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I. 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 – 12/31/061   $111,622,0002

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
exactly in parallel temporally.  Moreover, the major contractors for the construction were also
challenged to provide adequate staff and equipment for simultaneous construction phases.

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

Table 2-1. AURA/Gemini Cooperative Agreements
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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
with a substantial increase of the available science time, as the engineering usage dropped from
30% to less than 10% between 2003 and 2004.
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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.

Figure 2-2. Gemini South telescope primary mirror was the first to receive a silver coating in March 2004.
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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
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.3

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.

                                                  
3 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:

Te
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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.
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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.

In Figure 2-20, the fully integrated cryostat is

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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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
is being designed to be compatible with the Multi-

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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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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GSAOI Cryostat
Integration frame

Environmental cover 
and cryostat window

Coolpower 5/100T 
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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.
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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.



34

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
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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).



44

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).
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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.



47

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.



50

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).



51

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
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

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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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,
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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
StarLab program far beyond that which Gemini and CTIO alone could do (Figure 2-48).
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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 include
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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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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.
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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
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Cloud G79.3+0.3: An Early Stage of Triggered Star Formation? The Astrophysical Journal,
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