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Chapter 1

Introduction

The purpose of this document is to provide a short, yet comprehsive, guide
to data from the Infrared Spectrograph (IRS) onboard the Sfzer Space Tele-
scope. This handbook focuses on basic information for each daaduct,
enabling the novice observer to get started quickly. It also pwides com-
prehensive tables of all archive data products for ease of nefiece. Further
information can be found in the documents listed belowThe user should
also consult the \Image and Spectral Features" webpage 1 for the
most up-to-date information on data features.

The rst chapter following this introduction gives an overview of the IRS
data products and their respective processing stage. The dataed include
extensive headers whose most relevant keywords are explainadchapter
3. In chapter 4, we provide a brief description of the automati pipeline
processing of the raw data up to the stage of fully calibrated sptea, how
the photometric and wavelength calibration was derived, ahthe way in
which the measurement errors are calculated in the pipelinéollowing this
there is a chapter on issues of which the observer must be aware void mis-
interpreting the data, and a chapter on the content of the maskes which
accompany the data to ag pixel status. Finally, there is a shortescription
on how to take the data further, to make them suitable for pubtation.

Other documents of interest for the IRS data user are:

Houck, J. R., et al. 2004, ApJS, 154, 18, \The Infrared Spectrogph
on the Spitzer Space Telescope”

1Seehttp://ssc.spitzer.caltech.edu/irs/features.html



Decin, L., et al. 2004, ApJS, 154, 408, \MARCS: Model Stellar Ano-
spheres and Their Application to the Photometric Calibrationof the
Spitzer Space Telescope Infrared Spectrograph (IRS)"

Spitzer Observer's Manua(SOM)?
Spitzer Observation Planning Cookbodk
Infrared Spectrograph Pipeline Handbodk

Post-BCD software and documentation for IRS, such as IRSCLEAMASK
and SPICP

The web page
http://ssc.spitzer.caltech.edul/irs/

gives up-to-date information on the instrument.

2Seehttp://ssc.spitzer.caltech.edu/documents/som/
3Seehttp://ssc.spitzer.caltech.edu/documents/cookbook/
4Seehttp://ssc.spitzer.caltech.edu/irs/documents/
SSeehttp://ssc.spitzer.caltech.edu/postbed/
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Chapter 2

Data Products

The basic unit of data is an IRS Data Collection Event (DCE): anobserva-
tion bracketed by two detector resets. Each DCE has a number of erent

data products associated with it. These include bad pixel masks|es with
di erent levels of processing, etc. In addition, there are assiated calibra-
tion les, coadded data products, etc. The number of les depats on the
type of Astronomical Observation Request (AOR).

In all, there are four classes of data products that can be dovadded
from the archive: Raw Data, Basic Calibrated Data (BCD), PostBCD prod-
ucts (PBCD), and Calibration Data. The mechanics of downloding these
products from the Spitzer Archive are explained in the Leopdrmanual (see
ssc.spitzer.caltech.edu/documents/leopard/). The data willarrive from the
archive as one or more zipped les. Upon unzipping, the user wiind up
with a directory tree, the top level of which will have the regey number,
pre xed by an 'r'. The regkey uniquely identi es a single AOR within the
archive. Within this directory, there will be one subdirectoy for each module
observed in the AOR. Within each module subdirectory there mape bcd,
pbcd, cal, and/or raw subdirectories, depending on what was selected for
download.

2.1 Where to Begin

Incoming data from the spacecraft is automatically processed/la pipeline
which can be conceptually divided in two parts: the Basic Califated Data
(BCD) pipeline and the Extraction (or Post-BCD) pipeline. The former is



mostly in charge of low-level processing (ramp tting, dark subaction, etc)
while the latter performs spectrum extraction (for spectral dta) or mosaics
the data (for Peak-Up Imaging data). For the spectroscopic datahe steps
of the Post-BCD pipeline can be replicated using the Spitzer IR Custom
Extraction (SPICE) software. For imaging data, the Post-BCD ppeline can
be replicated using the MOsaicking and Point source ExtractioMOPEX)

software. Both are available from the SSC website.

A master list of the archive products in theraw, bcd, pbcd directories is
presented in Tables 2.1, 2.2, 6.1, and 6.2. The contents of thal directory
are provided in Tables 2.3 and 2.4. Not all these products willebavailable
for a given AOR. The number of les generated for each AOR depds on the
observing mode and observer inputs (see the SOM). For exampla,@server
might request two cycles in Staring Mode using the Short-Low {$ module.
In this case, the AOR would include two DCEs at each of two nod itions,
for a total of four DCEs. The two cycles at each nod position ardso coadded
(averaged, see Figure 2.4) and extracted. In each subdirectdhere will also
be automatically generated README les with basic information about the
target and the program.

Within each subdirectory, the les are delivered with the folowing naming
convention:

SPITZERS+moduleaorkey _expid _dcenumversion _type.suffix
where

S+module= SO, S1, S2, or S3 corresponds to short-low (SL), short-high
(SH), long-low (LL), or long-high (LH), respectively. SO also awe-
sponds to peak-up data

aorkey = Unique ID number for each AOR.

expid = Exposure ID number. This denotes a distinct array exposure
command, corresponding to o set position in mapping mode and do
position in staring mode.

dcenum= Observation cycle number.

version = A counter that is incremented each time a data set is re-
processed, starting at 1 for the rst processing.



For example, one might nd the following le in the archive:
SPITZERS0.35537920007.0000.1 bcd.fits

which corresponds to the rst processing of exposure 7 of the rst cle of
an IRS SL or Peak-Up observation with AOR ID number 3553792.

\Coadded observations" are generated by averaging over seVeBCEs.
The parametersaorkey, expid, and version are still used to identify the
observation. Howeverdcenumis not used; instead, an additional \ensemble
number" (\E" for ensemble product, or \A" for ancillary ensemble product,
followed by the ensemble product ID) is inserted. The identi es of the les
that were used in the coadding can be found in the lenlist.txt . An
example of this kind of le is:

SPITZERS0.35537920007.1_E173398coa2d.fits

Because the calibration les used to produce the data productse the same
for many di erent AORs they appear without any reference to AR, cycle
number, etc.

The relationship between all those les is summarized in Figuse2.1
and 2.2 (see also Chapter4). For a rst look at the data, begin with
the bcd.fits and spect.tbl les, within the bcd directory. These are the
pipeline nal products: the fully-reduced 2D images and thexracted spec-
tra, respectively. Figures 2.3 and 2.4 show examples lo€d.fits images
obtained in-orbit by Spitzer. Also, look at the b*_wavsampvave.fits le
in the cal directory, which gives the wavelength associated with eachxeil
and may be useful in understanding thécd.fits les. The bmask.fits
les contain bit- ags that identify pixel status in the bcd.fits images (see
Chapter x9). The func.fits  les contain the uncertainties associated with
ramp- tting (See Chapter x7).

2.1.1 Spectroscopic 2D and 3D Products Units
raw.fits : DN.

Inz.fits , Inzu.fits e .

All other: e /sec.



Table 2.1: Files Delivered

Raw Data Products (N = number of samples per ramp)

type.su x Format Data Type File Size (kb)
raw. ts* 128 128 n | 16-bit integer 600
Basic-Calibrated Data (BCD) (n = number of samples per ramp)
type.su x Format Data Type File Size (kb)
bcd. ts* 128 128 32-bit real 87
bmask. ts* 128 128 16-bit integer 37
dmask. ts* | 128 128 N | 16-bit integer 520
droop. ts* 128 128 32-bit real 98
drunc. ts* 128 128 32-bit real 67
f2ap. ts* 128 128 32-bit real 98
f2unc. ts* 128 128 32-bit real 67
func. ts* 128 128 32-bit real 67
Inz. ts* 128 128 N 32-bit real 1000
Inzu. ts* 128 128 N 32-bit real 1000
rsc. ts* 128 128 32-bit real 98
rscu. ts* 128 128 32-bit real 67
spect.tbl* - ASCII table 132
spec2.tbl* - ASCII table 132
Post-BCD Products
type.su x Data Type File Size (kb)
2dcoad.txt - ASCII table <1
bksub. ts 128 128 32-bit real 90
bkmsk. ts 128 128 16-bit integer 37
bkunc. ts 128 128 32-bit real 67
bksub.tbl - ASCII table 30
c2msk. ts 128 128 16-bit integer 37
c2unc. ts 128 128 32-bit real 67
coazd. ts 128 128 32-bit real 90
ibsmk.txt - ASCII table <1
inlst.txt - ASCII table <1
out.pline - ASCII table 27
pro .tbl - ASCII table 1
profga.tbl - ASCII table 27
ridge.tbl - ASCII table 57
xtrct.tbl - ASCII table 134
tune.tbl - ASCII table 134
xout.pline - ASCII table 15

* = Files produced for every spectral DCE.
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Table 2.2: File Description

type.su x Description
raw.fits Raw data cube
BCD
bcd.fits Fully processed 2D spectroscopic data
bmask.fits bcd. ts mask le
dmask.fits Mask le for Inz. ts
droop.fits 2D data with \droop" correction:
a constant number is subtracted from all the pixels
drunc.fits Uncertainty le for droop. ts
f2ap.fits Alternate BCD data without straylight
removal or cross-talk correction
f2unc.fits Unc. for f2ap. ts
func.fits Unc. for bcd. ts
Inz.fits 3D data cube with linearized ramps
Inzu.fits Uncertainty le for Inz. ts
rsc.fits Data stray light & cross-talk corrected
rscu.fits Unc. for rsc. ts
spect.tbl Spectrum extracted from bcd. ts
spec2.tbl Spectrum extracted from f2ap. ts
Post-BCD
2dcoad.txt List of coadd weights
bksub.fits Coadded, nod-subtracted data
bkmask.fits Mask le for bksub. ts
bkunc.fits Unc. for bksub. ts
bksub.tbl Coadded, nod-subtracted spectrum, in Jy
c2msk.fits Coazd. ts mask le
c2unc.fits Unc. for coa2d. ts
coa2d.fits Coadded 2D data
ibsmk.txt List of bmask les for coadd
inlst.txt List of input les for coadd
out.pline Output log
profl.tbl Pro le trace from bcd. ts or bksub. ts
profga.tbl Pro le log for pro .tbl
ridge.tbl Extraction position table from bcd. ts or bksub. ts
xtrct.tbl Extracted spectrum from bcd. ts or bksub. ts (in e /sec)
tune.tbl Extracted spectrum from coa2d, in Jy
xout.pline Pipeline log




Table 2.3: Calibration Files Delivered

For each module (*' is the module number):

Name Format Data Type | File Size (kb)
b*_ateld. ts (a) 128 128 2 32-bit real 150
b*_ateld _cmask.ts (a) 128 128 16-bit integer 37

b* _fovmask. ts 128 128 16-bit integer 37

b* _lincal. ts (a) 128 128 3 32-bit real 200
b*_lincal_cmask. ts (a) 128 128 16-bit integer 37

b* _wavsamp.tbl - ASCII table 32

b* wavsampomask. ts 128 128 16-bit integer 37

b* wavsampwave. ts 128 128 32-bit real 67

b* wavsampo set. ts 128 128 32-bit real 67
b*_pmask. ts 128 128 N | 16-bit integer 37

b* _.umask. ts 128 128 16-bit integer 37
b*_uxcon.tbl (a) - ASCII table 5

b*_r# _dark. ts (b) 128 128 32-bit real 281
b*_r# _dark_unc. ts (b) 128 128 32-bit real 281
b*_r# _dark_cmask. ts (b) 128 128 16-bit integer 132
slit_pa_ o sets.tbl - ASCII table 0.7

Module 0
Name Data Type | File Size (kb)
b0_pkumask. ts 128 128 16-bit integer 37
bO_Imask. ts 128 128 16-bit integer 37
b0_slt_coe s.thl - ASCII table 2
b0_psf_fov.tbl - ASCII table 2
Module 2

Name Data Type | File Size (kb)
b2_psf fov.tbl - ASCII table 2

(a) For all modules, there is a di erent set of calibrations for

observations performed before and after campaign 25.
(b) For module 3 these are campaign dependent.




Table 2.4: Calibration File Description

Files present for all modules
*' is the module number

Name

Description

b*_ateld. ts

Flat eld and uncertainty

b*_ateld _cmask. ts

Mask of regions to at

b* _fovmask. ts

Maps FOV values to the image

b*_lincal. ts

Non-linearity model

b* _lincal_cmask. ts

Masks pixels not to be corrected by non-linearity

b* _wavsamp.tbl

Parameters of extraction pseudo-rectangles

b* _wavsamp.omask. ts

Mapping of orders into pixels, as used by wavsamp.tbl

b* _wavsamp.wave. ts

Mapping of wavelengths into pixels

b*_wavsampo set. ts

Distance to FOV center in arcsec

b* _pmask. ts Mask of semi-permanent bad conditions in the array
b* _umask. ts Un-illuminated region mask
b* _ uxcon.tbl Transformation from e =secto Jy

b*_r# _dark. ts

Darks

b*_r# _dark_unc. ts

Dark uncertainty

b*_r# _dark_cmask. ts

Masks unilluminated pixels to prevent division by at.

slit_pa_o sets.tbl

Position angle o sets

Module 0

b0_pkumask. ts

Mask unilluminated areas of the Peak-up arrays

b0_lmask. ts

Short Low Stray Light Correction Mask

b0O_slt_coe s.tbl

Stray Light Coe cients

b0_psf fov.tbl

Slit eld of view and PSF information

Module 2

b2_psf_fov.tbl

\ Slit eld of view and PSF information




Spacecraft

v

Insertion of Headers

raw.fits

Bulk of the BCD Pipeline:
Main droop correction
Dark subtraction
Saturation correction
Linearization

v

lnz.fits, lnzu.fits, dmask.fits

v

Conversion to 2D
Final droop correction

'

droop.fits, drunc.fits

v

Stray-light correction
Cross-Talk correction

v

rsc.fits, rscu.fits

\
Flat division Flat division
\ \J
f2ap.fits, f2unc.fits bcd.fits, bmask.fits, func.fits
spec2.tbl spect.tbl

Figure 2.1: Schematic relationship between BCD les. See Chiap x4.

10



‘ bcd.fits, bmask.fits, func.fits ‘

Y

Coadd multiple cycles

Y

coa2d.fits, c2msk.fits, c2unc.fits, tune.tbl

y

For SL and LL staring mode only:
Subtract nods from each other

y

bksub.fits, bkmask.fits, bkunc.fits, bksub.tbl

Figure 2.2: Schematic relationship between PBCD les. See Cpiar x4.
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Figure 2.3: Examplebcd.fits image of a galactic nucleus. In this case
the galaxy was observed using the 1st order Short-Low sub-slit (5. The
bright continuum can be seen running vertically down the imagon the left.
Two bright (and several faint) emission lines/bands are clearlgetected as
features of increased intensity superimposed on the continuurithe square
regions to the right are the well-exposed peak-up aperture®p panel = red,
bottom panel = blue). Note that light from the 2nd order SL sub-sit (SL2)
is also deposited on the detector array to the right of SL1; hower, SL2 is
o -target (i.e., SL2 is looking at blank sky). This is becausehie SL2 sub-slit
is located more than 1 arcminute away from the SL1 target posin on the
Spitzer focal plane. Consequently, there is no apparent SL2esgrum.
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Figure 2.4: Examplebcd.fits (top) and coa2d.fits (bottom) IRS data
products for a bright (  0:5 Jy at 15 microns) galaxy with strong emission
lines observed using the Short-High (SH) module of IRS. The restaime
12.81-micron [Nell] line, appearing in orders 15 and 16 at atserved wave-
length of 131 microns, is circled in both images. Thecd.fits and
coazd.fits les are from the rst nod position. Six individual nod frames
were combined to produce theoa2d.fits image.
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2.1.2 Peak-Up 2D and 3D Products Units
raw.fits , bcd.fits : DN.

Inz.fits , Inzu.fits e .

bcdb.fits , bcdr.fits , uncb.fits , uncr.fits , b_mos.fits ,r_mos.fits ,
b_unc.fits , r_unc.fits : MJy/sr.

All other: e /sec.

2.2 Spectroscopic Data Products

2.2.1 Raw Data

The IRS Raw Data consists of one or more DCEs that have been corteel
to FITS format les. Each individual DCE corresponds to a separte le.
These les are presented as 3D data cubes, consisting of a numbemnoh-
destructive reads (samples) at xed time intervals of the 128 128 pixel
detector plane, where the number of readd is determined by integration
time and corresponds to the number of layers of the FITS data be. Thus,
the imaged spectra have dimensions of 128128 N in the DCE FITS
le. Each data plane represents one readout of the array. All IR spectra
will contain either 4, 8, or 16 reads of the array between reset Any ramp
duration (exposure time) longer than 14 seconds results in a seen plane raw
FITS data product. This \sample up the ramp" (SUR) mode is desched
in more detail in the SOM. The archive provides these data cubainder the
name raw.fits

The headers of raw FITS data les that are received by obsern&icontain
mainly edited instrument and spacecraft engineering telemstkeyword items
that accompany the pixel data. The set of keywords is used to tck the
condition of hardware and software over the course of each DCdfd provides
inputs needed for con guring pipeline run parameters. The mgramatically
useful keywords are propagated and merged with pointing histokeywords
at the end of the pipeline.

14



2.2.2 Partially Processed Data

The archived IRS data les also include partially processed pducts. Af-
ter the raw.fits data, the next partially processed product delivered is
Inz.fits . This 3D data cube has been processed through all pipeline mod-
ules that operate on three-dimensional data (see Chaptet). This data cube
(in units of electrons) serves as input for the pipeline moduldat measures
the slope of the ramp in order to determine &s. The interested observer can
examine the status of pixels in individual reads using thdmask.fits le,
which gives a pixel status ag for each plane in the data cube. hie two sub-
sequent data products are two-dimensionatlroop.fits  (correction applied

to absolute ux level) and rsc.fits  (stray light and cross-talk removed).

2.2.3 Basic Calibrated Data

The IRS BCD le bcd.fits is the end product of the Science Data BCD
pipeline. A BCD is either (1) a 2D echellogram for the high-solution data
(modules S1 and S3), (2) a long-slit 2D spectrum for the low-rdation data
(modules SO and S2), or (3) an image for the peak-up modes (nutes SO).
The bcd.fits  les are accompanied by:

bmask.fits , the pixel status mask (see Chaptex9).

func.fits , the traceable uncertainty image.

In AORs with multiple cycles, DCEs at each telescope pointingra combined
using a signal-weighted average to produce the coadded (aged) product,
coa2d.fits , and the corresponding uncertainty and mask les. The DCEs
that contribute to each averaged product are listed innlist.txt . For the
low resolution modules in staring mode, the coadded product$ one nod
are subtracted from those of the other, to produce a sky-subtraad image
(bksub.fits ).

2.2.4 Basic Calibrated Data with One Less Correction

At the point of stray light removal (for SL) or cross-talk corredion (for
the high resolution modules), the pipeline bifurcates into te paths. One
path includes these corrections, while the other does not. Uncected data

15



provide an insurance against possible artifacts introduced byer- or under-
correction of the stray light or the cross-talk. The corrected ath generates
the following data products: bcd.fits , func.fits , and spect.tbl . Only

the products from this path are coadded. The uncorrected platgenerates
the following products: f2ap.fits , f2unc.fits , and spec2.tbl . See the
IRS Pipeline Handbookfor a full description of cross-talk and SL stray light
removal.

2.2.5 Extracted Spectra

One-dimensional spectra are extracted from each btd.fits , f2ap.fits
and, if applicable,coa2d.fits and bksub.fits . The extracted spectra have
the namesspect.tbl , spect2.tbl , tune.tbl , and bksub.tbl respectively.
Each of these spectra is contained in a table le, with an extens header
and ve data columns. The header propagates information frorthe source
FITS le, and adds a history of the extraction pipeline (see Chater x3).
The data columns are: (1) spectral order, (2) wavelength in mions, (3) ux
in Janskys, (4) ux uncertainty in Janskys, and (5) pixel status ag (see
Chapter x9).

In comparing the extracted spectrum to the 2D dispersed imagehe
observer can use thé* wavsampvave.fits le to associate an approximate
wavelength with each pixel. Note that the extraction procedre involves
interpolation, so this association is for informational purpses only, and is
not appropriate for science quality extractions. The exact weelength and
cross-dispersion solution is provided in thevavesamp.tbl le (see Chapter
x5.5).

WARNING: The scienti cally validated portion of the wave-

length range in the low resolution modules does not extend fo r the
full length of the orders on the array. Valid wavelengths ext end
only up to 14.5 and 38.0 microns in SL and LL, respectively. Ob -
servers should not trust spectral features located at wavel engths

beyond these limits.

2.3 Peak-Up Acquisition Products

If your observation included an IRS peak-up or was a Peak-up Gnobser-
vation, then those peak-up data are also available in the arcla. Peak-up
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images are not delivered for PCRS peak-ups. In this section weopide a de-
scription of the products of the Peak-Up Acquisition mode. For iformation
on the Peak-Up Science mode see Chapis.

Figure 2.5 shows an example of an IRS (red) peak-up arfaynage used
for target acquisition. The main purpose of the peak-up is to dermine
the telescope pointing. In Peak-up Only mode, the peak-up agthm is
run, and a success/failure report plus narrow- eld images frorthe peak-up
arrays are delivered to the observer, but a spectrum of the scmntarget is
not obtained. This mode is typically used to test the validity of a gestionable
peak-up before committing to the spectrum exposure (See the BIand the
Observation Planning Cookbook).

The onboard peak-up algorithm measures the centroid of the ightest
source in the selected peak-up array eld-of-view. It perforsitwo measure-
ments. First an \acquisition" centroid (ACQ) is measured at the blind"
pointing of Spitzer. After this, the brightest source is moved tdahe \sweet
spot" (SS) of the selected peak-up array and the centroid (of ¢éhbrightest
source in the eld) is measured again. Finally, the SS centroidosition of
the peak-up target is used to move the science target to the rstoonmanded
slit for spectroscopic observations. The exposure number is 00@® ACQ
and 0001 for SS. At each position, three images (DCE numbers1),2) are
taken and processed onboard to produce the frame that is used thetpeak-
up algorithm. This fourth, processed frame is always DCE numbe (see
Figure 2.5).

In the processed peak-up images, any source that is bright enoufy
centroiding will be clearly visible. In the ACQ frame, it shoudl be at or near
pixel (107,30) for the blue peak-up array and (105,92) for ¢hred peak-up
array; for SS, it will be at or near pixel (108,28) or (106,94jor blue or
red, respectively. The onboard software considers the centdrtbe lower left
corner pixel of the array to be (0,0); that is, pixel centers & labeled with
integers and pixel edges are labeled with half-integers. Beging in IRS25
the PU window has been trimmed to 24 24 pixels.

The FITS headers of the peak-up images contain informatiorbaut the
operation of the telescope and the peak-up algorithm (see b&)o The
data in each FITS le shows the combination of the three indivdual ex-
posures. The onboard processing includes cosmic ray rejectioat- elding,
and background subtraction. The data are in units of DN (Data Nmber).

1The IRS peak-up \arrays" are actually sub-array regions of the SL module array
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Figure 2.5: Example image of a star in the red IRS peak-up arrayThis
image shows the onboard-processed DCE #3 (see text), with the rest the
image masked.

An approximate conversion to physical units is given in Chapter5. The
world coordinate system (WCS) for the peak-up images is prowd in the
FITS header. The red and blue peak-up arrays share a common WCEhe
WCS is described in the systenCTYPE1 = 'RA---TAN-SIPand CTYPE2 =
"DEC--TAN-SIP', not '/RA--TAN' and 'DEC--TAN' This system is the same
as that used for IRAC and MIPS images, and includes non-lineaiisdortion
terms. In particular, image viewers like DS9, GAIA, and ATV used ¢ dis-
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play the full SL and peakup images will give coordinates valifor the peakup
imaging elds of view.

If the peak-up algorithm does not nd a valid centroid, then t will report
a failure. In the peak-up images, particularly the processed [E(see above),
there will be no visible source. You can also identify these faikes from the
FITS header by looking at the value of the \PU centroid qualiy code," which
is O for a failure and 1 for a success.

The peak-up algorithm can also result in a false positive. In thisase,
the peak-up software centroids on something other than the iehded target
and reports a success. You can look at the peak-up images to seeoffiry
intended source is at the centroid position reported in the hel@r. The value
of the centroid is given in theAXCNTREhd AYCNTRDXeywords; note that
these values are given in centipixels, so must be divided by 100n0order
to compare with pixel coordinates in the peak-up images. In ddion, the
value of the PTGDIFFKeyword in the header gives the di erence in arcsec-
onds between the requested and reconstructed pointing. Thialue is almost
always less than 1 arcsecond, which indicates that the interdieoordinates
were placed on either the acquisition or sweet spot.

Accurate photomery of the sources in the Peak-Up elds may be cdihed
by using the Peak-Up Imaging observation mode (see Chapte8). Approx-
imate photometry for peak-up acquisition elds is given in Chpter x5.
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Chapter 3
BCD Header Keywords

The FITS header keywords in an IRS BCD data le provide detagd infor-

mation about the observation. The header is updated late in # pipeline
as part of the creation of the BCD le. Thus, the bcd.fits le contains

the updated header, while partially-processed products fromarlier in the

pipeline may have di erent keywords. In addition, a history ofthe pipeline
processing is provided at the end of the FITS header. In this cphter, we

review the keywords in the spectroscopibcd.fits header. Many keywords
are self-explanatory, so we highlight only those of greatest erest to the
observer. An example FITS header is given as an appendix to thiandbook
(see Appendix A). The meaning of most keywords is the same for Peldk-
Imaging observations.

3.1 Basic Keywords

CALSETindicates the version of the calibration les used to produce
the data product.

CREATQORdicates the latest pipeline version used to reprocess the les.
Note: In some circumstances, the pipeline version displayed by lpaod
for a given AOR will not be the same as the pipeline version in the
CREATOR keyword. This will happen when changes in the pipeie
do not a ect certain data products. If the CREATOR keyword for a
recently downloaded product does not coincide with the lage version
given by Leopard, it means that the latest archive reprocessirdid not
update the product, because the changes did not pertain to ittrom
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the user's standpoint, the more relevant keyword is CAISET, which
indicates the actual calibration les used in the product.

AORKE4lIso called \regkey" in some contexts) is a unique 7-digit iden
ti cation number for each set of observations. It is part of the le name
for each BCD, as discussed ir2.

PROGID@ives the program ID under which the current data were ob-
tained. This ID can be used in SPOT (Spitzer Planning Observatins
Tool) to obtain the AORs used to plan the observation.

FOVNAME the name of the eld-of-view used for the observation.
For example, a Staring Mode observation using SL1 will result in
DCEs acquired with the target (given by header keywordRARQS&nd
DECRQS)Ipositioned rst at'IRS _Short-Lo_1st Order_1st Position’, and
then at 'IRS_Short-Lo_1st Order_2nd_Position’, corresponding to each
of the designated nod positions.

BUNITgives the units of the data; e.g., \e/s".

FLUXCOdives the conversion factors from electrons per second to Jan-
skys. This keyword is given for each spectral order, but pertanonly

to the module associated with the BCD. The conversions are onlje
amplitude, FluxCon, not the \tuning" coe cients (see x5.4).

VHELCORIRd VLSRCORIRow correction of the spectra for the orbital
velocity of Spitzer. The values of these keywords should be te ladded
to velocities derived from IRS spectra, to obtain nal velodies in the
Heliocentric or LSR frames respectively. These keywords willebof
interest only to observers measuring velocities with high preston from
Short- High or Long-High spectra.

For bookkeeping, it may be useful to search for particular tasgs by
looking at OBJEC¥E Target Name.

The IRS peak-up keywords are mostly relevant to the peak-up [E3
(seex2.3). In spectral DCEs the only peak-up keyword of interest
is APKUPCEN the value of this keyword is 1, then the correspond-
ing peak-up was successful, meaning that the centroid of the @htest
source in the peak-up array eld-of-view was returned.
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3.2 Exposure Time

There are several integration-time-related keywords. Of gagest interest to
the observer is the \e ective integration time", which is the time on-chip
between the rst and last non-destructive reads for each pixekéex7.1.4.1.3
in the SOM). It is called

RAMPTIME Total integration time for the current DCE.

The value of RAMPTIME&ives the usable portion of the integration ramp,
occurring between the beginning of the rst read and the end dhe last read.
It excludes detector array pre-conditioning time. It may ao be of interest to
know the exposure time at other points along the ramp. The SUR segnce
consists of the time taken at the beginning of a SUR sequence to ddion
the array (header keywordDEADTINEthe time taken to complete one read
and one spin through the array GRPTIMEand the non-destructive reads
separated by uniform wait times. The wait consists of \clocking'through
the array without reading or resetting. The time it takes to cbck through
the array once is given by theSAMPTIMEeyword. So, for an N-read ramp:

RAMPTIME2*(N 1)*SAMPTIME
and
DCE duration = DEADTIME GRPTIME RAMPTIME

Note that peak-up data is not obtained in SUR mode. It is obtaing in
Double Correlated Sampling (DCS) mode. In that cascRAMPTIMiives the
time interval between the 2nd sample and the preceeding resefhe on-
source exposure time is given bRPTIME

GRPTIME [spincount + 1]* SAMPTIME

where the spincount is 7 for all peak-up acquisition observatis.
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3.3 Reconstructed Pointing

The RA, DEC, and position angle of the observation are recorded several
ways. The FITS header includes information on both the requesd pointing
and the actual position of the telescope, as measured during thiene of
the observation and corrected for proper motion, as entered SPOT. All
reconstructed values are averaged over the time interval olfi¢ DCE. The
pointing-related keywords include:

RARQSTDECRQSTPARQS,Tand UNCRTRyve the requested values for
the current DCE. Here the position angle is given for the +Z axi®f
the telescope (see Figure 4.5 in the SOM), measured East of Nortks |
uncertainty can be found in the keywordUNCRTPAhe observer can
check relative orientations using the visualization tools iSPOT.

RAREFand DECRERgive the original target position. If the observation
is part of a group (e.g., cluster target type or Spectral Mappig mode),
then the central target position may be di erent from the requested
position of the current DCE.

RAFOY DECFOVY and PAFOVgive the eld-of-view pointing, while
RASLT DECSLT, and PASLTgive the center of the slit pointing. The
reconstructed pointing of the telescope is recorded for bothe re-
guested eld-of-view and the center of the slit. So, in a Starmp Mode
observation of a single target, the pointing on the center of thslit will

change at the two nod positions, but the two elds-of-view will ach be
pointed at the same position (with some small pointing uncertaty).

Field-of-view and center of the slit positions will be the samef Spec-
tral Mapping mode in which the slit centers have been requested

PTGDIFRs the di erence between the reconstructed pointing (for the
eld-of-view) and the requested pointing. The requested andecon-
structed pointings are computed with double-precision, buthe recon-
structed pointing and, therefore, the value oPTGDIFHKs accurate only

to 0.2 arcsec (1 radial). This uncertainty applies equally to the above
_FOVand _SLTkeywords. For data taken before December 2004, point-
ing control was based on gyros, resulting in relatively large kges of
PTGDIFFSince December 2004, pointing control has been based on the
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star tracker. If an IRS or PCRS peak-up operation fails, then té tele-
scope cannot make a correction to the attitude, and by defau#tssumes
the correction to be zero. In this case, the value &?#TGDIFFnay be
misleadingly small. This is also the result if no peak-up is reqsed.
A false positive peak-up, on the other hand, may lead to largeéTGDIFF
values by virtue of di erences between the reference (commded) po-
sitioning and the attitude measured from the star tracker.
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Chapter 4

Pipeline Processing

The datasets that are available from the archive have been messed through
the \batch mode/non-interactive pipeline." This BCD pipeline performs cer-
tain tasks, such as cosmic ray corrections and slope estimation (8é€l). The

BCD pipeline data ow is depicted in Figure 4.1. After the BCD ppeline,

the data are processed by the extraction pipeline, described ¥4.2. For a
more complete description see thiRS Pipeline Handbook In what follows

we concentrate on the pipeline description applicable to speascopic data.

Chapter x6 discusses the steps applicable to Imaging data.

4.1 BCD Pipeline

TRANHEAD : The TRANHEAD module modi es and reduces the number
of FITS keywords in the input data, compared to the DCE that arives at

the Spitzer Science Center (SSC) from the Multimission Imagerécessing
Laboratory (MIPL). The data remain the same. Producesaw. ts.

CVTI2R4 : This module converts the 16-bit integer values in the inpuEITS
data to 32-bit oat types. Subsequent modules operate only onadia in that
format. Digitally saturated pixels are detected and the coesponding bit
is set in the dmask.fits le. The pipe0O.fits les are the output of this
module (after pointing transfer and nal product generator { see below).

SNESTIMATOR : The input uncertainty estimate is performed at this
stage. The uncertainty is in the same units as the data cube (DN)he
output of this module is not currently propagated beyond thee MAGEST
stage.
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Figure 4.1: Schematic diagram of the IRS BCD pipeline.
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CVTE : The next step in the science pipeline thread consists of convieg the
raw data values, now in oating point, to numbers of electrondy multiplying

by the gain factors for each channel. Currently, the gain ishe same for all
channels (4.6 e/DN). The gain correction is applied to every pixel and all
planes in both the signal and the uncertainty data cubes. The ¢a format
remains unchanged.

RADHIT _SAT/SATCOR : The RADHIT module identi es cosmic ray
events along the signal ramps and ags them in themask le. SATCOR
then uses good data (without a jump caused by a particle hit) tox@rapolate
and estimate the signal of saturated pixels. This estimate is usealg to
estimate droop (see next).

DROOPOP/ROWDROOP : The measured charge on a pixel changes as a
function of the total ux incident on the array. This e ect, k nown as \droop",

is corrected by the DROOPOP module. The correction is perfored plane
by plane on a pixel-by-pixel basis. The ROWDROOP module correcfor a
related phenomenon, in which the value of a pixel can change a function of
the total ux in the row in which the pixel is located. ROWDROOP removes
the e ect channel by channel within each plane (see the SOM fardiscussion

of the readout channels on the IRS arrays). The output of both pdules is

a FITS data cube with the same dimensions and format as the inpualata.

DARKBASE : This module estimates the baseline level (DC o set) and sub-
tracts it from the pixel values for all planes of the input dad. The estimate
is based on an extrapolation to zero exposure time within an Uhiminated
region (de ned with the *umask.fits le) for each module. The baseline
value and the coordinates of the region are written to the FI® header of the
output image. The latter is an image le with the same number oplanes as
the input le.

CUBESUB : In this step, a calibration le with the reference dark current is
subtracted from the science data. The expression \dark current$ incorrect

in that this value is measured on the sky without a shutter (but poting

at an area in the sky with little infrared emission: RA = 25896, DEC =
+65:43). The reference dark cube has the same number of planes as th
science data and is obtained with the same exposure time. The Haurrent
subtraction is performed at a plane-by-plane level and ressltin an output
FITS le with the same dimensions as the input data cube.

LINEARIZ : The next step in the science thread linearizes the data signal
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ramps assuming a quadratic model and pre-determined linearitoe cients

which describe the behavior for each pixel. This module outpaia FITS data
cube containing the linearized data, and updates thdmask le with pixels

that were found to be saturated. The products of this module aravailable
from the archive (nz.fits , Inzu.fits , and dmask.fits ).

The linearity coe cients are pre-determined by measuring tle non-linear
behavior of pixels in the array through observations of starsna stim- ashes
obtained during routine calibration observations. Currenyy the same linear-
ity coe cients are applied to each pixel in a given detectorfirray. In e ect,
this method assumes (as appears consistent with observation) tleay scat-
ter in the linearity from pixel to pixel across the array is smdeér than the
measurement error associated with the estimate of the linearityoe cient
for the array as a whole. As our ability to measure the linearityfor every
pixel in the array improves, this assumption may be re ned.

DARKDRIFT : This module removes residual column-to-column variations
(\jail-bars") by estimating the four-readout-channel variations based on pixel
values across the four channels. Its output is a 3D FITS image.

RADHIT : This module re-measures and ags cosmic ray events along each
signal ramp. Its sensitivity is controlled mostly by a threshold n signal
jump, which must be exceeded for the jump to be considered a cosmay
hit. Its output is contained in an updated dmask le where bits are raised for
the radhit events found. The considerable processing of the ramthat has
occurred up to this stage of the pipeline makes it possible to dstt cosmic
ray events that were missed in the rst attempt (RADHIT _SAT).

IMAGEST : The IMAGEST module ts the signal ramp and measures the
slope. Thus, the output is two collapsed (2D) FITS les: one conias the
image corresponding to the slopes for each pixel, while the ethcontains
the uncertainties associated with the tting of the slopes. The ncertainty
computations are described in Chapter 7 and do not contain uadainties
introduced by previous pipeline modules. From this step forwd only the
collapsed slope image (with units of electrons per second) is diger further
reduction.

DROOPRES : At this stage of the processing, the unilluminated pixels in
the image (as marked irfumask.fits ) should have a median value of zero.
DROOPRES checks whether this is the case in an unilluminatedoption
of the array, and then corrects all pixels of that channel by diracting
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a constant. The products of this module are available from tharchive
(droop.fits  and drunc.fits ).

STRAYCROSS : The action during this pipeline step depends on the in-
strument channel. Data from SL are corrected for stray light fing on its
spectral orders from the peak-up sub-arrays. Data from SH and Lean be
a ected by optical cross-talk between orders; this e ect is esthated and re-
moved. Data from LL remain unchanged. The output les have tb same
dimensions as the input le and are available from the archivérsc.fits
and rscu.fits ).

FLATAP : The last step in the BCD science data processing is to apply the
at- eld in order to correct for pixel-to-pixel response variations. The at-
eld is a calibration le speci c to each instrument channel ard is described in
more detail in Chapter 5. The output of FLATAP is a single-planeémage le

in FITS format, converted by the next steps intobcd.fits , accompanied by
a le with the corresponding uncertainties,func.fits . The corresponding
products that do not undergo the step of STRAYCROSS ar®ap.fits and
f2unc.fits

Pointing Transfer and Final Product Generation : These modules do
not alter the data values, but operate instead on the FITS headg Pointing
Transfer updates the reconstructed pointing keywords. The Fal Product
Generator inserts other keywords to track information on theurrent AOR,
and renames many of the existing keywords to be more easily unsteod.
The output of these modules is thébcd.fits le. The uncertainty le re-
mains the same func.fits ).

4.2 Post-BCD spectroscopic (Extraction) Pipeline

Table 4.2 provides an overview of the modules that run withirthe extrac-

tion pipeline. It runs after the BCD Pipeline and extracts ore-dimensional
spectra from two-dimensional slope images. The input of the thad is a two-
dimensional BCD image in FITS format. The output from the thread is a
table le containing the extracted spectrum. The thread alsod&kes mask and
uncertainty les as input, and propagates uncertainties ad status ags into

the le table. The extraction pipeline producesspect.tbl (from bcd.fits ),

spec2.tbl (from f2ap.fits ), tune.tbl (from coa2d.fits ), and, in the case
of IRS Staring mode in low resolutionpksub.tbl (from bksub.fits ).
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Table 4.2: IRS Extraction Pipeline
| Module | Function \
PROFILE Creates a wavelength-collapsed average spatial pro le fortte
slit(s) used in the observation.

RIDGE Finds the peak of the spatial pro le along the dispersion di-

rection.

EXTRACT | Takes the information from RIDGE and extracts a 1D spec-

trum along that position in accordance with the wavelength-

dependent point spread function and the exact shape of the
spectrum on the chip.

IRS_TUNE | Applies a set of photometric tuning and ux conversion fac-

tors to 1D spectral extractions created by EXTRACT.

What product is provided to the user depends on the input imageFor
eachbcd.fits , the user will receiveprofl.tbl  (the output of PROFILE),
ridge.tbl  (the output of RIDGE), xtrct.tbl  (the output of EXTRACT),
andspect.tbl (the output of IRS_TUNE), in the BCD directory. Analogous
products are available in the PBCD directory for thebksub.fits les, if
produced. In additionspec2.tbl is available for thef2ap.fits les (in the
BCD directory) and tune.tbl is available for thecoa2d.fits les (in the
PBCD directory). These are calibrated spectra, the output of RS TUNE.

The output of PROFILE is a text le that contains a header and ve data
columns, with the wavelength-colapsed pro le as a function gfercentual po-
sition along the slit. The output of the RIDGE module speci es tle location
of the extracted source within the entrance slit with the pixecoordinates of
the \ridge," or ux peak, along each order in the two-dimensioal image. If
RIDGE does not nd the spectrum (for example, if the source is to faint) it
will return a default trace (33% or 66% of the slit length, for RS Stare, and
50% otherwise).ridge.tbl  follows the format of the wavsamp.tbl calibra-
tion le (see x5.5) for the rst 11 data columns. The remaining 4 columns
give the location of the center of the object position. In someases, it may
be useful to plot the ridge location (from the last two columnsni ridge.tbl )
on top of the dispersed spectrum image. The spectrum is extractedbng
the ridge path.

The source spectrum incident on the array is not rectilinear ieither the
spectral or cross-dispersed directions. As a result, the EXTRACT motiu
must perform an interpolation to the known shape of the spectrabrders.
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Also, the extraction window must account for curvature of the sperum in
the spatial direction, as well as the wavelength solution wiih each spectral
order. The extraction window is de ned in thewavsamp.tbl le (see x5.5).

The extraction is performed by adding the counts within the etraction
aperture. The EXTRACT module does not perform ux-weighted pptimal)
extraction, but the user can extract data optimally via SPICE In doing so,
SPICE will also generate a recti ed image of the detector, wit the spectral
trace aligned along columns. The observer may use this product perform
his/her own extraction, using other software parameters.

The extraction algorithm will automatically interpolate over any NANs
that lie in the extraction aperture using a pixel replacemenscheme similar to
that used in the IRSCLEAN_MASK package available on the web at the SSC
site'. Alternatively, SPICE provides the oportunity of ignoring the NaN-
ed pixels altogether. The observer should be cautious aboutrgsa of the
spectrum that contain large numbers of NANs. In addition, the extaction
will ignore any fatally agged pixels. The fatal ags are curently bits 7,12,13
and 14 in thebmask.fits le associated with the given BCD (see9). More
sophisticated extractions that avoid some of the problems of gae pixels can
be made outside the pipeline using SPICE in combination with # rogue-
pixel treatment program IRSCLEAN_MASK.

Spectra are initially extracted in units of electrons per semd. These
one-dimensional data are converted to Janskys by the IRBUNE module.
This module also corrects the slope and curvature of each ordsr applying
the polynomial coe cients in the fluxcon.tbl  le. This correction, referred
to as \order tuning" (see x5.4), is based on an order-by-order comparison of
calibration data to standard star model spectra. Spectral orae within each
module are normalized to each other, using thEluxCon amplitude.

1Seehttp://ssc.spitzer.caltech.edu/archanaly/contribute d/irsclean/
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Chapter 5

IRS Photometric and
Wavelength Calibration
Products

This chapter provides a brief description of the calibrationles that are
included with each observation.

5.1 Dark Subtraction Cube

b* r _dark.ts (where * =0,1,2,3 corresponds to IRS channel number and
= integration time) : Because the IRS does not have a shutter, dark ob-
servations are made using Staring Mode observations of selectedions of
the sky that are mostly free from signi cant zodiacal light or cirus emission
(RA = 258:96, DEC = +65:43). However, note that the background in this
location is in the range 4.01-4.55 MJy/sr at 100 m and 13.2-17.31 MJy/sr
at 24 m. In consequence, science observations of very dark regionsyma
result in negative pixels values in the nal BCD images. This shdd not
a ect the results of any extraction made on background{subtrated data, or
Peak-up mapping data in which the amplitude of the adjacent skis taken
into account.

Dark{observations are obtained for each IRS module, with eh@llowable
Astronomical Observation Template (AOT) integration time for that module
(for example, darks that are obtained for SL would have the lmwable AOT
integration times of 6, 14, 60, and 240 seconds). The darks asponding to
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the selected AOR are delivered to the observer.

The format of the dark data is a 3D FITS data cube, obtained in BR
mode. The raw dark data for the cube is processed through a spégarpose
calibration pipeline to convert these data to oating point, and apply stan-
dard o sets and corrections (e.g., standard droop correcti@n cosmic ray re-
moval, darkbase o set subtraction, etc.) Typically, many obsemtions (> 30)
are made for each dark cube, and these data are median-avedhte further
remove outlying points. These 3D \superdarks" are modi ed and reed
during the course of the Spitzer mission, using dark observationsade rou-
tinely during every IRS campaign to monitor changes in arraparameters.
Because the number and strength of rogue pixels is most varialdta LH,
the darks for this module speci ¢ to each campaign. The unitsfdhe dark
observations are e.

Pipeline Application: The superdarks obtained for all relevant integra-
tion times and IRS modules are maintained within the IRS datgipeline

environment by the IRS Instrument Support Team at the SSC. Theadark

subtraction is performed in the 3D data cube domain. The pipele deter-

mines the ramp time in a given target observation and the apppriate dark

is subtracted from that observation, plane by plane, by the sanee pipeline
routine CUBESUB. Each plane in the data and dark cubes correspds to

the SUR image at a given sample read. In this way, repeatable gtnumen-

tal) behavior which may be present in both the observation andhe dark

cube as a function of SUR read time (e.g., possible post-reset tssnts,

etc.) will be removed, resulting in better temporal behaviowof the ramps

in the dark-subtracted science observation. The dark cube subtited from

each observation is included in the calibration directory als* r _dark.fits

5.2 Non-Linearity Model Cube

b* _lincal. ts: The departure of each SUR value from a linear function of
time is modeled in the IRS pipeline as a quadratic function,

SObS: S ﬁnear + Slinear 3
where Syps IS the observed sample value (in 9, and Sjnear (in € ) is the

corresponding value if the detector response were perfectipdar. The
parameter is the \non-linearity coe cient".
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There is a di erent non-linearity model cube for each of thedur IRS
modules. Calibration of the non-linearity is performed usinga combina-
tion of stimulator-lamp measurements and bright stars. The bestesults are
obtained with bright-stars because the stimulators tend to imoduce large
droop-e ects of the arrays which complicate the interpretaon of the non-
linearity calculations. A model is t to each ramp in the stimulator/and or
star observations, yielding the non-linearity coe cient and ts uncertainty
for each pixel. The best results for IRS observations are obta&d if the
non-linearity is assumed to be the same for every pixel in the gn detec-
tor array, as it is dicult to obtain consistent signal to noise estimates of
the non-linearity for every pixel in the array. An iterative test of the nal
non-linearity coe cients is made by measuring the degree ofam-linearity
left after applying the corrections to the calibration data In some cases
further adjustments are made to the non-linearity coe cients to provide the
best average coe cient for that detector array. Care has beetaken to de-
couple non-linearity e ects from detector droop-correctins since having an
incorrect droop correction will seriously impact the non-liearity coe cients.
Deriving consistent linearity coe cients for observations mae under a vari-
ety of illumination conditions is the key to breaking the degneracy of these
two important e ects.

The calibration product b* _lincal.fits , referred to as the non-linearity
model, is a 3D FITS image (data cube), of dimensions 128128 3. Each
pixel of the IRS detectors is allowed to have unique non-lineity character-
istics. The rst plane of b* _lincal.fits contains the coe cients of each
pixel. The second plane contains, for each pixel, the signal #shold (upper
limit, in e ) for applicability of the non-linearity model. Samples thaexceed
this threshold are not corrected in the pipeline. The third phne contains the
uncertainties of each coe cient.

b* _lincal _cmask. ts: Pixels whose linearity is not corrected are set to
have values of 4096 in this le.

Pipeline Application:  The b*_lincal.fits calibration product is used for
ramp linearization in the BCD science thread and other calilation threads in
which slope estimation is performed. Linearization is done lifie LINEARIZ

module, after dark current subtraction and before slope estitian. The

application consists of inverting the quadratic model equatn given above
to solve for Sjnear @s a function ofSpps and . The model is not applied if
Sobs €xceeds the non-linearity threshold, or whe®,,s or are so large (the
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Figure 5.1: Example of at- eld images for the IRS high-resaltion modules.
The dark spots in LH indicate regions NaN(ed) from the at becausef
damage to the detector caused by the powerful solar storm that aared
early in the Spitzer mission.

latter in absolute value) that the solution of Sj,esr IS NOt a real number.

5.3 Flat-Field Products

b* _at eld. ts: Flat- eld image les have dimensions of 128 128 2.
A two-dimensional at- eld image is stored in the rst data plane of this
image (see gures 5.1 and 5.2), while the second data plane cant the
uncertainty image (nominally set to 0.001) associated with theat. The aim
of the at- eld image is to correct 2D BCD images for the combmed e ect
of spatial and spectral optical throughput e ects and detectoresponsivity.
A full description of the process by which the at- eld images &e created
is given in the IRS Pipeline Handbookit is described only briey here. The
process for creating the at- eld images is module dependenihe procedure
involves moving a standard star in sub-pixel steps along and asothe slit.
This approach is necessary to fully sample the PSF at all wavelgths for
the module in question (especially at the blue end where the Fukidth at
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Figure 5.2: Example of at- eld images for the IRS low-resoltion modules.
The red (top) and blue (bottom) peak-up elds can be seen in th&L mod-
ule image. Fringes are clearly seen in the at-eld image of L1. They

are caused by Iter delamination. A similar fringe pattern appgars in LL

science observations, so at- elding of those images in the datargressing
pipeline usually reduces the fringe amplitudes signi cantlylf they are still

present in the extracted 1D spectra, then they can be removed tWilRS-

FRINGE, a stand-alone IDL routine that is available on the SSC ebsite at
http://ssc.spitzer.caltech.edu/postbcd/defringer.ht ml.

half maximum of the PSF is often less than a pixel). The spectraignature
of the star itself is removed in the two-dimensional image { the ahdard
star model spectrum is mapped to the 2D geometry of the disperseddge,
and divided into the data. Next, deep spatially-dithered, me@n-averaged
observations of the zodiacal light are used to correct the spaticomponent
of the at.

The nal at- eld image is created by masking out unilluminat ed pixels
(see the explanation ob* flatfield _cmask.fits below), and normalizing
the illuminated area. This normalization sets the median oftte illuminated
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portion of the array (including all of the spectral orders) to unity. Ths
has the advantage that the at- eld image provides a rst-order indication
of the relative throughput (or responsivity) of the spectral oders within a
given module. (Note that individual orders in the at-eld im age are not
normalized to unity.) For the low-resolution modules, the nanalization is
performed over the illuminated portions of the rst, second, ad third (bonus)
orders together (excluding the peak-up array for SL). For t& high-resolution
modules, the median normalization is performed over all 1duminated or-
ders together.

The peak-up arrays are also incorporated into the at- eld ofthe SL
module. These were obtained in separate observations of the emal light.
The normalization for the peak-up ats is such that each peakip array has
a median value of unity.

Since the at- eld operates on the whole image, an observatiomade in
a given sub-slit (e.g., SL1) will cause the other sub-slits in thahodule (SL2
and the peak-up arrays for SL) to also be attened. The at- eld image
may contain pixels labeled as NaNs. The operation of the FLATAP ndule
transmits these NaNs to the nal BCD output image if they lie within the
range of the illuminated region as de ned by the CMASK (see belg. The
NaNs in the at- eld represent pixels deemed to be either fatayl agged or
unreliable.

b* _ateld _cmask.ts: This le contains a 16-bit image mask used by
the pipeline to decide which part of an image is to be dividedyba at-
eld and which part will be left unaltered. The region of the mage which
will have the at- eld applied contains the value zero. Regons in the at-
eld which are deemed "uncertain" (mainly regions at the vey edge of the
illuminated regions which are heavily vignetted) are givealues 256 (bit 8).
Regions which are not to be at- elded (i.e. lie outside the véd region, as
determined by wavsampomask) are set to 128 (bit 7).

The pipeline routine FLATAP, which applies the at- eld will not apply
the at- eld to regions in which bit 7 has been set. Regions of mcertain at
eld (indicated by bit 8 of the being set) cause bit 7 of thebmask.fits le
to be set. From the S13 pipeline onward, this bit is read as a ftbit by the
EXTRACT module. Under certain circumstances (for example, if dright
sources lies very close to the edge of the slit) a user may want tonswler
unselecting bit 7 within SPICE, and therefore allowing the rgions of uncer-
tain at- eld to be included in the extraction. Under most circ umstances

37



this will lead to a noisier result.

Pipeline Application: The division of the science data by the at- eld
is performed at the end of the IRS BCD science pipeline by the utine
FLATAP. At this stage in the pipeline, the science data to be at-elded
have already been converted from a raw SUR cube structure to a Zlbpe
image, with units of e /s. Since the at- eld contains dimensionless units,
the science data output from FLATAP also has units of e/s. Conversion to
physical ux units (i.e., Jy) for the science data is not done util spectra are
extracted in the post-BCD pipeline.

5.4 Flux Conversion Table

5.4.1 Point Source Flux Conversion

b* _uxcon.tbl: This is an ASCII table used by the pipeline routine
IRS_TUNE to convert extracted spectra from e/s into ux-calibrated units
(Jy). The routine performs \order tuning”, the process of nomalizing the
slope and removing the spectral response of each spectral ordeheTluxcon
table contains order-dependent tuning coe cients and absate scaling con-
stants from electrons per second to Janskys. The tuning coe ci¢s are the
coe cients of a polynomial of up to 5" order in wavelength which represent
the nal tuning applied to a spectrum after it has been extraceéd from a at-
elded BCD (note that in practice it is rare for polynomials o order higher
than 3 to be used).

The operation of IRSTUNE is to divide the extracted ( at- elded) sci-
ence spectrum by FluxCon, whereFluxCon is the conversion factor from
e /sto Jy and y is a correction factor computed with the tuning coe cients.

y=a+a ( o+ a ( 0)° (5.1)

The fluxcon table has a total of 20 columns; the following are the most use-
ful of these: Column 1 = spectral order; Column 2 = reference walength

( o In microns); Column 8 = ux conversion factor (FluxCon), in (e /s)/Jy
(measured over the key wavelength passband); Column 9 = 1-sigmacer-
tainty in the ux conversion factor, in (e /s)/Jy; Column 10 = a o, Column
12 = a;, Column 14 = &, Column 16 = ag, Column 18 = a,, Column 20 =
as, where a, &,...as are the coe cients in the polynomial t.
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The values of the coe cients are determined using a set of standhstars
with well-determined model spectrd For the low resolution modules, the
primary calibrator is HR 7341 (HD 181597). For the high resolutin modules,
HR 6688 (ksiDra, HD 163588) is the primary calibrator. The starsra ob-
served with high-accuracy peak-up in each IRS campaign. Théservations
are background subtracted, using the o -order (for the low-reolution mod-
ules) or dedicated o observations (for the high-resolution naules) to mea-
sure the sky. The multiple sky-subtracted observations are mediscombined
to increase the signal-to-noise. The spectra are extracted usiS8&ICE, with
exactly the same parameters as in the pipeline. Within the esdcted spec-
tra, each order is trimmed as indicated in Table 5.1. The obsexd spectra
are then made to match the MARCS models (Decin et al. 2004) of ékse
stars, using a low-order polynomial and an overall multiplicate constant
(the FluxCon). The coe cients of these polynomials and the constant (a
di erent set for each order) are supplied to the user in thdluxcon.tbl
table. Observations of other stars with MARCS models are used ascheck.

5.4.2 Extended Source Flux Conversion

The problem of obtaining an exact calibration for extended swces observed
with a single pointing of a slit spectrograph has no general solah. This
is because the light that falls within the slit contains contrbutions from
sources outside the slit. An accurate measurement of these contriions
requires that the observer knows the surface brightness distution of the
source at all wavelengths and at all distances from the slit. Smcomplete
information is rarely available: if it were, the spectroscopi observations in
need of calibration would be unnecessary! However, within SFEChe SSC
provides users with the possibility of calibrating extended soces that cover
the whole sky with constant surface brightness at a given wavelgih. In
practical terms, the source should be uniform within a few PSF4 the slit,
for this calibration to be valid.

To understand how the extended source calibration is obtainedne should
remember that the observed extracted spectrum, in ésec, contains informa-
tion about the response of the optical system (quantum and optita ciency
factors) as well information on the true surface brightness disbution con-
volved with the telescope's PSF. To obtain the real ux withinthe aperture

1Seehttp://ssc.spitzer.caltech.edu/irs/calib/overview.h tml
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Table 5.1: Wavelength ranges forfluxcon.tbl

Order | o( m) 1 ( m)
SL2 | 5.24749 7.57612
SL3 | 7.33419 8.42289
SL1 | 7.63660 14.59222 *
LL2 | 14.23871 21.18221
LL3 | 19.40400 21.26689
LL1 | 20.42012 37.86356
SH20 | 9.87869 10.6113
SH19 | 10.3932 11.2328
SH18 | 10.9597 11.8999
SH17 | 11.5927 12.5970
SH16 | 12.3001 13.3348
SH15 | 13.1111 14.3017
SH14 | 14.0293 15.2329
SH13 | 15.1394 16.3877
SH12 | 16.3248 17.8897
SH11 | 17.7526 19.3499
LH20 | 18.8923 20.5512
LH19 | 19.8113 21.6590
LH18 | 20.8966 22.9027
LH17 | 22.0965 24.2784
LH16 | 23.4824 25.7367
LH15 | 25.0177 27.4195
LH14 | 26.7647 29.3831
LH13 | 28.8013 31.5662
LH12 | 31.0444 34.1098
LH11 | 33.7423 36.8892

* = teardrop starts at 13.44 m, see chapterx8
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(the ux one would measure from adding all the surface brightrss in the
aperture by using a calibrated image of the region) the spectrshould be
divided by a polynomial, in a way analogous to the way it is dam for point

sources. In other words:

z . Z
R S (PSF SB)dA = S SB dA (5.2)

where R is the response of the optical systents is the aperture size
(normalized such that its integral over the sky gives the apeute area),P SF
is the telescope's PSF, an&B is the surface brightness of the source. These
last two factors are convolved with each other. The integrakidone over the
sky. % is the calibration factor that will convert the measured ux (in
e /sec) to areal ux within the aperture (in Jy). This last calibr ation factor
is the one we want to derive, and the equation shows that it depds on
the exact surface brightness distribution. In the particular ase of a uniform
source we hav®SF SB = SB and we obtainCE = R .

If instead of an extended source we have a point source extracteder
the aperture, the following expression de nes the calibratiofactor:

y , Z
R S PSFdA 5= PSFdA (5.3)

Note that CP corrects for the response of the instrument and for light
from the PSF wings that are outside the slit.

The extended source calibration within SPICE is applied in te steps.
First, a wide aperture calibration valid for a point source (¥CP ) is applied
to a wide aperture extracted spectrum of the extended sourceoRthe low-res
modules, the spectrum is obtained over a straight-edged aperéu28 pixels-
wide. For the high-res ones, it is obtained over the full slit. ien, a slit loss
correction factor (SLCF) de ned as

R
S PSF dA
" PSF dA

is multiplied to the spectrum. The total correction factor applied to the
extracted spectrum is then (ECP) SLCF =1=R . This is exactly the
value of the calibration factor in the case of a uniform sourceSPICE will
provide two separate les, one with the extracted spectrum muiplied by
1=CP (in the *.aplossspect.tbl le) and the other including both correction

SLCF =

(5.4)
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factors (in the *.extsrc.tbl le). To obtain the surface brightness, the contents
of the *.extsrc.tbl le should be divided by the aperture area as follows:

Name Length (")  Width (") Area (arcsec”"2)
SL2 50.4 3.6 181.44
SL1 50.4 3.7 186.48
LL2 142.8 10.5 1499.40
LL1 142.8 10.7 1527.96
SH 4.7 11.3 53.11
LH 11.1 22.3 247.53

The ideal situation of an extended source lling up all the sky wh con-
stant brightness is unlikely to be encountered in reality. To masure the
spectra of general extended sources, a map is required. The widiial obser-
vations making up the map can then be combined (using e.g. CUBVS see
http://ssc.spitzer.caltech.edu/archanaly/contributed/c ubism/). If the user
does not have a map, the nal spectrum in the*.extsrc.tbl le should be
scaled using known photometry of the source within the spectraange. In
general, such scaling is wavelength dependent. If no photometpoints are
available, the user should model the source at each wavelengtbnvolve the
model with the spectrograph's PSF and integrate the surface ightness over
the aperture. The contents of the*.extsrc.tbl le should then be multiplied
by the ratio of the expected total ux to the results of the modé

5.4.3 Peak-up Imaging Calibration Products

Data in the peak-up array can be taken in two modes: as part of ¢htarget
acquisition observations and as part of the imaging mode obsatons. These
data are taken in Double Correlated Sampling (DCS) and SamgiUp-the-
Ramp (SUR) formats, respectively, and therefore have di erentalibration
parameters. Here we give the approximate calibration for thecquisition
mode. The calibration for the science imaging mode is given @hapter x6.
The photometry derived from the peak-up acquisition windowssing the
conversion factors given below will have a15% error. The conversion factors
were derived from blue sources (i.e. stars). As discussedxi?y the Peak-Up
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acquisition algorithm involves taking a set of 3 images for aaggition (ACQ)
and a set of 3 images for the sweet spot (SS). Each of these sets ofsBasked
onboard (without ux conservation) to create an image with urts of DN.
Thus, there are a total of (3+1) + (3+1) Peak-Up acquisition images. The
user should not use the nal stacked image (image number 0003) hese of
the lack of ux conservation.

The units of each of the 6 other images are DN. Convert these toeet
trons/sec using the following formula:

counts [e /sec] = counts [DN] * 4.6 [e /IDN]/ ( 8 SAMPTIM[Eec])

The value of SAMPTIMIE given by the header. The images can then be
combined properly while conserving ux. To convert the resuihg aperture
photometry from e /sec to Jy, divide by one of the following values:

Blue - 16 m: 7.5 10°, when using aperture radius of 3 pixels, with a
sky ring from 8 to 14 pixels.

Red - 22 m: 6:8 1, when using aperture radius of 4 pixels, with a
sky ring from 8 to 14 pixels.

5.5 Wavelength Calibration Products

b* .wavsamp.tbl: The IRS pipeline, for the purposes of spectral extraction,
does not extract whole pixels, but rather subdivides the arrayto a network
of polygon-shaped sampling elements referred to as \pseudaiengles” that
do not necessarily overlap the rectangular pixel grid. Theseeshents allow
Nyquist sampling of spectra in the dispersion direction (to maxinzie the
signal-to-noise at the full resolution), and also accommodaté&e slight cur-
vature of some of the spectral orders when projected onto the8.2 128 pixel
grid of the detector arrays. Extraction is performed by caldating the signal
that would fall within the boundaries of the pseudo-rectangis.

The b*_wavsamp.tbl le is an ASCII table that de nes the parameters
of the pseudo-rectangles in array pixel coordinates. The cahns of the table
are de ned as follows: Column 1 = spectral order, Columns 2 and 3 X
and y coordinates of the center of a given pseudo-rectanglepl@mn 4 =
wavelength (microns) associated with that rectangle. Subsequecolumns
de ne the corners of the rectangles. Each pseudo-rectangldlwbntain some
pixels that only fractionally contribute to that element; light is assumed to
be evenly distributed within a pixel for the purpose of extradgbn.
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Helpful Aids to the Extraction Process and its Assumptions: The
b*_wavsamp.tbl le (and its partial-pixel sampling of the 2D image) is the
fundamental element of the wavelength calibration (and is sed directly
within many pipeline modules). The following les are provied for infor-
mational purposes. They are not science quality products sinckdy are ap-
proximations of the b*_wavsamp.tbl le mapped to individual pixels. They
do, however, help the observer visualize various useful propes of the 2D
BCD images.

b* ‘wavsamp _omask.ts: AFITS le showing the order number associated
with a given region in an image. For the low-resolution moduse(LL and SL),
the rstand second order spectral regions are denoted by 1 andé&spectively.
The bonus order is denoted by the number 3 (although it is relgla rst order
spectrum). For the high-resolution modules (SH and LH), the eeftle orders
range from m=11 (reddest) to m=20 (bluest).

b* .wavsamp _wave. ts: A wavelength map for a given module showing the
wavelength associated with a given pixel. As discussed above, tigsonly
an approximation to the b*_wavsamp.tbl le which is used for 1D spectral
extraction.

b* wavsamp _oset.ts: A FITS le that gives the distance on the sky in
arcsecs from a given pixel to the ridge-line of the eld-of-ew center.
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Chapter 6

Peak-Up Imaging Science Mode

The IRS Peak-Up elds in the SL array will provide science-quél imaging
when using the Peak-Up Science mode. Both the red (18.5-26.61) and
blue (13.3-18.7 m) lters are available in this mode. The red Iter provides
wavelength coverage similar to the MIPS 24 m mode, but the blue Iter
covers the wavelength range between that covered by IRAC aMiIPS. Peak-
Up Imaging (PUI) observations are obtained using a separate AOT drare
processed with a separate post-BCD pipeline. Unlike peak-up imegytaken
for the purpose of aligning objects in the slit for spectroscopthe PUI mode
produces science-quality data obtained in the sample-up-titamp readout.
Tables 6.1 and 6.2 give a list of the products speci cally delered for the
Peak-Up Imaging mode.

6.1 Peak-Up Image Characteristics

Parallel red and blue peak-up images are obtained simultanesdy on the SL
detector. The system's response is shown in Figure 6.1. The eld oew

seen by each lIteris 54° 81° and they are separated by a 3wide vignetted

zone (see Figure 2.3). The images are 3545 pixels in size (including the
vignetted edges) and have a plate scale of 1:8%pixel. The position of the

images on the detector is an accurate representation of theipsition on the
sky; that is, the two elds-of-view together with the vignetted region see
a contiguous 54° 195%area. However, the image distortion varies across
this area and is most accurately represented by a separate Woflordinate
System (WCS) for red and blue.
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Table 6.1: PUI Files Delivered

Basic-Calibrated Data (BCD)

type.su x Format Data Type | File Size (kb)
full. ts* 128 128| 32-bit real 107
func. ts* 128 128| 32-bit real 67
bmask. ts 128 128 | 16-bit integer 37
bcdb. ts* 41 56 32-bit real 31
bcdr. ts* 41 56 32-bit real 31
mskb. ts* 41 56 | 16-bit integer 8.4
mskr. ts* 41 56 | 16-bit integer 8.4
unch. ts* 41 56 32-bit real 48
uncr. ts* 41 56 32-bit real 48
b_msk. ts* 41 56 | 8-bit integer 22
r_msk. ts* 41 56 | 8-bit integer 22
Post-BCD Products
type.su x Data Type | File Size (kb)
b_mos. ts 63 201 32-bit real 59
b_unc. ts 63 201 32-bit real 59
b_cov. ts 63 201 32-bit real 59
r_-mos. ts 63 201 32-bit real 59
r_cov.ts 63 201 32-bit real 59
r_unc. ts 63 201 32-bit real 59
mopex.log - ASCII table 91
cdf.log - ASCII table 0.3
mopex.nl - ASCII table 4
Cal les

type.su x Data Type | File Size (kb)
bO_prf_blue.ts | 125 127 | 32-bit real 67
bO_prf_red. ts 125 127 | 32-bit real 67

* = Files produced for every DCE.
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Table 6.2: PUI Files Description

type.su x \ Description

BCD products
full.fits 2D data before cropping or uxcal
func.fits Uncertainty for full. ts
bmask.fits 2D pixel status mask before cropping
bcdb.fits Cropped, calibrated blue image
bcdr fits Cropped, calibrated red image
mskb.fits BMASK for blue
mskr.fits BMASK for red
unchb.fits Uncertainty for blue
uncr.fits Uncertainty for red
r _msk_fits MOPEX RMASK for blue
b_msk_fits MOPEX RMASK for red
out.pline log of pipeline processing

Post-BCD products

b_mos.fits MOPEX mosaic of blue
b_unc.fits Uncertainty for blue mosaic
b_cov. fits Coverage map for blue mosaic
r _mos.fits MOPEX mosaic of red
r _cov.fits Coverage map for blue mosaic
r _unc.fits Uncertainty for red mosaic
2mopex.log log of MOPEX processing
cdf.log list of post-BCD namelist les
mopex.nl MOPEX namelist le

Cal products
bO_prf _blue.fits PRF for blue
bO_prf _red.fits PRF for red

other cal les

see Table 2.3 and 2.4
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Version 3.1 (this version): D. Ardila; Expanded discussion of exteed
source calibration. September 2007

Figure 6.1: PUI response functions, in €photon. This is the product of the
detector's responsive quantum e ciency (QE times photocondttive gain)
and the Iter transmission.

6.1.1 Image Quality

The IRS provides diraction-limited images through both pek-up Iters.
The geometric distortion has been accurately mapped and fodito be small
(see gure 7.32 in the SOM). The plate scale is:85°%pixel in the detector X
direction, and 1:82pixel in the detector Y direction. The magnitude of the
distortion causes no more than 1/2 pixel shift at the edge compad to the
center of either peak-up array eld-of-view. The distortioncoe cients are
applied to the astrometric solution in the WCS provided in the FTS header
of the pipeline-processed data.

The full-width-at-half-maximum (FWHM) of the point spread function
(PSF)is 2 (3:8% in the blue Iter, and 3 pixels (53% in the red lter.
The radius containing 50% of the encircled energy is 1.6 pizg3:0% in the
blue lter, and 2.2 pixels (3:9% in the red Iter. These numbers were derived
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for stellar (blue) sources. The curve of growth is discussed below.

6.2 Data Processing

The basic data processing steps for PUI are virtually identical tthose for
spectroscopy on the SL detector. These steps are described elsesvhie
this handbook. The sky darks and at- elds are created speci ally for PUI
but are applied together with the spectroscopy equivalents veimever the SL
detector data is processed:

Sky Darks: As with spectroscopic observations, multiple observations
of low background regions of the sky are combined into a caldiron
le to be subtracted, plane-by-plane in the SUR data, from the sence
observations. While this sky dark calibration is meant primaty to
remove the detector bias voltage and the (relatively small)atk current
that accumulates during the exposure, sky emission is also subtied.
However, the zodiacal background is a function of position orné sky
and of the time when the data were taken. As a result, many caliated
observations will still have substantial residual sky background As
with all infrared data, it is necessary to plan the observation® provide
su cient measurement of the local sky at the time. Note that the
variation of the zodiacal emission during the year may also resuh
observations in which the standard calibration will over-subtct the
background.

Sky Flats: Flat elds are generated from observations of regions of
extended emission (e.g., high zodiacal light background). €hat elds
are very uniform over the peak-up array elds-of-view, with estandard
deviation in relative pixel response of 1:2%.

Uncertainties:  The uncertainties provided with PUI are calculated
in the same manner used for other IRS data on the SL detector.

Cropping: PUI data are cropped into separate red and blue BCD
frames, each 41 56 pixels. The correspondingpmask.fits and uncer-
tainty les are cropped in the same way. The edges of the croppe
images are slightly vignetted and those pixels are indicatedh ithe
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bmask.fits by the setting of bit 7, which indicates problematic at-
elding. This bit is considered fatal in the default mosaics, buthese
pixels may be of interest to some users.

WCS update: Each cropped PUI data le has its FITS header up-
dated to incorporate the world coordinate system, includinghe FOV-
speci c distortion corrections.

Flux calibration:  The calibration is discussed below. The nal BCD
pixels have units of MJy/sr. The pixels are rectangular, withan area
of 3:367 square arcseconds. Recti ed, shifted, coadded images are-pr
duced by MOPEX.

PUI observations are taken in dithered and/or mosaicked pattas, similar
to those used by IRAC (see section 7.2.3.4 of the SOM). The post-BCD
pipeline produces image mosaics using the MOPEX softwareHowever, the
user should examine individual BCDs to check for fatal condiins. The
mosaics in the archive do not include sky subtraction and users gnavish
to reprocess the BCD data to create sky frames, subtract the sky frothe
images, and create the mosaic after sky subtraction.

6.3 Photometry

PUI BCD and post-BCD data products have units of MJy/sr, similar to
IRAC and MIPS. Photometry may be performed using either the APK
software provided by the Spitzer Science Cenfeor with any standard as-
tronomical software. To convert from the per steradian units fothe PUI
images to the more familiar ux density units (Jy), multiply by the number
of pixels and the number of steradians per pixel. BCD productsave a plate
scale of 3367 square arcseconds per pixel. The delivered PBCD products a
resampled to 18 = 3:24 square arcseconds per pixel.

The PUI calibration assumes that photometry will be measured fra the
ux of a source within an in nitely large aperture. The calibration is appro-
priate for the optimal (weighted) point source measurement prmed by
APEX, using knowledge of the point spread function (PSF). This iforma-
tion is provided in the form of the Pixel Response Function (PRJprovided

1Seehttp://ssc.spitzer.caltech.edu/postbcd/
2Seehttp://ssc.spitzer.caltech.edu/postbed/
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in the archive; this PRF has been matched to the implicit apeure of the
ux calibration. PSF les are available from the SSC websité.

6.3.1 Photometric Calibration

The photometric calibration described in detail elsewhere (aénttp://ssc.spitzer.caltech.edu/irs/imp
Standard star \truth" spectra were obtained with the IRS itself Standard

observations were processed by pipeline version S16. Apertureofgme-

try was performed over an area of 12 and 13 pixel radius for dwand red

PU respectively and the ux in an in nite aperture was obtained by using

STinyTim 2.0. The sky was subtracted based on a median pixel vawver

the image.

A 2% uncertainty is seen between the zeropoints inferred frodi erent
standard stars. Observations of the same target are repeatable To< 3%.
A comparison between the MIPS24 calibration and IRS calibrain of extra-
galactic objects was found to be cross-consistent.

The ux conversion factor from e /sec to MJy/sris 0.0117 MJy/sr/e /sec
for blue peak-up images. For red peak-up images is 0.0118 M3yé /sec.
These ux conversion factors were calculated assuming a sourcehna spec-
tral shapeF / 1. They were pegged to a monochromatic wavelength, at
the e ective wavelength of each lter, de ned as:

vA Vimax Z Vimax 1
w= rOFd R()" 61)

Vmin Vmin

E ective wavelength values were 15.8 m for blue and 22.3 m for red.
A color correction will be required for sources with di erentspectral shapes.
See Sectiorx6.3.3.

6.3.2 Aperture Correction

While PUI calibration assumes that the sources are measured withan in-

nite aperture, in practice it is often possible to measure thenonly within a

small aperture. Multiplicative point source aperture correttons derived from

the STinyTim 2.0 (http://ssc.spitzer.caltech.edu/archanaly/contributed/stinytim/index.html)
are given below. Note that PUI observations are di raction-linited, so these

3Seehttp://ssc.spitzer.caltech.edulirs/puipsf/
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Table 6.3: Aperture Corrections to In nity (1.8"/pix)

Blue

Blackbody | 3 pix | 6 pix 12 pix

(K) radius | radius radius

10000 K | 1.560 | 1.150 1.077

8000 K 1.560 | 1.150 1.077

6000 K 1.560 | 1.150 1.077

4000 K 1.561 | 1.150 1.077

2000 K 1.562 | 1.150 1.077
F =

3 pix | 6 pix 12 pix

radius | radius radius

2 1573 | 1.153 1.080

1 1583 | 1.154 1.080

0 1593 | 1.154 1.081

-1 1.602 | 1.155 1.081

-2 1.613 | 1.156 1.083

Red

Blackbody | 4 pix | 7 pix 13 pix

(K) radius | radius radius

10000 K | 1.590 | 1.160 1.106

8000 K 1.590 | 1.160 1.106

6000 K 1.590 | 1.160 1.106

4000 K 1.590 | 1.160 1.107

2000 K 1.591 | 1.160 1.107
F =

4 pix | 7 pix 13 pix

radius | radius radius

2 1.598 | 1.161 1.108

1 1.607 | 1.162 1.110

0 1.616 | 1.163 1.112

-1 1.624 | 1.164 1.113

-2 1.632 | 1.165 1.114

Derived from Tinytim.

corrections will be di erent for sources with di erent coloss. In general, the
user should derive his or her own aperture correction appropte for the
source of interest.
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6.3.3 Color Correction

For Peak Up Imaging observations, SSC provides photometricgitalibrated
data, assuming the source spectrum has the spectral shafe = F =
constant. The calculations take into account the full spectral responsa the
instrument. Due to the so-called "Red Leak" (a small increase inesponse
at about 28 microns) some emission will be detected in the Blue Reldlp for
very cold sources that would not have been detected in a systenthwaut the
red leak. This translates into large correction factors forery cold sources
(T < 50 K) observed with the blue Iter. While these numbers are formally
correct, observers should be very wary of blindly applying time to the data.
Longer wavelength observations are advised in this case.

To get the peak-up ux for a non F = constant slope, divide the ux
by the appropriate color correction factor, as given in the SC websité.

6.4 Detector Artifacts
Two detector artifacts may a ect the quality of processed data

Latent Images: Bright objects falling on the IRS SL detector can
result in persistent charge that appears as a latent image of tlabject

in subsequent exposures. The magnitude of this e ect is less tha®df
the source ux, but has a relatively long decay time. Proper dnering

strategies will mitigate the latent image problem, althoughwith some
loss of signal-to-noise on the a ected pixels.

A second source of latent charge on the detector is simply the tac
ground. As a result, during very long PUI AORs or those in very high
background regions, the background level may be seen to rise sjow
over time. This e ect is stable and varies smoothly, so users may
the (small) rise in the background and subtract it.

Rogue Pixels: A rogue pixel is a pixel with abnormally high dark
current and/or photon responsivity (a "hot" pixel) that manif ests as
pattern noise in an IRS BCD imagé. The term "rogue" was used
originally to distinguish pixels whose hotness was unpredictidy but

4Seehttp://ssc.spitzer.caltech.edu/irs/calib/colorcorr/
5Seehttp://ssc.spitzer.caltech.edu/irs/roguepixels/faq. html
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now rogue pixel masks include those that are permanently as wak
temporarily hot. At current bias levels there are very few rgue pixels
in the peak-up windows. Proper dithering will mitigate the eect of
rogue pixels, but they should be masked before mosaicking.

6.5 Delivered Products

PUI data are delivered with both blue and red products. Each pmuct is
described in Tables 6.1 and 6.2. The processing logs are prodidéong with
the data products. As discussed above, BCD data are individual gped
images from each DCE, while post-BCD processing includes mogaig by
MOPEX. The rough outline of products is:

Raw data: Unprocessed data are provided in eaw directory, if they
are requested from the archive.

Intermediate Data Products: The archive provides several interme-
diate products created during pipeline processing. These dasae all
in units of electrons per second per pixel. These include thestestep of
3D data cube processing before the slope is measurb fits ), the
2D processed image before at- elding droop.fits ), the at- elded
2D image before croppingf@ll.fits ). Along with these products,
the corresponding uncertainty and mask les are also provided.

BCD data: The red and blue cropped images, after ux calibration,
are provided along with their corresponding uncertainty andnask les.
The pixels are rectangular. In addition, the RMASK les prodiwced by
MOPEX for each blue and red DCE are also provided (see MOPEX
documentation for a description).

post-BCD data: The red and blue mosaics, together with their un-
certainties and coverage maps are provided. The images hdween
re-sampled to square pixels.

cal data: A large number of cal les are provided with each AOR,
most of which are standard for the IRS and are described elsewhere
in this document. The PUI specic PRF le for use by APEX is also
provided.
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Chapter 7

Measurement Uncertainties

This chapter explains the uncertainties associated with allhe processing
steps.

7.1 BCD Uncertainties

While previous versions of the IRS pipeline did not propagatesable uncer-
tainty estimates, beginning with S12 the data do include an estiate of a
critical part of these uncertainties, namely those associated thi tting the
ramp slopes. They are delivered in the ldunc.fits

These uncertainties are calculated by the IMAGEST module ohe pipeline.
This module ts slopes and converts from 3D cubes to 2D images (s). If
there areN usable values in the integration ramp of a given pixel and 3
{ the usual case { then the mean and standard deviation of the rangslope
are calculated according to the formulae:

D=S=N 1)

and

Y
sample — S;=N 1) Dz

where S; = the sum of slopes between neighboring points on the ramp, and
S, = the sum of the squares of slopes between neighboring points dmet
ramp.
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On a second processing pass, those points on the ramp that di er by neo
than the standard deviation just calculated are excluded frorthe averaging
process, and the new value for the uncertainty becomes:

image — Nplanes sample = N 2

where Npanes = the total number of planes. This corresponds to the uncer-
tainty in the estimated highest-plane sample value of a ramp.

These uncertainties are typically 0.1% at 5 Jy (for 6 to 14 secm#s), 0.5
- 1% at 500 mJy (for 30 to 60 sec ramps), and about 10% at 20 mJy (fb20
to 240 sec ramps) in low resolution. At high resolution, they arebsut 1%
at 10 Jy (for 30 to 60 sec ramps).

If N = 2, the output uncertainty from IMAGEST is equal to the output
slope value, but with a lower limit of 1 e /s (to avoid zero output uncertain-
ties).

The uncertainties are propagated during spectral extractics from indi-
vidual BCDs. During extraction, the BCD uncertainties of indvidual pixels
are summed in quadrature, within a wavelength resolution elesnt, to get
the uncertainties quoted in the extraction tables. These uncginties are
given in column 4 ofspect.tbl , spect2.tbl , tune.tbl , and bksub.tbl .

There are several processing steps in the pipeline that can inthace sys-
tematic errors, like dark current subtraction or at- elding. The processing
does not account for any of these. For this and other reasons, th@cer-
tainty values in the science pipeline products usually dierrbm the true
measurement uncertainties that translate into ux density unertainties. It
is important that observers examine the repeatability of the spectra, across
multiple cycles and nod positions, to further assess statistical drsystematic
uncertainties.

7.2 Spectroscopic Flux Calibration Uncertain-
ties

The default PBCD products delivered to the observer assume th#te source
is a point source. The spectra are calibrated by comparing obsations of
standard stars to model spectra. As mentioned i®5, for the low resolution
modules, HR 7341 (HD 181597) is the primary calibrator. For theigh res-
olution modules, HR 6688 (ksi Dra, HD 163588) is the primary calibtor.
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The photometric uncertainty introduced by uncertainty in the angular sizes
of the standard stars and their spectral types is 5%. This is then the small-
est uncertainty possible in the absolute ux calibration of the spctroscopic
products delivered by SSC. Comparisons with other Spitzerstruments show
di erences of at most 10%.

The repeatability of observations of the same target dependsimarily
on the uncertainty of the telescope pointing and on at eld erors. For the
low resolution modules, the repeatability is 2%. Order mismatches
between di erent low-res modules may be as large as 5%. For LHe re-
peatability varies from 2% for order 20 to 10% for order 11.
For SH it varies from 1% for order 20 to 3% for order 11.
In the high resolution modules, order curvature of 3% (peak-to-peak) is
sometimes observed. Their exact cause is unknown. In generatjey mist-
matches are less than 5%. An updated description of these e ectsaynbe
found in http://ssc.spitzer.caltech.edul/irs/features.html.

We expect the absolute photometry of the IRS 1D spectral data ton-
prove with future pipeline releases, but we recommend that afibservers
carefully check their spectra against known photometric vaks and scale
where appropriate, as they would for all narrow-slit spectraaken with any
ground- or space-based platform. Also note that within SPICE werpvide
ux calibration for extended sources assuming a spatially at po le over
the entire sky. Details about this are given in Chaptex5 and in the online
SPICE manual.

7.3 Background Subtraction

The mid-infrared background, predominantly from zodiacalight at IRS
wavelengths, can contribute signi cantly to observations ofdint targets with
the IRS. The arrays are su ciently sensitive to detect levels o0 MJy/sr
or more at any wavelength. Consequently, we recommend that sdrvers
examine their BCD data and use the background estimation toohiSPOT
to gauge the background levels, and then weigh these against ithgcience
goals.

Ideally, background subtraction should be performed on IRS Sand LL
data before any absolute photometric scaling. Since sciencegets taken
in the staring mode are placed at two nod positions along the IRSlits,
this background subtraction can be accomplished by di ereneg the nod
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positions at the BCD level. Alternatively, o -target spectra for the desired
sub-slit that are obtained during observations with the adjaag sub-slit in the

same module can be used for background subtraction at the BCD &h\{e.g.,
the o -target SL1 spectrum obtained automatically during anSL2-con gured
observation can be used to background-correct an on-target Ekpectrum).
In this case, the integration time for the adjacent sub-slit obsgation must
be the same as that of the target sub-slit spectrum (it is possible t@quest
di erent integration times for di erent sub-slits in the same AOR { this

makes background subtraction using the other sub-slit impossib)e

The IRS pipeline performs automated background subtractioan SL and
LL Staring mode data using the nodding-method. However, the dding-
method of background subtraction cannot be used with SH or LH d& due
to the small size of the slits and size of the PSF. It is also importaio realize
that even in the low resolution modules, the local background ay not be
suited to using the nods or alternate slit data for correction otodiacal light
if, for example, the area is crowded or contains extended ession around the
science target. Additionally, the AOR itself may have been desigd by the
original observer in such a way that data suited to background ce@ction were
not obtained. These are the principal reasons why the automatéackground
subtraction products called pksub.tbl ) should be treated with caution.

If 2D corrections cannot be performed, a rst order correctio can be
made to the extracted spectra based on the expected backgrourithe back-
ground estimation tool in SPOT gives a wavelength-dependemistimate of
the total background (zodiacal light, cirrus, etc.) for the bcation and date
of a given observation. A crude background spectrum can thus lobtained
and, after smoothing, subtracted from the science spectrum.

7.4 Wavelength Calibration Uncertainties

Wavelength calibrations are built up primarily from observéions of P Cyg,
HDE 316285, NGC7027 and NGC6543, SMP 83, y Cas, and WR 6, exhibgin
"usable" lines of H I, He II, [Ne Il], [Ne I}, [Ne V], [S Il], [S V], [Si Il],
[Fe 11], [Fe Il]. Bright extragalactic line measurements hge also proven
essential to adjusting the calibration in spectral regions thatlo not include
bright Galactic lines. The SH calibration has been re ned fuher by using
observations of Titan.

The IRS wavelength calibration is generally good to 1/5 of a resolution
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element. Following are the r.m.s. wavelength residuals for ¢hlines used in
the calibration. For spectral regions that are not well-cowed by calibrations
lines, larger errors are posible. The high resolution modulesir.s. values are
averaged over all orders. To transform to per pixel values, thesar should
remember that the unresolved line width is always assumed to bepikels.

SL1: 0:009 m
SL2: 0:006 m
SL3: 0:007 m
LL1: 0:036 m
LL2: 0:034 m
LL3: 0:028 m
SH: 0:003 m
LH: 001 m

Some orders were di cult to cover with spectral lines from cabration
sources (e.g., SH order 14) and the wavelength solutions foetde have been
updated by referencing nearby galaxies with accurate recessal velocities
and strong lines.

It should also be emphasized that a pointing o set could cause a shif
in the wavelength of a line. For example, a 0.5 pixel o set (du& pointing
error or incorrect coordinates) in the position of a source with the slit could
shift the wavelengths of that observation by a few tens of a pike

The wavelength calibration solution does not take into accau the space-
craft velocity which can be 30 km/s. Observers who care about this level of
precision in their wavelength calibration can add the valuesf the keywords
VHELCORRVLSRCORIR the spectroscopically determined velocities, in or-
der to obtain nal velocities in the Heliocentric or LSR frames respectively.

We have also measured the variation of spectral resolution withawe-
length for the di erent modules. For the SH and LH modules, theeasolution
is constant at R 600 with wavelength. For the SL and LL modules, the
resolution varies from the blue end of the spectrum to the red dras shown
in Figures 7.1 and 7.2.
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Figure 7.1: Measured LL resolution. The scatter is due to PSF uedsam-
pling and pointing errors
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Figure 7.2: Measured SL resolution.

61



Chapter 8

Characteristics of the
Processed Data

We describe here some characteristics of the pipeline produaata. A list
of all current issues and caveats as well as mitigation measuresgiven in
http://ssc.spitzer.caltech.edul/irs/features.html

8.1 Saturated data

Saturated samples in the data can be identied in raw DCEs or irBCD
intermediate products (nz.fits  or dmask.fits ). The IRS uses a signed
16-bit A-to-D converter. Therefore, the DN range for sciencebservations is
from -32747 DN to 32767 DN. Therefore, in raw DCEs, saturated saiep
have values of 32767 DN. For data taken in SUR mode (see the SOMjel
peakup acquisition data, the range is 0 to 65535 DN.

Because the gain is 4.6 €DN, saturated samples inInz.fits  have values
typically above 298,000 e. This is slightly less than 4.6 2!® because of dark
currrent subtraction. Saturated samples have mask values mask.fits
with bit # 3 set. That is, the bit-by-bit logical "OR" operation of the
sample mask value with the value 8 DN is non-zero.

It should be realized that the presence of saturated samples doex nec-
essarily invalidate the data of the corresponding pixel. Satated samples in
a ramp are excluded from the slope calculations. Therefore,ehreduction
in signal-to-noise due to saturation depends on how many sampla® satu-
rated in the ramp. The le bmask.fits also identi es saturation, but not on
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individual samples. It identi es saturation in BCD pixels, with bit # 2 set, if
at least one sample of the ramp of that pixel was saturated. ThHamask.fits
le also identi es those pixels where all samples of the ramp argaturated,
by setting bit # 13, or where all but the rst sample are saturated, by setting
bit # 12; see Chapter x9.

8.2 Warm/bad Pixels and NaNs in IRS data

Early in the mission, all four IRS arrays were subjected to powkd solar
ares that deposited the equivalent dose of protons expectedier 2.5 years
in only two days. This damaged 1% of the SL and SH pixels, and 4% of
the LL and LH pixels. While the magnitude of that event was unceimon,
Spitzer recives a continuous shower of cosmic rays which dedgéahe pixels,
sometimes permanently.

The greatest science impact is to the LH module because the illumated
portion of the orders subtends only a few pixels in the spatialigection, mak-
ing it more di cult to recover lost information by nodding the source along
the slit. Damaged pixels are masked from data processing, by assmgnNaN
status to them. This prevents numerical operations from bega ected by
their presence. Assigning any other real number would lead to imgper pro-
cessing of the surrounding signal information, such as during thextraction
process. These pixels are marked in the correspondipmask(with bits 10
or 14), and will set bit 14 in thebmask Seex9. By default, EXTRACT (the
post-BCD module, see chapter 4) does not consider NaN pixels wieaiding
ux within an aperture.

Occasionally, it is possible for warm/unstable pixels (\rogueg"to propa-
gate through the pipeline without being agged as NaNs. In this&se, these
spurious pixel values will be extracted and appear as sharp segin the nal
spectrum. Such features should be readily recognizable as spedeatures
which are too sharp to be real. The IRSCLEANMASK package, released
by the SSC enables observers to visually inspect such pixels and interptaa
over them. If there is any doubt about the reality of a given speral feature
seen in an extracted spectrum, we recommend that the observeways ex-
amines the 2D BCD images to con rm that the feature shows the @ected
spatial and spectral dispersion on the array.

1Seehttp://ssc.spitzer.caltech.edu/archanaly/contribute d/browse.html
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As the mission progresses, the number of rogues and permanently dam
aged pixels will increase. A temporary X is to reduce the biam the arrays.
This slows down the rate of rogue production but decreases thenséivity.
The bias for LH was lowered on IRS Campaign 25 (10 October 20Gtd it
is likely that it will be lowered again before the mission is ove

8.3 Latent Charge

Despite the resetting of the detector after every integrationa small fraction
of charge on the detector persists between frames. This laterttazge is
thought to be small, 1 2% of the charge on the pixels and decays slowly
over time. It is removed by the annealing process which occuesery three
to four days of an IRS campaign.

In the case of very faint sources, the source of latent charge iethodiacal
background. This charge can build up to signi cant levels ovdong integra-
tions, sometimes as much as 3®0% of the true background in 4 hour
integrations. The slope of the latent build up is a function of wavelength
and sky background but does not appear to be constant from AOR AOR.
The latent signal can be removed by tting the slope of the backgund in
each row (i.e. wavelength) as a function of frame number and lstwacting
that amount row-by-row from each frame. The slope can be t by D or 2D
polynomials and the ts should be visually checked to ensure thanomalous
values for the sky have not been obtained. Figure 8.1 shows arample of
the charge buildup in a long integration in a eld with low ( 18 MJy/sr)
background as well as a 2D polynomial t which was removed fno each
BCD, at each wavelength.

This e ect should not be confused with the build up of charge andtabi-
lization of signal discussed in Grillmair et al. (2007, ApJ 658, L16), when
observations of a bright source are undertaken.
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Figure 8.1: Latent charge build up on the LL array in a long ingégration.
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Chapter 9
Bit Masks

Pixel status is tracked in the pipeline with several masks. In ehcmask,
individual bits are set for each pixel that meets a particulacondition. Some
conditions are permanent, while others are peculiar to theiaent DCE (such
as cosmic ray hits). Several steps in the pipeline update the cent pixel
status. Ultimately, each wavelength in the extracted spectrum iV have a
status ag that is derived from all pixels that contribute to that wavelength.

In this chapter, we describe the most important masks and the cdition
that causes each bit in them to be set. Here we describe the masksttha
are of most interest to the user. WARNING: Di erent masks do not

always use the same bit to indicate the same condition.

9.1 Pixel Mask { pmask.fits

The two-dimensional \pixel mask" pmask.fits tracks semi-permanent bad
pixel conditions. This le is the same for many di erent AORs. Table 9.1
describes the bit ags set in the PMASK. More information can bedund on
the header of thepmask.fits les, available in the cal directory.

9.2 DCE Mask { dmask.fits

The three-dimensional \DCE mask"dmask.fits stores pixel conditions en-
countered during a pipeline run. Itis created by CVTI2R4 modle very early
in the pipeline, and updated up to the last step in the pipelinehat operates
on the 3D data cube, LINEARIZE. Typical conditions masked are satation
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Table 9.1: pmask Bit Settings

Bit # | Condition
0 Not used
1 Not used
2 Not used
3 Not used
4 Not used
5 Not used
6 Non-linear "rogue" pixels
7 Dark current is too variable (dark calibration accuracy wil be
unacceptably low)
8 Not used
9 Not used
10 | Dark current is too high (pixel is hot)
11 | Not used
12 | Not used
13 | Not used
14 | The pixel does not respond to light (pixel is dead)
15 | Reserved: sign bit

(298,000 e, see Chapterx8), radiation hits, data \missing" in downlink, un-

correctable non-linearity, etc. Each of these conditions aridenti ed sample-
by-sample in the 3D FITS le. Table 9.2 describes the conditionthat cause
each bit to be set. Note that bit 12 will be set if bits 7, 10, or 14 & set in
the pmask if there is digital saturation, of if data are missing in telemgy.

Samples with bit 13 set cannot be linearized either, and theyilvbe ignored.
This mask may be useful in the case of a solar storm, which will resut an
unusually high number of cosmic rays. In this case, bit 9 will be s&t each
sample that received a hit. If more than one sample per pixel hdmt 9 set,
the data from that pixel should be regarded with suspicion.

9.3 BCD Mask { bmask.fits

The two-dimensional \BCD mask" bmask.fits is the pixel status mask as-
sociated with the fully processed two-dimensional BCD producfThe bmask
is used to describe the status of both thbcd.fits data and the f2ap.fits
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Table 9.2: dmask Bit Settings

Bit # | Condition
0 Incomplete or questionable mux bleed correction (MUXBLEED:
CORR)
No row droop correction applied (ROWDROOP)
Radhit detection was done (RADHIT)
Digital saturation detected (CVTI2R4)
Saturation corrected by IMAGEST mode 2
Latent-image ag
Droop removed using questionable value (DROOPOP)
Not used
Not used
RADHIT detection
10 | Baseline adjustment failed (reserved for BASECAL)
11 | Data bad (initial dmask RADHIT checks this bit)
12 | Non-linearity correction could not be computed (LINEARIZ)
13 | Sample exceeds 280000 .e(LINEARIZ)
14 | Data missing in downlink (CVTI2R4)
15 | Reserved: sign bit

OO NOO OB WDN -

data. It stores pixel conditions encountered during the ente pipeline run.
The bmaskuses thedmaskas input, masking some of the same conditions.
However, sample-to-sample information is not retained. Instdaif one or
more samples along a ramp are agged in thémask then the corresponding
pixel is agged in the bmask Additional conditions agged in the bmask(on

a pixel-by-pixel basis) are:

Only one or zero samples were used to compute a slope (bits 12 or 13
Flat- eld was not applied or was questionable (bits 7 or 8).
Stray light removal or cross-talk correction was not appliedijt 9).

Pixels 7, 10, and/or 14 masked in thggmask(bit 14).
Table 9.3 describes the conditions that cause each bit to be sethe ex-

traction pipeline considers bits 7, 12, 13, and 14 as fatal andterpolates
over them. Bit 7 is considered fatal because it is used to signalettregion
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Table 9.3: bmask Bit Settings

t # | Condition

0 Not used

1 Latent-image ag

2 Digital saturation detected along the ramp (bit 3 indmash.
3

4

RADHIT detection along ramp (bit 9 in dmash.

Non-linearity correction could not be computed (bit 12 in
dmash.

5 Not used

6 Droop removed using questionable value (bit 6 idmash.

7

8

Flat- eld applied using questionable value (FLATAP)
Flat- eld could not be applied (FLATAP)

9 Stray-light removal or cross-talk correction not applied
10 | At least one sample exceeds 280000.gbit 13 in dmaskh.
11 | Data missing in downlink (bit 14 in dmash.

12 | Only one usable plane

13 | No usable planes

14 | Pixel masked inpmask

15 | Reserved: sign bit

in which the at changes very rapidly (at the edges of the slit) Although
the setting of bit 8 (\no at applied”) also marks a 'fatal' condition, it is
used on un-illuminated regions of the slit, and is irrelevaniol the extraction
pipeline.

9.4 Coadded Masks{ c2msk.fits and bkmsk.fits

The two-dimensional \Coadd 2D mask"c2msk.fits is produced by the 2D
coadder. The coadd module generates a weighted average oftiple DCEs
and performs outlier rejection; it omits pixels that are faally agged in the
bmask The output mask, the c2msk does not preserve information on which
fatal bit condition was set. The only conditions masked are: few values
were coadded for the pixel (currentlyc 1), and pixel fatally masked inbmask

The bkmsk.fits is the mask corresponding to thdksub.fits product.
It is the result of performing the \OR" operation between the tvo masks of
the images used in the subtraction.
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Table 9.4: c2msk/bkmsk Bit Settings

Bit # | Condition
0 Not used
1 Not used
2 Not used
3 Not used
4 Not used
5 Not used
6 Not used
7 Flat- eld applied using questionable value
8 Not used
9 Not used
10 | Not used
11 | Not used
12 | Not used
13 | Not valid planes are available to coadd
14 | Not used
15 | Reserved: sign bit

Table 9.4 describes the conditions that cause each bit to be set.

9.5 Masked Pixels in the Extracted Spectra {
spect.tbl , spec2.tbl , tune.tbl , bksub.tbl

Extracted spectrum tables include a status ag for each wavebgth. Multiple
pixels contribute to each wavelength, and some wavelengthiude fractions
of some pixels. The status ag is the result of a bit-wise \OR" opergon on
the pixel status ags in the 2D mask le for all contributing pixels. That is,
each bit in the spectrum ag is set if it was set in any of the contbuting
pixels, even those that contribute only fractionally to the waelength. No
information is retained about which of the contributing pixels had which
status.

The de nition of the bits in the status ag is the same as in the mak
corresponding to the data from which the spectrum was extraae Thus,
the spect.tbl and spect2.tbl tables have ags with the same de nition as
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the bmask.fits (see Table 9.3);tune.tbl tables have ags with the same
de nition as the c2msk.fits (see Table 9.4). Some status ags in thbmask
are \fatal," meaning that no usable information was containd in the agged

pixel. For example, bit 13 (\no usable planes") is fatal. Otherags suggest
that the pixel is highly suspect, but may still be of interest for sme programs.
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Chapter 10

How to Reduce Spectroscopic
Data

The standard pipeline products provide a rst look to the data. For some
purposes, those products may enough. However, the user is stronghcour-
aged to re-process the 2D data and re-extract the spectra. In piaular,
neither extended source extraction, optimal extraction of @int sources, nor
sky subtraction for high resolution modules, are provided by thelefault
pipeline. SSC provides a number of routines to carry out thiprocessing
(IRSCLEAN MASK, SPICE). A general description of the required proce-
dures is provided here. The main tool provided by the SSC to dace spec-
troscopic IRS data is the Spitzer IRS Custom Extraction (SPICE software.
SPICE is mainly an interface to the extraction pipeline andtidoes execute
the same extraction modules in order. Other software programigke SMART
and CUBISM, are also available. Sessc.spitzer.caltech.edu/archanaly/contributed

Notice that if the user is interested in low resolution observatios of point
sources in relatively empty elds, the sky-subtracted producbksub.tbl may
be enough for most of his/her purposes.

10.1 Basic Information

1. Identify the date/time and campaign in which your IRS datawere
taken.

2. Download the campaign dependent rogue pixel masks for yodata
from http://ssc.spitzer.caltech.edu/irs/roguepixels/
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3. Download and installlRSCLEANIASKan IDL based package to detect
and clean hot pixels. Also download and install SPICE, the main td
to extract IRS spectra from the data les.

4. If you have extended sources or low S/N point sources, downtbthe
calibration star data taken in that campaign using Leopard: tis will
be useful to apply ux calibration corrections for di erent extraction
aperture widths. Calibration data are typically taken as Prgram ID
14xy where xy is the campaign number or the campaign numberysl
one. So, for example, calibration data taken in Campaign 19ilv
be in PID 1419. Also, calibration stars typically have sky observa
tions with them: download these as well. A list of the calibratn
stars taken in the last campaigns is available from the SSC wetgsi
(ssc.spitzer.caltech.edu/irs/calib/CampaignList.html).

10.2 Sky Estimates

10.2.1 High Resolution Data

5. If you have SH/LH data (or have extended sources which |l youslit
in LL/SL) you should have taken sky observations close in time to
your science observations. The sky observations help to allewgathe
e ects of rogue pixels, which are numerous in LH. If you are intested
in line emission only you may not need to subtract the sky, as the
general background does not have strong line features. On thther
hand, the rogues manifest as lines in the extracted spectrum somsky
subtracted data should be carefully cleaned using IRSCLEANIASK.

6. If for some reason, you have not taken dedicated sky observaiso
search the archive for blank sky observations taken within 24 becs of
your target data. If these sky observations are not at similar egiic
coordinates as your targets, you will have to apply a backgrod scaling
factor to be able to use these as a sky for your data. Also, be careful
that you do not add noise to your data in the sky subtraction phase
by choosing archival data which have comparable/longer intgation
times than your data frames. There is no guarantee that such sky
observations exist in the archive so if you have not considered gt&
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10.

11.

when designing your AORSs, you are risking signi cant ux calibrdion
uncertainties.

If you have low res observations taken close in time, you camerpolate
the sky values extracted from those data to derive the backgrad at
high res wavelengths.

. You can obtain approximate background values for the datef your

observations for a range of wavelengths using SPOT (see SPOT mah
section 10.9.3). These are in MJy/sr and you will have to multigl these
by the solid angle of the slit width  extraction width and convert to
Jy before subtracting them from your data. This is the least acrate
technique.

10.2.2 Low Resolution Data: Point Sources

If you observed your sources in IRS Staring mode, you have ohse
tions of each target in two nods. You can subtract the sky by sub-
tracting the two nod positions from each other. For example,atling
one nod position A and the other position B, you can obtain an im-
age which is A-B (which will result in the sky-subtracted source ithe
A position), and another which is B-A (which will result in the sky-
subtracted source in the B position). This is the preferred optn if the
slit does not have other sources in it and your target is faint. Ris is
only possible in SL and LL.

Alternately, you can extract a sky in the o -source subslit. Sdor
example, if you are observing a source with both SL1 and SL2 inwo
AOR, when the source is in SL2, you can extract a sky from SL1 and
vice-versa. Be sure to check that the o source subslit does not reav
serendipitous sources before extracting a sky.

10.2.3 Low Resolution Data: Extended Sources
If you have extended sources which Il most of your slit in LLEL, it

is strongly recommended that you have close in time sky obsenaitis
built into your AORSs.
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12. You can obtain approximate background values for the datof your ob-
servations for a range of wavelengths using SPOT. These are in Wk
and you will have to multiply these by the solid angle of the slit vdth

extraction width and convert to Jy before subtracting them fom
your data in Step 10. This is the least accurate technique.

10.3 Data Reduction Steps

1. Be sure to have at least two cycles for staring mode observatsorthis
will yield at least 4 sets of spectra and enable outlier rejectio

2. For long duration (>1 hour) integrations on very faint (<1-3 mJy)
sources, read the \Report on ultradeep IRS spectroscopy of fasburces"
(ssc.spitzer.caltech.edu/irs/imptnotes.html). You should seaih for any
charge accumulation (especially for high background and Igrintegra-
tions) by monitoring the signal as a function of time. One way afioing
this is to take the median of each row (or 2-3 rows) within an o, in
each BCD and see if the median of the same group of pixels incresase
with time. If so, you can t a ( rst-order) polynomial to these median
values and subtract the trend. In LL, we have found that 1-2% athe
charge persists on the detector between frames despite the réset of
the detector prior to each integration. This latent charge dcays very
slowly and is completely removed only by the anneals of the dstor.

3. Subtract the 2D sky that you get either from your sky observatins or
calibration data from your 2D BCDs. If you have not found appreriate
sky observations and are relying on the SPOT background valuesdo
background subtraction, you will do the sky subtraction in step Q.

4. Use IRSCLEANMASK to mask known rogue pixels and ag any other
pixels which look bad in yourbcd.fits  les. Rogues are most severe in
the long wavelength arrays (LH and LL). Notice that in most casesky
subtraction will take care of subtracting the rogues. On the otér hand,
for faint sources where lots of data are combined to make a skyet
time-dependent nature of the rogues will cause incompletemeval of
bad pixels, and either positive or negative spikes in the data. dRame
the cleaned les asclean _bcd.fits
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5. Create 2D sigma-clipped averages or medians of your 2Ban _bcd.fits
les using IDL/IRAF for each nod position. You now have outlier
cleaned, rogue pixel masked, background subtracted BCDBsiper _bcd.fits
If you have only 2-3 cycles of staring mode data, you can skip i
step and instead jump to step 8 using thelean _bcd.fits les as the
super_bcd.fits  les.

6. For SL and LL, subtract the average les from step 5 for each b
position from each other. This is the accepted procedure forysksub-
traction if you observe point sources with low res. However, if yohave
an extended source which lIs a signi cant fraction of the slit,skip this
step and go to step 7.

7. For SH/LH, execute steps 2,3,4,5 on your sky observations. For-ex
tended sources observed with SL/LL, you will have to do steps 2435
on your sky observations.

8. Run SPICE on your super_bcd.fits les, doing the basic steps of
Pro le, Ridge, Extract and Tune. Feel free to play around wih extrac-
tion apertures to maximize signal to noise in your spectrum. Bupay
careful attention to the fact that if you change the extracton apertures
from the default, your ux calibration will need to be redoneas out-
lined in step 11. In general, the default extraction aperturework well
for point sources. For extended sources, you will probably have tlo
a full slit extraction. The SPICE extended source calibratiorassumes
that the source has a uniform surface brightness. It calculatese slit
loss correction factor based on that assumption.

9. You now have twospect.tbl les (the output of Tune), one for each
nod position which you can average together. If you ran step 8rdctly
after step 4, then you have spect.tbl les for each cycle. Averagto-
gether all thesespect.tbl les using some sigma clipping criterion to
reject outliers.

10. If you have not yet done sky subtraction, subtract the sky bagkound
that you get from SPOT, from your spectrum.

11. If you have changed the extraction width from the defaultyou will
have to apply a ux calibration correction. For a point source this is
essentially a ratio of the ux from a calibration star using the déault
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extraction width to the ux from the same star using your extracton
width. Multiply this ratio (which is wavelength dependent) to the
spectrum from steps 9 or 10. Be sure that you have done exactly the
same steps of rogue pixel masking, background subtraction andISE
extraction on the calibration star as you have done for your tget,
before you estimate the ux calibration correction.

12. Finally, trim the edges of the orders: they are noisy and yoneed to
reject the rst few and last few pixels. The trim ranges used to cédirate
the data are given in table 5.1. Notice that in the high-resolubn arrays,
the short-wavelength edge of each order is generally noisiérah the
long-wavelength edge. This is due to the way the gratings al#azed.
So, in general, the long-wavelength side of each high resotutiorder is
more trustworthy than the short-wavelength side, and you may bable
to disregard the latter. You should have a nicely matched spectm
with orders matched and properly ux calibrated (this is lesscertain
if you obtained the sky background from SPOT rather than from eal
observations).

13. Check ux calibration by comparing the ux in the spectrum with
broadband imaging observations. It is also useful to extract a spieum
from a blank part of the slit in your reduced 2D spectrumguper _bcd.fits )
from step 8 to check if there is any residual sky or latent chargemain-

ing.

10.4 Line Fits

1. Use IDEA, the line tting tool which is a part of SMART to tlines, ob-
tain equivalent widths etc. The.tbl les provided in the pipeline and
produced by SPICE are readable by SMART. In the SMART project
window, click on 'Add Records', browse and point to the relevantbl
les. Or use your favorite IRAF or IDL package.

2. Be sure that lines are present in both nod positions (or multlp bcd
les) for reliability.

3. Be sure that the line is not the 14 micron teardrop known to est in
the data.
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4. Be sure that the FWHM of the lines are reasonable i.e at least the
spectral resolution of the instrument.

5. Be careful not to confuse rogue pixels/cosmic rays with emissiabsorption
lines. When doing full slit extraction for SH/LH, the rogue pixeé (since
they only decay slowly with time) can appear in both nod positios in
the spectrum while cosmic rays will appear only in one nod.

6. If you have undertaken all these steps, you can write your papk
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Appendix A
Example BCD.FITS Header

SIMPLE = T / Fits standard

BITPIX = -32 /| FOUR-BYTE SINGLE PRECISION FLOATING POINT
NAXIS = 2 | STANDARD FITS FORMAT

NAXIS1 = 128 /

NAXIS2 = 128 /

ORIGIN = 'Spitzer Science Center' / Organization generatin g this FITS file
CREATOR = 'S15.3.0 ' / SW version used to create this FITS file

TELESCOP= 'Spitzer '
INSTRUME= 'IRSX '

CAL_SET = 'C15.0PRE25.A' / ID for the set of CAL files used
CHNLNUM = 0 / 0=SL, 1=SH, 2=LL, 3=LH
FILENAME= 'IRSX.0.0013350400.0005.0000.01.mipl.fits' / File name
EXPTYPE = 'sfx ' | Exposure Type

REQTYPE = 'AOR ' / Request type (AOR,IER, or SER)
AOT_TYPE= 'IrsStare' / Observation Template Type

AORLABEL= 'calsfx-19F-HD173511' / AOR Label

FOVID = 27 | Field of View ID

FOVNAME = 'IRS_Short-Lo_1st_Order_2nd_Position' / Field of View Name
READMODE= 'RAW ' / Readout Mode

/ PROPOSAL INFORMATION

OBSRVR = 'Chibi Totoro' | Observer Name

OBSRVRID= 21 / Observer ID of Principal Investigator
PROCYCL = 3 / Proposal Cycle

PROGID = 1419 / Program ID

PROTITLE= 'SIRTF IRS Calibration Program' / Program Title

PROGCAT = 32 / Program Category

/ TIME AND EXPOSURE INFORMATION
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DATE_OBS= '2005-03-13T22:32:57.610" / Date & time at DCE st art

MJID_OBS = 53442.94 | [days] MJD at DCE start (JD-2400000.5)
UTCS_OBS= 164025177.61 / [sec] J2000 ephem. time at DCE star
SCLK_OBS= 795220546.999 / [sec] SCLK time (since 1/1/1980) at DCE start
SAMPTIME= 1.0486 / [sec] Sample integration time

REQMODE = 5 / ID for mode or type of request
EXPSTRTC= 795220539 / Exposure Start Timestamp Coarse
EXPSTRTF= 41977 | Exposure Start Timestamp Fine
GRPARVTC= 795220550 / [sec] Coarse Spacecraft Group Time
GRPARVTF= 0 / [sec] Fine Spacecraft Group Time
AIRSCMDN= 2 |/ Commanded number of DCEs for IRS

AIRS _DET= 0 / Selected IRS detector for exposure command
AIRSEXPM= 1 / Current Mode of the IRS Exp Manager
GRPTIME = 2.0972 | [sec] Group (w/ spin) integration time
DEADTIME= 6.2916 / [sec] Reset + boost(s) time

RAMPTIME= 6.29 / [sec] Ramp (total DCE) integration time
EXPTOT _T= 12.58 / [sec] Integr. time for all DCEs in exposure
AIRSERCT= 1 / Number of IRS exposure errors

/| TARGET AND POINTING INFORMATION

OBJECT = 'HD 173511 / Target Name

OBJTYPE = 'TargetFixedSingle' / Target Type
280.448775888039 / [deg] RA at CRPIX1,CRPIX2 avegad over DCE

CRVAL1 =

CRVAL2 = 61.6299834356509 / [deg] DEC at CRPIX1,CRPIX2 awyed over DCE
RA_HMS = '18h41m47.7s' / [hh:mm:ss.s] RA_SLT or CRVAL1 in seagesimal
DEC_DMS = '+61d37m48s' / [dd:mm:ss] DEC_SLT or CRVAL?2 in ag&simal
RADESYS = 'ICRS ' / International Celestial Reference Syste m
EQUINOX = 2000. / Equinox for ICRF celestial coord. system

CTYPE1 = 'RA---TAN-SIP' / RA---TAN with distortion in pixel space
CTYPE2 = 'DEC--TAN-SIP' /| DEC--TAN with distortion in pixel space
CRPIX1 = 108. / Reference pixel along axis 1

CRPIX2 = 31. / Reference pixel along axis 2

PA = 115.612262557719 / [deg] Position angle of axis 2 (E of N, +=CCW)
RA_RQST = 280.419076388889 / [deg] Commanded RA referencéml commanded FOV
DEC _RQST= 61.5465016666664 / [deg] Commanded Dec referedcto commanded FOV
PA_RQST = 116.822122612096 / [deg] Requested pos. angle of axis 2 (E of N)
PM_RA = -0.016 / [arcsecl/yr] Proper Motion in RA (J2000)

PM_DEC = 0.059 / [arcsec/yr] Proper Motion in Dec (J2000)
CRDER1 = 0.000302146296120372 / [deg] Uncertainty in RA of Sl boresight
CRDER2 = 0.000302367152749316 / [deg] Uncertainty in DEC of S| boresight

SIGRA = 0.0098637415913664 / [arcsec] RMS dispersion of RA over DCE
SIGDEC = 0.0111731456441028 / [arcsec] RMS dispersion of DEC over DCE
SIGPA = 0.0395866396882985 / [arcsec] RMS dispersion of PA over DCE
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PTGDIFF =

0.266836050199706 / [arcsec] offset btwn actual a nd rgsted pntng

PTGDIFFX= 0.101273401755776 / [arcsec] requested - actual pntg along axis 1
PTGDIFFY= 0.246884313934011 / [arcsec] requested - actual pntg along axis 2
RA REF = 280.419076388889 / [deg] Commanded RA (J2000) of freposition
DEC REF = 61.5465016666664 / [deg] Commanded Dec (J2000) off. position
CD1_1 = -0.000213918925058593 / [deg/pix] CD matrix element 1_1

CD1_2 = 0.000455584327675258 / [deg/pix] CD matrix element 1 2

CD2_1 = -0.000465712446350296 / [deg/pix] CD matrix element 2_1

CD2 2 = -0.00021839930268571 / [deg/pix] CD matrix element 2 2

USEDBPHF= T / T if Boresight Pointing History File was used.
RMS_JIT = 0.00721569790932806 / [arcsec] RMS jitter during DCE

RMS_JITY= 0.00561282211395378 / [arcsec] RMS jitter durin g DCE along Y
RMS_JITZ= 0.00453459195912849 / [arcsec] RMS jitter durin g DCE along Z
RA_FOV = 280.419231960355 / [deg] RA at FOVID averaged over Tk

DEC FOV = 61.5465023667283 / [deg] DEC at FOVID averaged ovBCE
PA_FOV = -158.237472451588 / [deg] PA at FOVID averaged overDCE

RA_SLT = 280.421327960292 / [deg] RA at slit center averaged over DCE
DEC_SLT = 61.5490134380815 / [deg] DEC at slit center averag ed over DCE
PA SLT = -158.235638451643 / [deg] PA at slit center average d over DCE
CSDRADEC= 4.08943454805668E-06 / [deg] Costandard devidabn in RA and Dec
CSD_JTYZ= 0.00350352990456064 / [arcsec] Costandard deviation of jitter in YZ
BPHFNAME= 'BPHF.0795182400.03.pntg" / Boresight Pointin g History Filename
FOVVERSN= 'BodyFrames_FTU_22b.xls' / FOV/BodyFrames f version used
PXSCALL = 1.84447802603245 / [arcsec/pix] Scale for axisl a t CRPIX1,CRPIX2
PXSCAL2 = 1.81882081087679 / [arcsec/pix] Scale for axis2 a t CRPIX1,CRPIX2
VHELCORR= 1. / [km/sec] Correction to heliocentric velocit y
VLSRCORR= 17.9 / [km/sec] Correction to local standard of re st

/ DISTORTION KEYWORDS (IMAGING MODE)
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3 / polynomial order, axis 1, detector to sky
-1.455E-05 / distortion coefficient
-8.005E-08 / distortion coefficient
-3.542E-05 / distortion coefficient
4.616E-07 / distortion coefficient
-0.0004012 / distortion coefficient
3.236E-06 / distortion coefficient
-2.239E-06 / distortion coefficient
0.179 / [pixel] maximum correction

3 / polynomial order, axis 2, detector to sky
-9.783E-05 / distortion coefficient
8.284E-07 / distortion coefficient
-2.749E-05 / distortion coefficient
7.656E-07 / distortion coefficient
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B20 = 0.0003392 / distortion coefficient
B21 = 2.381E-06 / distortion coefficient
B30 = 9.071E-07 / distortion coefficient
B_DMAX = 0.205 / [pixel] maximum correction
AP_ORDER= 3 / polynomial order, axis 1, sky to detector
AP 0 1 = -0.0006218 / distortion coefficient
AP 0 2 = 1.477E-05 / distortion coefficient
AP 0 3 = 7.88E-08 / distortion coefficient
AP_1 0 = 0.0004662 / distortion coefficient
AP_1 1 = 3.432E-05 / distortion coefficient
AP 1 2 = -4.51E-07 / distortion coefficient
AP 2 0 = 0.0004012 / distortion coefficient
AP 2 1 = -3.23E-06 / distortion coefficient
AP_3 0 = 2.316E-06 / distortion coefficient
BP_ORDER= 3 / polynomial order, axis 2, sky to detector
BP 01 = 0.000737 / distortion coefficient
BP 02 = 9.807E-05 / distortion coefficient
BP_0 3 = -8.328E-07 / distortion coefficient
BP_1 0 = -0.0008341 / distortion coefficient
BP 11 = 2.79E-05 / distortion coefficient
BP 12 = -7.868E-07 / distortion coefficient
BP 2 0 = -0.0003395 / distortion coefficient
BP 21 = -2.444E-06 / distortion coefficient
BP_3 0 = -9.971E-07 / distortion coefficient
/ PHOTOMETRY (IRS IMAGING)
BUNIT = 'e-/sec ' / Units of image data
/ SPECTROPHOTOMETRY IRS SL, LL (CHNLNUM 0, 2)
FLXCONO1= 7642.2046 | [electrons/sec/Jy] Flux conversion Order 1
FLXERRO1= 124.5 / Flux conversion uncertainties Order 1
FLXCONO2= 4010.2383 / [electrons/sec/Jy] Flux conversion Order 2
FLXERRO2= 124.5 | Flux conversion uncertainties Order 2
FLXCONO3= 4100.1045 / [electrons/sec/Jy] Flux conversion Bonus Order
FLXERROQ3= 124.5 | Flux conversion uncertainties Order 3
/| GENERAL MAPPING KEYWORDS
DBEXPOID= 2538463 / Currnet Exposure ID

/ IRS PEAKUP KEYWORDS
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PKUPMODE= 'IRS ' | Peakup mode (none, IRS, or PCRS)

PKUPACCU= 'High ' | Peakup Accuracy (high, moderate,low)

PKUPFILT= 'RED ' | Peakup filter (blue or red)

PKUPFLUX= 365. / Flux density of peakup target for IRS [mJy] o r
PKUPXTND= F / Extended source (T/F)

ISPUPOS = F / PU target given in absolute positions (T) or re
HP_CENQ = 0 / Peakup centroid quality code

APKUPCEN= 1 / Status of the peakup centroid

AXCNTRD1= 10594 / [centipixels] X value of the brightest cen  troid
AYCNTRD1= 9400 / [centipixels] Y value of the brightest cent roid
AXCNTRD2= 0 / [centipixels] X value of the second brightest ¢
AYCNTRD2= 0 / [centipixels] Y value of the second brightest c
AINTENS1= 1097047 / [counts] Intensity value of the brighte st centr
AINTENS2= 0 / [counts] Intensity value of the second brighte s
APKUPXCE= 10594 / [centipixels] X value of the centroid to be ret
APKUPYCE= 9400 / [centipixels] Y value of the centroid to be r et

/| DATA FLOW KEYWORDS

DATE = '2007-02-04T18:06:17' / [YYYY-MM-DDThh:mm:ss UTCfile creation date
AORKEY = '13350400' / AOR or EIR key. Astrnmy Obs Reg/Instr Eg Req
EXPID = 5 / Exposure ID (0-9999)

DCENUM = 0 / DCE number (0-9999)

TLMGRPS = 4 | Number of expected telemetry groups
FILE_VER= 1 / Version of the raw file made by SIS
RAWNAME = 'IRSX.0.0013350400.0005.0000.01.mipl.fits' /  Raw data file name
SIS_SVER= 'J5.3 ' / SIS SW VERsion

CPT_VER = '3.0.98 / Channel Param Table FOS version
CTD_VER = '3.0.94S ' / Cmded telemetry data version

EXPDFLAG= T / (T/F) expedited DCE

MISS LCT= 0 / Total Missed Line Cnt in this FITS
MANCPKT = F / T if this FITS is Missing Ancillary Data
MISSDATA= F / T if this FITS is Missing Image Data
PAONUM = 1128 / PAO Number

CAMPAIGN= "IRSX004600' / Campaign

DCEID = 30558296 / Data-Collection-Event 1D

DCEINSID= 6459551 / DCE Instance ID

DPID = 144502633 / Data Product Instance ID

PIPENUM = 201 / Pipeline Script Number

SOS VER = 1. / Data-Product Version

PLVID = 8 / Pipeline Version ID

CALID = 2 | CalTrans Version ID

ORIGINO = 'JPL_FOS ' | site where RAW FITS files was written
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CREATORO= 'J5.3 ' / SW system that created RAW FITS

SLCHINSQ= 33 / Number of rows with poor SL stray light corrrec
SLRUNCOR= 76 / Number of rows with no SL stray light corrrecti
GAIN1 = 4.6 |/ e/DN conversion (readout channel 1)

GAIN2 = 4.6 / e/DN conversion (readout channel 2)

GAIN3 = 4.6 / e/DN conversion (readout channel 3)

GAIN4 = 4.6 / e/DN conversion (readout channel 4)

BASECH1 = 30999.59 / Trimmed mean channel 1 signal in reference unil
BASECH2 = 33588.81 / Trimmed mean channel 2 signal in reference unil
BASECH3 = 34412.92 | Trimmed mean channel 3 signal in reference unil
BASECH4 = 29947.19 / Trimmed mean channel 4 signal in reference unil
HISTORY *0 (imported)

HISTORY job.c ver: 1.50

HISTORY TRANHEAD V. 12.6, ran Sun Feb 4 10:05:49 2007
HISTORY CALTRANS V. 4.0, ran Sun Feb 4 10:05:52 2007
HISTORY cvti2r4 v. 1.30 A50506, generated 2/04/07 at 10:05: 55
HISTORY DNTOFLUX V. 4.1, ran Sun Feb 4 10:06:00 2007
HISTORY imagest v. 1.80 A61012, generated 2/04/07 at 10:06: 04
HISTORY input: cvte.fits

HISTORY unc.: cvte_unc.fits

HISTORY DROOPOP V. 3.700000, ran Sun Feb 4 10:06:05 2007
HISTORY DARKBASE V. 2.200000, ran Sun Feb 4 10:06:09 2007
HISTORY CUBESUB V. 3.200000, ran Sun Feb 4 10:06:10 2007
HISTORY lineariz v. 1.39 A40318, generated 2/04/07 at 10:06 :12
HISTORY input: cubesub.fits

HISTORY model: ./cal/lincal.fits

HISTORY DARKDRIFT V. 4.0, ran Sun Feb 4 10:06:17 2007
HISTORY imagest v. 1.80 A61012, generated 2/04/07 at 10:06: 19
HISTORY input: darkdrift.fits

HISTORY DROOPRES V. 2.200000, ran Sun Feb 4 10:06:20 2007
HISTORY SLREMOV V. 2.500000, ran Sun Feb 4 10:06:21 2007
HISTORY FLATAP v. 1.500 Sun Feb 4 10:06:22 2007

HISTORY CALTRANS V. 4.0, ran Sun Feb 4 10:14:48 2007
HISTORY PTNTRAN V. 1.4, ran Sun Feb 4 10:14:51 2007
HISTORY PTNTRAN V. 1.4, ran Sun Feb 4 10:14:51 2007
HISTORY PTNTRAN V. 1.4, ran Sun Feb 4 10:14:52 2007
HISTORY FPGen V. 1.25, ran Sun Feb 4 10:14:52 2007
FBIDDARK= 522

FBIDFLAT= 511

FBIDLNCR= 22

FBIDLNMD= 236

FBIDOMSK= 30

FBIDPMSK= 353
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FBIDWSMP=
FBIDUMSK=
FBIDLMSK=
FBIDSLTC=
FBIDWSOF=
FBIDWSOM=
FBIDWSWA=
FBIDFLXC=
FBIDFMSK=
FBIDPUMK=
FBIDCALS=
FBIDLNSC=
HISTORY CALTRANS
END

526
241
274
21
529
532
523
515
71
240
690
505
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Appendix B

Acronyms

Acronym: Stands For:

ACQ ACQuisition

AOR Astronomical Observation Request
AOT Astronomical Observation Template
ASCII American Standard Code for Information Interchange
BCD Basic Calibrated Data

DCE Data Collection Event

DCS Double Correlated Sampling

DN Data Number

FITS Flexible Image Transport System

IDL Interactive Data Language

IRS InfraRed Spectrograph

LH Long-High (module)

LL Long-Low (module)

MIPL Multimission Image Processing Laboratory
NaN Not-a-Number

PB Peak-up Only Blue

PBI Peak-up Imaging Blue

PCRS Pointing Control Reference Sensor
PR Peak-up Only Red

PRI Peak-up Imaging Red

PSF Point Spread Function

RSRF Relative Spectral Response Function
SH Short-High (module)

SL Short-Low (module)
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SOM
SPICE
SPOT
SS
SSC
SUR
WCS

Spitzer Observer's Manual

SPitzer IRS Custom Extractor
Spitzer Planning Observations Tool
Sweet Spot

Spitzer Science Center

Sample Up the Ramp

World Coordinate System
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