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ABSTRA CT

The Inamori-Magellan Areal Camera and Spectrograph is nearing completion. This reimaging spectrograph
will have "elds of view of 15 arcmin and 27 arcmin in its relecting grating and grism spectrographic modes,
respectively, the largest such areas available on one of the new generation of large optical-IR ground-based
telescopes. In addition to wide "eld imaging and a range of low- to medium-resolution spectroscopic modes,
IMA CS will have a 2£ 1000 b er-fedintegral "eld unit built by Durham University, an ecellette mode, and the
potential for afull-"eld tunable "Tter. Wereview someof the planned scienceprogramsfor IMA CS, ranging from
spectroscopy of stars in the Galactic halo and nearby dwarf spheroidal galaxies, the seart for stars between
galaxies,internal kinematics in normal galaxiesand AGN, and the ewlution of high redshift galaxiesand galaxy
clusters.
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1. INTR ODUCTION

The Inamori-Magellan Areal Camera and Spectrograph, IMA CS, is a project at the Carnegie Obsenatories to
dewelop a wide-"eld imaging spectrograph for generaluseat the Magellan | Baade Telesco. The Carnegie Ob-
senatories, formerly the Mount Wilson and Las Campanas,and Hale Obsenatories, hasa rich tradition in deep
wide "eld imaging and multi-ob ject spectroscopy. The telescopsat Mount Wilson and Palomar Obsenatories
included many wide- eld cameras,including the 48-inch Schmidt and the Hale 200-inch prime focus, and the
2-sg-deg eld of the 2.5-m du Pont telescope at Las CampanasObsenatory has provided exceptional imaging
and spectroscopicopportunities. Around 1980, sta® menbers Gus Oemler and Alan Dresslerwere among the
“rst to dewvelop and use multi-slit spectroscoyy, around 1980, which they usedto study intermediate-redshift
galaxies, and Steve Shectman's b er-feb spectrograph for the du Pont telescopge enabledthe ground-breaking
Las CampanasRedshift Survey and a host of other programs.

As the plans dewveloped for the Magellan Project at Las Campanas, the Obsenatories' sta® expresseda
strong interest in a world-classcapability in theseareasin order to pursuetheir interestsin the ewolution of our
Galaxy within the context of the formation and ewlution of all galaxies. Therefore, provision of a wide “eld
capability for the new Magellan telescope was a very high priorit y.

2. THE DESIGN OF IMA CS

Early plans for Magellan were for an 8-m SOML mirror telescoge in collaboration with the University of
Arizona; plans for this telescope included an /5.4 Cassegrainfocus with a 45-arcmirute “eld. The project was
subsequetly scaleddown to 6.5-m, evertually the rst of two to be installed in a multi-partner project named
Magellan. In 1990plans for the implementation of a wide eld of this telescope were reconsidered.Inspired by
the 5-m Hale telescope, Carnegie astronomersexpresseda strong preferencefor its ability to switch relatively
rapidly betweense\eral instruments. This led to the decisionto station instruments at the two Nasmyth and
three auxiliary-Nasymth foci, sothat ead could be addressedin a matter of minutes using a rotating tertiary
mirror.
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A particular feature of this new plan was dewveloped by Stewve Shectman, who sough an internally-ba2ed
wide “eld imaging spectrograph. Without the anticipated large ba2es of the wide eld /5.4 system, such
a spectrograph would not compromise IR performance (planned for a separate, insertable secondaryfor the
Cassegrainfocus) and would enablea self-cortained, permanert installation of a very large spectrograph feasible,
making it rapidly accessible. An added operational benet to the Las Campanas Obsenatory was a much
reduced schedule for instrument removal and re-installation. Shectmanaccomplishedthese aims by borrowing
an idea from Harland Epps: employing a Gregorian focus instead of the usual Cassegrain,the reversal in the
“eld curvature allowed Shectmanto designa refracting 6-inch-beam collimator composedof spherical elemeris
of readily available glasses.The design,subsequetly \tuned up" by Harland Epps, producesexceptionalimages
over a full 30-arcmin diameter eld (FWHM < 0:10 arcsec). This collimator was designedfor what became
the IMA CS spectrograph; to a large extent the Gregorian secondaryon Magellan | is the “rst elemeri in this
collimator.

Harland Epps was engagedto provide optical designsfor two cameras,an /4.3 systemwhich provides a 15-
arcmin square eld at 9 (15* m) pixels per arcsecond,operating over the wavelength interval 3650< , < 10500
A, and an /2.4 camerawith a 27-arcmin diameter “eld at a scaleof 5 pixels per arcsec,with a blue wavelength
limit of , > 4000A. The latter is a state-of-the-art designthat employs two strong aspheric elemeris which
are being fabricated by Tinsley Laboratories. The /4.3 camerais fed by 6 £ 8-inch gratings producing spectral
resolutions of up to R » 10;000 FWHM (1.0 arcsecslitwidth). The /2.4 camerais fed by 6-inch grisms that
produce dispersionsup to R » 5000. Both these camerasaddressa 8192£ 8192 pixel mosaic CCD camera,
whosemecdhanics were fabricated by Gerry Luppino (IFA, U. of Hawaii), with Greg Burley and lan Thompson
providing the electronicsand physical installation of the SITe 2K £ 4K 15 m pixel detectors.

The IMA CS user plans for useof one of the two modes, grating or grism, and the mosaiccamerais mounted
accordingly (a daytime change). Each cameraincludesa linear-motor shutter designedand built by TysonHare
that can take a 1-secexposure with 1% accuracy over the ertire "eld, and a cassette Iter sener that holds
up to 15 Tters, 6.5-inch square, 12mm thick, enoughfor a wide variety of programs. The \disp erser sener"
carriesthree gratings and two grismsat a time (in addition to the open aperture and re°ecting mirror for direct
imaging); the gratings can be set to arbitrary anglesand brought in and out of the spectrograph in lessthan
a minute, which should allow great °exibilit y for complex observing programs. For initial operation IMA CS is
supplied with 6 gratings that can be swapped in and out of 4 grating tilt medanisms, an operation done o®
the telescore.

A team of engineersled by Bruce Bigelow was assenbled at the Obsenatories starting in 1997. Preliminary
Design Review occurred in May 1999 and nal design and fabrication beganimmediately afterward. First
assenbly of the system, and rst light for the collimator + f/4.3 camera+ Magellan guide camera, occurred
in May, 2002, and the 8K £ 8K mosaic camerawas rst usedin July. We anticipate that IMA CS will be
completed by the end of this year with "rst obsenations planned in January, 2003. A full cost accourting of
the "nished instrument totals approximately $5.5M. A more detailed description of IMA CS can be found in
Bigelow & Dressler?

3. HOW IMA CS WILL BE USED

We intend IMA CS to be permanertly installed at the west Nasmyth platform of the Baade telescope; with
cortinuously operating Cryotigers cooling the CCD camera, IMA CS will be available on any night after a 10-
minute repositioning of the telescope's tertiary (°at) mirror. An intended consequences that obseners will
be able to divide a single night's obsenations among IMA CS and whatever instruments are mounted at the
other foci. Nevertheless, allocations of observing time to the Magellan partner institutions are made in full
nights in the classicalobservingmode (obseners presert at the telescop). An exceptionto this is the plan for
\In terrupt Mode Observing," which will set asideas much as one hour ead night for time-critical or target-of-
opportunity observing. The principle instrument for this is the Magellan Instant Camera, MAGIC, provided
by MIT, and an infrared imager, PANIC (Eric Persson,P.l.), will soon be available. Obserwers may chooseto
operate theseinstruments from their homeinstitutions, with the help of the telescope operator (and sometimes,
by arrangemen, with the night's obsener).



Figure 1. The conceptual layout of IMA CS

We intend that IMA CS will also be available for sudh Interrupt Mode Observing, providing the opportunit'y
for simple single-obect spectroscopy. IMA CS includes a rapidly engagedmode for single-olject spectroscopy
where a multi-width slit is introduced into the certer "eld in a few seconds. The slit is polished and viewed
directly by a CCD camera,for object accessand guiding. Becausethe Baadetelescope setsto an rms accuracyof
a few arcsecondsthe certer eld slit and its acquisition camerawill allow for rapid cycling through the brighter
objects that are typical of somescienceprograms. Setting up for wide eld multi-ob ject spectroscoyy is a more
involved procedure, described below, requiring 10-15minutes per setup.

It is expected that the principle use for IMA CS will be wide "eld imaging and spectroscopy. Imaging
applications are straightforward, with an imaging mirror usedfor the f/4.3 cameraand a clear aperture for the
f/2.4 camerawith its full 27-arcmin eld. The two guiders, sampling just outside the observing eld, are moved
to nd 17th mag or brighter stars, one for simple guiding, the other for a Shadk-Hartman sensorthat monitors
and corrects the "gure of the primary mirror and the position of the secondarymirror. This setup will take
a few minutes, limited by the time for the Shadk-Hartman sensorto corverge on a set of mirror corrections.
Setup for multi-slit spectroscopy hasthe additional step of aligning the slit maskto the actual object positions,
which is planned to take 10-15 minutes. The slit masksfor IMA CS are stainless-steelspherical dishes, with
slits or apertures cut by a Gemini laser system. A cassetteloader on IMA CS carries 6 of the slit masks, with
the possibility of easily swapping masksduring the observing night. Alignment of the mask on the sky usesthe
mosaic CCD cameraitself to measurethe position of pre-selectedstars or target galaxies.

With a relatively simple addition IMA CS will becomean echellette spectrograph similar to ESI on Keck. A
cross-disgersing prism mounted to the face of a 245 lines/mm RGL grating will provide full spectral coverage
(no gaps) from 3400< , < 11000A at a spectral resolution of R = 21;000 for a 0.5-arcsecslit. The unit
will 't into the envelope of the standard IMA CS grating mount, so it will be carried on the disperser wheel
when neededand brought into the beam like any other grating, in a minute or less. Becauseof the large 8k x
8k format of the detector, such a spectrum can be obtained for 15 objects simultaneously, if they are chosen
from 1£ 10 arcminute strips. For partial spectral coverage, obtained with a blocking “Tter, the number of
simultaneous objects can be, of course,even higher. A more complete description of the edhellette mode can be
found in Sutin & McWilliam. 2

Within the rst year of operation an Integral Field Unit will be addedto IMA CS. As part of a collaborative



scierti ¢ arrangemern with Carnegie,the deviceis being fabricated by the University of Durham, UK, who have
built a similar such unit for Gemini. The IFU cortains two groups of 1000 b ers, fed by a hexagonallens pack,
which samplea 5£ 7 arcsecrectangle with 25£ 40 elemerts for the f/2.3 camera. The /4.3 cameracan alsobe
usedwith the IFU; in this case25£ 24 elemens samplea 4 £ 6 arcsecrectangle certered on the 5£ 7 arcsec
“eld. The IFU reformats theserectangular areasinto a long slit that utilizes most of the detector array. The
unit is self-cortained and can be inserted into the mask sener cassettein place of three slit masks, ready for
use as neededin combination with other IMA CS capabilities. A detailed description of the IFU can be found
on the IMA CS website at www.ociw.edu.

4. SCIENCE PROGRAMS FOR IMA CS

IMA CS will be available to a broad community at MIT, Harvard/CfA, U. of Michigan, U. of Arizona, and of
courseCarnegie. My description of the sciencecapabilities of IMA CS will certer on the programs at Carnegie,
but a wider variety of usesis anticipated, and participation by a large fraction of the relevant astronomical
community through participation of these other institutions and collaborations with them.

4.1. Direct Imaging Applications

The combination of large eld and large aperture is achieved with somedizcult y. The /4.3 cameraof IMACS
producesan unvignetted 15-arcmin square eld, comparableto DEIMOS on Keck, VIRMOS on VLT, and the
planned Binospecon MMT, and an order-of-magnitudelarger than LRIS or GMOS. The 27-arcmindiameter "eld
of IMA CS /2.5 camera(unvignetted "eld 635sqgarcmin = 0.18sqdeg) is a factor of 3 larger still, comparable
to SuprimeCAM on Subaru and MegaCamon MMT, which are imaging camerasbut not spectrographs.

Theselarge "elds of IMA CS have beenacdhieved with little compromiseto the superb imaging performance
of the Baadetelescope. The rms image diameter averagedover the "eld of the collimator + /4.3 camerais 0.15
arcsec,sharp enoughto result in only 10% degradation of the best imagesthat are expected, FWHM » 0:25
arsec. The f/2.4 camera's performance is remarkable considering the “eld size, with rms image size of 0.25
arcsecover the “eld. The working performance of the cameraswith band-limiting Tters should be somewhat
better than this, sincetheseare polychromatic imagesover the operating range.

A wide-"eld imaging capability of this size and quality on a 6.5-m aperture telescope opensup a range of
possibilities. In a few nights, IMA CSwill producea multicolor survey of many squaredegreesof skyto V » 265,
| » 255, deepenoughto reach L* galaxiesat redshift z » 1. Dresslerand Oemler will in particular be using
IMA CS in this way to mine the elds of intermediate redshift clusters and their surrounding superclusters,
acquiring "eld galaxiesto even higher redshift in the process. Their goal is to chart the morphological and
spectral ewolution of galaxies as they transition from the low-density “eld, through the group environment,
and are incorporated into a cluster. The photometric redshifts that will be obtained will be usedto separate
samplesfor more excient spectroscopy. The ability of the f/2.4 camerato cover large areasof sky to great depth
should also make IMA CS an ideal instrument to follow-up non-optical seardqesfor galaxy clustersat z » 1, for
example, surveysfor the Sunayev-Zel'dovich e®ect,and deepx-ray surveys.

The Obsenatories hasa long history of stellar population researd through color-magnitude (C-M) diagrams.
Becauseof its superb resolution, the Hubble SpaceTelescom can produce C-M diagrams in regions of much
greater crowding than can be achieved from the ground, however, an exposurewith ACS on HST coversis only
a » 10 sqarcmin. The IMACS f/4.3 camerais capable of recording, ever its ertire 239 sq arcmin "eld, the
very best imagesthe Baade telescoe is expected to provide, FWHM » 0:25 arcsec. This meansthat IMA CS
will play an important complemenary role to HST by pushing C-M diagrams to great depth in lesscrowded
regions, for example, Local Group dwarf galaxies,the outskirts of globular clusters, and the halos and disks of
nearby bright galaxies. lan Thompson has done extensive work on in the “elds of globular clusters to probe
massfunction of the lower main sequenceand to study the e®ectsof masssegregation. Wendy Freedmanand
Barry Madore are studying the history of star formation in dwarf galaxiesand also in looking for population
gradients in the halos of nearby brighter galaxies such as those of the Sculptor group. They are particularly
interested in using the tip of the red giant branch as a distance indicator to nearby galaxieswith a wide range
of metal abundances,as a ched of possibledependencesof Cepheid-baseddistanceson metallicity.



Steve Shectmanand RebeccaBernstein intend to seard for intergalactic stars in the Virgo cluster and in
groups out to V = 2000km s~! through narrow band imaging ¢ , » 30 A of [O 111] lines coming from the
planetary nebula stage of these stars. The spacedensity of such objects is very low, probably lessthan 100
per square degree,so the IMA CS /2.4 camerawith its 0.18 sq deg (636 sq arcmin) "eld o®ersa considerable
advantage. Michael Rauch plans to use narrow-band “Tters to seard for high-redshift galaxiesthrough the
detection of Ly®. Again, at a given redshift these systemsare suzciently rare that a large imaging eld o®ers
a crucial advantage.

Alan Dresslerhasbeenmeasuringthe distancesto galaxiesin the local universeusing the SurfaceBrightness
Fluctuation technique developed by John Tonry. Someearly results using a single Tektronix 2048£ 204824 m
pixel CCD have shown that the Baade telescope can extend these measuremets, which typically produce
distance measuremets that are accurate to 5%, to galaxieswith V » 5000km s~! or beyond. The “eld of
the Tektronix CCD camerais adequate for a single galaxy, but the IMA CS /4.3 camerahas "eld an order-
of-magnitude larger, which meansthat for groups and clusters beyond the Local Supercluster, where the /4.3
camerasubtends300kpc, the "eld is large enoughto include two and sometimesthree galaxiessuitable for SBF
measuremets. It is crucial that ghosting and stray light be held to very low levels for this program, and the
Epps cameradesigns,and the internal ba2es in IMA CS, are intended to reducetheseto an extremely low level.

4.2. Spectroscopic Applications

Imaging spectrographs are usually built to \go deep" over relatively large areasof sky. Achieving very wide
“elds typically requires a compromisein image quality comparedto a spectrograph designedfor a slit of an
arcminute or less. IMA CS has beendesignedto be both a wide-"eld deepobject spectrograph and the general-
purpose workhorse' spectrograph on the Baade telescope, therefore, excellert on-axis performanceis neededso
that small slits can be usedto obtain dispersionsR » 10* or in casesof very high badground, for example,
a Cepheid variable star or supernova against the badkground of its galaxy. The Baade Gregorian secondary
and Field corrector/ADC deliver to IMA CS imagesthat can be as small as 0.20 arcseconds.As was merntioned
earlier, the /4.3 camera producesexcellert images: on axis, the cortribution to the psfis only 0.10to 0.15
arcsecFWHM (depending on wavelength). To take full advantage of we have built into IMA CS a certer eld

slit and viewing system that will provide this capability on a minute's notice, allowing rapid acquisition of
targets of opportunity, for example, for spectra of supernovae and gamma-ray bursts. The stepped multi-

width slit in this unit allows the obsener to exploit the best seeingavailable. In addition to its use for these
synoptic obsenations, we expect IMA CS to be usedin a single-obect mode a signi cant fraction of the time,

for example for moderate resolution of high-redshift quasarsdetected with multi-band surveys, and rare halo
stars, for example, Z=Z,,,, < 10~2 which are preserily being discovered and investigated by Greorge Preston,
Shectman, Thompson and Andrew McWilliam.

Of course,IMA CS mutli-ob ject spectroscopy capability is where most of the designhas beenconcerrated.
The /4.3 cameraproducesa eld that is large enough for many programs, for example, the spectroscopy of
galaxiesin distant clusters (out to r » 5 Mpc from the core) and stars and star clusters in nearby galaxies.
Mike Gladders will use IMA CS to pursue his work on the remarkable clusters of the Red-SequenceCluster
Survey (RCS). The broad wavelength coverageand large "eld will allow Gladdersto obtain, with unprecedened
exciency, hundreds of redshifts in ead cluster, necessaryfor a complete characterization of the dynamics and
hencethe derivation of massover a large range of cluster richnessand redshift. By accourting for systematic
changesin the galaxy population and subtle evolutionary e®ectssuc a detailed study will realizethe full power
of the RCS (and an envisioned much-larger survey) in specifying the cosmologicalmodel.

Francois Schweizer plans to use IMA CS to study the ewlution of globular-cluster systemsformed during
galactic mergers. Scart spectroscopic evidence with 4-m class telescopes suggeststhat there may exist an
ewlutionary link betweenthe young metal-rich halo globulars obsenedin 0.5{ 1 Gyr old mergerremnants and
the old metal-rich globulars found in most elliptical and SO galaxies. To survey this possiblelink, the Magellan
6.5-m telescopes and IMA CS will be usedto study the metallicities, ages,and kinematics of globular clusters
in a seriesof E and S0 host galaxiesthought to form an age sequence.Spectra obtained with the long camera,
6001/mm grating, and 0:6 arcsecslitlets will cover the wavelength range of 3700< , < 6600A at about 2 A
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resolution for seweral dozenglobular clusters at a time. When comparedwith new libraries of high-resolution



spectra computed for model star clusters of di®erent agesand metallicities, theseIMA CS spectra should permit
the agedating | via globular-cluster chronology| of past mergerewvents in galaxiesranging from ¢ < 1 Gyr-old
merger remnarts to ¢ > 10 Gyr-old E and SO galaxies.

The /2.4 camerawill be the instrument of choice for those projects where areal coverageis the limiting
factor. Eric Perssonled the Carnegie e®ort to place the Wide-eld IR Camera on the du Pont telescope in
collaboration Richard Ellis and the instrumentation group at Cambridge University. Persson,Pat McCarthy,
Ray Carlberg, and their collaborators are using the mapping mode for this instrument to produce26£ 26 arcmin
“elds, ideally suited to spectroscopy with the IMA CS f/2.4 camera. With the near-IR data and deep optical
imaging, the group hasidenti ed a sample of roughly 5000galaxiesat z > 1. Spectra with IMA CS will be used
to measurethe luminosity function of various galaxy typesat z > 1 and to measurethe 3-D clustering length
over this epoch, a sensitive test of cosmologyand structure growth. The survey depth is setby a K-short imaging
limit of K, = 20:8, although a signi cant fraction of the K-detected objects will fall below the spectroscopic
limits of IMA CS over the 6000< , < 9000A interval. To go as deepas possible,the team will useIMA CS in
the \no d-and-shu2e” mode that has beenshown to produce the very best sky subtraction for extremely faint
objects. A principle designfeature of IMA CSis the ability to rotate the dewar by 90-degreesn either camera,
which is necessaryto make nod-and-shu2e measuremeis using small holes as apertures. We believe that the
typical IMA CS userwill chooseto align spectra along the long axis of the CCD chips in order to have only one
break in the spectrum causedby the gap betweenadjacert CCD's. The right-angle rotation, which produces
three small gapsin every spectrum, is however necessanyif the chargeis to be shu2ed badk and forth between
the apertures.

Together with the SWIRE Legacy Team (Lonsdale et al.), Persson,Dressler, and McCarthy will also use
the f/2.4 camerato identify and obtain redshifts for thousands of mid- and far-IR sourcesdetected by SIRTF.
The sourcedensity reached by SWIRE (a ten-square degreesurvey) is expected to be in the seweral thousand
per square degreeand the median redshift could be well over z = 0.5, depending on the amount of ewolution
for thesevery red galaxies. Redshifts obtained with IMA CS will allow the group to determine the luminosities
of the SWIRE sourcesand hencethe rate of ewolution in luminous, dust-obscurred galaxiesat early epochs.

As part of the Morphs collaboration, Dresslerand Oemler have been studying the ewolution of galaxiesin
rich clusters over the redshift range 0:3 < z < 1. The work has emphasizedthe surprisingly large fraction of
starburst galaxiesin both the "eld and cluster galaxiesas comparedto similar ervironments today. The most
recert obsenations, of the outer regionsof CL0024+1654 and Abell 851, both clusters at z = 0:4, show that,
to a large extent, the starbursts in the cluster galaxies must have begun far from the cluster core, perhaps
triggered by interactions in the ervironment of infalling groups. Dressler, Oemler, and Gladders will pursue
this line of investigation by greatly extending the areal coverageand numbers of galaxiesthat are infalling into
intermediate-redshift clusters. The /2.4 camerawill provide a wide-enougheld to probe well out into the
supercluster environment of these clusters, and a spectral resolution of a few Angstroms will allow accurate
measuremets of the emissionlines and Balmer absorption lines that record the star formation history of these
galaxies. Scott Trager and Dan Kelson are particularly interested in the star formation history of the early
type galaxiesin these clusters. The intention is to follow up with longer exposuresto achieve the higher S/N
necessanto detect the weaker featuresindicativ e of past star formation in theseelliptical and bulge-dominated
galaxies.

According to hierarchical scenariosand current ideasabout star formation rates, most high redshift galaxies
aretoo faint to show up in broad band, color-selectedsurveys, for example,the Lyman-break approach. Michael
Rauch intends usethe wide “eld of IMA Cswith narrow band Tters (¢ | = 50; 100A) to make very deepseartes
of random “elds with low Galactic extinction. It should be possibleto readh sensitivities of 10718 ergs st cm—2
A~? or better, sutcient to reac sub L* galaxiesat z » 2 3. The aim is not to probe to as high a redshift
as possible, but to sample the luminosity function, essetially unknown at this point, as deeply as possible.
The weak Ly-® emitters will be suzciently numerousto be useful tracers of Tamentary large scalestructure in
the high redshift universe,and should be bright enoughfor follow-up obsenations of many objects to measure
corntinuum luminosities and colors.

Andrew McWilliam hasa number of stellar population projects that will exploit the wide- eld spectroscopic
capability of IMA CS. One is deep multi-ob ject grism spectroscopy in the Ca-triplet linesin oder to survey for



RGB starsin Local Group dwarfs. For example,Fornax hasarangein [Fe/H] and contains two globular clusters.
Is there an age-metallicity relation in Fornax, and are there radial metallicity gradients? A samplewith arange
of [Fe/H] will subsequetly be the subject of a Magellan edelle study to ask more detailed questions about
chemical composition.

The seard for very metal-poor starsin “elds nearthe Galactic Bulge by Preston, Shectman, Thompson, and
McWilliam is being made with narrow-band Tters certered on the Ca-K line. Due to the signi cant number
of spurious detections for stars of very-low-metal abundance,spectroscopicfollow-up is required. The program
is preserlly hampered by the rate at which this can be done on the du Pont telescope, but 600 I/mm grism
spectroscopy with the IMA CS /2.4 camera(at its blue wavelength limit) will yield con rmativ e spectra over
the 27£ 27 arcmin “eld in only 15 minutes.

McWilliam is exploiting this survey to nd stars with [Fe/H] < j 2:5 for high resolution spectroscopy.
McWilliam has found for these stars heavy elemen abundanceswhich depart strongly from normal halo giant
compositions. Theseresults indicate that early chemical evolution in the galaxy wasremarkably inhomogeneous,
thought to result from non-uniform yields of heavy elemers from supernova sub-types. The non-standard
abundancetrends are particularly useful to theorists trying to make models of Population 111 supernovae.

4.3. An Integral Field Unit for IMA CS

Under cortract, and as part of a collaborative scienceprogram, Durham University is constructing an integral
“eld unit for IMA CS. The unit will sampletwo rectangular areasseparatedby an arcminute in Magellan's f/11
focal plane, at a resolution of 0.2 per b er. The unit can be usedwith either the /2.4 or /4.3 camera, which
allows a wide choice of gratings and grisms, however, the smaller “eld-of-view of the /4.3 camerameansthat
only the certral 3£ 5 of the two 4£ 6 elds will be sampled.

The IFU will be a powerful tool in the study of the kinematics of nearby and distant galaxies. Speci cally,
Paul Martini will usethe IFU to study the kinematics of gasand stars in the immediate surroundings of AGN
nuclei. His program is aimed at understanding the fueling mecdanism for AGN by investigating the motions
and angular momertum of material that is within reach of the certral massiwe black hole.

OH megamasergOHMSs) are luminous 18 cm masersproducedin massive merging galaxiesand are obsenable
at cosmologicaldistances. Jereny Darling has assenbled a sample of galaxies0:1 < z < 0:3 with OHM, which
trace star formation, mergers,and possibly the formation of massiwe black hole binaries from the presen up to
z = 3j 5. Useof OHMs astracers of high-redshift merging requires an understanding of the stage of merging
marked by OHMs, the lifetime of OHMs, and the connection between merger stage, OHM production, and
OHM properties. A high angular resolution spectroscopicstudy with the IMA CS IFU of the kinematic states
of OHM galaxiesat z = 0:1; 0:3 can addresstheseissuesand provide an understanding of the ervironments
responsible for such remarkably luminous molecular emissionlines. This study will also signi cantly enhance
the sample of (U)LIR Gs with dynamical information.

Dressler and Oemler's study of starburst galaxiesin intermediate-redshift clusters has raised important
guestionsabout the spatial distribution of the starbursts: N-body simulations show a strong preferencefor gas
to be funneled to the certers of galaxies, particularly in mergers, with the resulting starburst being strongly
concerrated. On the other hand, there are well known nearby examplesof starbursts, for example, NGC 5102
and M82, wherethe starburst hasapparertly beenwidely distributed over the galaxy. Most obsenations to this
point of the more distant starbursts have had little or no spatial resolution, so the IFU will o®eran excellert
opportunity to test to what degreemergersare driving the starbursts.

Rauch proposesto study the ervironment of QSOs using the IMA CS IFU, focusing in particular on the
guestionsof how and when are QSOsfed by their ervironment | doesall the surrounding matter fall in early
on, or is this a continuous process? Martin Reesand others have suggestedto look for Ly-® emissionfrom
hydrogen within a few arcsecondsof of high-redshift QSOs at high redshift to seewhether the Taments and
sheetsof gas expectedto surround the higher density region around a QSO are still intact. This gas should
highly ionized by the QSO itself and therefore radiate very strongly. With the IMA CS IFU seardting for this
e®ectto unprecedened depths should only require a few hours per QSO. This program delivers the strongest



constraints at the highest redshifts of course,but it should be done for QSOswith a range of redshifts to see
how the matter °ows into the QSO as a function of cosmictime.

4.4, The IMA CS Echellete Mo de

The /4.3 cameraof IMA CS achievesa resolution of R » 10* (1.0 arcsecslitwidth) with a 1200l/mm grating.
As the successof ESI on Keck has shawvn, resolutions higher by a factor of two open up great opportunities
in, for example, the absorption line studies of intervening gas using quasarsas background sources,and the
investigation of chemical ewolution through intermediate-resolution obsenations of the study of stars in the
Milky Way and nearby galaxies.

By adding a prism-cross-disgersed echellette grating as an optional module to IMA CS), complete spectra
from 3400< , < 110004 can be obtained in a single setting. Furthermore, the edellette addition to IMA CS
allows the unique combination of two usually disparate spectrograph characteristics: high resolution without
cross-ordercontamination, and a multi-slit, wide-angle "eld of view. The unique combination in IMA CS will
provide a powerful multiplexing capability, which will allow up to 15 objects to be obsened simultaneously at
a resolution of R = 20;000 (0.5 arcsecslit width). Each of the objects can be selectedfrom anywhere in 15
adjacert 1£ 10 arcminute rectanglescovering most of the “eld of the /4.3 camera. (By choosinglessthan full
wavelength coverage,the number of objects can be increasedsubstartially.) Particularly well suited for study
are any stars or stellar groups with suzxcient density on the sky, for example, Galactic bulge stars, stars on
Local Group galaxies,stars in Galactic globular and open clusters, and extragalactic globular clusters. Details
of this systemare found in Sutin & McWilliam. 2 The areal coverageand spectral resolving power are well suited
for detailed abundanceanalysis of metal-poor RGB stars in crowded regions.

McWilliam will study the chemical composition of large numbers of stars in Local Group dwarf spheroidal
galaxies (dSphs) to understand the chemical ewolution history of these systems, and provide a test for the
chemical ewolution paradigm.

The Carina dSph is of particular interest, as it contains stars from a number of discrete star formation
epochs separatedby many Gyr (e.g. Smedker-Hane et al®). It is thought that the production timescalesfor
alpha elemers (O, Mg, Si, S, Ca, Ti), iron-peak elemers, and s-processelemerts (e.g. Sr, Rb, Y, Ba, La) are
very di®erer, due to the massesof the progenitor stars. If the younger populations are composed of material
synthesized by the previous generationsthe obsened abundancesof these elemerts will enable a test of the
theoretical yields from stellar populations with discrete ages.

4.5. The Maryland-Magellan  Tunable Filter

Sylvain Veilleux at the University of Maryland has assenbled a consortium, including many Carnegie as-
tronomers and menbersof the Magellan consortium, to build the Maryland-Magellan Tunable Filter for IMA CS.
Basedon the highly successfulTTF deweloped for the AAT (Bland-Hawthorn & Jones1998),the MMTF will

use high-performance, low-order Fabry-Perot etalonsto produce monochromatic imagesover a 10£ 27 arcmin

“eld. The MMTF will provide a high-throughput tunable bandpassof 10; 100A over a broad range of wave-
lengths, 5000< , < 9200A. Consideredas a product of raw sensitivity and areal coverage,the MMTF will be
5-10times more capablethan any other instruments for 4-10mtelescopes. Frequencyswitching with the etalon,

syndironized with charge shu2ing in the CCDs of the mosaicarray, will averageout temporal e®ectsassaiated
with atmospheric and instrumental variations, resulting in an expected sensitivity emissionline point sources
of » 1071 ergs s7! cm~2 at S=N = 3%in an exposureof t » 1 hr.

This unprecedened sensitivity o®erssomeunique obsenational opportunities. Veilleux and his collaborators
will continue their study of superwinds and fountains in nearby galaxies, tracking the energy and matter
°ow in these systemsand their e®ectson the surrounding intergalactic medium. Sud processesare detailed
manifestations of the \feedback mecdanism" that is believed to be soimportant for young galaxiesin in°uencing
their structural developmert and star formation rate within the growth of dark matter halos. Michael Rauch
intends to usethe MMTF to provide obsenational constraints on faint Ly® emissionfrom high-redshift galaxies
and intergalactic gas clouds. Blind seardes for Ly® emitters at high redshift will be very e®ective: from
3< z < 6:;5 MMTF seardeswill be able to detect (dust free) star formation rates of lessthan 1 M, yr—1.



This same capability will be even more e®ective when the redshift is already known, for example, searting
for emissionfrom QSOs. Dresslerand Oemler are planning to usethe MMTF to map emission-linegalaxiesin
intermediate redshift clusters;the large "eld and excellent sensitivity will make possiblea very excient seart
of [O 11] and H®-emitting galaxiesthat can be usedfor study cluster assenbly or the e®ectsof environment
on star formation for infalling cluster galaxies. Again, becauseof the large areal coverage, the MMTF will
be an excient tool for studying Galactic star-forming complexes,planetary nebulae, supernova remnarts, etc.,
enabling the mapping of the kinematics and excitation of gasin dynamic regionsof the galaxy.

5. CONCLUSIONS

Our design goal for IMA CS was to provide a very versatile spectrograph that could support many types of
scierti ¢ investigations, with as little compromise as possiblein the quality and sensitivity of any of these
diversemodes. The sample of projects we have preserted hereis just that, only a sampleof the kind of studies
that IMA CS on Magellan will make possible. We look forward to seeingmenbers of our and other astronomical
communities exploit the capabilities of IMA CS and develop even more invertiv e, productive ways to useit.
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