
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.

1

I. PROPOSED NEW WORK (D19)............................................................................................................................3

A. INTRODUCTION........................................................................................................................................................3
B. COMPELLING SCIENCE QUESTIONS ........................................................................................................................3
C. SCIENCE OBJECTIVES - INSTRUMENT REQUIREMENTS ..........................................................................................5

1. Direct Imaging Extrasolar Planets – Extreme Adaptive Optics Coronagraph (ExAOC) ..............................5
2. Doppler Searches for Low-Mass Planetary Companions – High-Resolution Near-Infrared Spectrometer
(HRNIRS) .....................................................................................................................................................................7
3. High-Resolution Studies of Star Formation Regions - High-Resolution Near-Infrared Spectrometer
(HRNIRS) .....................................................................................................................................................................8
4. What is Dark Energy? - Wide-Field, Fiber-Fed, Optical Multi-Object Spectrometer (WFMOS)...............10
5. How Do Galaxies Form? – Wide-Field, Fiber-Fed, Optical Multi-Object Spectrometer (WFMOS)..........12
6. What is the Nature of Dark Matter on Galactic Scales? - Wide-Field, Fiber-Fed, Optical Multi-Object
Spectrometer (WFMOS) ............................................................................................................................................14
7. Using WFMOS to Explore Strategic Partnerships with Other Observatories – Exploiting a “System of
Telescopes”................................................................................................................................................................15
8. How Did the Cosmic Dark Age End?  – Upgrading Existing Instruments ...................................................16

D. CONNECTIONS TO SCIENCE BEYOND 2010...........................................................................................................19
1. The Universe of Matter....................................................................................................................................20
2. The Universe of Energy ...................................................................................................................................21
3. The Universe of Life ........................................................................................................................................21

E. KEY SUPPORTING TECHNICAL REQUIREMENTS ...................................................................................................22
1. Next-Generation Instrumentation at Gemini ..................................................................................................22
2. Adaptive Secondary and Ground Layer AO ...................................................................................................22
New Acquisition and Guiding System Unit...............................................................................................................24
4. Increased Instrumentation Support and Infrastructure .................................................................................25
5. Decommissioning Older Instruments – Making Room ..................................................................................25

F. FINE-TUNED OPERATIONS MODEL.......................................................................................................................26
1. Queue and Classical Observing Fractions in 2006-2010..............................................................................27
2. Data Products – The DataFlow Project .........................................................................................................28
3. Archives............................................................................................................................................................30
4. Network Connectivity ......................................................................................................................................32
5. NGO Interactions.............................................................................................................................................34

G. INFRASTRUCTURE REQUIREMENTS.......................................................................................................................35
1. Mauna Kea Storage Space ..............................................................................................................................35
2. Hilo Base Building Expansion ........................................................................................................................35
3. Cerro Pachón Dormitory ................................................................................................................................36
4. La Serena Base Facility Remodeling..............................................................................................................36
5. Staffing Impacts ...............................................................................................................................................36

H. BROADER IMPACTS ...............................................................................................................................................39
1. Integrating Research, Education, Enhancing Educational Infrastructure and Broad Dissemination ........39
2. Enhancing Research Infrastructure ................................................................................................................42
3. Diversity, Underrepresented Groups and Human Resources Development .................................................42
4. Society as a Whole ...........................................................................................................................................42

I. SUMMARY..............................................................................................................................................................43



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.

2



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.

3

 I. PROPOSED NEW WORK (D19)

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

A. Introduction
Section III now describes AURA’s specific proposals for both continued Gemini Observatory
operations and for a number of major instrument, telescope, data-management, and operational
enhancements over the period from 2006-2010.  The proposed observing strategies, a new
instrument generation, and infrastructure improvements are in direct response to the Gemini
community as expressed in the Aspen Report1, and Gemini Board strategic planning process2 and
Retreat3. This proposed program, and the envisioned research efforts also form the foundation
for, and a bridge to, the next generation of worldwide astronomy capabilities beyond 2010.

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

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

B. Compelling Science Questions
Through a series of meetings, which culminated in June 2003 in Aspen Colorado, astronomers
from the entire Gemini Partnership expressed their visions of what scientific frontiers the
Observatory should pursue in the future.  This meeting, which was part of the “Aspen Process”,
is part of the long range strategic planning effort the Observatory uses to define the future
scientific direction Gemini should take. Involving literally hundreds of astronomers across the
entire Gemini Partnership, the Aspen Process was truly a community based effort and, as such, is
fairly unique among the planning processes used at major observatories. The product of the
culminating workshop in Aspen was a set of fundamental questions in astronomy that Gemini’s

                                                  
1 Scientific Horizons at the Gemini Observatory: Exploring a Universe of Matter, Energy and Life
2 Gemini Board Strategic Planning Report, May, 2003
3 Gemini Board Retreat Summary



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.

4

community would like to answer using both existing and bold new instrumentation at the
Observatory.  These questions include:

• How do galaxies form?
• What is the nature of dark matter on galactic scales?
• What is the relationship between super-massive black holes and galaxies?
• What is dark energy?
• How did the cosmic “dark age” end?
• How common are extrasolar planets, including Earth-like planets?
• How do star and planetary systems form?

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

These are far-reaching and fundamental questions that impact our core understanding of the
universe. In recent years astronomical research has demonstrated that the bulk (~95%) of the
matter and energy in the universe exist in unknown forms, often referred to as dark matter and
dark energy.  Not surprisingly the Gemini community expressed, through the Aspen workshop, a
deep interest in using the Gemini 8 m telescopes to probe the mysterious nature of dark matter
and energy.
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Figure 3-1. The flow-down from the three major themes defined in the Aspen Workshop, into a set of key
questions, and then into a set of new and existing instrumentation needed to answer these questions, is
illustrated. Yellow blocks at the base of the pyramid indicate existing instruments that serve as the
foundation of Gemini’s instrument program. Green blocks indicate new instruments (defined in detail in
Table 3-3) proposed to work in concert with existing instruments to answer key questions. The graphic at
the top was kindly provided by Augusto Damineli.



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.

5

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

In addition the community wants to exploit Gemini’s unique capabilities and embark upon
ambitious campaigns to search for extra-solar planets through a combination of direct imaging
and spectroscopy (to assess their compositions) and high-resolution radial velocity spectroscopy
to detect, for the first time, planets with masses approaching the earth’s. This type of legacy
science will contribute to our understanding of the universe in which we live for generations to
come by helping answer such basic questions as “what is the universe made of” and “how
common are planets, including earth-like planets”. These are questions that not only astronomers
would like answered, but arguably all of humanity.

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

C. Science Objectives - Instrument
Requirements

1. Direct Imaging Extrasolar Planets –
Extreme Adaptive Optics Coronagraph
(ExAOC)

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

• Planet searches at wide separations (>30 AU)
of dynamical structures in scattering disks
around the very youngest stars in nearby star-
forming regions.
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Figure 3-3 - A plot showing the sensitivity of a
simulated coronagraphic imager as a function of
radius from the host star (courtesy René Doyon).

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

• A complete census of gas-giant planets surrounding young (<1 billion-year old) stars
within 100 parsecs of the Sun.

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

Young, giant planets are still cooling and are therefore brighter and easier to detect in the
infrared than older, cooler objects.  Initial extreme adaptive optics searches may be focused most
effectively on younger systems, and any characterization of the resulting census will also require
age determinations.  Prior surveys, both spectroscopic and astrometric, will increase the
efficiency of planet surveys by identifying 10–100 million-year old stars located far from their
birth sites (where gas and dust would make it difficult to identify planets).  Estimates of the
source density of these stars can be made through extrapolations of surveys for solar-type stars in
the Gould’s Belt.4

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

However, even with the advances expected in
the next five years, we will not yet have a handle
on how common are systems with massive
planets orbiting at radii between 5 and 20 AU
− that is, planetary systems with planets in
Jupiter- to Uranus-like orbits like our own.  In

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

this context, the ability to detect a significant number of planets with masses comparable to or
greater than Jupiter’s around older stars in Jupiter- to Uranus-like orbits will be critical to our
understanding of just how common systems like our own really are.

Direct detections of Jupiter-mass planets around young stars using ExAOC should be possible
due to the efforts of several groups worldwide that have indicated that suppressing light levels by
~107 within ~0.1” of bright stars is theoretically feasible.  This capability, combined with
simultaneous detection in more than one pass band, or the use of a low-resolution integral-field
unit, will make the direct detection of significant numbers of extrasolar planets likely.
Simulations of a population of 10,000 stars, comparable in mass and age to those in the solar
neighborhood, and adopting planet masses and orbits like those detected in Doppler detection
programs to date allow a sample of planet properties to be derived.  By comparing these
properties (brightness, color and separation) with the detection thresholds appropriate for
ExAOC with light suppression at the 107 level, a detection fraction of around 8% can be derived
for planets around target stars down to R=7 mag, meaning between 10 and 100 exoplanets would
be directly detectable through AO imaging by Gemini.

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

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

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

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

Unfortunately, these M- and L-dwarfs are intrinsically very faint.  Even with an 8–10 meter
telescope and the best available radial velocity technologies, objects of <10 MEarth can only be
detected down to V=11 mag.  At this magnitude limit there are only a handful of such stars
spread over the whole sky, which forces progress on this front from optical observations to await
the construction of a 30-meter optical telescope.

However, there is one area of observational phase-space that has not yet been exploited in the
search for terrestrial mass planets.  It is also one in which Gemini can make a major contribution.
M- and L-dwarfs emit most of their flux in the near infrared between 1 and 2.5 µm, and not at
optical wavelengths, where Doppler wobble searches traditionally have been performed.

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

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

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

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

The CO band head at 2.3 µm5 is particularly well suited to studying accretion disks around
young stellar objects.  Ionized hydrogen lines, such as Brγ, can be used to deduce inflow and
outflow rates.6  The region close to the central star (<1 AU) is much hotter (>1000K) than that
probed by mid-infrared spectra and cannot be spatially resolved.  While optical spectroscopy of
Hα and Na I lines have been used to obtain velocity and density information about inflowing

                                                  
5 Carr, J. S., 1989, ApJL, 345, 522; Carr, J.S., Tokunaga, A.T., Najita, J., Shu, F.H., & Glassgold, A.E., 1993, ApJ,
411, L37; Chandler, C.J., Carlstrom, J.E., & Scoville, N.Z., 1995, ApJ, 446, 793; Najita, J., Carr, J.S., Glassgold,
A.E., Shu, F.H., & Tokunaga, A.T., 1996, ApJ, 462, 919
6 Najita, J., Carr, J.S., & Tokunaga, A.T., 1996, ApJ, 456, 292; Muzerolle et al., 1998, AJ, 116, pp 445-468
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gas, these lines are often optically thick and difficult to interpret due to contributions from many
different regimes in these complex systems.

Near-infrared spectroscopy provides access to higher recombination levels, such as the hydrogen
Brackett series, that are generally less optically thick and less likely to be contaminated by gas
excited from lower levels.  High spectral resolution measurements of the hydrogen Brγ line,
believed to be formed in magnetospheric accretion columns, can be used to measure free-fall
velocities and thereby constrain protostellar masses.7

The ability to carry out high spatial- and spectral-resolution, multi-object, near-infrared
spectroscopy would enable the accretion and inflow/outflow properties of an entire young stellar
cluster to be studied simultaneously in the 1–2.5 µm region, providing a coeval sample of young
stars to be studied as a function of mass.

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

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

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

With the single-slit, cross-dispersed mode of the high-resolution, near-IR spectrometer, it will be
possible to explore the emissions from warm and hot gases, probing a range of density and
temperature regions (hence radii) using tracers like CO, H, FeII and CH.  The radial and vertical

                                                  
7 Bonnell et al., 1998, MNRAS, 299, pp. 1013-1018
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temperature structure of circumstellar disks gives us critical information for determining the
physical state of disks at different evolutionary stages.  Kinematic structure can provide evidence
for gap clearing by planets.

We also want to understand the unresolved inner disk structure, where so-called clumps, walls
and gaps that exist on critical scales of 1–10 AU can be sensed with a velocity resolution of 6–60
km/s.  A recent survey of T-Tauri stars8 suggests the CO fundamental emission at 4.6 and 4.9 µm
is a sensitive probe of circumstellar disks at radii equivalent to the terrestrial planet zone of the
Solar system.  Furthermore, CO emission is detectable even in very small amounts of gas.  Thus,
it could be used to trace the residual gas in dissipating disks and thereby set the timescale for the
formation of giant planets.

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

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

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

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

+, previously only detected
in our own Jovian planet atmospheres, offers the possibility of finding a direct link between
planet-forming disks and giant planets themselves.9

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

Dark energy is apparently responsible for 70% of the mass-energy density of the Universe, but
its nature is completely mysterious.  Constraining the nature of dark energy would be a major
milestone in human knowledge, and it would represent a direct linkage between astronomical
observation and the realm of high-energy physics.  The WFMOS instrument on Gemini would
permit the determination of cosmological standard rulers to a precision of 1% using galaxy

                                                  
8 Najita, J., Carr, J.S., & Mathieu, R.D., 2003, ApJ, 589, 931
9 Brittain & Rettig, 2002, Nature, 418, pp 57-59
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Figure 3-5.  (Top panel)  The galaxy power
spectrum at z~1 divided by the corresponding
power spectrum for a zero-baryon model.
Points with error bars are the results from a
synthetic survey of 2 million galaxies over
the redshift range 0<z<1.3 over 600 square
degrees.  The volume covered is equivalent
to six SDSS volumes.  (Bottom panel)  The
corresponding power spectrum divided by a
smooth reference spectrum.  This
normalization highlights the amplitudes of
the acoustic peaks.  The solid line is the input
model power spectrum and the dashed line is
the best fit of an empirical decaying
sinusoidal function.

redshift surveys, and it would measure the rate of
change of the equation of state w(z) with a level of
precision an order of magnitude greater than current
experiments allow.  Constraints on w(z) obtained by
Gemini would be comparable to those obtained from
the SNAP satellite.  However, they would be based on
angular diameter distances rather than luminosity
distances, making them subject to entirely different
systematic sources of error.

The capability of using future large-scale redshift
surveys to measure the acoustic peaks in the power

spectrum of galaxy distributions is depicted in Figure 3-5.  The figure shows the recovery of the
angle-averaged power spectrum from a simulated survey covering 600 square degrees and
sampling two million galaxies with a redshift range between 0.5<z<1.3.  The equivalent of six
Sloan Digital Sky Survey volumes would be sampled in this measurement, at a redshift range
where the linear regime of gravitational instability extends to twice as many wave numbers as in
the local case.  Reaching this depth and volume is highly ambitious, but quite achievable with an
instrument like the WFMOS.  This spectrograph could complete the survey in 100 nights,
assuming 45-minute exposures and 8-hour nights.

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

 

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

w = w0 + w1z

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

w1 that are quite comparable to those obtained from the SNAP survey (Figure 3-6).  The
necessity of obtaining a high-redshift sample at z=3 in addition to an emission-line sample at
z=1, coupled with a multitude of diagnostic absorption features in absorption-line spectra at rest
wavelengths between 1300Å and 2000Å, drives the need for blue-sensitivity in the WFMOS
spectrograph.

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

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

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

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

The ambitious proposal for the “Archaeology of the Milky Way” requires that we obtain accurate
kinematics and elemental abundances for a million stars.  The elemental abundances set the more
stringent requirements.  These require high signal-to-noise ratios and high-resolution spectra.
We also need to have good estimates of gravity and stellar effective temperature.  These should
be derivable from optical and infrared photometry, which will be available from the large
ongoing and planned surveys such as UKIDS, VISTA, and SDSS.  Figure 3-7 shows how
derived ratios of oxygen to hydrogen, as a function of oxygen abundance, degrade in quality as
both signal-to-noise and resolution are decreased.10  This example is for a red-giant star, which
would be representative of a target in the outer halo.

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

Different elements contain unique information, as they are created in stars of different main
sequence masses and evolutionary timescales.  The various elements have useful transitions in

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

Object (m - M)o Angle For 1 kpc Sampling α (J2000) δ (J200)
Galactic Center 14.5 7deg 17:46 -29:00
LMC 18.5 1deg 05:23 -69:45
M31 24.3 4' 00:43 +41:16
M33 24.6 3.5' 01:34 +30:40
Sculptor Group 26.5 1.5' 00:23 -38:00
M81/M82 27.8 1' 09:55 +69:40
Cen A 28.5 40'' 13:25 -43:00
NGC3115 30.2 20'' 10:05 -07:42
Virgo Cluster 30.9 14'' 12:26 +12:43
The Antennae 31.5 10'' 12:00 -18:53
50Mpc 33.5 4''
Arp 220 34.5 2'' 15:34 +23:30
Perseus Cluster 34.5 2'' 03:18 +41:31
Stephan's Quintet 35.0 2'' 22:36 +33:57
Coma Cluster 35.0 2'' 13:00 +28:00
Table 3-1 - Candidate targets are listed in order of increasing distance modulus.
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different parts of the spectrum, and we require that the spectrograph and detectors be flexible and
have good sensitivity below 4000 Å to reach Calcium II H&K (3933 Å and 3968 Å).  This blue
sensitivity is also needed for [OII] 3727 Å for gas diagnostics.  At these resolutions and signal-
to-noise ratios, with an 8-m telescope and an efficient spectrograph we will be able to target stars
with V < 18 mag in exposures of a few hours.  At this apparent magnitude limit, we can obtain
exquisite chemical abundances and kinematics for main sequence stars and subgiants within a
few kiloparsecs in the Milky Way, red giants in the Milky Way halo, and red super-giants out to
M31 and M33 (see Table 3-1).

Determining the interrelationships between the main stellar components of the Milky Way and
other Local Group galaxies involves more modest requirements for the accuracy of metallicities
and kinematics, which in turn requires lower spectral resolution.  For metallicities accurate to 0.2
dex and kinematics accurate to 10 km/s, a spectral resolution of ~5000 should suffice.
Therefore, at this lower resolution we can push fainter to include a larger sample of halo main-
sequence stars with V ~ 22 mag.

The surface density of stars in the Galaxy depends on the line-of-sight (latitude and longitude),
the apparent magnitude, and the color range selected.  For V ~ 18, which is the practical limit for
good elemental abundances (based on the star count model of Gilmore11 and the targeting of
metal-poor RGB and turnoff stars), there are on the order of 800 stars per square degree in a
typical line-of-sight at intermediate –latitudes.  Pushing fainter for overall metallicities––say V ~
22 mag–– means that the stellar surface densities will be about a factor of two higher, or 1,500
stars per square degree.  Assuming two set-ups a night, a multiplex capability of around 2,000 in
a 1.5º field of view would be a good match to both aspects of the science case, and this would
allow the required sample sizes of around one million stars to be achieved in approximately six
months.

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

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

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

                                                  
11 Gilmore et al., 1989, ARAA, 27, pp. 555-627
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The Local Group of galaxies contains some of the most dark–matter-dominated systems known,
based on inferences from the line-of-sight motions of the extant samples of tens of member stars.
The new WFMOS capability envisioned for Gemini will provide information complementary to
data from the satellites GAIA and SIM.  WFMOS will provide the definitive data for
determining the temperature of dark matter in nearby galaxies.  The proposed WFMOS
capability also would allow the extension of these techniques to more distant galaxies, enabling
the tracing of dark matter in galaxies across the full range of Hubble types and environments.

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

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

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

Given the enormity of the previously described WFMOS surveys, as well as the cost and
complexity of a multi-object spectrometer that has a multiplexing gain nearly 10 times larger

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

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

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

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

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

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

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

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

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



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.

16

Figure 3-8.  The proposed WFMOS, when
deployed at Subaru is shown.

than any spectrometer built to date, Gemini is
seriously examining the possibility of building this
instrument collaboratively with Subaru Observatory,
where it would be deployed. It would be shared
between the Gemini and Subaru communities and
joint international science teams would be defined to
lead major new surveys of our galaxy and those out to
z~3. Coordinating the development and research
programs of major ground based facilities is a
pragmatic approach to applying finite resources to
achieve common goals.

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

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

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

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

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

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

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

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

Galaxies and quasars have now been discovered at redshifts greater than six.  At these redshifts,
the Universe was only 800 million years old, and these objects almost certainly sample the first
significant star formation in the Universe.

The Gunn-Peterson trough in z>6 QSOs12 shows evidence of a large neutral HI fraction at these
redshifts.  As described below, the claim that these systems necessarily flag the epoch of
reionization is controversial.  Current accounting of the UV-Lyman continuum leakage from
QSOs and star-forming galaxies suffer from considerable uncertainty.13

At an even more fundamental level, the interpretation of all these observations is problematic in
light of our lack of knowledge on the sources of the reionizing photons.  Hints have recently
surfaced that we are at last closing in on these sources.  Deep HST/ACS images14 have revealed
an abundant population of candidate z~6 objects at z'=27-28 magnitude.  This result follows
tantalizing evidence of a first population of star-forming galaxies at z>6 from deep, narrow-band
imaging surveys.15  It is conceivable that at last the sources of reionization may have been
directly detected, but there is spectroscopic confirmation of Lyman alpha at z>6 for only a few
objects thus far.

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

As the medium around young galaxies becomes neutral, Lyman alpha emission becomes
suppressed.  At the redshift of reionization (the “overlap phase”) we expect a sudden drop, by at
least a factor of two, in the number of Lyman alpha galaxies accompanied by a sharp reduction
in the equivalent widths of detected objects16.  However, the predicted source counts are
sensitively linked to assumptions regarding the local neutral fraction surrounding these objects.
For example, recent discoveries17 of three Lyman alpha emitters at z~6.6 (redshifts higher than
the putative epoch of reionization inferred from the Gunn-Peterson effect observations) does not
necessarily contradict conclusions based on Lyman alpha troughs, because a neutral fraction of

                                                  
12 Becker, et al., 2001, AJ, 122, pp. 2850-2857
13 Steidel, et al., 2001, ApJ, 546, pp. 665-671; Fernandez-Soto, et al., 2003, MNRAS, 342, pp. 1215-1221
14 Yan, et al., 2003, ApJL, 585, pp. L93-L96; Bouwens, et al., 2003, ApJ, 595, pp. 589-602
15 Hu, et al., 2002, ApJ, 568, pp. L75-L79; Kodaira, et al., 2003, Publications of the Astronomical Society of Japan,
55, pp. L17-L21; Rhoads, et al., 2003, AJ, 125, pp. 1006-1013
16 Molhotra, S., and Rhoads, J. E., 2002, ApJL, 565, pp. L71-L74
17 Hu, et al., 2002, ApJ, 568, pp. L75-L79; Kodaira, et al., 2003, Publications of the Astronomical Society of Japan,
55, pp. L17-L21
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<10% may be sufficient for a Gunn-Peterson trough to exist at z<6.618.  Or, these galaxies may
reside within ionized bubbles in a generally neutral IGM19.

A larger sample of z>6 Lyman alpha emitters would distinguish between these possibilities and
probe whether the density of sources at z>8 lies on the smooth extrapolation of the counts of
z~4.5 systems detected from existing and upcoming narrow-band searches.  These observations
would strongly constrain the physical extent of local sources of ionization in the high-redshift
IGM and set the stage for targeted spectroscopic follow-up observations.

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

A campaign of emission-line redshifts targeting first-light galaxies is both highly exciting and,
by building on underlying panoramic mapping surveys, likely to succeed.  It is interesting to
speculate on what might be accomplished with much deeper observations that would allow
continuum to be detected.
                                                  
18 Rhoads, et al., 2003, AJ, 125, pp. 1006-1013
19 Haiman, Z., 2002, ApJ, 576, pp. L1-4

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

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

More specifically, the equivalent width distribution of Lyman alpha lines is decoupled from
complications introduced by cosmological evolution and neutral fraction in the surrounding
IGM.20 The detection of continuum in unlensed first-light systems would certainly challenge the
capabilities of Gemini and would require taking advantage of the excellent image quality
possible with adaptive optics, coupled with extremely long integration times––an area of
parameter space that Gemini has pioneered.

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

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

In this section we briefly describe how the new
facilities and capabilities described in this proposal
provide a scientific complement to many existing and
future scientific facilities already in operation, under
construction or envisioned by Gemini Partners such as
the ALMA Submillimeter array, space facilities such
as NASA’s Spitzer and James Webb Space

                                                  
20 Molhotra, S., and Rhoads, J. E., 2002, ApJL, 565, pp. L71-L74
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Telescopes, and future space missions (e.g., ESA’s GAIA and Kepler missions). In addition, this
section highlights how many of the proposed instruments and capabilities provide technological
as well as operational pathfinders for future optical/infrared Extremely Large Telescopes (ELTs)
such as GSMT and OWL.

1. The Universe of Matter

Gemini’s first exploration into the “redshift desert” was the Gemini Deep-Deep survey (GDDS).
The planned use of new infrared multi-object spectrographs and MCAO will push further into
the history of galaxy mass assembly and pave the way for a thorough exploration of this hidden
region of the Universe using the JWST (Figure 3-10).

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

Figure 3-11.   Images of the debris disk, a potential nascent solar system, around Beta Pictoris as seen by
optical imaging from HST and the inner 80 AU region as revealed through thermal infrared imaging from
Gemini. Using Gemini’s thermal infrared imaging cameras and spectrographs allows astronomers to probe the
inner regions of debris disks, which will be complemented by comparable resolution molecular maps from the
Submillimeter facility ALMA, due to come into operation in 2008-2009.
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reveal the “fossil record” of its formation history.

2. The Universe of Energy

More fundamentally, the planned redshift survey of one million galaxies will provide one of the
first independent yardsticks to quantify the time-dependent history of the dark energy pervading
the Universe. Such an archival database could be used, in combination with the planned Large
Synoptic Survey Telescope (LSST) or Joint Dark Energy Mission (JDEM), to unravel the
mysterious origins of the most dominant energy component of the Universe. Perhaps more
importantly, as the inquiry mode of ground-based astronomy transitions from small PI-driven
projects to large, collective experimental endeavors involving large “experimental teams,” our
communities and institutional practices will need to change.  Consequently, the large-scale,
ground-based experiments being planned by Gemini are, in addition to scientific explorations,
sociological pathfinders for the changing experimental paradigm our communities will have to
confront with the next generation of Extremely Large 30–100m telescopes.

3. The Universe of Life

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

A view in 2020?
Solar system @ 10 parsecs

(Gilmozzi et al 2002)

Jupiter Earth

OWL 100m
J Band
80% Strehl
104 sec
0.4’’ seeing

O.1’’

A view in 2020?
Solar system @ 10 parsecs

(Gilmozzi et al 2002)

Jupiter Earth

OWL 100m
J Band
80% Strehl
104 sec
0.4’’ seeing

O.1’’

Figure 3-12.  A simulation of what a 100m ground based telescope could achieve in the coming decades,
the direct imaging of earth like planets in the habitable zone around another star. However the technology
and techniques required to achieve such a stunning image will rely on the foundations laid in the previous
decade by path-finding programs such as Gemini’s ‘Universe of Life’ science theme.
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The next great leap in the study of the Universe of Life––and one of the key science drivers of
the 30–100m Extremely Large Telescopes being studied for the next decades––is the ability to
detect planets within the habitable zone around nearby stars (Figure 3-11). This is an
extraordinarily challenging undertaking, requiring adaptive optics and cameras capable of
producing diffraction-limited images that can discriminate faint, Earth-like planets against their
parent stars with contrast ratios in excess of 1: 5x109.

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

at distances of many arcseconds from most stars.  It would take a highly focused scientific
program, such as the one being proposed by Gemini via its Universe of Life theme, to bring
about the technology and innovations required to bridge a contrast divide of four orders of
magnitude.

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

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

1. Next-Generation Instrumentation at Gemini

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

2. Adaptive Secondary and Ground Layer AO

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

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

Instrument
Description

Wavelength
Range (µm)

Spatial
Resolution

Spectral
Resolution

1-Shot λ
Coverage

Field
of

View

Multiplex
Gain

Primary
Modes

Comments

Extreme
Adaptive

Optics
Coronagraph

0.9 – 2.5

0.02” IFU
sampling;

0.02”
imaging

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

107 contrast
from 0.1-

1.5” radius;
includes

polarimetry
mode and

IFU
foreoptics or
dual channel

imager

High-
Resolution

NIR
Spectrometer
+ MCAO-fed

MOS

0.9 – 5.0

0.2” pixels
(single slit)

or
0.05” pixels

(MOS)

70,000
(single slit)

or
30,000
(MOS)

1.0-2.5 µm
or

3-5 µm

3” slit
(single

slit)
or
2’

Patrol
(MOS)

1 object
(single slit)

or
~20 slits
(MOS)

X-dispersed
spectrometer

or
MOS with

MCAO & X-
dispersed

option

Seeing
limited SS
mode with

polarimetry;
includes

absorption
cell

Wide Field
Fiber Fed

Optical MOS
0.39 – 1.0

~1”
sampling

1000-30k
0.4 µm

(low res.)
1.5° 4000-5000

Fiber-fed
spectrometer

Similar to
KAOS

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

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

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

To address these difficulties a new A&G is planned.  Its requirements will be based on past
operational experience, and it will utilize the latest technologies.  A starting point will be the

CP Natural Seeing

4’ 6’ 10’

CP Natural Seeing

4’ 6’ 10’

 

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

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

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

4. Increased Instrumentation Support and Infrastructure

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

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

5. Decommissioning Older Instruments – Making Room

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

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

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

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

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

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

Gemini North Gemini South
2005

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

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

2006
GMOS-N GMOS-S ( + bHROS)

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

ALTAIR + LGS

2007
GMOS-N GSAOI

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

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

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

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

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

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

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

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

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

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

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

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

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

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

2. Data Products – The DataFlow Project

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

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

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

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

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

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

There are three broad elements in this data system:

a) Data Management

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

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

b) Data Quality Assessment (DQA)

Data Quality Assessment (DQA) is a key component of the dataflow system.  DQA procedures
at the telescope will allow evaluating whether the data meet the PI science requirements. The
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observer can then decide whether to continue, repeat or interrupt an observation.  The tools for
DQA should be transparent to the observer, which requires that all setups and definitions be done
beforehand.  The DQA system will contain a set of standard processing recipes and use
calibrations from an existing database.  The processing will be pipelined, to obviate the need for
nighttime observer intervention.

Following an observing night, the DQA system will allow a more careful check and processing
of the data to confirm or revise the initial DQA done by the observer. This second step will be
carried out by using the updated calibration set, and applying refined processing recipes that
adjust for specific observation details, such as weather conditions.
To have a reliable DQA, a close evaluation of the results at each processing step must be
possible.  This requires a hybrid system in which the processing, even with use of a fully
automated Online Data Processing tool, will be manually controlled at critical steps.

c) Full Data Processing

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

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

3. Archives

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

a) Electronic Transfer & PI Data distribution (ETD)

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

b) On-Line Data Re-Processing (OLDRP)

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

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

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

d) Advanced Internal & External Data Association (ADA)

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

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

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

f) Development Approach

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

4. Network Connectivity

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

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

Instrument Name
Delivery

Date
Format

N x M x O
Storage
(MB/hr)

Storage
(GB/nite)

Nighttime
Peak

Transfer
Rate (Mbps)

Nighttime
Average
Transfer

Rate (Mbps)

Daytime
Archives
Transfer

(12 hr) Rate
(Mbps)

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

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

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

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

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

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

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

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

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

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

NIFS 2005 1 2048 2048 252 2.5 13.4 0.6 0.6

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

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

WFMOS (N) 2011 12 4096 4096 12,080 120.8 71.6 26.8 28.0
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The nighttime peak rates more nearly represent an index of the requirements for science of the
internal local area network, while the daytime sustained rates relate more directly to the external
wide area network requirements.  Cumulatively, video and audio communications, email, web
services and various administrative services also add noticeably to the needed bandwidth.
Prudent planning recognizes the requirement for the network to handle peak and sustained
requirements, especially in time-critical applications.  This typically means there must be
sufficient “headroom” in the circuit to ensure that performance is not degraded when more than
one data stream competes for space.  Experience has shown that the nighttime peak and daytime
sustained rates are good upper and lower bounds, as rules of thumb.

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

a) Gemini North

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

b) Gemini South

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

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

Type 2004 2005 2006 2007

Image data transfer 15.2 25.7 25.7 44.6

NOAO Data Products Prgm 2 10 10 10

Videoconferencing 2 3 4 5

Email/web/FTP 1 2 3 4

Dynamic VPN 0.2 0.4 0.6 1

Total (Mbps) 20.4 41.1 43.3 64.6
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International University (FIU), its current international provider.

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

5. NGO Interactions

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

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

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

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

a) An Evolving Proposal Process

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

1. Mauna Kea Storage Space

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

2. Hilo Base Building Expansion

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

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

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

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

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

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

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

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

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

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

4. La Serena Base Facility Remodeling

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

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

5. Staffing Impacts

The “fine tuning of the operations model” discussed above, the need for enhanced data products
and the increased coordination and management of the distributed model necessitated a complete
review of current staffing levels required to implement the objectives called for by the Gemini
Board.
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The Observatory approached the review by starting with a new “bottoms up” assessment of the
science requirements then moved on to identify required increases in engineering staff and
determine the knock-on effects on the networking and administrative support groups.  FTE labor
charts, organized by function, can be found in the budget section of this proposal (Table 7 in
Section V.F.1.).

a) Science

The Observatory undertook a bottoms-up approach to determine the ultimate science staffing
level required to achieve the Board’s objectives.  Specific tasks were identified; an estimate of
full-time equivalent effort for each site was made; research time was factored in; and the level of
expertise for each task was identified.  Twenty-two separate tasks were listed, ranging from
nighttime observation tasks to the management of dataflow to the National Gemini Office

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

totals     26.9 30.98
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interface and support personnel—, all with the philosophy that we would operate so as to “use
every second.”  Down time for vacations and holidays was factored in.

The final analysis showed a requirement for 31 astronomers and parallel-track scientists and 29
scientific technicians (e.g., data-processing technicians and science support associates who aid in
observing).  Our current scientific staff level has been 37, so the staffing increment represents 23
FTE of effort.  Of these 23 FTE the Observatory anticipates that 7 either will be contracted effort
or effort provided initially by the National Gemini Offices.  To allow for manageable growth, the
new staff will be phased in over the 2005–2007 timeframe, with the expectation of full staffing
by January 2008.  Table 3-7 summarizes the scientific staffing planning process. [The numbers
differ by 2 FTE in the required staff positions (58 versus 60), because the positions of Deputy
Director, Head of Science and Associate Director, Science Operations and their duties are not
included in the list.] The Observatory will be able to begin the science ramp-up in 2005, adding
3.5 FTEs with 2005 O&M Funds.

b) Technical

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

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

c) Human Resources and Safety

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

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

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

d) Networking, Connectivity and Systems Support

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

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

e) Finance, Accounting, Procurement and Administrative Support

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

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

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

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

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

Seeking the continued extension of resources and funding options will be an ongoing part of our
efforts. We anticipate that a long-term expansion of outreach capabilities at Gemini South will be
an important part of the Gemini PIO effort to better match the level of activity currently
established at Gemini North. Expansion at Gemini South will undoubtedly present different
needs and influences than the Gemini North effort. However, the staggered approach of first
developing key programs at Gemini North will result in a smoother integration at Gemini South
during the next phase of the outreach/education expansion.

The future of the Gemini PIO effort has considerable room for continued growth in areas such as
staffing at Gemini South and new outreach programming both locally and with more active
participation from our partners.  Following are some concepts that are part of the continued
expansion vision for the Gemini PIO effort:

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

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

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

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

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

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

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

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

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

Utilizing appropriate technologies to disseminate resources effectively and globally;

Networking with a broad base of professional communities and participate in local, national
and international conferences and meetings;
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SHARING RESOURCES AND KNOWLEDGE FREELY; AND

Being prepared for opportunities new partnerships and change.

In moving beyond the past five-year period, it is important to understand that our ultimate goal is
to establish a legacy of Gemini’s scientific impact by promoting our results within the broad
international community. This is a long-term commitment and most of the effort we’ve made has
laid a strong foundation for future efforts. Now that Gemini’s scientific potential has been
realized, increasing the flow of science results, the work of creating a broad global legacy and
impact has just begun for the Gemini PIO program.

The Gemini local outreach effort has established itself as a leader in both of our host
communities (in Hawai‘i and Chile) by implementing a diverse set of programs for local
residents and students.  From the StarLab portable planetarium to the StarTeachers Exchange
program, Gemini has established a new standard for local astronomical outreach in our
communities.

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

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

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

The Canadian Student Observation Essay Program (done twice 2002 & 2003) has become a
model for future programs with other Gemini partners; the

Delivery of images, press releases and other commonly used PIO materials has been
centralized on the Web for easy access throughout the partnership; and
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 Resources such as conference display materials, graphical elements, Internet updateable
lobby video displays and kiosk versions of the Virtual Tour have been made available to
the partnership to assist in preparation of exhibits and displays.

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

2. Enhancing Research Infrastructure

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

3. Diversity, Underrepresented Groups and Human Resources Development

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

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

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

4. Society as a Whole

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

The scientific issues that Gemini will address and the knowledge that will flow from those
efforts will contribute to our understanding of the essence of Nature. It is anticipated that this
will have profound effects on society in ways one can only imagine. While these outcomes
cannot be predicted in detail, experience teaches that these endeavors will bear very real benefits.
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I. Summary
Over the course of the last three years of the previous award, AURA has been engaging the
community and Agencies on the future direction for the Gemini Observatory and partnership.
One of the most prominent products of this process, culminating at a workshop in Aspen, was a
set of fundamental questions in astronomy that Gemini’s community would like to answer using
both existing and new instrumentation and capabilities at the Observatory.

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

These instruments would be procured and managed by the Observatory, using rigorous program
management techniques developed by AURA over the period of the previous award.

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

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

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

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


