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Abstract.

After exhaustion of its cryogen, the Spitzer Space telesamitl still have a fully functioning
two-channel mid-IR camera that will have sensitivitiestéethan any other ground or space-
based telescopes until the launch of JWST. This documenrtda® a description of the expected
capabilities of Spitzer during its warm mission phase, aravides brief descriptions of several
possible very large science programs that could be condutkes information is intended to serve
as input to a wide ranging discussion of the warm missiomseigleading up to the Warm Mission
Workshop in June 2007.
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1. INTRODUCTION

The Spitzer Space Telescope passed a milestone of threeigeabit in August 2006,
with enough cryogen for another approximately 2.5 yeartsinéminal mission profile.
We are now starting the detailed process of considering hmtze will be operated in
the post-cryogenic period, when the long-wavelengthumsénts will no longer provide
useful data but the 3.6 and 4tBn channels of IRAC will still perform well. This doc-
ument provides a brief review of Spitzer’s current status id expected performance
capabilities during the post-cryo period. We then desqgpibesible changes in the way
Spitzer will be operated in order to reflect the post-cryoatsigties and the expected
decrease in ground-operations support.

An important issue for the warm mission is the mix of obsegvinojects undertaken.
We believe it is untenable to continue both the time allasatind scheduling exactly
in the manner of the cryogenic mission because this wouldirea staff size at the
Spitzer Science Center (SSC) that is only modestly redusma the current level.
We believe that the only way to significantly reduce the S&fiegy level is for most
of the observing time to be allocated to a few very large mtsjeWe briefly outline
how we believe this would work below. Given this model, itnHeecomes particularly
important to have an early and wide-ranging discussionefythes of large projects best
suited, and the mechanism by which those projects will becsedl and managed. We
address the first of those issues by providing outlines of emge projects as potential
models for the type of science that can be done during the wassion. We stress that



these projects are for purposes of illustration, and that trave not been selected. The
details of how the large projects will be selected are stitll'eing, but the process will
involve a mostly-external steering committee and an operkstmp which they will
organize, community-led white papers to develop detailedpfor specific potential
large programs, and calls for proposals with peer-reviesedelction.

The range of science that could be done during the warm missiextremely broad.
The total amount of observing time for science could be oép8®,000 to 40,000 hours.
If all of that time were devoted to a moderate depth surveyydy) 5o) - i.e. about ten
times deeper than WISBAMde-Area Infrared Survey Explorer), of order 20 to 30% of
the sky could be surveyed. Alternatively, a deep surve\l (uJy, 50) intended to serve
as a precursor to JWST observations could be obtained fadef 400 square degrees
if that were the only project conducted during the warm noissObviously, anything
in between those two extremes could also be conducteddingjiyprograms aimed at
temporal variability or proper motions.

2. EXPECTED SPITZER SPACECRAFT CAPABILITIESIN THE
WARM MISSION

The Spitzer Space Telescope has achieved exceptionatesinrn and efficiency due
in large part to the excellent performance of the spacearaftcryo-telescope assembly
(CTA). The spacecraft and cryostat have met or exceededreagents, notably in the
areas of pointing control and cryogenic lifetime. In thetfifsmonths of 2006, Spitzer
spent 85.4% of the total elapsed time doing science or seigrstrument calibration.
Based on our in-orbit experience to date, we believe thabfhizer spacecraft hardware
should perform well for many more years. There is no evidématany of the redundant
units on board have failed. The only system where there isesontertainty is the
spacecraft computer. In August 2006, Spitzer underwentuémnamous side-swap of
the spacecraft computer (from Side-A to Side-B). No causetie side-swap was
identified, and the most probable explanation is a sing&eupset, with the strong
expectation that Side-A would operate normally if used. Eesv, since the side-swap,
we have continued operation on Side-B because that was deébmeonservative course
of action.

During the nominal science mission, Spitzer operates or@&e instrument at a
time, with instrument transitions occurring every 1-2 week average. A sequence of
preplanned science is uploaded weekly, and the spacedeitoits high-gain antenna
towards earth once or twice each day to downlink science 8ata2 Mb/s these down-
link periods take 20-60 minutes depending upon the datanvelispitzer cannot toler-
ate over-filling its mass memory, and sustained high datamet necessitate downlinks
twice per day for all MIPS campaigns and some fraction of IRAg@rations. Spitzer is
in an earth-trailing solar orbit and it recedes from earth edte of about 0.1 AU/year.
This affects telecommunications, particularly towardehd of the nominal mission and
during post-cryo operations.

Spitzer’s limiting consumable for the nominal mission ie #uperfluid helium which
cools both the instruments and the telescope (via ventimg the cryostat). Current
predictions for the end of the cryogenic mission place the @ which the cryogen



will be expended at March 20G2 a month. This date is estimated from a measurement
of the remaining helium mass based on the thermal responge afryogen to heat
dissipated into the cryostat. The only other consumableptz& is cold N gas for
angular momentum management. Given current and expeatadites, there is enough
N> on board for at least another ten years of operation.

Once the cryogen is expended the temperature of the telessapthe cryostat will
rise. The telescope is expected to reach a steady-statetatuge of 24-25K after 10-15
days, and is projected to remain in focus at that temperatggher MIPS nor IRS will
be able take useful science data because of the elevatedutagkts. The two shortest
wavelength channels for IRAC at 3.6 and 4u®, however, will be only slightly affected
by the warmer telescope and cryostat, and it is predictedthiey will operate with
essentially the same sensitivity as they have for the cnyioggortion of the mission.
Those two channels are the most sensitive IRAC channels aoavwill remain the
most sensitive cameras at those wavelengths until JWSTnsleed.

The spacecratft itself is basically unaffected by the déptedf the cryogen. Opera-
tions will continue with only minimal changes from the nomiliroperations scenario.
Most of the small number of changes that are planned will fiatditate operating
the mission with the reduced ground resources expecteddwdikable during the post-
cryogen phase. We expect to operate typically with just mventink per day, and possi-
bly with two-week-long sequences rather than one-week $aggiences. For a constant
data volume, the single downlink per day would become loragethe distance from
earth increases and the downlink rate decreases. Howevepared to now, the data
volume will be effectively halved because only two of IRA@®r channels will be op-
erating. The two factors approximately cancel each othbath transmitters aboard the
spacecraft are used, it can support a downlink rate of halhtiminal rate, or 1.1 Mb/s
out to the end of post-cryogenic operations. With a singledmitter as in nominal oper-
ations, the final data rate would be about half that. The mamitength of a downlink is
2.5 hours. While not a certainty, it is entirely possible #havnlink data volume will not
limit the observing cadence with Spitzer during the pogtgen period any differently
than has been true during the cryogenic mission.

Spitzer’s operational pointing zone (OPZ) is limited by sum-Spitzer geometry, and
that does not change over the course of the mission. Howeverder to downlink
data to Earth, the spacecraft must be able to orient its fixg din antenna to point
towards the Earth. The high-gain antenna is located on thi®rhoof the spacecraft
and points approximately opposite to the telescope bdredigection. As Spitzer drifts
away from the Earth, the orientation it has to assume in dod@ownlink data gradually
causes the telescope pointing direction to approach the@dge OPZ. Toward the end
of the warm mission, the nominal geometry begins to placedtvenlink orientation
outside the OPZ. This can be tolerated initially by pointimg high-gain antenna slightly
away from the nominal direction, reducing bandwidth in exale for lengthening the
duration of the mission. As another telecommunicationstramt, should Spitzer enter
safe mode, the signal from its low-gain antennae when ittetirgg about the sun-line
must be receivable at earth, and the spacecraft must beoalelestive uplink signal from
earth in order to recover from safing. Given our current besimates, it is this latter
limitation that we will run up against first and that will siginthe end of the post-cryo
mission.



Based on current estimates, the end of the post-cryo phdseosur in January
2014. To operate past early November 2013, the OPZ will neeletextended by
about 5 degrees to permit downlink orientation, but analggemonstrates this will be
acceptable. At or near the end of 2013, the angle betweerothgdin antennas and
earth in safe mode exceeds 40 degrees, and the uplink bitvoatkel drop below the
minimum allowed - and this is not mitigable.

More details about the design and operation of Spitzer amdhlaracteristics of the
IRAC camera can be found at the Spitzer websifedetailed description of the IRAC
camera design and performance can be found in Fe&zb [1].

3. EXPECTED CAPABILITIESOF IRAC IN THE WARM
MISSION ERA

3.1. Summary

During the warm mission the IRAC 3.6 and 4.Bn channels will operate near a
temperature of 30K, and will experience little or no degtadacompared to their
nominal mission performance. Based on thermal and opticalets of the telescope
and IRAC, a focus adjustment using the telescope secondargrirmechanism is not
expected to be required to maintain the nominal missiorcapgierformance.

3.2. Telescopeand IRAC Optics

According to a thermal analysis of the observatory, afterdtyogens are exhausted
the telescope and multiple instrument chamber (MIC) areeetgal to warm up over a
period of about 10 days, and reach an equilibrium tempezati25— 29K. This range
is for a nominal IRAC focal plane power dissipation.

The Spitzer telescope does have the ability to adjust itssfby moving the secondary
mirror assembly. The IRAC camera itself does not includecaisanechanism. During
the initial in-orbit checkout period in 2003, the secondariyror assembly was moved
twice in order to achieve a location which produced accdyptalcused images for all
three instruments. The telescope focus was monitoredglthencooldown after launch,
and no significant change in focus position was detectedabBEK. The difference
between the case of cooldown after launch and the post-cisgion is that the MIC and
inner cryostat were at 1.2K during the initial cooldown, wdees after the cryogens are
expended the MIC and cryostat will warm up with the telescape stabilize at-25K.
However, this is not expected to cause a significant focut #inihe IRAC instrument,
the lens materials will experience a small change in thexradeefraction which will
cause a small shift in the instrument focus and point respduasction (PRF), but
analysis performed by the IRAC team indicates that this khoat significantly affect

1 see http://ssc.spitzer.caltech.edu



the instrument performance. Therefore, the intention @btain image characterization
measurements at the new temperature equilibrium pointi0e days after cryogen
exhaustion), but a refocus of the telescope should not bairezty As a precaution,
however, the project recently completed a planning exetcsnake sure all of the tools
and expertise would be available to refocus Spitzer dutiegbst-cryo check-out phase
if that were necessary. The conclusion of that exercise hatsthhe team was ready for
this eventuality, and that it should not consume a signifieamount of telescope time.

3.3. Detector Performance

It was known from pre-launch testing of the InSb detectoesldsr the 3.6 and 4.6m
channels that the dark current in the arrays was sufficiémthto allow for their use in
a post-cryo mission. In order to better characterize theifgpmance near 30K, a series
of tests were performed recently at the University of Rotdrelsy McMurtry, Pipher,
and Forrest [2]. The characteristics of these devices arsidered to closely match the
in-flight devices.

The results showed that operation at 30K did not signifiyatdigrade the detector
performance. The dark current is not significantly hightsds expected to remain below
1 electron/sec until about 37K, so there is ample margin. quentum efficiency of
the devices should be unchanged. The read noise will likelyhe same or slightly
higher. However, in long exposures where the zodiacal backgl will dominate the
noise, it will not affect the instrument sensitivity. Thevét of residual images caused
by saturating sources is seen to increase, but they alsy #&st@r so on balance are
not significantly worse. The current IRAC pipeline contafilags for marking residual
image-affected pixels and excluding them from mosaics nwéate IRAC images. No
significant new types of image artifacts or instabilities@vebserved during the 30K
tests over what is currently seen in the IRAC nominal missiata.

We have also monitored the number of noisy, hot, dead, arehwibe scientifically
unusable pixels in the IRAC detectors during the nominakiois up through the end
of 2005. This period has included two extremely intenserdtdees in November 2003
and January 2005. In the 3.6 and 4B channels, no increase in the number of noisy,
hot or dead pixels was noted. Therefore we would expect nofgignt increase in their
number during the warm mission - even considering the fattte next solar maximum
should occur around 2011 (in the middle of the warm mission).

4. SPITZER/IRAC COMPARED TO OTHER FACILITIES

The Spitzer warm mission will be conducted in an environmeinére it is expected
that COROT will have been launched a few years earlier, Kepik have just been

launched, WISE will be launched during the same year, andevB&/ST would be

expecting launch within about four years. The Spitzer warissian should be planned
to complement what can be done with WISE and to help prepaeatssts to utilize

JWST as efficiently as possible.



TABLE 1. Sensitivity And Areal Coverage For Different AOR Types

AOR Number Frame Chi Ch2 Areain 1000 hr Example

Type Dithers Time(sec) Guly) (50,uly) Sq.Deg.

Shallow 3 2 100. 110. 400 GLIMPSE,WISE
Wide 4 12 8.5 12.5 225 360GLIMPSE
Moderate 4 30 3.5 6. 125 >Z clusters

Deep 6 100 1.3 2.5 25

Very Deep 900 100 0.1 0.2 0.25 High-z

WISE is designed to provide a map of the complete sky in fosspands (3.3, 4.7, 12
and 24 microns). Therefore, its two short wavelength bapgseimately duplicate the
two IRAC bands available for use in the warm mission. Howglvecause WISE has a
smaller primary mirror and is designed to obtain a shalloweyof the entire sky, it has
a comparatively low sensitivity - the required Sensitivity levels are 120 and 1Ay,
respectively, at 3.3 and 4.7 microns. The lower anguladuéso for WISE (PSF about
2.5 times broader than for IRAC) means that WISE will haveerdifficulty in crowded
fields than IRAC (e.g. the galactic plane or star clusters).

By contrast, JWST’s NIRCAM iyery sensitive and has a very good angular res-
olution, but is not well-suited to covering large areas a t#ky. NIRCAM will have
a large number of broad-band filters covering the 1-5 micranelength region and
a PSF size of order 0.1 arcseconds in the 3 to 5 micron wavbleagge. The five
sigma sensitivities for a 1000 second exposure (the norakpsure time expected for
NIRCAM) are of order 10 and 20 nJy for the broad-band filterarr&5 and 4.6 mi-
crons. JWST’s observing capabilities are still being dateed, but it is expected that
a combination of data volume issues, commanding issueslawdsquire times will
significantly limit the ability to image large areal regiodscurrent estimate is that an
area of approximately 0.5 square degree could be imaged4rha@ period down to a
50 point-source sensitivity of about 100 nJy at 4.6 micronagisin integration time of
around 50 seconds per field (shorter integration times wool@ppreciably increase the
survey area because most of the clock time is consumed imeads and slew/settle).
The depth would be comparable to the Spitzer GOODS prograra.dbthe most valu-
able contributions for the Spitzer warm mission may be toijpl®deep enough surveys
of relatively wide regions to provide the first targets for SWonce JWST is in orbit.
That is, obviating a need for JWST to use its precious obsgrime for wide-shallow
surveys of its own in order to provide target lists for follagvdeeper imaging or spec-
troscopy.

Figure 1 provides a graphical comparison of the combinaifaensitivity and areal
coverage for WISE, JWST/NIRCAM and Spitzer/IRAC. The figuhestrates that the
niche for Spitzer/IRAC is for surveying to depths not redsbavith WISE and for areal
coverage which would be prohibitively expensive in time J@VST. Table 1 provides
sensitivity levels for several different integration tisner IRAC Chl (3.¢«m) and Ch2
(4.5um), with links to the possible large projects which we ddsetater.

As one example, consider the case of a program to survewfsteck of galaxies with
1 < z < 2 (see section 6.1). In order to identify enough new cludi@rsignificantly
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FIGURE 1. Comparison of the time needed to conduct imaging surveysyofem area of the sky for
WISE, Spitzer/IRAC and JWST/NIRCAM. For Spitzer, the thsanbols correspond to surveys with
total integration times per point on the sky of 36, 300 and07&€conds.

advance this field, the area surveyed needs to be of orderR@desdegrees, or more.
In order to identify these clusters requires being able teateluster members down to
two and a half times fainter than ar lgalaxy, corresponding to aboutdy, five sigma
at 3.6um. These clusters will therefore be completely undetectatie WISE all-sky
survey. To complete the required sky coverage with JWSTgwew would take of order
a year of dedicated observing. Spitzer/IRAC could completesurvey in three to four
months, and do so in time to complete full analysis of the dathto propose follow-up
detailed NIRCam imaging once JWST is launched.

As another example, consider a project to confirm candidate/ifs identified with
WISE. If WISE only completes one epoch of observations fer filll sky before it
exhausts its cryogen, only a few of the nearest Y dwarfs vélldetected in two or
more bands - most will be one-channel detections (thepdrbband). It is expected
there will be tens of thousands of such &m-only sources, the great majority of which
will be spurious. Obtaining good S/N IRAC 38n and 4.5um photometry for these
sources would be sufficient to confirm or reject these souases dwarfs, and would
take only of order 1 minute of observing time each. A coupleethosuch sources could
be observed each day with IRAC in a snapshot mode with relgtiittle impact on
the primary program(s) conducted that day, and hence thdgssaould be covered each
year. Attempting to do the same thing with JWST/NIRCAM wotgduire much more
telescope time due to the much slower slew/settle timesW8T and so would not
be feasible. A similar program with ground-based fac#itreould also be prohibitive in
terms of number of nights on big telescopes.



FIGURE 2. (a) Three-color (IRAC 3.6, 4.5 and 518m) image of the NGC1333 star-forming region
(NASA/JPL-Caltech/R.A. Gutermuth). (b) The same regiart,using 2MASS K-band as the blue filter,
and IRAC 3.6 and 4.5m as the green and red filters.

For some types of science, it is useful to have data in mone tihea bandpasses. A
pertinent example is the search for young stars with primagrdircumstellar disks in
star-forming regions. Such searches are well-suited tempegenic IRAC because a
two-color diagram (Ch1l minus Ch2 vs. Ch3 minus Ch4) cleaglyasates pure photo-
spheres, from classical T Tauri stars with disks and frormep@inger stars with in-
falling envelopes. In the warm mission, an IRAC-only survath just channel 1 and 2
would not be able to discriminate stars that are simply hgagddened from those with
disks or envelopes. Much of this science could be recovéreaever, by combining
the IRAC imaging with a ground-based survey in the near-|Ri(dr K). From a purely
aesthetic viewpoint, Figure 2 illustrates that the latgpetof survey can produce 3-color
images with as much visual impact as the current IRAC-onlgges.

5. OPERATIONAL PLANSDURING THE WARM MISSION

The current staffing level for the SSC is sufficient to supploet nominal mission-
but just barely. Once the cryogen runs out, support of newz&pobservations will no
longer require staffing for the two retired instruments (BI&nd IRS). However, this



represents a small fraction of the anticipated steady-staiffing level required for the
SSC during the warm mission period. A significant fractionhaf work for the Science
User Support team (SUST) is directly proportional to the banof approved programs,
with a premium for programs led by inexperienced Spitzersisey mandating that
all but a small fraction of the observing time be devoted toyvarge projects, the
workload, and hence the staffing level, for the SUST shoukldp@ficantly reduced. The
Operations Planning and Scheduling Team (OPST) workloaddralso decrease with
fewer projects (fewer special cases, less interaction ahitervers), and the workload
of the Community Affairs team could decrease significarftihe yearly TAC meeting
could be simplified and if the number of proposals submittediewed and approved
could be reduced appreciably.

It is expected that the IRAC AOT will not undergo significahtanges for the warm
mission (other than to reflect the fact that only two arrayl lvé used). Because there
will no longer be transitions between instruments, it sbdu possible to reduce the
number and frequency of calibration observations, thusigitog even more observing
time for science. It is probable that we will try to minimizeetnumber of observations
scheduled for targets-of-opportunity . In order to makerttust of the large programs,
we will likely require the teams proposing those programgrimduce enhanced data
products (in particular, source lists and photometry) omalesolicit archival proposals
to perform that function.

It is possible that one or more large projects may be idedtifilnich are most
efficiently implemented by the SSC as a service to the comiyuini that case, the
data from the program would be made public without any pedgry period and special
effort would be made to fund archival proposals to mine thi@a dieom that program;
enhanced or higher-level data products could also be gewetsy the SSC or by
proposing teams.

6. EXAMPLESOF LARGE "LEGACY" PROJECTSFOR THE
WARM MISSION

As a means to begin the conversation about the science pneghat should be pursued
during the Spitzer warm mission, we provide below a few tHasve, large programs.
These ar@ot meant to pre-empt other ideas or to establish precedeneaygrarticular
teams. They are simply explorations of ideas for large armhsitically exciting projects
that would have significant impact. The programs that wiliact be conducted will be
chosen via an open selection process whose nature will beedefiith community input
during the upcoming year.

6.1. TheCasefor aWide, Moderate Depth Extragalactic Survey

The tremendous power of deep multipassband datasets hamédaacreasingly ap-
parent over the last few years. Multipurpose surveys (6QODS, COSMOS, AEGIS)
have very successfully synergised datasets to study gé&ammation and evolution to
high redshift. However, the fields studied have been venfismd ded and are there-



fore subject to cosmic variance. Moreover, the fields arenuféd use for studying the
most clustered and/or rare sources e.g., extremely reatsbjEROs), ULIRGs, and
superclusters. Larger area surveys are clearly necessary.

The SWIRE Legacy Survéy was the largest of the original six Spitzer Legacy
Programs. SWIRE'’s six wide-area, high galactic latitudiel§evere imaged by Spitzer
at 3.6, 4.5, 5.7, 8.0, 24, 70 and 16® over a total of~ 50 ded. The SWIRE dataset
has been used to trace the evolution of dusty, star-formalgxges, evolved stellar
populations, and active galactic nuclei as a function ofirernnent (Lonsdalest al.
[3, 4], Oliver et al. [5], Babbedgest al. [6], Rowan-Robinsoret al. [7], Farrahet al.
[8]). However, even SWIRE is not sufficiently large to diseomore than a handful of
the most massive clusterszat- 1.5.

Astro-F and WISE will perform shallow all-sky IR surveys al/ST will perform
very deep pencil beam surveys. This leaves an obvious uhfillghe - deep multipass-
band surveys on scales of hundreds of square degrees. NMothehlR imaging com-
ponent of such a deep wide-field survey can only be performad Epace. An IRAC
SWIRE-depth survey of 200-300 square degrees would také 2@D00 hours (i.e.,
three to four months) to perform. CFHT’s WIRCAM, the largesisting ground-based
IR camera, would require- 2000 nights to reach the same depth at K for an equiva-
lent survey, and would produce more variable photometrgsacthe fields than can be
achieved with the ultrastable IRAC camera.

MegaCam on the CFHT is in the process of filling this largeaan&he at optical
passbands, observing what will be the foremost multi-passloptical dataset for many
years to come, tha*g'r'i’Z CFHT 170 ded “Wide” Legacy Survey. This area is much
too large for redshifts to be determined spectroscopicatig must rely on photometric
redshift estimation techniques. However, accurate etitimaf photometric redshifts at
z> 1 is impossible with an optical dataset alone (llbert [9]ndAyet, frustratingly, the
redshift range k z < 2 is exactly the redshift regime one would like to study. lbfs
particular importance for three reasons, a) It is the rdétdahwhich dark energy begins
to dominate over dark matter. b) It corresponds to the “réddésert” where prominent
spectral features are notoriously difficult to measure endptical: more is known about
galaxy evolution az > 2 (from e.g. Lyman-break studies) than atZ < 2 c) It is the
epoch of mass assembly in galaxies.

The CFHTLS fields (and indeed, those proposed by severakfldtge ground-based
optical surveys e.g., PanSTARRS, LSST), would be well-imeddo an IRAC imaging
survey. The CFHTLS optical survey should be complete by 2@08ar or more prior
to the beginning of the Spitzer warm mission. The additiohlRAC passbands would
facilitate reliable photometric redshifts ze- 2 [the redshift regime where the 4.5 and/or
3.6um channel unequivocally sample longward of the firf6 bump feature, found in
all “normal” galaxies (Sawicki [10])]. The resulting conm@d optical-infrared survey,
would be a one-of-a-kind dataset, opening up the 2 < 2 universe, and enabling
a variety of galaxy evolution and cosmological applicasiomhis dataset would be
impossible to surpass for at least another decade.

2 http://swire.ipac.caltech.edu/swire/swire.html
3 http://www.cfht.hawaii.edu/Science/CFHLS/



Clusters Of Galaxiesat 1 < z< 2 As Dark Energy Constraints: Galaxy clusters
form at the highest peaks in the primordial density field, asd result, their abundance
and spatial distribution are very sensitive to the undagyiosmology. Clusters at< 1
are now proving themselves useful tools for constrainingnumogical parameters,
especially with respect to the matter dendidy,, and the amplitude of the matter power
spectrumgg (Gladders et al 2006). A sample of clusters in the redshifgea < 1 < 2,
however, would provide strongest constraints on the natitiee dark energy, arguably
the most important problem in cosmology today.

Combining Cosmological Constraints: The improved accuracy which IRAC would
bring to the estimation of photometric redshifts would slate into improvements
in the constraints achievable from any weak lensing cosimeaisanalysis (Refregier
[12], Schneider [13], Hoekstra [14]). One would ultimatelish to combine the con-
straints from the cluster and lensing surveys with thosédaiMa from Baryon Acoustic
Oscillationg and Type la Supernovae, and of course from the Cosmic MicreBack-
ground.

Stellar Mass Density Evolution: Mid-IR observations are ideally suited to trac-
ing the accumulation of stellar mass in galaxies (Lalebal. [15], Shapleyet al.
[16], Rigopoulou [17]). Note that a > 0.4, even aK-band selected dataset can only
sample shortward of restframe6lum, and so stellar mass estimates for galaxies above
z=0.4 are subject to increasing uncertainties, especially. @wust content. A wide-field
seven-passband dataset would allow an unprecedented ne@&su of the build-up of
stellar mass in galaxies from= 2. Galaxies could be classified by luminosity, mor-
phological type (early or late) and environment (field orstéur), and the epoch of mass
assembly determined for each type.

The Relationship Between Stellar Mass And Total Mass: A main science driver
behind the CFHTLS Wide Survey (and future surveys such aSPERRS and LSST)
is the application of of various weak gravitational lensiaghniques e.g., the CFHTLS
Wide Survey will measure galaxy dark matter halo evolutimaz - 1, but will still be
limited to measuring galaxy luminosities in the restfranptical. The IRAC observa-
tions will complement the weak lensing analysis in two intpot ways. Firstly, IRAC
imaging will greatly improve photometric redshifts estiesof the source (and lens)
galaxies (most of the source galaxies will lie ak1z < 2). This is vital to break the
degeneracy which exists between the source redshiftlalisivnN(z) and the mass nor-
malization. Secondly, since the IRAC observations wilballstellar mass estimates of
the lens galaxy population, and these can be subdivideddsiifé, luminosity and spec-
tral type, this dataset will provide a measurement of théugham of baryons relative to
the dark matter out to at least= 1. These data will therefore allow a direct test of as-
sumptions relating the physics of feedback e.g., cooling 8appression by AGN in
massive galaxies (Crotat al. [18]) to the evolution of the dark matter halos.

On larger scales, the dark matter distribution can be mapggetdy standard mass
reconstruction techniques. The ability to reliably growqurse galaxies by redshift,
allows one to perform “mass tomography”. By careful setatif the source galaxy

4 We might also be able to make the case for the dataset disthese for the warm mission as being of
use as a BAO probe or pathfinder survey.



redshift distribution, one can tune the redshift range ef(ihtervening) dark matter of
interest. By selecting several source galaxy redshiftidigions in turn, one can create
3D maps of the mass distribution. These mass maps could #eormpared to the

distribution of galaxies as a function of redshift, lumingsand morphological type,

revealing the evolution of baryons versus dark matter ayelacales.

Galaxy Clustering Evolution: It will also be possible to measure galaxy clustering as
a function of redshift, luminosity, scale, and morpholagitype. These measurements
would provide constraints on theories of galaxy formatiod avolution.

Obscured AGN: Although the most highly-obscured AGN require longer wave-
lengths to be identified, there is a significant populatiomotfierately-reddened quasars
which can be found even at near-infrared wavelengths (@u#ti. [19], Glikmanet al.
[20]). An IRAC survey based either on photometric techngyfe identification of
guasars in the infrared (Warresh al. [21]) or on matching to radio surveys such as
FIRST or upcoming surveys with LOFAR would enable us to findesal thousand
moderately-obscured quasars. With a sample of this sizertgpare with the existing
SDSS sample of normal quasars (whose flux limit is well-meddo the IRAC surveys),
we can search for evidence of an evolutionary link betweestydand normal quasars
through studies of their host galaxies (Sandes. [22]) and test models for the depen-
dence of the fraction of dusty quasars on the luminosity e/A&N (Lawrence [23]).

6.2. A Deep Survey for High-z Galaxies and Supernovae

6.2.1. Galaxies From0.5 < z < 7: Clustering and Evolution

Spitzer IRAC observations in the 31fh and 4.5um passband, by virtue of tracing
redshifted optical/near-infrared light, provide an elesi measurement of the stellar
mass in galaxies out ta ~ 6. Spitzer observations conducted as part of the Great
Observatories Origins Deep Survey (Dickinseinal. [24]) have revealed that many
galaxies build up stellar masses comparable to that of tHeyMVay within 1 Gyr
of the Big Bang (Chargt al. [25], Yanet al. [26], Eyleset al. [27]). Although massive
by themselves, the stellar mass in these galaxies is onlgctidn (1%) of the total
co-moving matter density which is dominated by dark maftkis dark matter primarily
resides in the halos of galaxies and withindG4 M, structures and superstructures.
Detecting the former requires observing the spatially Ikesbdynamics of stars within
galaxies which is nearly impossible in the distant Univefde formation and evolution
of clusters and superclusters on the other hand can be tbgcsidhply measuring the
redshift evolution in the clustering properties of galax@n angular size scales of 3-
10 Mpc. Comparison of the redshift evolution of galaxy odustg with those estimated
from simulations of the large scale structure such as thieMiium simulation (Springel
et al. [28]) can then be used to test the “hierarchical structum@&ion in standard cold
dark matter” paradigm (Figure 3). This paradigm is undeedhdue to the tentative
evidence from the dynamics of nearby dwarf spheroidal gesawhich indicates the
presence of “warm” dark matter in the cores of these galaékinson et al. [29]).
The effect of such “warm” dark matter would be to weaken thsi@ring signal on short



TABLE 2. Deep Survey Fields

Field Area Coordinates No. of Redshifts Current IRAC coverage
GOODS-N 30x 30 12h36m, +62d14m ~3000 25 hr Central 165 arcrfin
GOODS-S 30x30 03h32m,-27d48m ~2200 3 hr depth entire field
25 hr Central 165 arcmfn
EGS 10x 90 14h19m, +52d43m ~12000 3 hr depth entire field

co-moving distances in the distant Universe and enhanceltiséering signal on large
angular scales

Accurately measuring the evolution of the clustering ampk of galaxies as a
function of redshift requires the detection©1000s of typical>10° M, galaxies out
to z~ 6. This can be achieved by observing fields which have the dpsttroscopic
redshift surveys and the best multiwavelength imaging déiiah also enable accurate
photometric redshifts to be determined. There are thredsfi€lable 1) which match
these requirements - the GOODS-N field, the GOODS-S field laa&Ektended Groth
Strip (EGS). These fields encompass an area of 900 afosaich resulting in a total
areal coverage of 2700 arcriiwnhich is 1.5< the solid angle subtended by the full
moon.

The 400 arcmifiof deep Hubble/ACS observations in the GOODS fields havegikl
~500 candidate objects at- 6 (Bouwenset al. [30]). Of these, only about 12% have
been spectroscopically confirmed. The 2700 arénairea would therefore yield more
than 3000 candidate objectszat- 6 which could be spectroscopically followed up by
JWST.

6.2.2. Supernovae Fromthe First Sarsat z> 6

Wilkinson Microwave Anisotropy Probe results indicatettktze process of reion-
ization started early, maybe arournd- 10. The star-formation histories af> 5 field
galaxies are insufficient to account for the reionizing fluXess the duration of the
starburst is extremely short, lasting less than 6% of the {i@haryet al. [25]). An alter-
native to the short starburst timescale is that the stel@ssfunction is biased towards
high masses which would result in a greater flux of ionizingtphs for each unit of
baryon that goes into stars. Since star-formation at higlshidt likely takes place in
low metallicity environments, the optical depth of the gtaits own flux is low. Unlike
at low redshift, where massive stars blow themselves apamt their radiation pres-
sure, the absence of metals at high redshift results in #rebging stable till the fuel
is exhausted (Heget al. [31]). Such massive stars, referred to as Population Itssta
are thought to end up as pair-creation supernovae whoseclighe and spectrum are
uncertain (Scannapie@ al. [32]). At redshifts of 10 and beyond, the light from these
supernovae is time-dilated and can only be detected asimfeared sources that are
variable over timescales of months. One of the biggest problin searching for such
distant supernovae in the GOODS field has been the limitedareered in two epochs
separated by a few months. Only 1/3 of the GOODS area;-il80 arcmif are sensi-



tive to objects that are variable over long timescales. Brehis limited area, due to
the rotation of the asymmetric Spitzer point spread fumctidth time, the identifica-
tion of variable sources is limited to isolated sources Wlate at relatively bright flux
densities. The model light curves of pair-creation supesedrom>100 M, stars at
z~ 10— 20, although uncertain, are thought to be at the detectioit bf 25 hrs of

Spitzer observations at 3uén and 4.5um (Figure 4).

By observing the 2700 arcnfirmrea of the three fields in Table 1 for 25 hrs - separated
as two epochs of 12.5 hrs depth, it would be possible to obstersame patch of sky
with the same position angle. This will minimize residualedo the PSF rotation and
allow better pairwise subtraction of data taken at diffeegochs enabling the sensitivity
to variable sources to be pushed down the background linvaiaeks rather than the
confusion limited value. Even non-detections at thesd faix limits will place strong
constraints on the spectrum and energetics of these exgigcts and assess if they
are sufficient to account for reionization. Such a uniformide” area survey will also
enable an accurate measurement of the fluctuations in tregeldctic background light.
The measurement of these fluctuations in a deep Spitzer IRA&€Ereation have placed
the first constraints on the existence of high redshift Patp 111 stars (Kashlinksy
et al. [33]).

To reiterate, the deep survey would be comprised of imagimg the total
2700 arcmiR region of the three fields in Table 1 to the GOODS depth of 25ou
in the 3.um and 4..um passbands. Including overheads, we estimate this wokid ta
about~3600 hrs of observing time. The areal extent of these fieldieisrmined by
the quality of the Hubble/ACS optical imaging data, the GiranX-ray data, the ex-
isting Spitzer MIPS far-infrared imaging data and the Viaio, Keck and ESO/VLT
spectroscopic data. By ensuring a perfect areal overlapdeet the deepest surveys
performed by NASAs 3 Great Observatories and the wealth oitimavelength data
from the largest ground-based telescopes, this would geosi lasting legacy in the
study of galaxy evolution, structure formation and first geion of stars in time for
follow-up with future facilities like the James Webb Spa@deEcope.

6.3. A 360 Degree GLIMPSE of the Galactic Plane

Mid-infrared, large scale, shallow surveys of the Galaptane and other regions of
our Galaxy have already provided a wealth of data on Galatticture, the physics of
star formation and the evolution of the Milky Way. The GLIMP $roject (Benjamin
et al. [34]) used IRAC to survey the inner Galactic plane frei5 < | < 65 and|b| < 1
(in combination with the Galactic center observations a@i@&ty [35]). GLIMPSE has
revealed new star clusters hidden by the extinction of thacHa plane (Merceet al.
[36]), numerous previously uncataloged star forming regiMerceret al. [37]) and
furthered our understanding of Galactic structure (Beimjeenal. [38]).

The proposed project is to finish the Spitzer mid-IR censubt®iGalactic plane by
mapping the extent of the thick disk around the midplane ef@Galaxy over the entire
longitude range. The observations will trace the warp of@adactic disk in the outer
Galaxy. The survey would address three main science tdpegxtent of star formation



FIGURE 3. Evolution in the dark matter distribution in a 30 arcmin x 38rain betweerz ~ 1 (left)
andz ~5 (right) from the Millennium simulations (reprinted fronp@ngelet al. [28]). Clearly, the dark
matter and therefore, the galaxies are much more strong$terked az ~ 1 than atz ~ 5. By tracing

the evolution of clustering of galaxies in redshift bins aminparing them to simulations of structure
formation in dark matter dominated models, we can constremature of dark matter. In “warm” dark
matter scenarios, the clustering of galaxies will have nporger on larger angular scales and less power
on small scales. A survey of the type proposed would be abladgasure the clustering amplitude of
galaxies on scales up to K0' Mpc while the current GOODS observations are limited to eation
lengths of~3h~ Mpc.
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FIGURE 4. Plot showing the characteristics of a pair creation supexfimom a 200 M, star exploding

at redshift of 10. The left hand panel shows the light curvtha3.6um channel (solid line). The right
hand panel shows the time evolution of the spectral enegyilolition of such a supernova. Also shown
in the right hand panel are the sensitivity limits of the GO®Bubble and Spitzer observations as well as
the ESO/VLT near-infrared imaging data. The ability to dosig the presence of these objects is currently
hindered by the 100 arcnfimrea in GOODS which has two epoch coverage and the rotatibie &pitzer
point spread function over these two epochs. If presensgethariable sources might be remnants of the
first generation of stars forming in the Universe.

in the outer Galactic disk, the number of evolved stars {@aerly massive evolved
stars) in the Galactic disk, and the structure of the Galdomgaheavily extincted lines
of sight.



Far-outer Galaxy star formation. Ongoing star formation at Galactocentric dis-
tances up to 19 kpc has recently been identified (Kobayetsal. [39]). The lower
metallicity, low volume density of molecular clouds and den time between spiral
arm passages in the outer Galaxy provides a very differerite@mment for star for-
mation than inside the Solar circle. The role of environrakfaictors and triggering on
star formation efficiency can be examined by comparing stanétion as a function of
Galactocentric radius. A uniform census of star formaticthe periphery of our Galaxy
can be used to understand the distribution of star formatidhe edges of other spiral
galaxies.

In addition to being sensitive to the point source emissiomfprotostars, the 3,6m
band is sensitive to the diffuse dust emission from PAHstegldy young stars. Molecu-
lar outflows associated with class 0 and class | protostarbeaetected by an enhance-
ment in the 4.5um band which contains thesH/=0-0 S(9) line. Molecular outflows of
modest extent (0.1 pc) can be resolved at a distance of upkpdby IRAC. Figure 5
displays a young star forming cluster towards L80 degrees (NGC 1893; distance of
~ 6 kpc) at K band, 3.6 and.Bum. The image is representative of the quality of the
proposed IRAC observations and demonstrates how the mimhiids reveal embedded
star formation and that interesting star-forming regioxistevell outside the longitude
range covered by the existing GLIMPSE surveys.

Evolved stellar populations. The number of identified, evolved massive stars in the
Galaxy is an order of magnitude smaller than predicted froseovations of other spiral
galaxies (Sharet al. [40]). The proposed survey will be able to identify all Wétayet
stars in the surveyed field throughout the extent of the Gialdisk. Previously unknown
AGB stars will be detected in abundance. The role of thess stareplenishing metals
in the ISM and their effect on the Galactocentric metaligtadient can be examined
with this unbiased survey.

Galactic structure along extincted lines of sight. Near-infrared investigations have
recently been able to map well the distribution of stars mtthick disk of the Galaxy
(Cabera-Laverst al. [41]). However, there is substantial extinction in the @ttaplane
even at K-band (Marshadt al. [42]) particularly along lines of sight containing massive
star forming regions such as Cygnus X and spiral arm tangantg Recent work by
Frieswijk et al. [43] has shown that near-infrared extinction is also img@airtalong
lines of sight in the 2nd and 3rd quadrants. The IRAC bandsmareh less affected by
extinction Ak ~ 5 x Az 5; Weingartner and Draine [44]) and can probe the distriloutio
of stars more effectively along high extinction lines oftgig

Context of proposed survey. A mid-infrared survey of the entire Galactic plane is
complementary to existing and proposed surveys at shon@ianger wavelengths.
A uniform, systematic survey at 3.6 and 45 will catalog protostars, evolved stars
and highly obscured stars. Shorter wavelength obsensa(RMASS, UKIDSS) are not
able to unambiguously detect and/or identify intrinsiza#ld sources such as protostars
and evolved stars. Figure 6, a color-color diagram from Wévyitet al. [45], displays
the location of main sequence stars, evolved stars andgpapsoon near and mid-IR
color spaces. With just the addition of the 361 band, evolved stars are more clearly



separated from reddened early-type main sequence staps@odtars are distinguished
from reddened late type giants. The 4B band provides even more leverage in color
space (Gutermutét al. [46]) distinguishing between class Il and class Il protost

Far-infrared and submillimeter observations are moreigesmto young protostars
but current and future instruments are unable to match t@uton of IRAC. IRAC
provides resolution # that of Herschel's 7Qum band and ¥ that of the shortest
passband of the JCMT Galactic plane survey. High resoluti@ging is important for
determining the multiplicity of star-forming regions (&het al. [47]). The multiplicity
of star formation, particularly in massive star formingioets, is very sensitive to the
formation mechanism and can be used to determine the elailes of competitive
accretion, turbulent fragmentation, etc.

Implementation Plan. To complete the IRAC survey of the galactic disk, a program
could be conducted during the Spitzer warm mission whichleveesult in a 1250
square degree survey of the Galactic plane in two epochshé@nher Galactic plane
has already been observed by the GLIMPSE team, only one dpoitttis region would
be required. This survey would follow the warp and flare indbter Galaxy as traced by
molecular line surveys (Wouterloet al. [48]). The survey region would include most
of the molecular disk and the majority of star formation ia thalaxy. Figure 7 displays
the proposed survey coverage in Galactic coordinates. @dfierr of the plane within
|l| < 5 has been well mapped by Spitzer and does not require adalitomerage.

The original GLIMPSE fields (light grey regions in Fig 7) réxgua single pass of one
two second frame to improve radhit and solar-system obggettion. As the remainder
of the survey region has a lower object density, we can iategteeper before becoming
confusion limited. With four 12 second integrations, theiting magnitudes at 3.6 and
4.5 um are 18.4 and 17.5, respectively. The sensitivity of|the- 65° portion is well-
matched to the ongoing UKIDSS survey and is considerablpelefd 0 ) than the all-
sky survey of WISE. The portion of the survey region in darkygm Fig. 7 will be
done with two epochs of two 12s high-dynamic range (HDR)grdagons. HDR mode
Is necessary to recover the flux of bright sources (up fioJy). Four dithers are required
for robust radhit rejection.

The GLIMPSE survey covered 220 square degrees in 400 hotinsIRAC. The
proposed observations would use a similar mapping strabegywould include an
additional epoch and use 12 second HDR mode observationsh(ndquire 50% more
time than the 2 second GLIMPSE observations). The estimiteel for this very
complete survey of the Galactic disk4s5500 hours.

6.4. Thermal Imaging of Extrasolar Giant Planet Transits

Despite exquisite ground-based and spacebourne measusgrogrrent models of
giant planets cannot even constrain the mass of the putalict core at the center of
Jupiter to a range smaller than 0 to 12 Earth masses. Yet cassan of giant planets
are the most important parameter distinguishing the twoeatly competing theories
of planet formation; core accretion (Mizuno [49], Hubicleyjal. [50]) and gravitational



FIGURE 5. Three color composite image of the young open cluster NGB1BWASS K band data
is displayed in blue, IRAC 3.fim is in green and IRAC 4.5m in red. Numerous protostars (red objects)
are visible. The IRAC data is representative of the qualityhe proposed survey.
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FIGURE 6. Near-IR and Near-IR with IRAC 3.¢m color-color plots indicating the color space of
main sequence stars (crosses), red giant and supergiemfditamonds), AGB stars (squares), planetary
nebulae (asterisks), reflection nebulae (small crosses)ri stars (large cross) and protostars (colored
circles). Reprinted from Whitnest al. [45].



Galactic latitude (degrees)

Galactic longitude (degrees)

FIGURE 7. Coverage of the proposed Galactic plane survey. The fieldetmapped with IRAC is
outlined. The light gray regions need one additional epdéhsecond integrations. The dark gray regions
will be mapped by two epochs of two 12 second HDR exposures.

instability (Boss [51, 52]). The detection of the photoreesignature of “hot Jupiters”
transiting across the face of their parent stars has opgnadngw and exciting means
to study extrasolar giant planets (EGPs). By combiningrmfation from the radial
velocity orbital solutions and the depth of the primary sifnt is possible to directly
estimate the radii of the transiting EGPs. While the massésadii determined for the 9
known EGPs are generally in accord with theoretical expiects, there are exceptions
that continue to challenge our current understanding. Byeiof their size distribution,
their extreme temperature ranges, and their growing nunitzersiting EGPs may be
the most promising avenue of attacking the problem of pléoretation.

For close-orbit, extrasolar giant planets (EGPs), the flemsity contrast ratios be-
tween planet and star are approximately 2 orders of magniueater at 3 and gm
than they are at optical wavelengths. This relatively fabe flux contrast makes it pos-
sible to detect the secondary transit where the hot Jugiteclipsed by the parent star,
if accurate mid-infrared photometry is available. IRAC le®ady demonstrated the
required photometric stability by directly detecting thepons emitted by an EGP. Fig-
ure 8 shows the 4.B6m time series photometry of the secondary eclipse of TrEShaK-
bonneatet al. [53]), where the parent star is a KO dwarf with V = 11.8. TogetWith
similar 8 um observations, these data have provided the first obsenzttonstraints
on models of thermal emission and atmospheric constituertiet Jupiters (Burrows
[54]). There are now several Spitzer programs in progresairy out photometry of
transiting EGPs using IRAC, MIPS, and IRS.

By providing insights into the atmospheric constituentd #mermal properties of
EGPs, including heat transport from the day to night sidesvingds and jet streams
(which may measurably shift the light curves with respecth® orbital ephemeris),
IRAC photometry can enable more stringent constraints tglaeed on important
model inputs, including bulk composition, the equation t#te, and the degree of
inhomogeneity (Guillot [55]). “Hot stratospheres”, whiahe common to gas giants in
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FIGURE 8. Binned IRAC 4.5um time series photometry of TrES-1. Reprinted from Charleaiuet al.
[53].

our Solar System, and which have the effect of reducing pdaypeadii by absorbing
heat high in the atmosphere rather than in the lower regidmrevstellar insolation
can slow the normal contraction of the planet, will be mostady seen in IRAC
photometry (Fortnewt al. [57]). Figure 9 compares measured IRAC fluxes for TrES-1
(Charbonneauet al. [53]) with model atmosphere predictions (Sudarskyal. [60])
and clearly demonstrates weaknesses in the model. Agreédrawmyeen theory and the
observations can be significantly improved by increasimgrietallicity of the model
atmosphere by a factor of between 3 and 5 over solar (Foeheal. [56]). 3.6 um
observations will enable much stronger constraints to laegal on the amount of
atmospheric methane, and by extension on the efficiencyaiftrensport to the night
side of the planet (Fortnest al. [57]).

For brighter systems such as HD 189733b (V = 7.7, sp. type KOM)HD 209458
(V =7.7, sp. type GOV), time series IRAC photometry will eleah search for longitu-
dinal variations indicative of planetary weather. By gaitg high-cadence photometric
observations during secondary ingress and egress, itdbeypossible to detect differ-
ences in the shape of the light curve from the predictionsusfitormly illuminated disk.
Model predictions (Williams [58]) have shown that the 3.@ &5 um channels should
be particularly sensitive to realistic variations in thetdbution of surface flux for sys-
tems like HD 209458b. Other models (Burroetsal. [59]) have shown that the relative
flux in the 3.6 and 4.j5tm channels is sensitive to the details of the chemical coitipos
in the stratosphere. Both the surface inhomogeneity deteahd the chemistry model
constraints will require high quality IRAC observationsoény secondary eclipses per
target.

Another application with a tremendous potential payofhismeasurement of temper-
ature gradients across the surfaces of hot EGPs. Undeirsgigimolv the intense stellar
insolation is absorbed and reradiated is fundamental tonderstanding of their atmo-
spheric physics. Using time series, 24 micron MIPS photomelarringtonet al. [61]
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recently demonstrated the existence of a large asymmetingitemperatures of the day
and night sides o Andromeda b. The conclusion they draw is that most of thelgui
stellar radiation is reemitted at the subsolar point, wighyittle heat transport to the
night side of the planet. The technique relies solely on tightness modulation of the
planet as it orbits its parent star and does not require aitiiag geometry. The method
is thus potentially applicable to all known hot EGPs. While planet/star flux ratio is
more favorable at 24 microns for EGPs in thel000— 2000 K range, this ratio is no
more than 1.7 to 5 times smaller at 4.5 microns (dependingetative temperatures
of star and planet), with typical values of arourd.5. There are currently 53 EGPs
known with semi-major axes of less than 0.1 AU (thatvoAndromeda is 0.06 AU).
With a sufficient investment of observing time, IRAC shouldriefore enable us to bet-
ter characterize the atmospheres of a significant numbestphbn-transiting EGPs.

How many transiting EGPs will be available during Spitzevarm mission? The
COROT mission (scheduled for launch in December, 2006) peeted to yield on the
order of 45 transiting EGPs with & m, < 16.5 over the course of its 2.5 year mission
(Gillon et al. [62]). The first public data release is currently expecteactur during the
summer of 2008, with subsequent data releases every 6 to athed he time frame is
thus well matched to post-cryogen, IRAC followup obseiwasi

The launch date for Kepler currently remains November, 200&reas the detection
of terrestrial-mass planets is expected to require mosteofityear mission, hot Jupiters
will be readily detectable within the first year. The Kepleojpct has offered to com-
municate such detections in advance of publication (Bar@€l07, private comm.). The
time frame for the first such detections would therefore b&22809, near the time when
Spitzer exhausts its cryogen supply. Though estimatesearessarily model dependent,



the expectation is that Kepler will detect on the order of gt inner planets in the
first year for stars with %< m, < 14 (for comparison, the parent star for TrES-1 has
m, = 11.8). The discovery of an additional 30 outer-orbit giant planets is expected
over the life of the mission.

In addition to Kepler and COROT, there are at least a dozemgrdased, photomet-
ric transit surveys active at the present time (Charboneealu [63]). With a sustained
and distributed effort of this magnitude, it is reasonablexpect that the number of
known transiting giant planets will increase substantialter the next several years,
even without the Kepler detections. Roughly half of theaasit surveys utilize a small-
aperture, wide-field approach, and are primarily sensitivelatively bright parent stars
(V< 10). These stars will be particularly good targets for mieci photometry with the
IRAC 3.6 and 4.5um channels, which will be the most sensitive available psobie
EGP atmospheres until the launch of JWST.

Each monitoring observation of an EGP (one filter, one ee)ipskes of order 8 hours
to cover the ingress, eclipse and egress and to define weluthef-eclipse continuum
level. If for a given IRAC channel five secondary-transite aronitored (to improve
the S/N over a single measurement), and if data are obtambdth IRAC channels,
the average exposure time per target would be of order 8Gsh@istaining complete
secondary transit data for 20 target stars would theretagaire of order 1500 hours of
Spitzer observing time. We note that at the current rate wfafien of transiting planets
by ground-based campaigns, we would expect more than enatggts to be available
even without data from COROT or Kepler.
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