
Observing with the Infrared Arra y Camera (IRA C) on the
Spitzer Space Telescope

SeanJ. Careya, Mark Lacya, Seppo Lainea, William T. Reacha, JasonA. Suracea, William J.
Glaccuma, JosephL. Horab, Steven P. Willner b, Richard G. Arendtc, Matt L. N. Ashbyb, Lori
E. Allenb, Pauline Barmbyb, Bidushi Bhattacharyaa, Lynne K. Deutschb, Peter R. Eisenhardtd

, William F. Ho®manne, J.-S. Huangb, Patrick J. Lowrancea, MassimoMarengob, S. Thomas
Megeathb, Brant O. Nelsona, Michael A. Pahreb, Brian M. Pattenb, Judith L. Pipherf, John R.

Stau®era, Daniel Sternd, Zhong Wangb, Gillian Wilsona, and Giovanni G. Faziob

aSpitzer ScienceCenter, MS 220-6,California Institute of Technology, Pasadena,CA 91125;
bHarvard-SmithsonianCenter for Astrophysics,60 Garden St., Cambridge, MA 02138-1516;

cGoddard SpaceFlight Center, Greenbelt, MD 2077;
dJet Propulsion Laboratory, 4800Oak Grove Dr., Pasadena,CA 91109;

eSteward Observatory, 933N. Cherry Ave., Tucson,AZ 85721;
fDepartment of Physicsand Astronomy, University of Rochester,Rochester,NY, 14627-0171

ABSTRA CT

We describe the astronomical observation template (AOT) for the Infrared Array Camera(IRA C) on the Spitzer
Space Telescope (formerly SIRTF , hereafter Spitzer). Commissioning of the AOTs was carried out in the ¯rst
three months of the Spitzer mission. Strategiesfor observing¯xed and moving targets are described, along with
the performanceof the AOT in °igh t. We also outline the operation of the IRA C data reduction pipeline at the
Spitzer ScienceCenter (SSC), and describe residual e®ectsin the data due to electronic and optical anomalies
in the instrument.
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1. INTR ODUCTION

The Infrared Array Camera1, 2 is oneof the three scienceinstruments comprising the payload of the Spitzer Space
Telescope.3 IRA C is a set of four imaging 256 £ 256 pixel arrays with 50 £ 50 ¯elds of view and » 1:002/pixel
platescales. The passbandsare centered on 3.6, 4.5, 5.8 and 8.0 ¹ m. The 3.6 and 4.5 ¹ m arrays use InSb
detectors,4 the longer wavelength arrays are Si:As devices.Each array is read out by a set of four multiplexers,
each multiplexer readsout every 4th array column.

IRA C simultaneously imagesthe sky in all four arrays using two ¯elds of view whosecenters are separated
by » 6.8 arcmin. The 3.6 and 5.8 ¹ m arrays shareone ¯eld by meansof a beamsplitter, and the 4.5 and 8.0 ¹ m
arrays the other. IRA C has been designedto image the near- to mid-infrared sky from 3-9 ¹ m with excellent
sensitivity and moderate resolution. It is extremely e±cient at both very deepobservations and shallow mapping
of large solid angles. Somerepresentativ e scienceprojects are infrared extragalactic sourcecounts,5 structure of
Galactic di®useemission6 and detection and characterization of protostars in various star forming regions.7, 8

The focal plane arrays image the sky by two sets of non-destructive reads, an initial set of pedestal reads
followed by a set of signal reads after the speci¯ed integration time. The di®erenceof these two sets of reads
(known as Fowler samples)is then returned as the raw sky image in data numbers (DN). The data taking rate
of IRA C is ultimately limited by the 2s per raw image that it takesfor data to be transferred from IRA C to the
spacecraftcommand and data handling processor(C&DH). IRA C observations consist of slewing the telescope
from one image position to the next and taking an image at each position. The telescope keepsan ¯xed inertial
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attitude (outside of jitter) during an IRA C integration for celestial ¯xed targets. For observations of solar system
targets, the telescope tracks the target throughout the courseof an observation.

Observers use IRA C by creating an observation program containing one or more astronomical observation
requests(AORs) using the SPOT¤ software packageprovided by the SSC.Each AOR contains all the information
necessaryto complete observations of one target or cluster. For IRA C, the observer choosestheir desired
parameters (e.g. dither strategy, integration time) for the one available AOT, IRA C Mapping (the other two
instruments, IRSy and MIPSz each useseveral di®erent AOTs).

The IRA C AOT provides a restricted yet °exible set of parameters for observers to use in tailoring a set
of observations appropriate for their scienti¯c programs. Using a subset of all possible instrument parameters
permits a robust testing and calibration of the allowed modes and simpli¯es the designing of observations for
generalobservers. A lessrestrictiv e set of options would dramatically increasethe amount of observatory time
spent on calibration, command uplink to the observatory, and resourcesneededfor the development and testing
of the AOT. The AOT has beendesignedto facilitate the one passproposal processused, reducing the amount
of support necessaryfor observers to plan useful observations. The AOT is designed to facilitate e®ective
observations while limiting the observer to chooselessoptimal strategies.

Approved programs are scheduled by the SSC. The AORs are converted to spacecraft readable instruction
sets and radiated to Spitzer for execution. Data from executed observations are radiated from Spitzer to the
ground, transferred from the Deep SpaceNetwork to the SSC. At the SSC, the raw data in units of DN are
processedthrough the IRA C pipelinesresulting in a set of calibrated images(basic calibrated data or BCDs) in
units of surface brightness (MJy/sr), mosaic imagesof the entire AOR suitable for quick data inspection and
cursory analysis, and preliminary sourcelistsx.

Section2 describesthe IRA C AOT in somedetail. In Section3, we present an overview of the data reduction
pipeline for IRA C data and a brief description of the ¯nal data products. The data artifacts remaining in the
processeddata are discussedin Section4. Section5 describesupcoming and planned improvements to the AOT.
We summarizeour discussionin Section 6.

2. DESCRIPTION OF THE IRA C ASTR ONOMICAL OBSER VATION TEMPLA TE

This section describes the available modes of operation for IRA C. In general, an observer selectsthe type of
target, array mode, ¯elds of view, frametime, and mapping and dither parameters. A more completedescription
of observing parameters can be found in the Spitzer Observer's Manual (SOM) at the SSC website. Details of
how to useSPOT to plan observations can be found in the SPOT User Manual at the samewebsite. Complete
example AORs for sometypical observations (shallow map and deep image) are available in the SOM. A brief
discussionof the observer selectableparameters is given in 2.1-2.5.

In terms of spacecraftcommanding, the observer input parametersare used to ¯ll in a standard instruction
set for IRA C observations. Each IRA C AOR consistsof an initial target acquisition slew followed by the start of
tracking for a moving target and somepointing control system (PCS) commanding to switch from the attitude
observer{ basedcontrol of motions to gyro only controlled motions. At this point, the array mode and integration
time for the IRA C arrays are set and the ¯rst IRA C integration is taken. The remainder of the AOR consistsof
telescope slewsfollowed by IRA C integrations consistent with the selectedtarget, dither pattern and mapping
parameters. O®setslewscan be done in either a referenceframe aligned with the IRA C arrays or relative to the
Equatorial coordinate frame. The spacecraftqueries the gyros to determine when the slew is complete, then a
delay is inserted to allow the telescope to settle before taking data. The settle time for IRA C observations is
currently 5 seconds.On the completion of all data taking, the PCS systemis set back to observerbasedcontrol.

¤Spitzer Planning Observations Tool software, available from http://ssc.spitzer.caltech.edu .
yThe Infrared Spectrograph
zThe Multi-band Imaging Photometer for Spitzer
xSource lists are to be distributed in future versions of the processingsoftware.
{ In this context, attitude observer refers to the ¯ltered output of the gyroscopes and star tracker used to determine

the spacecraft attitude.



Figure 1. An outline of the commanding for the IRA C AOT. The initialization of IRA C for each observation is done
concurrently with the initial acquisition slew. A more detailed description of the command sequencesis beyond the scope
of this paper.

For long observations, the gyro basedattitude is reset to the observerattitude approximately every 30 minutes
to reducethe e®ectof gyro drift. Figure 1 displays the logic of the IRA C AOT.

The IRA C AOT makes extensive use of onboard blocks (subroutines) to optimize e±ciency and reduce the
number of instructions that needto be uploadedto the spacecraft. In addition, most adjustable parameterssuch
as dither patterns and settle time in the AOT are contained in instrument parameter ¯les (IPPs) which can
be easily modi¯ed without code modi¯cations and the lengthy processesof integration and testing. The IPPs
are modi¯ed at the discretion of the IRA C Instrument Support Team (IST) at the SSC to re°ect our current
knowledgeof on-orbit operations. Section 5 discussessomeplanned improvements to the IRA C AOT.

2.1. Target Mo des

There are two main available target types, ¯xed and moving. Observations with all three scienceinstruments,
IRA C, IRS and MIPS, sharea commontarget architecture. Moving targets aresolar systemobjects and are input
by either NAIF ID or name. The appropriate ephemerisis used to determine the necessarytrack parameters
for any date of observation. For newly discovered solar systemobjects, an ephemeriscan be generatedif orbital
elements are provided to the SSC. For ¯xed targets, the observer speci¯es the celestial coordinates and proper
motion, if any, of the target.

For each main target type, there is an option to have a cluster of targets. Often, it is advantageousto usean
o®setcluster rather than multiple AORs as each AOR is charged an initial slew tax of 3 minutes. For a set of
short AORs of targets closeto each other, the slew tax may account for the majorit y of the time charged to an
observer. All subtargets within the cluster must be within one degreeof the main target. For moving targets,
the cluster targets are speci¯ed by o®setsin arcsecondsin either Equatorial coordinates or array coordinates.
The array coordinate option is useful for observers that would like to create their own custom dither pattern or
needto map a non-rectangular shape. The Equatorial option is useful for observers who want to make o®setsin
somepreferred direction (Ecliptic latitude, for instance).

Alternativ ely, ¯xed cluster targets may be speci¯ed by absolute positions rather than relative o®sets;up to
100subtargets may be used. This target mode is most useful for observingselected¯elds in an open star cluster
(e.g. Pleiades) or similar target. Fixed position cluster observations are slightly lesse±cient as the AOT does
not usethe o®setblocks implemented for relative cluster and non-cluster targets. Mapping observations are not
available for any cluster target observation.



Figure 2. The available parameter sets in the IRA C AOT. From top to bottom, the option typesare main target mode,
cluster option, array mode, ¯eld of view, frametime, dither pattern, dither pattern scale and mapping mode. Only the
combinations of parameters connected by lines are allowed. It is important to note that mapping is not available for
cluster targets or in subarray mode. High dynamic range mode is only available for frametimes greater than 2s. If array
o®setmapping is used and both full array ¯elds of view are selected, then the special array mapping frame is used.

2.2. Arra y Mo des

The IRA C AOT allows observersto chooseoneof three array readout modes,subarray, full array or high dynamic
range (HDR). For each array mode, there is a set of available ¯elds of view (seethe discussionin Sec.2.3) and
frametimes. Only a subset of possible frametimes with IRA C are allowed in standard observations. This is
necessaryas each speci¯c frametime needsa dark o®setcalibration. Currently , the dark o®setcalibrations are
determined through a set of sky dark observations performed for each available frametime at least twice per
IRA C observingcampaign. As a result, the skydark observations consumea signi¯cant fraction of the campaign
time allocated for IRA C calibrations (14% is allotted for calibrations).

Observers can specify the number of frames (framesets for HDR) that they would like for each pointing of
the telescope. W e strongly recommend that only one frame(set) be tak en for each poin ting (with the
exception of using subarray mode for time seriesanalysis). Well dithered observations are absolutely necessary
to mitigate the data artifacts described in Section 4. It may be tempting for many observers to use repeats
instead of dithering to increasethe amount of integration time per total observation time (a typical dither and
settle takes » 12 secondsk ), but those data will be less well calibrated. In particular, repeats will su®erfrom
a strong ¯rst frame e®ect(an array history dependent bias o®set). In general, we recommend using the
longest nonsaturating frame time to increase on-source in tegration time rather than rep eats.

Subarray mode usesa 20£ faster clock (100 Hz) to read out the arrays and provides frame times of 0.02, 0.1
and 0.4 seconds.The entire array cannot be read out at the higher rate; therefore, subarray observations only
usea 32 by 32 pixel (the 8th through 39th row and column of each array) region near one corner of each array.
The platescaleis unchanged from the full array scaleso that a correspondingly smaller ¯eld of view is imaged.
64 samplesare taken for each subarray frame (one subarray frame takes 1.28, 6.4 or 24.6 seconds,respectively

k For the shortest full array frametime of 2s, the slew settle time between frames is used to transfer data. Repeats of
2s frames include a 5s delay between frames resulting in a maximum savings of only » 7s.



at the three sample times); the raw data are packed into a 256 £ 256 array, while the BCDs are 32 £ 32 £ 64
data cubes. Subarray observations are useful for imaging small, bright objects and extend the dynamic range of
IRA C to 20, 17, 63, and 45 Jy at 3.6, 4.5, 5.8, and 8.0 ¹ m, respectively. Subarray observations are also useful
for analyzing rapidly varying phenomena(such as pulsars) and have beenused to measurethe spacecraft jitter
(0.100rms). At this time, it is not possibleto take continuous time seriesfor any subarray frame time due to the
construction of the AOT. Observations will have delays of 1.72, 1.7 and 1.5 secondsbetweenrepeated 0.02, 0.1
and 0.4ssubarray frames.

For the 0.1 and 0.4s frametimes, data are collected in all four arrays at once. The data from the arrays not
currently imaging the sourceon the subarray may be useful in subtracting the background. The data taking
rate of the 0.02sframetime is too high to permit collecting data in more than the channel imaging the source.
Mapping mode is not available for subarray observations, as mapping with such a small ¯eld of view is very
ine±cient. If necessary, small maps could be made using a cluster o®settarget and subarray mode.

Full array mode, which usesa clock speedof 5 Hz, is the standard mode of operation for IRA C. The standard
frametimes available are 2, 12, 30, 100 and 200 seconds.For the 8.0 ¹ m channel, observations are background
limited in 50 seconds;therefore, the 100s and 200s frametimes consist of 2 and 4 repeats respectively of 50s
frames. The 8 ¹ m repeats are taken in a di®erent fashion from user speci¯ed repeats in that they are internal
repeats to the IRA C data taking command as opposedto repeat calls of that command. As all 8 ¹ m 100sand
200sdata are collected in this fashion, the repeats are well calibrated in contrast to user speci¯ed repeats. For
deep integrations, observers should carefully consider if 200sor 100s frames are more appropriate. While the
200sframeswill reach the confusion limit faster, they are more a®ectedby radhits than the 100sframesand the
total number of useful pixels may be signi¯cantly reduced. The trade betweenthe utilit y of 200sframesand the
amount of time necessaryto calibrate them will be explored in the coming year of observations.

High dynamic range mode observations consist of sets of frametimes for each pointing. Each frametime set
consistsof one long frametime observation which is precededby a short and possibly an intermediate frametime.
HDR mode is designedfor observations of regionscontaining both bright and faint sourceswhere more dynamic
range is neededthan is available using a single frame time. Examples of observations which bene¯t from using
HDR mode are studiesof star formation in the Galactic plane and search for faint companionsaround moderately
bright stars. The long frametimes available in HDR mode are 12, 30, 100 and 200 seconds. The 12, 100 and
200 secondHDR sets include an 0.6 secondframe for the short frametime. The 0.6s frame has a maximum
unsaturated point source°ux of 0.63, 0.65, 4.6 and 2.5 Jy for the 3.6, 4.5, 5.8 and 8.0 ¹ m arrays. The 30s set
has a 1.2s short frame. The 100 and 200sHDR modes also include an intermediate frame time of 12s. HDR
mode observations are slightly longer than their full frame counterparts. The di®erencebetween the modes is
the time for the shorter frame integrations. As the shorter frames can transfer from IRA C to the C&DH while
the longer frames are being taken, HDR observations are 8%, 5%, 12% and 7% longer per pointing than their
full frame counterparts at 12, 30, 100 and 200s(assuming1 frame set per pointing and 12soverhead for dither
and settle). The 200sHDR mode has not been used by observers and is likely to removed from service if not
requestedin the ¯rst pool of generalobserver observations.

2.3. Fields of View

The four IRA C arrays image two separate ¯elds of view on the sky at the same time. The observer has full
control over which ¯elds of view imagethe target. For full array (including HDR mode) observations, the observer
can chooseeither or both of the 3.6/5.8 and 4.5/8.0 micron ¯elds of view. For non-mapping observations and
mapping observations using celestial coordinates, if both ¯elds are selected,then the target (or each separate
target in a cluster) is imaged for all dither positions in the 4.5/8.0 micron ¯eld of view and then is imaged for all
dithers in the 3.6/5.8 micron ¯eld of view. As the 3.6 micron ¯eld is most susceptableto long term latent images
(Sec. 4.2.4), that ¯eld of view is imaged on-target last so that the o®-target data will be less contaminated.
Switching between ¯elds of view costs one secondper target; therefore, imaging of clusters instead of mapping
is slightly lesse±cient and is usually more cumbersometo plan.

If mapping mode in array coordinates is used, then the ¯eld of view used is centered halfway between the
3.6/5.8 and 4.5/8.0 micron ¯elds of view. Figure 3 displays the relationship of this ¯eld of view with respect to
the IRA C arrays. The mapping ¯eld of view was created to perform e±cient mapping of large regions and is



Figure 3. Relationship of the mapping frame to the IRA C ¯elds of view. The AOR visualized (for a observation date of
24 June 2004) is a one row by one column map using the bright star (HR 5336) at the center of the image as the target.
The large squaresshow the placement of the IRA C ¯elds of view. The small boxes show the placement of the subarray
¯elds of view. The subarray ¯elds are labeled with the center wavelength of the array.

described in more detail in Sec.2.4. However, for the smallest possiblemap, one row by one column, the target
will not be imaged on any array. Observ ers should use SPOT's visualization to ols for all observ ations
to mak e sure they are as in tended.

The IRA C subarrays each have their own ¯eld of view (seeFigure 3). To observe a target in all four arrays,
each ¯eld of view must be selected.

2.3.1. Rotation of FOVs

One aspect that observershave limited control over is the orientation of the ¯elds of view with respect to celestial
coordinates. Due to thermal and power constraints, Spitzer must keepthe axis perpendicular to the solar arrays
within a narrow rangeof anglestoward the Sun. As a result, the sun to telescope boresight anglemust bebetween
81 and 119 degreesand the roll of Spitzer about the boresight is constrained to § 2±. Then, the orientation of
the Spitzer focal plane on the sky is only a function of the date of observation and the Ecliptic latitude of the
target. Objects in the Ecliptic plane are only visible for about 40 days at a time and the orientation of the focal
plane rotates by 0.65± during this period. At the other extreme, the Ecliptic polesare continuously visible and
the focal plane orientation rotates 1± per day. Visualizing an AOR at the two ends and the middle of any one
visibilit y window will give a good idea of how the ¯eld orientation changesover all possibleobservation dates.
Figure 4 and Figure 5 display the changesin ¯eld of view orientation for a target in the Ecliptic plane and at
the Ecliptic pole.

Observations that absolutely needa particular aspect anglecan be constrained as to the date of observation;
however, constraining the date of observation reducesboth the chance that a program will be approved (there
is a cap on the percentage of awarded constrained observations in any proposal cycle) and that the observation
can be scheduled. In almost all circumstances,an observation of the required sizeand depth can be achieved by
using a slightly larger map and/or mapping in celestial coordinates.

2.4. Mapping

The IRA C AOT provides two options, array coordinate and celestial coordinate maps, for imaging regionslarger
than 50 £ 50 in size. For both map types, the observer speci¯es the number of map rows and columns and the
o®setsin arcsecondsbetweenadjacent rows and columns.

Mapping in array coordinates ensuresuniform coveragefor any date of observation but leavesthe orientation
of the map with respect to the celestial sphereunconstrained. For array coordinate maps, the ¯eld of view used



Figure 4. Variation of the ¯eld rotation for a target in the Ecliptic plane. This particular AOR is centered on 00h 00m

00:s00 +00 ± 000 00.000. This target is only visible for » 40 days at a time. The leftmost panel displays the ¯eld of view
orientation for 18 June 2004; the right panel displays the orientation for 25 July 2004. The amount of ¯eld rotation is
very small. The 3.6/5.8 ¹ m FOV is the large dark grey square surrounded by two smaller boxes representing the stray
light producing regions. The 4.5/8.0 ¹ m ¯eld of view is the large light grey square; it has three associated stray light
boxes.

is the mapping FOV which is centered on the spot midway betweenthe 3.6/5.8 and 4.5/8.0 ¹ m FOVs. The row
direction is along the axis connecting the 3.6/5.8 and 4.5/8.0 micron arrays. To ensurethat both ¯elds of view
image the target region, maps usually have more rows than columns. Array mapping works well for mapping
large regions that are roughly square in aspect ratio. For elongated objects, array coordinate maps can be
ine±cient as a much larger region may needto be mapped to ensurecoveragefor all possiblearray orientations.
This is true in particular for targets at high Ecliptic latitude.

The secondmapping option, celestialcoordinate maps is useful for mapping elongatedobjects. In addition to
the number of rows and columns, and grid spacing in row and column, the observer speci¯es a map orientation
(in degreesEast of North) for determining the positioning of the map grid centers. A suitable choice of map
anglemay greatly reducethe number of map points neededto cover an elongatedobject. While the observer can
control the placement of the map points, the orientation of the arrays on the sky is still controlled by the date of
observation. Unlessthe map usesa ¯nely spacedgrid, gapsin coverageare possiblefor someobservation dates.
In addition, the coverageof celestial maps will be non-uniform with the coverageat the map edgesbeing highly
date dependent. We do not advisethe useof celestial mapping except for mapping elongatedobjects and highly
recommendthat the observer visualize the map over the full rangeof observingdates. Celestial coordinate maps
will executethe map in each selected¯eld, the special mapping ¯eld of view is not used.

2.5. Dithering

The IRA C AOT provides a comprehensive set of prede¯ned dither patterns for the observer to usefor full array
observations. Dithering is highly desirable for any observation; properly dithered observations will mitigate the
e®ectsof bad pixels and pixel to pixel errors in the °at¯eld. Dithering also bene¯ts in radhit rejection and the
removal of latent imagesand scattered light. The SSC mosaicerobtains satisfactory radhit rejection with four
dithers and excellent rejection with ¯v e or more dithers. Three dithers is the absolute minimum recommended
redundancy. All of the prede¯ned IRA C dither patterns incorporate sub-pixel dithering to improve sampling in
mosaicsusing drizzle or other reconstruction techniques. For both the full array and subarray modes, there are
three dither scales,small, medium and large. The scalingof the dither patterns is roughly 1:2:4. The medium and
large dither scalesare recommendedfor most observations, the small dither scaleis most useful when mapping
with fractional array o®sets.



Figure 5. Variation of the ¯eld rotation for the North Ecliptic Pole which is contin uously visible by Spitzer. The ¯elds
of view are as identi¯ed in Figure 4. The leftmost panel is the orientation of the IRA C ¯elds of view on 01 June 2004, the
middle panel displays the orientation of the FOVs on 01 September 2004and the rightmost panel displays the orientation
on 01 December 2004.

A variety of dither patterns are available in full array mode, 12 and 36 point Reuleaux triangle, 5 point
Gaussian,9 point random (points drawn from a uniform distribution), 16 point spiral and cycling. The spiral
pattern was designedfor IRA C to be compact but also have a good ¯gure of merit 9 for self-calibration. The
Reuleaux patterns are also well suited for observers who are considering self-calibrating their images¤¤ . The
random and spiral patterns are the optimum sizefor 1/3 and 1/4 subpixel dithering. The cycling dither pattern
allows observers to specify a pattern of any desireddepth. The pattern has 311 independent positions with each
set of four consecutive dithers providing complete 1/2 pixel sampling. When used with mapping, the cycling
dither pattern will provide a di®erent dither position for each map center even if the dither pattern has a depth
of one. The subarray mode has only two options, a four point pattern drawn from a Gaussiandistribution and
a nine point Reuleaux triangle.

3. OVER VIEW OF DATA REDUCTION PIPELINE

The IRA C pipeline at the SSCproducestwo setsof data products from the raw data. The basic calibrated data
(BCDs) are the raw data framesprocessedfor bias (dark) o®sets,pixel to pixel gain variations, nonlinearity and
other instrumental signatures. Section3.1 describesthe data products derived from the BCDs. A more complete
description of the IRA C pipeline is available in the IRA C Pipeline Description Document available at the SSC
website. A separateprocessingpipeline, SIP10 , was created by the IRA C instrument teamyy . While SIP uses
the samealgorithms as the o±cial IRA C pipeline, it was written independently and is used for validation and
code development purposes.

Three of the pipeline operations, dark o®setsubtraction, °at ¯elding and absolutecalibration, require inputs
derived from on-orbit calibration observations which are conducted every IRA C observing campaign. The dark
o®set is derived from well dithered observations of a low background (high Ecliptic latitude) region for each
frametime. The dark data are median stacked with outlier rejection and object masking to create dark frames.
The °at ¯elds are also derived from sky data; in this case,well dithered 100sframetimes of the Zodiacal light
are usedto generatethe °at¯eld. Scienceobservations are processedwith the °at ¯eld and dark frame that are
nearestin time to the observation and validated by the IRA C IST. The °ux calibration for IRA C is derived from
observations of ten primary calibrators at the beginning and end of each campaign. A scaling factor between
DN/s and MJy/sr for each IRA C channel is determined by comparing the measured°ux of each calibrator with

¤¤ The SSC does not currently support the self-calibration method of data reduction.
yy The instrument team at the Smithsonian Astroph ysical Observatory oversaw the design and development of IRA C,

which was built at NASA Goddard SpaceFligh t Center. Responsibilit y for the day to day operation of IRA C transferred
to the IRA C instrument support team (IST) at the SSC at the end of the in-orbit checkout. The teams contin ue to work
collaborativ ely to improve the performance of the instrument.



°ux estimatesof the standards derived from spectral templates. The stabilit y of the calibration is monitored by
observing a network of secondarystandards every twelve hours. The secondarycalibrators are in the Ecliptic
plane and are paired with Spitzer downlinks to improve scheduling e±ciency. It is likely that the amount of
time allocated to IRA C calibrations (currently 14%of the total IRA C campaign) will be reduceddue to the high
degreeof stabilit y that IRA C displays.

The BCDs are absolutely calibrated in units of surface brightness (MJy/sr). The BCDs are FITS ¯les
consisting of the calibrated data for one (64 for subarray mode) image per IRA C array. Each BCD has a header
consisting of useful instrument telemetry pertaining to the data collection, astrometry assembled from the PCS
telemetry and keywords that can be usedto trace the calibrations applied to the image data. Complete details
of the BCD headersare available in the IRA C Data Handbook.

3.1. Post-BCD Pip eline

The secondset of data products are the browsequality data (BQDs). The BQDs consistof mosaicsof the BCDs
from each IRA C channel and source lists in each band. Radhit detection, artifact masking and astrometric
re¯nement are performed on the input BCDs before mosaicing and extracting sourcesfrom the image stack.
Recently , a tool has beendeveloped which will allow the observer to estimate a point responsefunction (PRF)
directly from their data if the published PRFs are not su±cient. The mosaicer, source extractor and PRF
estimator are publically available through the SSCwebsite. For the current generationof the post-BCD pipeline,
only the automated mosaicsare valid; therefore, the sourcelists are not distributed at present.

4. DISCUSSION OF DATA QUALITY AND AR TIF A CTS

A variety of data artifacts remain in the pipeline processedIRA C images. Most of the artifacts are related to
or are enhancedby bright sources;that is, sourcesfor which the °uence is a signi¯cant fraction of the detector
well depth. The residual artifacts are both electronic and/or optical in nature. The SSCis currently developing
corrective algorithms for most of the artifacts. It is hoped that tools will be provided to the user communit y to
correct the BCDs for someof the artifacts by the end of 2004. Modi¯cations to the SSC pipeline will happen
at a slower pacedue to the stringent testing and version control required for operations software. Many of the
artifacts can be mitigated by well designedobservations. Most of the optical artifacts can be masked in well
dithered observations. Using HDR mode, the short frames will provide somedata which is not a®ectedby the
electronic artifacts produced by bright sources.

4.1. Photometric Stabilit y

To date, the on-orbit stabilit y of IRA C is excellent. The measuredtemporal variation in the °at ¯eld is < 2%.
The repeatabilit y of the measured°ux for any given calibrator is 1-2% and 2-3% for the °ux scaling derived
from the network of calibration stars. We conservatively estimate the absolute calibration to be good to 10%.

4.2. Electronic Artifacts

Electronic artifacts include saturation, latent images,multiplexer bleed (muxbleed), and column pulldown. Well
dithered observations will be robust against latent images. Muxbleed and column pulldown are functions of the
source°uence. Figure 6 displays examplesof muxbleedand column pulldown. Using HDR mode for observations
of bright source¯elds will provide somedata for the a®ectedregions.

4.2.1. Saturation

Saturated pixels manifest themselvesin IRA C data in two ways. Pixels which saturate in the signal readsof the
Fowler sampling will have DN values& 40000. Thesepixels are °agged by the BCD pipeline. More insidious are
pixels which saturate in the pedestalreads. Thesepixels have resulting valuesof . 2000DN and are di±cult to
di®erentiate from unsaturated data. The pedestalsaturated pixels are always due to sourcesof very high °uence
and produceholesin the observed PSFs of the brightest sources.The holescan be easily corrected in HDR data
by replacing the saturated pixels with the corresponding short frame pixels. Very recently , a more general tool
for detecting holes in all BCD data has beencreated.



Figure 6. Examples of muxbleed and column pulldown in a 12sframe at 3.6 ¹ m. Several columns containing bright stars
have di®erent levels of pulldown in this image. The most obvious example of muxbleed is the trail of pixels to the right
of the bright star on the left hand side of the image.

4.2.2. Muxbleed

Two e®ectscausea bright sourceto leave artifacts that stretch along the readout direction. The time constant
for the readout ampli¯ers is somewhatlonger than the readout time for a pixel; this bandwidth e®ectcausesthe
subsequent readouts after a bright sourceto have an excesssignal. A similar, but not well understood, e®ectin
the multiplexer causesa longer-duration memory. Figure 6 shows an image with a bright source. The trail of
dots following the bright sourcealong the readout direction (horizontal, with readout from left to right) wrap
around to the next row. The SSCpipeline has a correction for both the ¯nite response(which a®ectsall arrays)
and muxbleed (which only a®ectsthe 3.6 and 4.5 ¹ m arrays); however, the correction still leaves signi¯cant
residuals. Once again, HDR mode observations are of someutilit y in determining the true sky level for pixels
a®ectedby muxbleed.

4.2.3. Column Pulldo wn

Sourcesof a largeenough°uencecausethe level of the column containing the sourceto bedepressed.A standalone
IDL routine is available to remove column pulldown for imageswith little extended emission. In addition, the
SSCis providing a cosmeticcorrection algorithm for both muxbleed and column pulldown. Observers should be
cautious when interpreting data that has beencosmetically corrected. An analogouse®ectexists along rows for
the 5.8 and 8.0 ¹ m arrays.

4.2.4. Laten t Images

All IRA C arrays have somedegreeof image latents. Extremely long term latents can be generatedfor the 3.6
and 8.0 ¹ m arrays. These arrays are annealed following downlinks (every 12 hours) to remove the long term
latents. The long term latents can a®ectthe observations of subsequent observers. The SSCschedulesthe most
likely latent producing observations immediately prior to downlinks to reduce their e®ecton other programs.
The SSCpipeline °ags pixels containing latents produced in each AOR. The °agging doesnot presently extend
from one AOR to the next. Well dithered observations are fairly resistant to latent images(including long term
latents).

4.3. Optical Artifacts

Optical artifacts include stray light from bright sourceso®the array, ghost imagesdue to internal re°ections in
the ¯lters and beamsplitters and, for the 5.8 and 8.0 ¹ m arrays, internally scattered light. Figure 7 shows stray
light and ghost image examples.



Figure 7. Examples of stray light and a ghost image in a 12 secondframe from an AOR (A OR request key 0004958976)
in the Galactic First Look Survey at 3.6 ¹ m. The left panel shows one dither position without stray light for reference.
The middle panel is the next dither position. A patch of stray light is evident in the upper right hand corner of the image;
the star causing the stray light is above and to the right of the array. In the rightmost panel, we zoom in to the top of
the image which is now displayed with a logarithmic stretch. An example of a ghost image is the circle above and to the
left of the bright star.

4.3.1. Stra y Ligh t

The 3.6 and 4.5 ¹ m arrays each have signi¯cant regions slightly o® the array which produce stray light spots
with peak brightnesses» 0.2% of the sourcecreating the light. The regionscausingstray light can be displayed
by SPOT when designingobservations. Observations which have dithers larger than the stray light regionscan
remove stray light through judicious masking. A post-BCD tool to mask stray light is currently in development.

4.3.2. Ghost Images

The most signi¯cant ghost imagesare produced by internal re°ections in the ¯lters for each array. The 3.6 and
4.5 ¹ m ghostsare approximately 0.05%of the peak intensity of the source. The location of theseghostsrelative
to the sourceis dependent on the sourceposition on the focal plane. Once again, using large dithers can help
mitigate the 3.6 and 4.5 ¹ m ghosts. The 5.8 and 8.0 ¹ m ghostsare smaller, but the ghostsare in ¯xed positions
with respect to the source;therefore, dithering will not remove the long wavelength ghosts.

4.3.3. In ternally scattered ligh t

Analysis of on-orbit data has shown that a signi¯cant fraction of the light entering a pixel for the 5.8 and 8.0
¹ m arrays is internally scattered throughout the array. Someof the scattered light is concentrated along the row
and column containing the pixel, with the remainder scatteredmore uniformily throughout the array. The exact
mechanism of the scattering is currently being characterizedusing test arrays on the ground. The scattered light
producesartifacts in row and column that needcorrection. Empirical correctionssimilar to the column pulldown
correction are currently being designed. In addition, the more di®usecomponent of the scattered light causes
the responseof the arrays to point and extendedsourcesto be di®erent. As the BCDs are calibrated using point
sources,°uxes of extended sources,with diameters > 80 arcsecond(such as the Zodiacal background), need to
be scaledby 0.63 and 0.69 for the 5.8 and 8.0 ¹ m arrays, respectively.

5. FUTURE DIRECTIONS

Improvement and optimization of both the IRA C AOT and the IRA C data reduction pipelinesare ongoing. As
we continue to characterize the °igh t data and better understand the remaining image artifacts, improvements
to the pipeline will be developed. The masking of stray light from point sourcesis one planned upgrade to the
pipeline. Developing algorithms to correct column pulldown and someof the optical banding are high priorities
of the IRA C instrument (SAO) and instrument support teams (SSC). Based on on-orbit data, the use of the



pointing control system during IRA C observations has already beenoptimized to improve stabilit y during long
integrations and reducethe settle time for the initial acquisition slew.

5.1. A OT Impro vements

Several upgrades to the IRA C AOT are planned for use in the next general call for proposals (proposals for
general observer cycle 2 will be due in Feb 2005). The ¯rst set of upgradesare to the commanding and slew
e±ciency in the IRA C AOT. The most signi¯cant of these improvements will reduce the wall clock time for an
observation by 2-10%. A secondchangeto implement a settle time which is dependent on slewlength will reduce
the time neededfor most well-dithered observations.

Two additional options to AOT are planned for the coming year. The ¯rst is the abilit y to take a continuous
time seriesof data in subarray mode. This option will be available for the 0.1 and 0.4sframetimes. This mode is
intended for observers who wish to monitor very short period, time variable sources.The secondnew mode will
provide setsof channel dependent frametimes with oneor more shorter framestaken at 3.6 and 4.5 ¹ m per single
longer frame at 5.8 and 8.0 ¹ m. The multi-frametime option is designedfor observations of sourceswith star-like
spectral energy distributions (Sº / º 2). Currently , stars can saturate in the short wavelength arrays without
producing high signal-to-noisein the longer wavelength arrays. Setsof useful frametimes will be developed and
made available for use. Protot ypes of this option are currently used for the observations of our primary and
secondarycalibration stars.

6. SUMMAR Y

The IRA C Astronomical Observation Template provides a set of limited but °exible set of instrument and
observatory parameters for observers to use in the design of their observations. Observers should plan well-
dithered observations to mitigate a variety of optical and electronic data artifacts. Work is continuing on
improving both the IRA C AOT and the IRA C data pipeline.
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