhanced by the Public Information Office,
participates on the Mauna Kea Management Board, engages in dark sky efforts in Chile
and practices good environmental citizenship (for example, proper disposal of hazardous
waste).

L. Summary
The Gemini Partnership has established a tiered governance structure for the Observatory.
Under the authority of the Gemini Board, the NSF acts as the executive agency for the
Partnership.  Over nearly two decades, the NSF has entered into a series of Cooperative
Agreements with AURA to manage the design, development, construction, and operation of the
Observatory.

The Gemini Board, the NSF, and AURA all provide programmatic, fiscal, performance, and
management oversight of the Observatory through regular peer reviews at several levels, Federal
and corporate audits, and various periodic reports.

The Observatory has developed an effective approach to managing its operations as a single
entity, despite the wide separation of its various work sites.  It has an excellent staff of seasoned
personnel led by respected professionals with long experience in managing world-class
astronomical facilities.

Gemini has an effective program for developing Partner-community consensus on science
directions and implementation.  It has also developed and tested an effective program for the
management of the production, testing, acceptance, and commissioning of the sophisticated
instruments these science programs demand.  This program pays careful attention to key risk-
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management issues using techniques that have evolved and proven themselves over the previous
generations of instruments.

Building on AURA’s decades of experience managing observatories with major components in
the US and Chile, the business systems of the Observatory are modern and effective in meeting
these challenges.  These incorporate thoughtful risk-management approaches across a number of
important areas requiring ongoing monitoring and action.
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V. BUDGET OVERVIEW (D6)

The schedule of contributions for the Gemini Observatory budget is governed by a set of
Administrative Guidelines.  These Guidelines are agreements made among the members of the
international Partnership, including the NSF; AURA is not a party. These agreements clarify the
partnership members, partnership shares, and the timing for the payment of contributions.

Under the original six-nation form of the Partnership, the US share of the Construction and
Operations budgets was 50%.  When Australia joined the Partnership it was agreed that their
contribution would represent new cash over and above the funding commitments previously
made by the original six Partners.  Australia made initial scheduled contributions equal to 5% of
the other Partners’ past commitments to both Construction and Operations, and committed to
make ongoing operations contributions equal to 5% of the total of the other Partners.

In 2001, Chile informed the NSF that they wanted to withdraw from the Gemini Partnership as a
financially contributing member, while maintaining their status as a partner and continuing to
hold 10% of the observing time on Gemini South as the host country. Following discussion, the
Partnership agreed that Chile could withdraw as a financial contributor.  To recoup the resulting
loss of financial support, Chile’s "paid" observing time was made available to the remaining
Partners, in exchange for undertaking the responsibility for Chile’s contributions.  The
Partnership amended the Gemini Agreement to reapportion the shares, as shown below in Table
5-1, effective retroactive to January 1, 2001.

TABLE 5-1
Partners’ Shares of Operations Costs

Partner Cost Share
-------------------------------------------------------------------------

US 50.12%
UK 23.81%
Canada 15.00%
Australia 6.19%
Argentina 2.38%
Brazil 2.50%

--------------------------------------------------
Total 100.00%

-------------------------------------------------------------------------

The fractional shares of the enhanced program reflect a simple six-member financial partnership.
(Note: Due to the specific agreements on observing time for the agencies providing access to the
Hawaii and Chile observing sites, the Partners’ cost shares and observing-time shares differ
somewhat.)

A. Gemini Budget Year – The Calendar Year
The financial years of the Gemini Partners differ considerably.  Significant Partners have fiscal
years beginning on October 1, April 1, and July 1, while the Observatory is budgeted on a
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calendar-year beginning January 1.  Thus, each of four fiscal quarters signals the beginning of a
financial year for one or more of the Gemini entities.

The NSF’s role as Executive Agency includes marshalling contributions from the Partners and
making those funds available to the AURA-managed aspect of the Gemini program.  In this
respect, AURA is shielded somewhat from the issues associated with those Partners who have to
manage their contribution commitments over two financial years.  However, the AURA staff
also must deal with certain dual-year responsibilities.  AURA must plan, budget, manage, and
report to the Gemini Board based on the Gemini calendar financial year.  At the same time,
AURA reports to the NSF and conducts its corporate audits on the US October 1 financial-year
basis.  Thus, the Observatory administration team must close two financial years annually.

B. Operations – An Ongoing Commitment
The Gemini Observatory staff annually proposes the following year’s budget with a five-year
outlook.  Through the Gemini Board, the Partners review and set the operations budget and
approve the five-year planning outlook.  As a Designated Member, the NSF representative has
veto authority over the budget, as do the representatives of the UK Particle Physics, Astronomy
Research Counsel (PPARC) and Canadian National Research Council (NRC).

The Operations budget is divided into three categories, which are further subdivided.  The main
components are:  Operations and Maintenance, Development, and Support Facility Construction.
Table 5-2 identifies these operations funds and their subcategories.

TABLE 5-2

The Operations Budget Funds
-----------------------------------------------------------------------------------------------------------------

Expenditure Category Fund Name Purpose
-----------------------------------------------------------------------------------------------------------------

Operations and Maintenance Operations and Maintenance Operations and Maintenance

Development Instrument Development Light Analyzing Instruments
Facilities Development Light Collecting Systems

and Observatory Systems

Support Facilities Hilo Base Facility HBF Construction
Southern Base Facility SBF Construction
Cerro Pachón Dormitory CP Dorm Construction

-----------------------------------------------------------------------------------------------------------------

C. Operations and Maintenance
The Operations and Maintenance (O&M) budget supports the day-to-day activities involved in
operating the telescopes and facilities.  Broadly speaking, these activities are science support,
engineering, administration, information systems, research, public information, and the
directorate.  The cost details of the Operations and Maintenance plan are based on periodic
assessments of top-down and bottom-up staff and non-payroll cost reviews.  These reviews are
coordinated with the overall operational expectations of the Observatory, and they provide long-
term cost projections for the O&M accounts.
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The Gemini Board defines the overall operational expectations.  The Observatory’s original
operational expectations have evolved as the scientific community has become accustomed to the
telescopes and the Gemini mode of operations.  The original observing plan of operating 50%
classical scheduling and 50% queue scheduling has evolved in response to the popularity of the
queue mode.  The Gemini Board has directed an increase in queue scheduling to 100% (with an
option for classical mode), to be attained by the end of 2007.  This transition, among others, is
reflected in the staff plan and resulting non-payroll costs.

D. Development – Investments in Tomorrow’s Capabilities
There are two development funds dedicated to the ongoing enhancement of the scientific and
technical capabilities of the Observatory.  The Instrument Development Fund (IDF) is directed at
systems that analyze the light collected by the telescopes.  The Facilities Development Fund
(FDF) supports enhancements to the systems that facilitate light collection.

Generally speaking, the two development funds are protected from transfers of monies out into
other funds, such as O&M, although the Gemini Director, in consultation with the Gemini Board,
has discretion in this matter.  On the other hand, there is no prohibition against transferring funds
between the two development funds when the changing needs of the program and prudence so
dictate.

In collaboration with the Gemini Science Committee and the Gemini community as a whole, the
Observatory has developed and periodically updates an integrated long-range development plan.
This was undertaken most recently in the Aspen process.  This plan coordinates the timing and
capabilities of the Instrument and Facilities programs with the science requirements and budget
realities.  The Gemini Science Committee and the Gemini community as a whole remain
involved in the periodic review of the plan and progress toward achieving its goals.

E. Base Facilities – Investments in Exercising the Capabilities
The Partnership has supported the construction of the Hilo Base Facility (HBF) in Hawaii, the
Southern Base Facility (SBF) in La Serena, Chile, and a small temporary eating facility near the
summit of Cerro Pachón in Chile.

The Hilo Base Facility was originally constructed to accommodate about 55 people.  Currently,
after extensive renovation (including a temporary annex), it accommodates over 85 individuals
in very crowded conditions.  To make room for the additional staff required for 100% queue
scheduling and supporting the new generation of instrumentation, to provide seating for visitors
and to ease current overcrowding, an extension to the existing facility is required as soon as
possible.   Removing the temporary annex and building a two-story addition, which will enclose
the existing one-story U-shaped building, will increase the permanent space from 17,000 square
feet to about 31,000 square feet.

The Southern Base Facility also will require some renovations within the current footprint to
accommodate the additional staff required for 100% queue scheduling and the support of new
generation instrumentation.
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Observers on Cerro Pachón currently use dormitory facilities on Cerro Tololo, about 20
kilometers away.  Collateral use of the Tololo dormitory by other observatories has been
declining, and all indications are that it will continue to do so.  In the face of persistent staff
concerns about the safety of the inter-mountain trip (despite objective evidence that it is no less
safe than the journey undertaken by counterparts in the north) and the decline in savings
formerly realized by sharing Tololo expenses, it is time to realize the increases in operational
efficiency that could be enjoyed by constructing a dormitory on Cerro Pachón.

F. Five-Year Budget Explanation
It is anticipated that calendar 2006 will be the first Gemini financial year under the authority of
the new NSF cooperative agreement.  In the sections that follow, the program costs for 2006-
2010 are presented and discussed, first from the perspective of the overall program and then in
terms of the NSF contributions required.

1. Overall Scope – 100% Queue Observing and Aspen Instrumentation

The Gemini Board approved the original scope of the Adaptive Operations” model in November
1995, “where (in) observations can be matched to conditions… programs can obtain small blocks
of time to broaden the user base, and …the engineering team can optimize their support activities
based on scientific priorities.”34  Since this plan's inception, adjustments and enhancements have
been made to its original scope, including the addition of technicians to the telescope support
teams, due to the increased complexity of maintaining 8-m class telescopes; hiring of laser-
support personnel for advanced adaptive optics; an increase in the PIO program; and a steady
increase in queue observing from the originally planned 50% level to the nearly 70% level
presently supported.

These staff increases have been supported within the original 2001–2005 budget and approved
by the Gemini Board.  The Board’s recent planning retreat called upon the Observatory to plan
for a vital scientific staff capable of supporting 100% queue observing, an increased data
reduction capability to provide sufficiently processed data to the user and to the Gemini Science
Archive and sufficient support for the high-priority Aspen instrumentation.

Table 5-3 shows the relative distribution of the labor effort (in work-years) required to ramp up
to 100% queue observing by the end of 2007, increase data reduction capability and support the
IDF and FDF activities. The adaptive operations model places major emphasis on operating the
telescopes for the benefit of the Partner science communities and keeping the Observatory
competitive.  Not surprisingly, over 70% of the total labor effort is dedicated to science support
that assists users with observing and related activities; information systems that provide
connectivity and link operations at and between the observatories; and engineering, which
supports the existing systems and develops new capabilities.

                                                  
34 Gemini Operations Plan Version 3.0, 10 October 1995
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TABLE 5-3

2. A Five-Year Plan

Budgeting to maintain the planned scope of operations over a five-year period requires analysis
of the potential external factors that can increase operations costs. The overriding risks to a five-
year budget are the inflationary pressures on observatory costs both within the US and Chile,
exchange-rate considerations and unexpected operational events. To mitigate these risks we have
applied a five-year model to the proposed budget based on the following assumptions:

1) Inflation will average 3% in the US and Chile.  Inflation rates in the US and Chile have
been moderate (slightly above or below 3%) for the last five years and the monetary
policies of both countries are aimed to hold inflation to approximately 3%.

2) The average exchange rate for the five-year period will be 600 Chilean pesos to the US
dollar.  The dollar peso exchange rate is fairly volatile, but the monthly average has
stayed above 600 pesos to the dollar for all but five of the months since January 2001.

3) The labor market will remain stable and can be maintained by an average annual salary
increase of 4%.

4) Most of the goods Gemini purchases are produced in the global market at prices driven
by macro-economic conditions and transportation costs.

5) An operating contingency of about 3% is included in the O&M budget.

3. Overall Observatory Costs – Shared by All the Partners

The overall costs of the Gemini operations program is borne by the Gemini Partners according to
the cost-sharing agreement outlined in Table 5-1.  Table 5-4 below shows these costs on an
annual basis, according to the budget fund areas described above in Table 5-2.

Overall O&M Labor by Function (Work-Years)

Function 2006 2007 2008 2009 2010 Total

Administration 22.25 23.25 23.25 23.25 23.25 115.25

Information Systems 12.00 13.00 13.00 13.00 13.00 64.00

Public Information Office 7.50 7.50 7.50 7.50 7.50 37.50

Engineering 63.10 69.00 69.00 69.00 69.00 339.10

Science Support 38.75 43.20 45.80 45.80 45.80 219.35

Research 11.50 12.80 13.20 13.20 13.20 63.90

Directorate 7.00 7.00 7.00 7.00 7.00 35.00

Totals 162.10 175.75 178.75 178.75 178.75 874.10

       

Facility Development Labor by Function (Work-Years)

Function 2006 2007 2008 2009 2010 Total

Engineering (AO System) 6.90 0.00 0.00 0.00 0.00 6.90

       

Instrumentation Labor (Work-Years)

Function 2006 2007 2008 2009 2010 Total

Instrumentation 1.00 1.00 1.00 1.00 1.00 5.00
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About 57% of the operations budget is dedicated to sustaining the day-to-day operation of the
Observatory and its services.  Continuous improvement also is an important part of the Gemini
operations plan.  Less than 3% of the budget is dedicated to expansion and construction of
support Facilities.  The remaining 40% of the budget is dedicated to the continuing development
of new instrumentation and facilities capability.  These development figures include the new
high-priority Aspen instrumentation development program.

Table 5-5 provides the overall Gemini operations costs by natural categories.  The single largest
cost factor is the subcontracts category, reflecting the Aspen instrument development program,
for which we anticipate that organizations outside of Gemini will produce instruments.
Subcontracts comprise nearly 45% of total expenditures.  Labor is the second largest cost factor,
comprising about 35% of the total program cost.

The AURA recovery of costs for Corporate Office operations consists of two elements: (1)
overhead (Facilities & Administrative [F&A] Costs) costs expended as an annually negotiated
rate with the NSF, and (2) a fixed management fee for the duration of the program.  The values
used in this proposal include the current approved rate applied to expected observatory costs and
should be considered as a placeholder subject to the annual negotiation.

The five-year projected cost data are redisplayed in functional categories in Figure 5-1.  This
graph shows total costs, including non-payroll items, and it reflect the same priorities as the labor

TABLE 5-4
Overall Gemini Operations Budget by Fund (US$)

Fund 2006 2007 2008 2009 2010 Total
Operations & Maintenance   22,844,732   24,934,060   26,110,928   26,961,006   27,880,245    128,730,970
Instrument Development   15,107,365   20,324,962   20,904,960   14,623,859     6,793,325      77,754,470
Facilities Development     3,992,974     3,405,525     3,523,923     1,299,265     1,338,243      13,559,930
Hilo Base Facility     3,150,000     2,000,000                -                -                -        5,150,000
Southern Base Facility                -                -        100,000                -                -          100,000
Cerro Pachón Dorm        900,000        300,000                -                -                -        1,200,000

Totals   45,995,070   50,964,547   50,639,811   42,884,130   36,011,813    226,495,370

TABLE 5-5
Overall Gemini Operations Budget by Cost Category (US$)

Cost Category 2006 2007 2008 2009 2010 Total
Labor 13,914,383 15,133,246 16,076,093 16,821,886 17,601,425  79,547,032
Supplies & Materials 2,601,089 2,657,133 2,756,343 2,829,507 2,909,007  13,753,080
Travel 1,209,527 1,189,982 1,198,160 1,229,963 1,266,862  6,094,494
Purchased Services 3,578,339 3,618,498 3,671,464 3,777,341 3,890,662  18,536,304
Subcontracts 23,070,554 26,656,854 25,169,115 16,579,978 8,805,439 100,281,939
Equipment        656,135 655,442 721,017 735,718 750,859  3,519,171
Overhead                   -                   -                   -                   -                   -                     -
AURA Mgmnt Fee - Fixed 150,000 150,000 150,000 150,000 150,000 750,000
AURA Mgmnt Fee - F&A 815,043 903,392 897,619 759,737 637,559 4,013,350

Total Budget   45,995,070 50,964,547 50,639,811 42,884,130 36,011,813 226,495,370
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tables.  Engineering and instrumentation account for one-half or more of the operating costs,
followed by science support, administration, information systems, research, public information
and the Directorate.

AURA is prepared to seek private financing to enable AURA to construct the Hilo building
addition and/or the Cerro Pachón dormitory, and lease those facilities to the Partnership during
the term of the Cooperative Agreement, provided that the Partnership or its representative
purchase those facilities from AURA by the end of the term of the Cooperative Agreement for
the total costs incurred.  {These specific words are subject to review and may change.}
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Figure 5-1.  Overall Gemini Operations Costs by Major Function ($M)
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4. NSF Cost Share – The US Contribution

The annual NSF contribution to Gemini operations is a simple percentage (50.119%) of the
annual spending requirement as given by Tables 5-4 and 5-5.

Table 5-6 shows the NSF contributions required to support the program as set out for Gemini
operations in Table 5-3.  Similarly, Table 5-7 shows the same information broken down by
natural category.
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TABLE 5-7
NSF Share of Gemini Operations Budget by Cost Category (US$)

Cost Category 2006 2007 2008 2009 2010 Total

Labor 6,973,750      7,584,632
8,057,177

8,430,961 8,821,658  39,868,177
Supplies & Materials 1,303,640      1,331,729 1,381,452 1,418,121 1,457,965  6,892,906
Travel 606,203         596,407 600,506 616,445 634,939  3,054,499
Purchased Services 1,793,427      1,813,555 1,840,101 1,893,166 1,949,961  9,290,210
Subcontracts 11,562,731    13,360,149 12,614,509 8,309,719 4,413,198  50,260,305
Equipment 328,848         328,501 361,367 368,734 376,323  1,763,774
Overhead                   -                   -                   -                   -                   -                      -
AURA Mgt Fee - Fixed 75,179 75,179 75,179 75,179 75,179  375,893

AURA Mgt Fee - F&A 408,492 452,771 449,878 380,772 319,538         2,011,451

Total Budget 23,052,269 25,542,921 25,380,167 21,493,097 18,048,761     113,517,215

TABLE 5-6
NSF Share of Gemini Operations Budget by Fund (US$)

Fund 2006 2007 2008 2009 2010 Total
Operations & Maintenance   11,449,551   12,496,701   13,086,536   13,512,586   13,973,300      64,518,675
Instrument Development     7,571,660   10,186,668   10,477,357     7,329,332     3,404,746      38,969,763
Facilities Development     2,001,238     1,706,815     1,766,155        651,179        670,714        6,796,101

Hilo Base Facility     1,578,749     1,002,380                -                -                -        2,581,129
Southern Base Facility                -                -         50,119                -                -            50,119
Cerro Pachón Dorm        451,071        150,357                -                -                -          601,428

Totals   23,052,269   25,542,921   25,380,167   21,493,097   18,048,761    113,517,215
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VI. PROPOSAL SUMMARY

This proposal from Association of Universities for Research in Astronomy, Inc. (AURA) directly
responds to direction from the Gemini Board, with advice from the Gemini science community
and the NSF joint Visiting Committee and Mid-term Management Review, to fund the operation
of the observatory, the development and exploitation of new instrumentation, and associated
necessary enhancements to staff and general infrastructure over the five-year period from 2006
through 2010.

The central science case for this proposal derives from eight fundamental questions of modern
astronomy posed by the Gemini community through the AURA managed Aspen Process, these
are:

• How do galaxies form?

• What is the nature of dark matter on galactic scales?

• What is the relationship between supermassive black holes and galaxies?

• What is dark energy?

• How did the cosmic “dark age” end?

• How common are extrasolar planets, including Earth-like planets?

• How do star and planetary systems form?

• How do stars process elements into the chemical building blocks of life?

The role of the Gemini Observatory in tackling these fundamental challenges of modern
astrophysics is described in six main Sections (I through VI).

This first Section is a high-level summary of the main proposal elements.  It provides a brief
history of the Partnership and a discussion of significant challenges that are essential to
understanding the Universe around us, which led to the creation of the Gemini Partnership.
Meeting these challenges remains the key driver for the science and instrumentation programs
now being proposed for the future.

This is followed by a discussion of the impact of this prior support, including the science to date,
the quality and nature of the observatory, resulting capabilities, and adjustments for the future.
Each of Gemini’s two telescopes has a very-high-quality, 8.1-meter monolithic primary mirror.
These highly automated telescopes incorporate active and adaptive optics to produce very-high-
resolution capabilities.  Moreover, they take advantage of two of the highest-quality developed
observing sites on the planet.  Collectively, they have provided coverage of both the Northern
and Southern skies since 2001. Gemini’s imagers and spectrographs accesses most of the optical,
near-infrared and mid-infrared spectral windows accessible from the ground. In managing its
premier IR and optical ground-based facility for the six partner countries, Gemini has sought to
optimize the scientific return both for the initial investment and the ongoing operations cost.  The
scientific results have been directly responsive to the original Science Requirements Document,
which called for “observing and understanding the origins and evolution of stars, planetary
systems, of galaxies and of the Universe itself”. Science highlights include:
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• The discovery, using adaptive optics (AO), of short-lived temperate level clouds in the
atmosphere of Saturn’s moons Titan.

• The discovery, again using AO, of a population of brown dwarfs as binary companions to
low mass stars, changing our view of the formation mechanism of such low-mass stellar
objects.

• The discovery, this time in the thermal infrared, of colliding planetesimals in the
hypothesized Beta Pictoris planetary system as it goes through an era of heavy
bombardment, much like our own Solar System did 4.6 Gyr ago.

• A new, second black hole of 1,300 solar masses has been found using Gemini AO
orbiting around the center of our galaxy, holding together seven massive stars.

• The first detection of dust, again in the thermal infrared, possibly formed out of the
metals synthesized in the explosion from the supernova that exploded in the Large
Magellanic Cloud in 1987

• Deep near infrared observations of a candidate redshift z = 10 galaxy purportedly
discovered by another 8m class observatory, led to a non detection at the greater depth
obtained on Gemini, casting significant doubt on the reality of the z = 10 galaxy.

• The Gemini Deep Deep Survey (GDDS), an optical survey of unprecedented depth
revealed that at least two-thirds of the massive galaxies are already in place after the first
3 billion years following the Big Bang, requiring a revision of most popular galaxy
formation models

These results are not only being disseminated to our astronomical community, but shared with
the broader public and schools through Gemini’s Public Information and Outreach program. In
2004 alone, over 37,000 school children and members of the public from our local Hawaiian and
Chilean communities have attended Gemini outreach events, from planetarium shows, class
room visits, family nights and teacher training sessions.

AURA’s proposed response to the Partnership’s future vision is described in Section III. This
includes a substantial enhancement of the science program, enabled by their previous
investments in Gemini, targeted explicitly to exploit the partnerships strengths and the unique
capabilities of the telescopes.

Quite specifically, three new instruments are being proposed, an Extreme AO coronagraph, a
high-resolution infrared spectrograph and a highly ambitious wide field multi-object optical
spectrograph.  In the latter case, a new paradigm is being explored. Given the enormity of the
previously described WFMOS surveys, as well as the cost and complexity of a multi-object
spectrometer that has a multiplexing gain nearly 10 times larger than any spectrometer built to
date, Gemini is examining the possibility of building this instrument collaboratively with Subaru
Observatory, where it would be deployed.

These instruments would be procured and managed by the Observatory, using rigorous program
management techniques developed by AURA over the period of the previous award.

To complement these instruments two major facility enhances are proposed, an adaptive
secondary mirror for Gemini North, to enable Ground Layer AO (GLAO), and a replacement and
improved Acquisition and Guide (A& G) systems for both telescopes. The existing A&G
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systems are nearing the end of their operational lifetime, and past design and manufacture
problems have resulted in performance and reliability problems.

As part of the partnership examination of the Gemini operations model resulted in a request for a
modified operations plan to include support for 100% queue scheduling, a more complete
pipelined data reduction infrastructure and a new approach to managing the distributed model in
partnership with the NGO’s. A full bottoms-up analysis of these requirements is described and
the associated increase in staff and infrastructure costs required. In the latter case this includes a
significant investment in an extension to the existing Hilo Base Facility, and a Dormitory for the
nighttime Cerro Pachón staff and observers.

How this activity is managed, through our “two-telescopes one observatory” approach is
described in Section VI. We demonstrate how at each level of decision-making, Gemini is able
to engage its diverse stakeholder communities from Agencies, science community members and
National Gemini Offices in both the developments and operation of the Observatory.

In responding to this vision, AURA also highlights the expected broader impacts of this
proposed reinvestment in the Gemini Observatory and Operation, including improvements and
enhancements to our successful outreach program, increased collaborations with industry and a
continuing commitment to engaging a diverse workforce.

AURA is proposing for a total of $226,495,370, of which $113,517,215 would arise from the
NSF. Funding would be conveyed to AURA by the NSF on behalf of the Gemini Partnership by
means of a Cooperative Agreement with a performance period of January 1, 2006 through
December 31, 2010.



196

VII. ACRONYM LIST

Acronym Definition
A&G Acquisition and Guiding system
Abingdon 1997 Gemini science-instrument meeting site
ALADDIN Astronomy Large Area Detector Development in Indium Antimonide
ALTAIR ALTitude-conjugate Adaptive optics for the InfraRed
ALTAIR ALTitude-conjugate Adaptive optics for the InfraRed
ALTAIR+LGS ALTAIR with Laser Guide Star
AO Adaptive Optics, also Announcement of Opportunity
aO active Optics
AOC-G AURA Oversight Committee – Gemini
ASP Astronomical Society of the Pacific
Aspen 2003 Gemini science-instrument meeting site
AURA Association of Universities for Research in Astronomy, Inc.
bHROS bench High-Resolution Optical Spectrograph
CARA California Association for Research in Astronomy
CCD Charge Coupled Device (camera chip)
CTIO Cerro Tololo Inter-american Observatory (US, but in Chile)
DDT Director's Discretionary Time
DHS Data handling System
DQA Data Quality Assessment
DQA Data Quality Assessment
DS Demonstration Science
ESO European Southern Observatory
ExAOC Extreme Adaptive Optics Coronagraph
F&A Facilities and Administration
FITS Flexible Image Transport System
FIU Florida International University
FLAMINGOS-2 FLoridA Multi-object Imaging Near-IR Grism Observational Spectrometer
FPRD Functional and Performance Requirements Document
FTE Full-Time Equivalent
fwhm Full width Half Maximum
GCS Gemini Control System
GFC Gemini Finance Committee
GLAO Ground Layer Adaptive Optics
GLAO Ground-Layer Adaptive Optics system
GMOS Gemini Multi-Object Spectrograph
GNIRS Gemini Near-Infrared Spectrograph
GOVC Gemini Observatory Visiting Committee
GPOL Name for Gemini Facility Polarimetry Unit
GSA Gemini Science Archive
GSC Gemini Science Committee



197

HBF Hilo Base Facility
HET Hobby-Eberly Telescope
HIA Herzberg Institute of Astrophysics (Canada)
HR High Resolution
HST Hubble Space Telescope
IBC impurity band conduction (detector)
ICD Interface Control Document
IDL Interactive Data Language
IFU Integrated Field Unit
InSb Indium Antimonide
IRAF Image Reduction and Analysis Facility
ITAC International Time Allocation Committee
JWST James Webb Space Telescope
Keck W. M. Keck Observatory (US)
MASS-DIMM Multi-Aperture Scintillation Sensor - Differential Image Motion Monitor
MCAO Multi-Conjugate Adaptive Optics
MDDB MetaData DataBase
MICHELLE Mid Infrared Cryogenic Echelle Spectrometer
MURE Minority University Research and Education
NASA National Aeronautics and Space Administration
NGO National Gemini Office
NICI Near-Infrared Coronagraphic Imager
NIFS Near-Infrared Integral Field Spectrometer
NIRI Near-InfraRed Imager
NOAO National Optical Astronomy Observatory (US)
NOMISS New Opportunities for Minorities In Space Science
NRC National Research Council (Canada)
NSF National Science Foundation
NSO National Solar Observatory (US)
NTAC National Time Allocation Committee
OCDD Operational Concept Definition Document
ODB Observing DataBase
ODB Observing DataBase
OLDP On-Line Data Processing system
OLDP OnLine Data Processing system
OLDP OnLine Data Processing system
OWG (Science) Operations Working Group
PI Principal Investigator
PIO Public Information and Outreach
PM Preventative Maintenance
PPARC Particle Physics and Astronomy Research Council (UK)
ROM Rough Order of Magnitude
S/N Signal to Noise Ratio
SBF Southern Base Facility (La Serena)
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SDSU-3 San Diego State Universty array controller (version 3)
SSA Science Support Associate
SSB Source Selection Board
Subaru Subaru telescope of the National Astronomical Observatory of Japan
SV Science Verification
T-ReCS Thermal Region Camera Spectrometer
UH University of Hawaii
UHH University of Hawaii - Hilo
UK United Kingdom
UPS Uninterruptable Power Source
US United States of America
VLT Very Large Telescopes at the European Southern Observatory
WDM Wavelength Division Multiplexing


