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ABSTRACT

At the present time, several new Gemini instruments are being delivered and commissioned. The Near-Infrared
Coronagraph has been extensively tested and commissioned on the Gemini-South telescope, and will soon begin a large
survey to discover extrasolar planets. The FLAMINGOS-2 near-IR multi-object spectrograph is nearing completion at
the University of Florida, and is expected to be delivered to Gemini-South by the end of 2008. Gemini’s Multi-
Conjugate Adaptive Optics bench has been successfully integrated and tested in the lab, and now awaits integration with
the laser system and the Gemini-South AO Imager on the telescope. We also describe our efforts to repair thermal
damage to the Gemini Near-IR Spectrograph that occurred last year. Since the last update, progress has been made on
several of Gemini’s next generation of ambitious “Aspen” instruments. The Gemini Planet Imager is now in the final
design phase, and construction is scheduled to begin shortly. Two competitive conceptual design studies for the Wide-
Field Fiber Multi-Object Spectrometer have now started. The Mauna Kea ground layer monitoring campaign has
collected data for well over a year in support of the planning process for a future Ground Layer Adaptive Optics system.
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1. CURRENT INSTRUMENTS

The Gemini Observatory has entered a mature and productive era with a number of first- and second-generation
instruments on both telescopes being operated in a flexible queue-based observing system' that takes best advantage of
observing conditions as they occur. The telescopes are designed to allow rapid and flexible switching between
instruments, which allows astronomers to obtain data in conditions best suited to the observations. Gemini has pioneered
the ability to respond quickly (within minutes) to targets of opportunity, such as gamma ray bursts, or to dynamically
define targets and observations for temporal monitoring, such as supernovae or weather monitoring of Titan.” Both
Gemini telescopes now have sophisticated multi-layer protected silver coatings on their mirrors, giving the Gemini
telescopes very low emissivity. Recently Gemini has commissioned a sodium laser guide star system for Adaptive
Optics (AO) observations on Gemini-North. Most of the instruments in regular use on the Gemini telescopes are
described in previous versions of this SPIE report.>*>¢7#

On the Gemini-North telescope on Mauna Kea, Hawaii, Gemini operates the GMOS optical multi-object imaging
spectrograph,”'® the MICHELLE mid-IR imager and eschelle spectrograph,'' the NIRI near-IR imager,'>"* and the NIFS
near-IR integral field spectrograph.'* NIRI and NIFS are used with the Altair AO system. Altair is now producing
excellent results using a sodium laser guide star (LGS), although there is still work to be done to make the system more
robust and efficient. Since the last report, NIFS has been fully commissioned on Gemini-North with both natural and
laser guide star AO. The TEXES mid-IR high-resolution spectrograph was used as a visiting instrument at Gemini in
2006 and 2007."° GNIRS, a near-IR cross-dispersed spectrograph,'®'” suffered thermal damage when a temperature
controller failed last year, and will be repaired and returned to service on Gemini-North in 2009.

At Gemini-South on Cerro Pachén in Chile, Gemini provides access to the southern version of GMOS and the T-ReCS
mid-IR thermal imager and spectrograph'®, NOAO and SOAR have loaned Gemini the Phoenix near-IR high-resolution
spectrograph'® for the past couple of years, and we anticipate using Phoenix on Gemini-South into 2009. The Near-IR
coronagraph NICI® is currently being commissioned on Gemini-South, and is scheduled to begin regular science
operations later in 2008.
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1.1 The Near-Infrared Coronagraphic Imager

Gemini’s latest addition to its instrument suite at Gemini-South is the Near-Infrared Coronagraphic Imager (NICI).***!
NICI is the first Gemini instrument designed specifically to search for and analyze the properties of planets orbiting
other stars, and one of the first in the world optimized to image the light from planets directly. With an on-board
85-element AO system, dual imaging cameras with narrow-band methane filters, and an optimized coronagraph, NICI is
designed to take advantage of Gemini’s excellent image quality to find planets around young stars. Each camera has its
own detector and set of methane filters, maximizing sensitivity to giant planets with methane in their atmospheres. NICI
was built in Hilo, Hawaii by Mauna Kea Infrared LLC (MKIR) under the leadership of Doug Toomey. NICI is unique
among Gemini instruments in that it was funded by a NASA grant as part of NASA’s mission to explore extrasolar
planets. This independent funding made it possible to design a specialized AO instrument that might not have otherwise
been built because of tight funding within the Gemini partnership.

NICI passed acceptance tests in Hilo in October 2006, and was shipped to Cerro Pachén in January 2007. The Gemini
and MKIR instrument team assembled NICI and tested it in the lab at Gemini South. NICI was installed on the telescope

‘ . and saw first light on the night of February 20, 2007.
The first observations successfully demonstrated good
coronagraphic performance and showed that the AO
system was behaving as expected. The AO
performance was limited at that time by vibrations in
the Gemini secondary mirror control system and by
the thickness and resonances of the original
deformable mirror (DM).

During the following months, Gemini engineers
worked to improve the stability of the secondary
mirror control system, and a new DM from the
University of Hawaii was delivered. The new DM has
a lower minimum radius of curvature, providing
significantly greater stroke. It also has higher resonant
Figure 1. A technician works on NICI in the instrument lab at frequencies, meaning it can be used at higher gain
Gemini-South. under worse seeing conditions than the original DM.
The new DM performed very well in lab tests, and was
tested on the sky in July 2007. The results of that run were very encouraging. Strehl ratios of ~50% at 2.2 um were
measured, in line with the expected performance for NICI.

The initial NICI commissioning tests revealed a number of issues that are being resolved before regular science
operations with NICI begin. First, the electronics enclosures built by Gemini were inadequate to keep all the NICI
electronics cool enough for regular operations on the telescope. The heat exchangers in the enclosures were rebuilt and
the ventilation improved. Second, software development by MKIR and Gemini staff continued throughout 2007 to make
NICI work as an integrated part of the Gemini queue. Finally, we are improving the reliability of the dual array
controllers to produce reliable, low-noise performance on the telescope. Some timing and interference issues between
the two detector controllers introduce occasional hangs, lost pixels, and increased noise. These appeared to be minor
during early testing, but turned out to be limiting factors when NICI was tested at the limits required to detect faint
planets. These issues are being addressed, and we expect NICI planet finding observations to begin in mid-2008.

NICI is the most specialized of Gemini’s instruments thus far, and meeting its science goals will require a large survey
of nearby stars conducted over several years. In 2005, Gemini awarded ~50 nights of observing time to a team led by
Michael Liu (U. Hawaii), Laird Close (U. Arizona), and Mark Chun (U. Hawaii) to conduct the NICI planet search
survey. The NICI planet survey will search for massive planets (like Jupiter) around young, nearby stars. With a census
of young planets, the NICI campaign team will address important questions about the distribution of masses and
separations of planets in the outer regions of other planetary systems, the affect of the mass of the parent star on the
chances of planets forming, and the properties and compositions of young giant planets. Most planets discovered around
other stars have been detected indirectly via their gravitational influence on their parent stars (the radial velocity
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technique). NICI is designed to find a very different class of planets because it will preferentially find giant planets
orbiting farther out, in regions of their planetary systems comparable to those occupied by the giant planets in our own
solar system. Unlike the radial velocity instruments, NICI will be able to detect the infrared light from the planets
directly, revealing much about their masses, compositions, and temperatures.

Planets are much fainter than their parent stars. Diffraction from the bright star forms long-lived speckles that can be
confused with a planet. To help distinguish real planets from the speckles, the NICI campaign team will use specialized
filters and the spectral differential imaging strategy. The atmospheres of giant planets contain methane, which has
strong near-IR spectral signatures. The filters in NICI have been specially designed to maximize the contrast between
objects with methane in their atmospheres (planets and brown dwarfs) and those that don’t (stars). The campaign team
is also exploring the angular differential imaging technique which involves holding the cassegrain rotator fixed during
observations.”' With the rotator stationary, background stars and planets will rotate in the field of view, while the speckle
pattern remains unchanged. Companion planets can be difficult to distinguish from background stars, so the NICI
campaign will require follow-up observations taken months later. During the time between observations, the nearby star
and its planets will have moved relative to the background stars, making it possible to distinguish real planets from
background objects. These strategies will maximize the campaign team’s chances of finding real planets.

The NICI team continued with commissioning runs at Gemini South in early 2008. NICI was mounted on the side port
of the instrument support structure, its nominal position for general operations, and run completely under high-level
software control. After calibrating the
transformations required to control the
AO system steering mirror, formerly
long and laborious target acquisitions
became a simple, semi-automatic
process requiring only a few minutes.
Operating with the Gemini
observatory control software
simplified long or complex sequences
of observations. In 0.6 arcsecond
natural seeing, the delivered Strehl
ratio was 0.35 to 0.40 at 1.6 um over a
2-hour period. Figure 2 shows images
of the star HD 129642 and a nearby
background star.

Figure 2. NICI images of HD129642 in the 1.6 um methane 4% filter. The image at
left is a coaddition of 76 images; the star is visible through the semi-transparent 0.3
arcsec coronagraph mask. The image at right was processed to remove the central
star, revealing a faint background star (at the 8 o’clock position).

In the next few months we plan to
improve NICI’s performance in two
basic ways. The first is to refine the
alignment and tuning of the AO system to deliver higher Strehl ratios. The second is to reduce read noise and improve
the reliability of the array electronics. MKIR, together with collaborators at the University of Hawaii and Gemini, is
working on array controller improvements to be implemented and tested before the beginning of campaign observations
in semester 2008B.

1.2 The Gemini Near-IR Spectrograph

At the end of April 2007, the Gemini Near-Infrared Spectrograph (GNIRS)'®!7 suffered a temperature controller failure
that caused it to overheat. Although some significant parts were damaged, most of the GNIRS instrument was
undamaged. Gemini has started the process of restoring GNIRS to full functionality in Hilo, where it will be repaired and
returned to service on Gemini North.

GNIRS was warmed up in April for routine cold head service. The fast warm-up system and vacuum pumps were used

following normal operating procedures that had been successfully followed a dozen times before. The fast warm-up
system has a completely independent hardware controller that normally shuts off power to the heater resistors when the
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temperature set point is reached. For an unknown reason, the controller failed and GNIRS was continuously heated until
it reached temperatures of nearly 200° C. Gemini staff members do not normally monitor the temperatures remotely;
doing so might have prevented much of the damage. When Gemini personnel returned to the mountain, they shut the
heaters off and allowed GNIRS to cool passively with the pumps running for several days.

After the instrument had cooled, the dewar was opened and the main components inspected by a team of Gemini

built GNIRS, Jay Elias (GNIRS PI, NOAO) helped
assess the damage and develop the recovery plan. The
multi-instrument queue allowed Gemini to quickly adapt
to the loss of GNIRS, and no observing time was lost
(although the lost opportunity to use GNIRS clearly
affected many highly ranked programs). NOAO and the
Southern Astrophysical Research (SOAR) consortium
agreed to leave the high-resolution infrared spectrometer
“Phoenix” at Gemini for the rest of 2007 and 2008. A
special call was issued, inviting proposals for additional
bright-time programs using GMOS, T-ReCS and
Phoenix. These steps help insure that the scientific
potential of the telescope was met following the GNIRS
accident.

Figure 3. Thermal damage to the Aladdin 3 In:Sb detector.

The initial inspection of GNIRS showed that some components with low melting points were damaged. The plastic
Delrin™ parts, which are mostly used as lens spacers or filter baffles, had melted. The load-bearing G10 fiberglass
components were weakened to the point that some had
cracked and began separating. The most significant loss was
the In:Sb Aladdin 3 science detector (Fig. 3). The dewar
window was coated with plastic and resin (Fig. 4). The
dewar shell and optical bench, most mechanisms, wiring,
motors and electronics were undamaged.

In August 2007, GNIRS was prepared for shipment from
Cerro Pachon to Hilo, where it is being refurbished. By early
September 2007, GNIRS was packed and then flown to
Hawaii. In preparation for the arrival of GNIRS, Hilo staff
prepared and cleaned the instrument lab, and relocated a
clean room and some work benches into the Hilo instrument
lab. By late September, Gemini staff members were
beginning the second phase of damage assessment and repair
at the HBF.

Figure 4. Plastic and resin contamination on the GNIRS We are now working to fix or replace the damaged parts.

window. The damaged G10 fiberglass supports have been replaced.

The resin in the original supports broke down, producing a

yellowish deposit that coated parts of the vacuum jacket (the coldest part of the instrument during the overheating event).

The fiberglass replacement struts were installed before GNIRS was shipped to Hilo for further repairs. The vacuum
jacket and radiation shields have now been thoroughly scrubbed, pressure-washed, and cleaned.

The Aladdin 3 In:Sb science detector was destroyed when its indium layer melted (Fig. 3). We have ordered a
replacement Aladdin 3 array from Raytheon Vision Systems and expect delivery in mid-2008. The array will be tested
and characterized at NOAO prior to installation in GNIRS. In the meantime, a multiplexer and engineering-grade array
are available for testing the electronic and optical systems before installing the new science-grade detector. The GNIRS
team considered replacing the science detector with a newer array, such as a Teledyne HAWAII-2RG. We concluded
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that a different detector would require significantly more time and money to retrofit into GNIRS and produce only minor
performance improvements because the GNIRS optical design was optimized for the Aladdin 3 architecture.

The HAWAII-1 Hg:Cd:Te detector in the on-
instrument wavefront sensor (OIWFS) must also be
replaced. The University of Hawai‘i (UH) Institute
for Astronomy is providing a new array and repairing
the OIWFS. UH built the three nearly-identical
OIWFS wavefront sensors for NIRI, GNIRS, and
NIFS. The HAWAII-1 array does not need to be
science-grade, since only a small subset of pixels in
one quadrant are used to track image motion. UH will
test existing engineering-grade arrays they have on
hand and choose an appropriate one to repair the
GNIRS OIWEFS. In addition to replacing the array
mount and detector, UH will test and refurbish the
mechanisms and optimize the optics for use with
Altair. The GNIRS OIWFS repair will allow us to
test new guiding systems that may allow future
improvements to the Altair LGS sky coverage by  Figure 5. Disassembling and cleaning the GNIRS optical bench.
providing tip-tilt natural guide stars over a wider field

of view than is currently accessible with the Altair optical wavefront sensor.

All of the GNIRS optical elements have been removed and examined (Fig. 5). The entrance window and filters were
replaced with spares. A subset of the lenses and mirrors were sent to NOAO for further expert assessment. Several of
the optics, even those that were protected from direct contamination, were damaged. Some of the lenses had edge chips.
The damage is outside the clear aperture, but the chips will have to be stoned out, and some of the lenses may need to be
repolished and recoated. Contamination on some lenses is especially sticky, even with fairly aggressive cleaning with
solvents. The lenses have been returned to the original vendors for further assessment and repair, if necessary. The
mirrors suffered worse damage than the lenses. One of the fused silica flat mirrors shattered, and the gold coatings on the
diamond-turned collimator mirrors were damaged (Fig. 6). The replicated epoxy mirrors and diffraction gratings were
damaged, and new gratings will have to be produced. Some mirror samples were sent to Optical Data Associates in
Tucson, Arizona, for further testing. Their report showed that the contamination on the mirrors did not have significant
absorption features in the near-IR, meaning that any optics with intact coatings may be usable. The flat mirrors will be
replaced, and the diamond turned mirrors refigured and recoated. After the optics are cleaned, repolished, recoated, or
rebuilt, they will be installed and aligned. We are also
repolishing the cross-dispersing prisms to improve
image quality, especially when GNIRS is used with the
Altair AO system.

Thermal damage to the integral field unit (IFU) was
significant (Fig. 7). Because of the way the IFU is
constructed and the extent of the damage, it is not
feasible to repair it. The IFU would most likely have to
be rebuilt from scratch, and that would significantly
exceed our repair budget. Although the GNIRS IFU is a
complete loss, we have not lost the majority of its
capabilities. Gemini has recently commissioned the
Near-infrared Integral Field Spectrograph (NIFS), an
IFU instrument with similar capabilities.'"* NIFS has
excellent spatial sampling and is designed to be used
with the Altair Adaptive Optics system. The field of
view is almost identical to the defunct GNIRS IFU, but

: - . Figure 6. Coating damage is visible as pits and wrinkles on a
with better spatial sampling. NIFS has spectral  protected gold-coated diamond-turned mirror.
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