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EXPLORING a UNIVERSE of MATTER, ENERGY, and LIFE

A Proposal to Operate the Gemini Observatory for 2006-2010

I. OVERVIEW (D21)

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

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

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

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

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

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

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

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

1. The Mission

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

2. The Requirements

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

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

1. Matter

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

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

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

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

2. Energy

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

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

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

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

3. Life

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

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

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

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

4. Solving the Puzzle

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

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

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

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

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

Figure 1-1: The Gemini North (left) and Gemini South (right) telescopes on Mauna Kea Hawaii, and Cerro
Pachón Chile
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With minimum summit support, the instruments are remotely operable from the Observatory’s
sea level base facilities in Hilo or La Serena.  Designed to facilitate queue as well as classical
observing, they permit “read only” viewing and video access from arbitrary remote sites virtually
anywhere in the world, via the high-performance research Internet. This significantly increases
our distributed communities, access to either celestial hemisphere.

a. Infrared Optimization

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

b. Gemini North

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

Currently the telescope is equipped with a mid-IR imaging spectrograph (MICHELLE), a near-
IR imager with a grism spectrograph (NIRI), a visible-light, multi-object spectrograph (GMOS),

Figure 1-2:  Even without adaptive optics, under ideal conditions Gemini optical images approach the
quality of the Hubble Space Telescope.  Gemini’s use of “queue observing” enables matching excellent
prevailing conditions to the observations.  Gemini is on the left and HST on the right in these images of
Hickson Compact Group 87.  The Gemini image’s intrinsic fwhm is 0.36 arcsec and HST’s is 0.17 arcsec.
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and a facility-adaptive optics system (ALTAIR).  The capability for an integral-field-unit
spectrograph (NIFS) will be added shortly, as well as a laser-guide-star upgrade for ALTAIR, the
facility adaptive-optics system.  A near-IR, multi-object spectrograph (FLAMINGOS-2) is
currently funded and expected to come on line in 2006.

Located near sea level on the University of Hawaii-Hilo campus, the Hilo Base Facility (HBF)
serves as headquarters for the Gemini directorate and administrative core for Gemini North.  The
facility provides office space for science, engineering, and administrative staff and supports data
processing and other operations needs.  Most northern observing activities are executed from the
telescope control area of the HBF operations room.  In Hawaii, Gemini is a  “citizen” of a vibrant
astronomical research park that also hosts the headquarters of the Subaru Telescope, the Joint
Astronomy Center (UKIRT and JCMT), the Smithsonian Millimeter Area, the Caltech
Submillimeter Observatory and the Institute for Astronomy-Hilo.

c. Gemini South

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

Figure 1-3. The November 2004 protected silver coated Gemini North primary mirror in its coating chamber.
This is the second successful silver coating. The Gemini South mirror was coated in May 2004.
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Gemini South is currently equipped with a mid-IR imager and spectrograph (T-ReCS), a near-IR
spectrograph (GNIRS), and, in the visible spectrum, a multi-object spectrograph (GMOS), and a
high-resolution bench spectrograph (bHROS).  Already funded and scheduled to come on line in
2006 are a near-IR coronagraphic imager (NICI), an adaptive-optics (AO) imager (GSAOI), and
a multi-conjugate AO system (MCAO).

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

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

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

e. Gemini Science Archives

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

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

2. Gemini Science Operations – Optimizing Partnership Scientific Return

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

a. Queue-Based Operations

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

Figure 1-5.  The GSA Web interface provides unique
“meta data”, such as weather maps, images of cloud
conditions associated with each archived observation
to allow complete recovery of the actual observation.
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While this approach requires that Gemini Observatory staff make the observations on behalf of
the principal investigator (PI), modern communication networks allow the PI or, potentially,
entire research teams to “eavesdrop” on the actual observations and interact with the observers at
the telescope in real time when desired.

b. Classical Operations

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

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

1. Scientific Accomplishments

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

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

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

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

                                                  
2 H. G. Roe et al., The Astrophysical Journal, 618, L49-L52, 2005
3 L. Close et al., The Astrophysical Journal, 587, 407-422, 2004
4 C. Telesco et al., Nature, 433, 133-136, 2005 (Jan 12) 
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• A new, second black hole of 1,300 solar masses has been found orbiting around the
center of our galaxy, holding together seven massive stars.  It is probably the wreckage of
a previously much-larger star cluster.5

• Gemini observations with T-ReCS and MICHELLE confirm that significant amounts of
dust can be produced around the immediate progenitors of massive-star supernovae.
Dust formed out of the metals synthesized in the explosion itself may have been detected
from the supernova that exploded in the Large Magellanic Cloud in 1987.6

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

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

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

2. Unique Technologies and Methodologies

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

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

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

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

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

                                                  
5 J-P. Maillard et al., Astronomy & Astrophysics, 423, 155-167, 2004
6 P. Bouchet, et al., The Astrophysical Journal, 611, 394-398, 2004
7 M. Bremer et al., The Astrophysical Journal, 615, L1-L4, 2004
8 K. Glazebrook et al., Nature, 430, 181-184, 2004 (July 8)
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• Development and application of protected silver coatings on all telescope mirrors to
enhance performance across the key spectral windows and thermal infrared optimization.

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

• A fully integrated science data archives system that incorporates a unique “meta
databases” of observing conditions and constraints to ensure the lasting legacy of Gemini
ground-based data and science.

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

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

1. A Partnership Committed to an Ambitious Program

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

We are poised to advance into an exciting and challenging scientific era, having created
a first-rate institution, the Gemini Observatory.  We see the Observatory establishing a

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

Look Back in Time
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leadership role in a global effort to define, address, and solve compelling scientific
questions.  The answers to these questions will have a fundamental impact on our view of
the Universe and our place in it.

Gemini, by exploiting its unique strengths and capabilities, will be a keystone in that
global effort.  Among our strengths are the breadth of the partnership, the diversity and
depth of our communities and staffs, our connections with other institutions sharing
common scientific aspirations, and the energy and vision of our Observatory.

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

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

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

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

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

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

2. Science Goals for 2006-2010

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

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

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

They represented hundreds of other colleagues who had been meeting in the Partner nations, and
hundreds more who will use the Observatory in the years ahead.  The 93 participants in the
Aspen Workshop distilled the diverse research interests of the international Gemini community.

                                                  
9 Gemini Board Resolution 2003, A.14.
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The consensus was that the Gemini Observatory could make major contributions in addressing
eight key questions:

• How do galaxies form?

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

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

• What is dark energy?

• How did the cosmic “dark age” end?

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

• How do star and planetary systems form?

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

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

 
 
 

Figure 1-7: The performance of the Gemini North Adaptive Optics (AO) system, ALTAIR demonstrated with
this infrared K-band image of the planetary nebula NGC 2392 (left) compared to the same nebula imaged in the
optical with Hubble Space Telescope Wide Field Planetary Camera 2 (right).  Gemini’s AO imaging and
spectroscopy capabilities from the ground can now complement those deployed by the Hubble Space Telescope
at optical wavelengths.
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F. Building a Bridge to the Future
The Aspen instruments will open up new windows to the Universe as they begin arriving in the
2008–2010 timeframe.  Until and after then, Gemini will continue to exploit the best of the
current powerful generation of instruments.

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

As with any discovery process, many results that will emerge from the Gemini telescopes in the
2006–2010 period cannot be accurately forecast at present.  However, current research efforts
have helped identify key areas of research where the Gemini Telescopes are likely to enable
breakthroughs with their powerful sets of optical, near-infrared, and mid-infrared instruments.

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

Figure 1-8 This Gemini-North adaptive optics image (top) shows 15 Sge and its newly found companion (15
Sge B) seen for the first time by Gemini*.  The data were obtained in the near infrared, at 2.2 microns. The
right-hand image has been processed to subtract the light of the much brighter primary star to highlight the
brown dwarf. The brown dwarf orbits its star (bottom) at a distance of 14 A.U., or about 1.5 times Saturn's
distance from the Sun.  Future Gemini instruments will allow probing Jupiter-like objects 50-60 times less
massive than brown dwarfs at similar distances from nearby star.
*Liu, M. et al., The Astrophysical Journal, 573, 720-727, 2002



PROPRIETARY AND CONFIDENTIAL
This is a draft of a proposal by the Association of Universities for Research in Astronomy, Inc. (AURA) to be
submitted to the National Science Foundation.  It is the confidential property of AURA and is not to be used for any
other than the intended purposes.

18

Extreme AO System and the High-Resolution IR Spectrograph, key instruments identified in the
Aspen process.

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

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

In the wake of the discovery of Sedna, presently the most distant known large object in our solar
system, Gemini expects to find several more similar objects between the edge of the presently
known solar system and the Oort Cloud.  Observing these minor planets with GNIRS and NIRI
will throw light on the formation of the solar system and on the secular evolution of such objects.
With the help of PHOENIX and GNIRS, the origin and nucleosynthetic history of key chemical
elements will be established.

Classical
Adaptive
Optics 
imagingMulti-

channel
coronagraphs

1 AU 10 AU 100 AU

5 MJ

50 MJ

0.5 MJ

0.05 MJ

Extreme
adaptive

optics
imaging

Infrared
reflex
spec.

Around low-mass stars

Around solar-type stars

Earths

Separation from star

P
la

ne
t M

as
s 

(M
J

)

Lu et al (2002), Gemini North

Habitable
Zone

Classical
Adaptive
Optics 
imagingMulti-

channel
coronagraphs

1 AU 10 AU 100 AU

5 MJ

50 MJ

0.5 MJ

0.05 MJ

Extreme
adaptive

optics
imaging

Infrared
reflex
spec.

Around low-mass stars

Around solar-type stars

Earths

Separation from star

P
la

ne
t M

as
s 

(M
J

)

Lu et al (2002), Gemini North

Habitable
Zone

Figure 1-9: Exploring the extra-solar planet discovery space with the Gemini Observatory.  The first generation
of classical adaptive optics imaging systems on Gemini, such as Hokupa'a and ALTAIR have already probed
the outer solar system environs of young and low mass stars, uncovering the structure of proto-planetary disks,
and discovering brown dwarfs shown in the inserts.  Next year the dual-channel chronographic imager NICI
will move Gemini into the regime where we may be able to image large Jovian planets and begin probing the
planet formation environment.  By 2007-2008 the Aspen envisioned Extreme Adaptive Optics imaging should
enable us to image “warm Jupiter’s” and the High-Resolution IR Spectrograph should be begin to probe the
habitable-zone in near-by, low mass star systems through infrared reflex spectroscopy.
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Pursuing black holes at the centers of galaxies will be done with the battery of integral field units
on several Gemini instruments at both telescopes: GNIRS-IFU, GMOS-IFU and NIFS will be
outstanding tools for expanding our understanding of the role of black holes in the formation and
evolution of galaxies. The rotation of galaxies will be mapped to unprecedented redshifts, and
the mass assembly of galaxies will be reconstructed in details with the GMOS-IFU, GNIRS-IFU
and NIFS.

As researchers carry out the study of distant galaxies to z > 2, beyond the “redshift desert,”
FLAMINGOS and MCAO come closer to the era of galaxy formation.  The most daring users
will attempt to observe first light objects at redshift-7 and beyond, with the help of MCAO
equipped with special narrow-band filters.  This lays the foundations for the next-step – distances
that will only be fully accessible with the launch of the James Webb Space Telescope (JWST) in
the decade following this proposal.

The Comparative Signal/Noise (S/N) gain of Gemini compared to JWST for
100,000 seconds of integration to a S/N = 10 on point like sources
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Figure 1-10: The performance of Gemini with its 2006-2010 near-diffraction-limited instrumentation is
compared to sensitivities expected from NASA’s James Webb Telescope – expected to launch in 2011-2012.
The graph shows that in the red- to near-infrared regime (0.7 – 2.0 microns), spectroscopy with resolving
powers > 100 (R > 100), Ground Layer AO (GLAO) and Multi-Conjugate Adaptive Optics will allow the
Gemini community to probe the JWST discovery space four to six years before its expected launch.
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On a greater scale, the unique capability envisioned at Aspen for a Wide-Field Multi-Object
Spectrograph will allow the Gemini community to begin to discern the underlying structure of
mass and energy on which these barely visible filaments of early galaxies rest, the unknown
carriers of dark matter and dark energy.  Gemini and its diverse Partnership are poised for an
explosive five years of discovery.

Finally, AURA is aware that Gemini is evolving in a highly competitive environment. Other
large ground-based facilities, such as Keck, VLT, and Subaru, are pushing for the same
astrophysical frontiers.  For example, Gemini’s European colleagues, who operate the impressive
Very Large Telescopes, are committed to be “second to none.”  Gemini also competes for the
attention of broad communities that also have access to space facilities like the Hubble Space
Telescope, Chandra, Spitzer, and others. AURA believes that a more collaborative approach in
observing time and instrumentation, enabling its community to exploit a “system of telescopes”
is the most strategically sound and scientifically productive approach in such a competitive, but
resource constrained environment.  Therefore, as will be explained later in this proposal, Gemini
intends to continue and reinforce its collaborations with Keck and Subaru and further explore
other strategic alliances for key science experiments and new technologies.
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Figure 1-11.  The growth of actual queue scheduled observing at both telescopes quickly exceeded the
originally planned 50% level, and has consistently outpaced the rate of growth science staff to support it.  On
the one hand, this demonstrates the users’ satisfaction with the efficacy of queue observing, and on the other it
has led to having to support the queue with overworked staff and “borrowed” NGO staff.

Queue fraction supportable
by size of science staff



PROPRIETARY AND CONFIDENTIAL
This is a draft of a proposal by the Association of Universities for Research in Astronomy, Inc. (AURA) to be
submitted to the National Science Foundation.  It is the confidential property of AURA and is not to be used for any
other than the intended purposes.

21

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

One of the key changes being proposed in the new Gemini operating model is a restructuring of
the Observatory, and particularly the science staff, to support 100% queue scheduling on both
telescopes. As will be discussed in this proposal, this would allow more flexibility to try
innovative observing approaches, such as “assisted queue” observing, remote eavesdropping and
continuous “event-driven” observing, such as the rapid follow-up of gamma ray bursters,
identified in real time by such facilities as the SWIFT satellite.

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

1. Partner Countries

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

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

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

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

2. AURA

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

3. The Observatory

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

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

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

4. Science Decision-Making

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

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

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

Once these topics were identified, the Aspen organizing committee contacted world-renown
astronomers in the community who could chair subgroups during the meeting.  With chairs
defined, specialists in each field were then identified across the Partnership and all of the
participants invited to Aspen. In advance of the meeting in Aspen, national-level meetings were
organized that in effect increased the participation level in the decision-making process several-
fold, across the entire Gemini Partnership.  In the end, the input from hundreds of astronomers
over the course of an approximately one-year period was distilled into a set of prioritized new
instrument capabilities that the Observatory is now pursuing.

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

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

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

1. Integrating Research and Education, and Enhancing Educational Infrastructure

Gemini’s provision of world-class research facilities, and the research thus accomplished, is at
the forefront of modern astronomical discovery.  The Gemini educational outreach program is
intimately linked to the science and technology efforts of the Observatory and the Partnership.
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Beyond simply informing the world of these accomplishments, Gemini’s innovative outreach
program makes significant investments in teacher training, teaching resource materials and other
forms of educational infrastructure to promote self-sustaining, long-term impacts.  In doing so, it
has partnered with the outreach arms of the Gemini Partner agencies, local public and private
school systems, and local independent educational consortia near its observing sites.

2. Enhancing Research Infrastructure

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

3. Underrepresented Groups and Diversity

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

4. Broad Dissemination

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

5. Human Resources Development in Science and Engineering

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

J. Summary
In the 1980s, AURA began NSF-supported development for what was to become Gemini.  As a
part of this process, AURA helped organize the international Gemini Partnership that officially
began in 1993.  On behalf of the Partnership, the NSF has supported AURA in the ongoing effort
to develop, construct, and operate what is now the Gemini Observatory
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The construction and commissioning effort delivered two telescopes with outstanding delivered
image quality and superb mid- and near-infrared sensitivity, ahead of schedule and on budget.
Though outsourced instruments were slow in being delivered, Gemini has developed a unique
suite of IR and optical instruments carefully matched to the telescopes strengths, providing for a
world-class observing system.  In addition, Gemini has developed various base and intermediate
facilities suited to the operation and management of the Observatory.

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

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

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

AURA is proposing for $226,495.370 to realize these renewed goals during 2006 through 2010.


