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1 Overview

The Galactic Legacy Infrared Midplane Survey Extraordinaire (GLIMPSE), using the Spitzer
SpaceTelescom (SST) (Werner et al. 2004) Infrared Array Camera (IRA C) (Fazio et al. 2004)
has surveyed approximately 220 square degreesof the Galactic plane, covering a latitude range
of 1, and a longitude range of jlj =10 65. IRAC has four bands, certered at approxi-
mately 3.6, 4.5, 5.8 and 8.0 m respectively. We will refer to them as bands 1 - 4 in this doc-
ument. The obsenations consist of two 1.2 secondintegrations at ead position, for a total of
over 77,000pointings and 310,000IRAC framesin 400 hours total survey time. The survey will
produce approximately 240 Giga Bytes (GB) of data in the form of a point sourceCatalog, a point
source Archive, and mosaidked images. SeeBenjamin et al. (2003) and the GLIMPSE web site
(www.astro.wisc.edu/glimpse/) for more description of the GLIMPSE project.



This document describesthe data products from the GLIMPSE Survey. The details are subject
to minor changesas both the Spitzer ScienceCenter (SSC) and the GLIMPSE team cortinue to
dewelop their data processingsystems. This documert cortains numerousacroryms, a glossary of
which is given at the end.

The GLIMPSE products are:

1. The GLIMPSE Catalog (GLMC, or the \Catalog"), consistingof point sourcesvhoseselection
criteria (x2.2) are determined by the requiremert that the reliability be 99.5%. The expected
magnitude limit of the Catalog, basedon simulations and Obsenation Strategy Validation
(OSV) data, is givenin Table 1. The photometric uncertainty is typically < 0.2mag. For eat
IRA C band the Catalog provides uxes (with uncertainties), positions (with uncertainties),
the areal density of local point sourcesthe local sky brightness,and a ag that providesinfor-
mation on sourcequality and any anomaliespresent in the data. The format is ASCI|, using
the IPAC Tablescorvertion (irsa.ipac.caltedh.edu/applications/DDG EN/D oc/i pac_tbl.html).
The Catalog occupies 15 GB of storage,and contains 30 million sources.

2. The GLIMPSE Archive (GLMA or the \Arc hive"), consisting of point sourceswith a signal
to noise> 5 in at least one band and lessstringent selectioncritera than the Catalog (x2.2).
The photometric uncertainty is typically < 0.3 mag. The information provided is in the same
format asthe Catalog. The expected magnitude limit for uniform badground regionsof the
Archive is showvn in Table 1. It occupies 25 GB of storage, and contains about 48 million
sources.

3. The GLIMPSE Image Atlas. Mosaiked Images for ead band, eath covering 1.1 0.8 .
Approximately 1320 of these 32-bit IEEE oating point single extension FITS formatted
images cover the entire survey area. Theseimages,in units of surface brightness MJy/sr,
will occupy 170GB of disk space,with a pixel size of 0.6°°. Mosaicsof ead band will also
be made for larger 3.1 2:4 areas,with a pixel size of 1.2°°. There will be 152 of these
3.1 24 mosaics,totalling 41 GB. Also included will be quicklook 3-color jp egimagesof
the samesizeasthe FITS images.

4. The Web Infrared Tool Shed (WITS), a web interfaceto a collection of models of IR spectra
of dusty envelopesand photodisscaciation regions(PDRs), updated for IRAC and MIPS band
passes.WITS currently resideson seners at the University of Maryland.

Table 1. Estimated Magnitude Limits
Band ( m) [3.6] [4.5] [5.8] [8.0]
Catalog 142 141 119 95

Archive 145 140 13.0 115

All GLIMPSE products will be served by the SSC (see http://ssc.spitzer.caltec h.edu/legacy/) ,
except for the Web Infrared Tool Shedwhich is already servwed by the University of Maryland.

Numerouscomplemenary datasetswill increasethe scierti ¢ impact of the GLIMPSE survey. The
Two Micron All Sky Survey (2MASS) provides imaging at similar resolution to GLIMPSE, in the
J(1.25 m), H (1.65 m), and Kg (2.17 m) bands. The Midcourse SpaceExperiment (MSX) also
obsened the Galactic planein seweral mid-IR wavebands(from 4.2to 26 m) with 18%resolution at
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8 m. The following additional datasetscan be accessedy the astronomical comnmunity through
links from the GLIMPSE web site (www.astro.wisc.edu/glimpse/complemeriary.html):

1. Arecibo and Green Bank Telescog (GBT) surveys of IR-color selectedH 11 Regionsin the
GLIMPSE survey region: a datasetthat resolesdistance ambiguities to massiwe star forma-
tion regions. This dataset includes > 100 objects and can be found on the GLIMPSE web
site.

2. Milky Way Galactic Ring Survey (GRS) (www.bu.edu/grs), a Boston University and Five
College Radio Astronomy Obsenatory collaboration, is a large-scale’CO line survey of the
inner Galaxy betweenlongitudes 18 and 52 .

3. The International Galactic Plane Survey (www.ras.ucalgaryca/IGPS) is mapping the Milky
Way disk at 21-cm wavelength. This survey provides data cubes of the HI spectral line
emissionwith resolution of 1°and one km/s over the ertire area of the GLIMPSE survey.

4. A proposalfor a Very Large Array (VLA) 6-cm continuum survey of the GLIMPSE areawith
a spatial resolution of 1%°was submitted to the NRAO. Proof of concepttime was granted
for the survey. The expected completion of the survey is the end of 2005o0r later, if approved.

In addition to this document, GLIMPSE will provide three other documerts for the community to
aid in using and understanding the data:

GLIMPSE Post BCD Pipeline Description (GPD; expected May 2005)
GLIMPSE Quality Assurance(GQA,; expected May 2005)
GLIMPSE Scienceand Data Requiremerts (GSDR; v0.5 available now)

The organization of this documert is asfollows: x2 brie y describesthe data processingx3 discusses
the validation of the sourcelists; x4 providesa detailed description of the data products; x5 describes
the format; and x6 presens the delivery schedule for the data products and documerts.

2 Brief Overview of Pip eline Pro cessing

2.1 Image Pro cessing, Photometry , and Bandmerging

The GLIMPSE Pipeline Description documert (GPD) will describein detail the GLIMPSE pipeline
processing,including photometry and bandmerging to produce sourcelists. We note here some
stepsthat are relevant to the nal data products. Image processingstepsfor photometry include
masking hot, dead, and missing data pixels (using SSC supplied ags). Pixels assaiated with
saturated stars are masked using an algorithm generatedby GLIMPSE (since the SSC saturation
bits are not currently working); this algorithm nds most of the saturated stars. Pixels within
a 24-pixel radius of a saturated sourceare agged. We correct for column pulldown?! in bands 1
& 2, using an algorithm written by Lexi Moustakas (GOODS team) and modi ed by GLIMPSE
to handle variable badgrounds. We correct for banding? in bands 3 & 4 using an exponertial

1Column pulldown is a reduction in intensity of the columns in which bright sourcesare found in Bands 1 and 2.
SeeSpitz er Observer's Manual (SOM) at http://ssc.spitzer.caltec h.edu/do cuments/som/.

2Banding refers to streaks that appear in the rows and columns radiating away from bright sourcesin Bands 3
and 4. Seethe SOM.



function. This is only an approximate correction currently. We are working on an algorithm to t
ead incidenceof banding individually .

We usea modi ed version of DAOPHOT (Stetson 1987) as our point sourceextractor. We iterate
the photometry calculations in high badkground regions (referred to as \t weaking" in Table 3),
which hasbeenshown to improve the ux estimatesin theseregionssubstartially. Cosmicrays are
removed from the sourcelist basedon an algorithm that operateson the residual images(images
with point sourcesremoved).

Prior to the bandmerge stage, we cull all sourceswith signal-to-noiselessthan 3. As a result,
no sourcesin the Catalog or Archive will have signal-to-noiselessthan 3 in any band. We use
the SSC-suppliedbandmergerin two stages, rst to combine detections of the samesourcein the
sameband (in-band merge), and then to cross-correlatedetectionsin di erent bands (cross-band
merge). Signal-to-noiseand ux information is usedaswell as position during the in-band merge,
but only position is usedfor the cross-bandmerge (to avoid any systematic e ects dependert on
sourcecolor).

Image processingfor the mosaic image products include the column pulldown and banding cor-
rections mertioned above. Muxbleed® is partly corrected by the SSC pipeline. At this time we
do not apply any extra corrections for muxbleed but hope to in future data releases.Hot, dead,
missing and saturated data pixels are masked. The SSC mosaicer MOPEX is run to obtain the
outlier mask (rmask; generally due to cosmicrays). Both the dual outlier bit and the temporal bit

of the rmask are masked during the mosaicing. Stray light from bright sourcesoutside the eld

of view scatters onto the detector and can appear in the images. To remove them, we use as a
rst cut the SSCIRAC Stray Light Masker which usesthe K magnitude from the 2MASS Point
SourceCatalog to predict the positions of the stray light. It createsa mask (smask) for ead input

IRAC frame. Not all of the stray light areasare found by the SSC Stray Light Masker. Most of
the remaining stray light areasare removed by hand. Caution - most of the stray light areasand
cosmicrays have beenremoved from the Atlas Imagesbut not all. Artifacts that have only single-
frame coverage(outside latitudes of 1) areleft in the mosaic. Seethe IRAC Data Handbook at
http://ssc.spitzer.caltec h.edu/irac/dh/ for more information about the detector artifacts. We use
the Montage padkagev2.0.1to mosaicand project to Galactic coordinates.

2.2 Source Selection for Catalog and Arc hive

Now we describe the selectioncriteria for the Catalog and Archive oncephotometry and bandmerg-
ing have beencompleted.

Catalog

To satisfy the requiremert that the Catalog be 99.5%reliable, it was determined from simulated
data and study of the OSV data that a sourcemust be detected at least twice in one band and at
least oncein an adjacert band for the general GLIMPSE observing strategy of two visits on the
sky (this will be described in detail in the GQA). We call this the \2+1" criterion. To allow for
the more generalcaseof M detectionsout of N possibleobsenations, we require that M=N 0.6
in one band and M =N 0:4 in an adjacert band. This gives 99.5% reliability down to the
magnitude limits speci ed in Table 1.

3The multiplexer bleed e ect is a seriesof bright pixels along the horizontal direction on both sides of a bright
sourcein Bands 1 and 2



In the two bandsthat satisfy the 2+1 criterion, only sourceswith ux greaterthan 0.6 mJy (<14.2
mag), 0.6 mJy (<13.7mag), 2 mJy (<11.9mag), and 10 mJy (<9.5 mag) in bands 1 through 4,
respectively, are allowed in the Catalog. We usea more consenative estimate for the limiting ux

for Band 2 than the reliability plots show. This may changein future data releases.Similarly, the
bright limit ux is 439mJy (7 mag), 450 mJy (6.5 mag), 2930mJy (4 mag) and 1590mJy (4 mag)
for the four bands, to remove sourcesat nonlinear responselevels. The signal-to-noisein the band
with the two detections satisfying the 2+1 criterion is required to be greater than 5. Sourceswith

hot or dead pixels within 3 pixels of source certer, those in wings of saturated stars, and those
within 3 pixels of the frame edgeare culled from the Catalog.

Oncea sourcesatis es the 2+1 criterion, the requiremerts for the other 2 bands of the samesource
are lessstringent. Flux valuesabove the bright limit ux are nulled, but valuesbelow the low-limit
ux are allowed. Signal-to-noise<5 (down to a lower limit of 3) is allowed. Bands with hot or
dead pixels and in wings of saturated stars are nulled, but those within 3 pixels of the frame edge
are allowed.

Arc hive

Requiremerts for sourceselectionin the Archive are lessstringent than for the Catalog. Therefore
the Archive is lessreliable than the Catalog but more complete. We require M =N 0:6 in one
band or M=N  0:4 in any two bands. For a typical sourceobsened two times, this translates to
a detection twice in one band or oncein two bands. We require that the signal-to-noisebe greater
than 5 in the band or bands usedfor sourceselection. The lower limit of the signal-to-noisefor all
bandsis 3. There are no further culls, leaving it to the userto cull or null basedon valuesof the
uxes and ags (described in x4.1).

3 Brief Overview of Source List Validation

We briey summarize here analysis we useto validate the Catalog and Archive point sourcelists.
The GQA documert describesthis in more detalil.

Veri cation of our source selection criteria (x2.2) was done with a Reliability study of the OSV
data. One causeof false sourcesin the sourcelists is imperfect muxbleed correction in the SSC
pipeline leaving faint point-lik e sourcesevery four pixels along a row from a bright sourcein Bands
1 and 2. Most of the muxbleed sourceshave signal-to-noiselessthan 5 and do not make it into
the sourcelists. Very few false sourcesdue to muxbleed are found in high badground areas(e.g.
in the inner Galaxy). We estimate that < 0.4% of the Catalog sourcesmay be muxbleed. We
estimate that < 2% of the Archive sourcesmay be muxbleed due to our lessstringent selection
criteria. The falsedetectionsdue to muxbleedwill bein only Bands1 and 2. Weplanto ag and/or
correct potential muxbleed sourcesin future data releases.Another instance of false detectionsin
the Archive occursin regions surrounding saturated stars where the GLIMPSE source extractor
may nd falsesourcesin the wings of the PSF. Thesesourcesare culled from the Catalog but only
agged in the Archive. Our source selection criteria remove the vast majority of other potential
falsedetections, such as cosmicrays and stray light. In addition, our photometry iteration routines
reducefalse sourcedetectionsin variable badkgrounds causedby both real sky variations aswell as
instrumental artifacts suc as banding, stray light and column pulldown.

Photometric accuracy was veri ed with simulated imagesconsisting of known point source uxes
placed on residual images (GLIMPSE imageswith point sourcesremoved giving realistic badk-
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Figure 1: Color-color plots of the regionl = 20 21 andjlj < 1:15. The contours are labelled
with the log of the number of sourcesper square magnitude.

grounds). The point sourceaccuracy dependson badkground level. A table of photometric accu-
racy as a function of badkground level is given in the GQA documert. For average badground

levels, the photometric accuracyis
for bands 1 - 4 respectively.

0:2M at magnitudes brighter than 14, 12

Photometric accuracy was further veri ed by comparisonwith
Martin Cohenand distributed throughout the GLIMPSE survey region. These span a wide range
of uxes in ead IRAC band. The comparisonof GLIMPSE to predicted uxes alsoprovidesfurther
con rmation of the chosennon-linear/saturation limits usedin the Catalog (x2.2). The average
deviation between GLIMPSE and Cohen uxes are about 5% in ux density.

165; 90

200 ux calibrators supplied by

Color-color and color-magnitude plots were made of ead Catalog and Archive table (approximately
1 2 regions). These sourcelists were culled using the in-band and cross-bandconfusion ags
(x4.1and Table 3). An exampleset of color-color plots is shown in Figure 1. Thesegenerally show
a peak near 0 color due to main sequenceand giant stars, and a red tail corresponding to the large

variety of stars with circumstellar dust.

2.0




Spot cheds include inspection of residual imagesto verify proper point sourceextraction; over-
plotting the positions of the sourcesin the Catalogs and Archiveson mosaicimages;and plotting
SEDs of seeral sources.

4 Data Pro ducts Description

4.1 Catalog and Arc hive Fields and Flags

Each entry in the GLIMPSE Catalog and Archive has the following information:
designation | SSTGLMC GLLL.III BB.bbbb, SSTGLMA GLLL.lII  BB.bbbb

position I, b, I_err, b_err, ra, dec, ra_err, decerr

ux magi, magi_err, Fi, Fi_err, Fi_rms

diagnostic | skyi, SNi, srcdens, # detections Mi out of Ni possible

ags confusion ag, sourcequality ag (i), ux calculation method ag (i)

wherei is the IRAC band number, ranging from 1-4. Details of the elds are asfollows:

Designation

This is the object designation or \name" as specied by the IAU recommendationson source
nomenclature. It is derived from the coordinates of the source,where G denotes Galactic coor-
dinates, LLL.IIII is the degreesof Galactic longitude, and BB.bbbb is the degreesof Galactic
latitude. The coordinates are precededby the acronym SSTGLMC (GLIMPSE Catalog) or SST-
GLMA (GLIMPSE Archive).

P osition

The position is given in both Galactic (I; b) and equatorial (; ) J2000 coordinates, along with
estimated uncertainties. The pointing accuracyis 1°°(Werner et al. 2004). The SSCpipeline does
pointing re nement of the imagesbasedon comparison with the 2MASS Point Source Catalog,
whose absolute accuracy is typically < 0:2°°(Cutri & Skrutskie 2000). After applying the SSC
geometricdistortion correctionsand updating to the 2MASS positions, the GLIMPSE point source
accuracy is typically 0:3%° absolute accuracy limited by undersampling of the point-spread
function. The position uncertainties are calculated by the bandmergerbasedon the uncertainties
of individual detections, propagated through the calculation of the weighted mean position.

Flux

For eah IRAC bandi = 1 4, the uxes are expressedin magnitudes (magi) and in mJy, Fi.
Each ux is the error-weighted averageof all independert detections of a source. The zeropoints
for converting from ux to magnitude are from Martin Cohen for the IRAC bands and Cohen et
al. 2003for 2MASS and given in Table 2.

Table 2. Zeropoints for Flux to Magnitude Conversion
Band J H K [3.6] [4.5] [5.8] [8.0]
Zeropoints (Jy) 1594 1024 666.7 277.5 179.5 116.5 63.13

Naturally, the reliability of brighter sourcesis higher. The statistical reliability and photometric
uncertainty of GLIMPSE sourcesas a function of magnitude will be provided in the GQA.
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The ux/magnitude uncertainties (Fi_err; magi _err) are computed during the photometry stage
and take into accourt photon noise, readnoise,goodnessof at elding, and PSF tting (Stetson
1987). Magnitude uncertainties are estimated to be <0.2 mag for the Catalog and < 0:3 mag for
the Archive. The uncertainties are smaller in Bands 1 and 2 than Bands 3 and 4 due to lower
badkgrounds.

The rms deviation (Fi_rms) of the individual detectionsfrom the nal ux of eat sourceis provided.

Diagnostics

The assaiated ux diagnostics are a local background level (skyi) (i = 1;4) in MJy/sr, a Sig-
nal/Noise (SNi), a local source density (srcdens) (number of sourcesper square arcmin), and
number of times (Mi) a sourcewas detected out of a possiblenumber (Ni). The local badkground,
an output of DAOPHOT, is provided becausehigh badgrounds were shown to a ect the reliabil-
ity of IRAS sources,and for IRAC as well (especially Bands 3 and 4) (seethe GQA documert).
Howewer, the e ects may not be easily characterizable in the quoted error. The Signal/Noise is the
ux (Fi) divided by the ux error (Fi_err). The local sourcedensity is measuredas follows: The
individual IRAC frameis divided into a3 3 grid, eat sectionbeing1.719x 1.71°. A sourcedensity
is calculated for eat section (number of sourcesper arcmin?), and is assignedto eah sourcein
that section. The local sourcedensity can be usedto assesghe confusionin a given region, along
with the internal reliability. Mi and Ni can be usedto estimate reliability. Ni is calculated based
on the areal coverage of eah obsened frame; due to overlaps someareasare obsened more than
twice per band.

Flags

There are three typesof ags: the confusion ag, the sourcequality ag and the ux calculation
method ag. The confusion ag will be set for sourcesthat are within 1°of ea other. The source
quality ag provides a measureof the quality of the point sourceextraction. The ux calculation
method ag describeshow the nal Catalog/Arc hive ux wasdetermined.

The Confusion Flag will be setwhen another sourceis within one arcsecondof the current source.
Preliminary results showv approximately 0.25%of the sourcesin the Archive will have this ag set.
Note: the confusion ag is not yet setin the April 12, 2005data release.

The SourceQuality Flag (SQF) is generatedfrom SSC-provided masksand the GLIMPSE post-
processingpipeline, after point sourceextraction on individual IRAC frames. Each sourcequality
ag is a binary number allowing conmbinations of ags (bits) in the samenumber. Flags are set
if an artifact (e.g., a hot or dead pixel) occurs near the core of a source- i.e. within 3 pixels.
A non-zero SQF will in most casesdecreasethe reliability of the source. Someof the bits, such
asthe DAOPHOT tweaks,will not compromisethe source'sreliability, but will likely increasethe
error assignedto the source ux. Sincethe current data releasedoesnot include a confusion ag,
usersmay wish to make use of two bits in the sourcequality ag, bits 13 and 14, set during the
bandmergestep of data processing.Theseare set when the bandmergerhas more than one possible
candidate to mergewith a given source. Bit 13 is set during the mergewithin a given band, and
bit 14 is set during mergesacrossbands. About 20% of the sourceshave bit 14 (cross-band) set,
and lessthan 1% have bit 13 (in-band) set.

Table 3 shawvs the SQF sequencefor the April 12, 2005 data release. Someof the ags have not
beenimplemented, but will be in future data releases.For example, SSCand the GLIMPSE team
are working on an algorithm for stray light masking. We have determined that false sourcesfrom
these regions do not make it into the Catalog due to our 2+1 source selection criterion (x2.2).
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In addition, our photometry algorithm has been modi ed substartially to nd sourcesin high
badkground regionsthat givesit the ability to nd sourcesin stray light and banded regions as
well, increasingthe photometric uncertainties accordingly. Details such as thesewill be discussed
more in the GPD and GQA documens.

P .
The value of the SQF is 2Pt 1) For example, bit 1 correspndsto 2° = 1. If the SQF is 0, the
sourcehas no detected problems. More information about these ags can be found in the Spitzer
Obsener's Manual (SOM) and the GLIMPSE Pipeline Description (GPD).

Table 3. SourceQuality Flag (SQF) Bits

SQF bit  Description Ref  Source Status
1 poor pixels in dark current SOM SSCpmask OK
2 at eld questionable SOM SSCdmask not working?
3 latent image SOM SSCdmask OK?P
7 recorrected muxbleed GPD SSC,GLIMPSE not don€®
8 hot, dead or otherwise unacceptablepixel SOM SSCpmask OK
9 MUX bleed uncertain or incomplete SOM SSCdmask not working?
10 DAOPHOT tweak positive GPD GLIMPSE OK
11 DAOPHOT tweak negative GPD GLIMPSE OK
13 confusionin in-band merge GPD GLIMPSE OK
14 confusionin cross-bandmerge GPD GLIMPSE OK
15 column pulldown corrected GPD GLIMPSE OK
16 banding corrected GPD GLIMPSE OK
17 stray light SOM SSC,GLIMPSE not don€®
19 nonlinear correction not applied SOM SSCdmask not sure
20 saturated star wing region GPD GLIMPSE OK
30 within three pixels of edgeof frame GPD GLIMPSE OK

aAccording to SSC.

bDue to the high sky badgroundsin the GLIMPSE elds, we have not seenevidencefor latent
sourcesin the images,even though they are agged.

“We plan to have theseimplemented in a future data release.

Flux calculation Method Flag (MF). This is a ag for eat band indicating how the nal aver-
aged ux wasdetermined by weighting individual ux measuremets. The procedureis especially
important whenthe individual measuremets have di erent SQFsor signi cantly discrepart values.

Table 4. Method Flag (MF)
MF  Description
all uxes in agreemem within errors
somediscrepart uxes discarded
all uxes were discrepart; usethis sourcewith caution

N~ O

4.2 GLIMPSE Image Atlas

The IRAC imagesare mosaidked using the Montage padkage (montage.ipac.caltet.edu) into rect-
angular tiles that cover the surveyedregion. The units are MJy/sr and the coordinates are Galactic.
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The mosaic images consene surface brightness. The angular size of ead tile is currently set at

1.1 0.8. Three tiles spanthe latitude rangeof the survey ( 1:15) and 110spanthe longitude
range, giving a total of 330 mosaicimagesin ead band to cover the survey region. The pixel

sizeis 0.6°0, smaller than the native IRAC pixel size of 1.2°°, World Coordinate System (W CS)
keywords are standard (CTYPE, CRPIX, CRVAL, CD matrix keywords) with a Galactic projection

(GLON-CAR, GLAT-CAR; Calabretta and Greisen 2002). See(x5.2) for an example of a FITS

header. The mosaiked imageswill be 32-bit IEEE oating point single-extensionFITS formatted

imagesand require about 170 GB. We will also provide 3.1 2.4 FITS les with a pixel size of
1.2%%or an overview look that coversthe full latitude rangeof GLIMPSE. There will be 152 of these
3.1 24 mosaics,totalling 41 GB. For a quick-look of the mosaics,we will provide 3-colorjpeg
les (bands 1,3 and 4) for eat areacovered by the FITS les. Theseare rebinned to much lower
resolution to make the les small. Note that outside the latitudes of 1 we do not necessarily
have full coveragein all four IRAC bands. This can be seenin the jpeg les.

4.3 Web Infrared Tool Shed

The Web Infrared Tool Shed(WITS) (dustem.astro.umd.edu)contains two toolboxes: the Dust In-
frared Toolbox (DIRT) and the PhotoDisscciation RegionToolbox (PDRT). The toolboxes provide
extensive databasesof circumstellar shell emissionmodels and PDR emissionmodels. Usersinput
data and retrieve best t models. DIRT output includes certral sourceand dust shell parameters.
PDRT output consistsof gasdensity, temperature, incident UV eld and IR line intensities.

Legacy Tools include, for DIRT, a retrievable databaseof SEDs corvolved with IRAC bands, an
IRAC speci c input GUI (Graphic User Interface), and an extendedmodel basecontaining embed-
ded brown dwarfs and embeddedlow luminosity protostars with and without accretion luminosity.
It will alsoinclude modelswith alternate grain models. Spitz er enhancemets to PDRT will consist
of PDR lines (Si Il, Fe Il) useful for Infrared Spectrograph (IRS) obsenations and interpretation
of IRAC PDR emission.

DIRT is basedon the radiation transfer code of Wol re and Cassinelli (1986) that calculatesthe
passageof stellar radiation through a spherical dust ernvelope. The web interface to DIRT is a
JAVA applet which accesses catalog of pre-run spectral energydistributions. There are currently
about 400,000models on-line. Userscan display models with various properties including:

Table 5. Rangesof the DIRT Tool

Parameters Current values Spitz er enhancemets
The gasdensity power law: 0, -0.5,-1.0,-1.5,-2.0

Stellar Luminosity (Lo): 10,30,50,100,....510° le-5,3e-5,5e-5,....1

E ectiv e temperature (K):  3e3,5e3,1e4,3e44 1le3,1.5e3,2e3,2.8¢3e3

Outer Shell Radius (cm): lel4,3el4,5el14,5e18 lell,3el1,5ell..645
Inner Shell Radius (cm): lel3to Outer Radius/10 1lellto Outer Radius/10
Ay through Shell: 1,3,5,10,....5e3 1,3,5,10,....5e2

The models are displayed in an interactive plot window showing ux versusfrequencyfor a series
of models with increasing Ay. Users can change scale, color code models, axes, etc. Userscan
input obsenations with error bars and beamsizesand run a 2 t to nd the best model. The
best t is overlayed with obsenations and error bars. Additional details are displayed including

10



the run of gasdensity and gastemperature, the run of grain temperatures, emitted intensity across
model sourceat various wavelengths,and ux versusbeamsizefor a beam certered on the source
at various wavelengths. Flux and sourcesizeare scaledto input distance. There will be a Spitzer
speci ¢ interface to accept IRAC data input. Models will be retrievable and displayed in IRAC
band integrated quartities. Model spacewill be searded for the best t from the input IRAC
obsenations. For ead band, plots will shov model ux versuswavelength ( m) and model surface
brightnessversussourcesize (°°).

PDRT is basedon the photodisscciation region code of Tielens and Hollenbach 1985and updated
by Wolre, Tielens, and Hollenbach 1990, and Kaufman et al. 1999. The interface to PDRT
allows usersto input three or more spectral line obsenations, with errors, and 2 cortour plots are
generatedshowing the best t model parametersto their data set. The output model parameters
are the incident ultraviolet radiation eld, the gasdensity, and the gastemperature. In addition,
seweral predicted line intensities are given that match the best t model. Current lines include the
dominant coolants of PDRs including [C I1] 158 m, [O I] 63 m, and CO (J=1-0), plus seeral
wealer lines that are also obsenable e.g.,[O 1] 145 m, and [C I] 370 m and 610 m. Updates
to the on-line modelswill include [Sill]] 35 m and[Fell] 26 m, both obsenable by Spitzer IRS.
Theseemissionlines along with IRA C maps of PDRs may be usedto constrain the PDR properties
including the distribution and abundanceof poly aromatic hydrocarbons (PAHs), as well as the
e ciency of grain photoelectric heating.

4.4 Complemen tary Datasets

Arecib o/GBT: More than 100IR-color selectedH I regionshave beenobsened with the Arecibo
300mand NRAO GreenBank Telescogin the HL110 andH,CO (110 111) linesto resolwe distance
ambiguities. The H110 line determinesthe kinematic distanceand the H,CO (119 111) absorption
line resolesthe near-far distance ambiguity. In 2001this technique was applied as a pilot project
at Arecibo to 20 Ultra-Compact (UC) HII regions. Distances were successfullydetermined for
19 sources(Araya et al. 2002). In 2002H110 was detected toward 45 UC H I regionsand the
near-far distance ambiguity resoled for 35 objects; ten were found to lie near the tangent point
(Watson et al. 2003). H110 and H,CO (110 111) data have beenobtained for an additional 72
compactHI I regionsusingthe NRAO GBT telescope. Resultsof all theseobsenations are available
on the GLIMPSE web page (www.astro.wisc.edu/glimpse/glimpsepubs.iml).

GRS: Astronomers from Boston University and Five College Radio Astronomy Obsenatory are
collaborating on a 13CO Galactic Ring Survey (Simon et al. 2001)(www.bu.edu/grs). This survey
will catalog molecular clouds and cloud cores, establish kinematic distancesto many clouds and
Young Stellar Objects (YSO), determine their sizes,luminosities, and distributions, and determine
the distribution of moleculargasin the inner Milky Way, especially that of the 5kpcring. Compared
with previous molecular line surveysof the inner Galaxy, the GRS o ers excellert sensitivity (<0.4
K), higher spectral resolution (0.2 kms 1), comparable or better angular resolution (46°°) and
sampling (22°°), and the use of 13CO (1-0), a better column density tracer than the commonly
obsened 2CO (1-0) line.

IGPS: The GLIMPSE survey will be complemertied by data from the International Galactic Plane
Survey, a collaboration of radio astronomersin the US, Canada, and Australia to map the Milky
Way disk in the HI 21-cmline (www.ras.ucalgaryca/IGPS). This survey provides data cubesof the
H 1 spectral line emissionwith resolution of 1°and one km/s over the ertire areaof the GLIMPSE
survey. It alsoprovides continuum maps of the Stokesl, Q, U, and V emission. The radio data will
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be valuable for measuringunreddenedemissionmeasuresfrom H 11 regions,and the H I absorption
spectra will help resolve distance ambiguities to many of our sources.

VLA: A proposalfor a VLA 6-cm survey of the GLIMPSE region was submitted to the NRAO
and time was granted for a pilot survey. The half-power-beam-width will be  1:2°°, comparableto
the IRAC resolution. This survey will cover the GLIMPSE survey region reachable from the VLA
(66 | 20), and will image supernova remnarnts, H 1l regions, planetary nebulae, extended
H Il emission,and galaxies. The sensitivity will be 1 mJy.

These products will not be delivered to the SSC. The GLIMPSE website will sene as a portal to
the user community for accessinghesedata (www.astro.wisc.edu/glimpse/complemenary.html).

5 Product Formats

5.1 Catalog and Arc hive

The Catalog and Archive are brokeninto 1 (longitude) x 2.3 (latitude) areasfor the GLIMPSE
Survey. 115 Catalog les and 115 Archive les will be delivered for the ertire survey region.
Each Catalog 1 x 2.3 Area has about a third of a million sourcesand ead Archive Area has
around a half million sources. The Catalog and Archive les are in IPAC Table Format. File-
names are GLMC _limin.tbl and GLMA _limin.tbl, for the Catalog and Archive respectively (e.g.
GLMC _I306.tbl, GLMC _1307.tbl, GLMA _1306.tbl, GLMA _I307.tbl, etc.) The entries are sorted by
increasing Galactic longitude within ead le. Due to the nature of the survey mapping, there
are areasoutside of the nominal GLIMPSE survey region that were obsened. There is a small
amount of IRAC coveragefrom 1=9.8 to 10, 1=65-65.3 , 1=294.8-295, and |=350-350.3 . Also
we provide whatever sourcesthat were detected from jlj =1.0 to 1.15.

Each sourcein both the Catalog and Archive hasthe ertries given below.
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Table 6. Fields in the Catalog and Archive

Column  Name Description Units Data Format  Nulls
Type OK? or Value
1 designation Catalog (SSTGLMC GLLL.III  BB.bbbb) ASCII  A26 No
Archive (SSTGLMA GLLL.IIII  BB.bbbb)
2 | Galactic longitude deg R*8 F11.6 No
3 b Galactic latitude deg R*8 F11.6 No
4 |_err Error in Gal. longitude arcsec R*8 F7.1 No
5 b_err Error in Gal. latitude arcsec R*8 F7.1 No
6 ra Right ascension(J2000) deg R*8 F11.6 No
7 dec Declination (J2000) deg R*8 F11.6 No
8 ra_err Error in right ascension arcsec R*8 F7.1 No
9 dec.err Error in declination arcsec R*8 F7.1 No
10 conf Confusion ag - [*2 14 -9
11{18 magi,magi_err Magnitudes & 1 error in IRAC bandsi=1-4 mag R*4 8F7.3 99.999,99.999
19{26 Fi,Fi_err Fluxes & 1 error in IRAC bandsi=1-4 mJy R*4 8E11.3 -999.9,-999.9
27{30 Fi_rms RMS dev. of individual detections from Fi mJy R*4 4E11.3 -999.9
31{34  skyi Local sky bkg. for band i ux MJy/sr R*4 4E11.3 -999.9
35{38 SNi Signal/Noise for band i ux - R*4 4F7.2 -9.99
39{42 srcdens Local sourcedensity for band i object no./sq ° R*4 4F9.1 -9.9
43{46 Mi Number of detections for band i - 1*2 416 -9
47{50 Ni Possible number of detections for band i 1*2 416 -9
51{54 SQFi Source Quality Flag for band i ux 1*4 4111 -9
55{58 MFi Flux calc method ag for band i ux 1*2 416 -9

Example of GLMC eriry:

SSTGLMC G318.7007-00.202 318.700745-0.2028470.3 0.3 224.813900-59.1042780.3 0.3 -9
99.99999.9996.9010.0446.7990.0316.6580.036-9.999E+02 -9.999E+02 3.116E+02 1.269E+01
2.222E+02 6.325E+00 1.371E+02 4.493E+00 -9.999E+02 1.233E-028.317E-042.710E-03
2.002E+00 1.575E+00 1.432E+01 3.863E+01 -9.9924.5535.1330.5261.551.417.89.1
2322242324834248348194327700000

Table 7. Example of Catalog/Arc hive Entry

desig

I,b

dl,db
ra,dec
dra,ddec
conf
mag,dmag

f,df

f_rms
sky

sn
srcdens
m

n

sqf

mf

SSTGLMC G318.7007-00.2028
318.700745-0.202847

0.30.3

224.813900-59.104278

0.30.3
-9

99.9996.9016.7996.658
99.9990.0440.0310.036

-9.999E+02 3.116E+02 2.222E+02 1.371E+02
-9.999E+02 1.269E+01 6.325E+00 4.493E+00
-9.999E+02 1.233E-028.317E-042.710E-03
2.002E+00 1.575E+00 1.432E+01 3.863E+01
-9.9924.5535.1330.52

61.551.417.89.1

2322
2423

2483424834819432770

0000
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Name

Galactic Coordinates

Error in Galactic Coordinates
RA and Dec (J2000.0)

Error in RA and Dec
Confusion/nearby source ag
Magnitudes (bands 1-4)
Uncertainties in bands 1-4
Fluxes (mJy)

Uncertainties in uxes (mJy)
rms_ux (mJdy)

Sky Bkg (MJy/sr)

Signal to Noise

Local SourceDensity

Number of detections
Number of possibledetections
SourceQuality Flag

Flux Calculation Method Flag



5.2 GLIMPSE Image Atlas

The mosaiked imagesfor ead IRA C band are standard 32-bit IEEE oating point single-extension
FITS les in Galactic coordinates. Pixels that have no ux estimate have the value NaN. The FITS
headerscontain relevant information from both the SSC pipeline processingand the GLIMPSE
processing:e.g., IRAC framesincluded in the mosaiked image and coordinate information.

The mosaicimagesare eah 1.1 x 0.8 (6640x 48400.6pixels). Each le is about 128 Megabytes
in size. There are three mosaicsper one degreegalactic latitude interval with 0.05 overlap between
mosaics. For example, for the Galactic longitude of 308 , the certers of the three mosaicswill be
(308.5, +0.75 ), (308.5, 0.0 ), and (308.5, -0.75). The longitude rangeis 307.95 to 309.05 for
ead of the three mosaics. The latitude rangesare 0.35 to 1.15, -0.40 to +0.40 , and -1.15 to
-0.35. Filenames are GLM _Iclbc_mosaicich. ts, where Ic and bc are the Galactic longitude and
latitude of the certer of the mosaicimage, | denotesIRAC, and ch is the IRAC channel number.
For example, GLM _30850+075mosaicll.ts isa 1.1 x 0.8 IRAC channel 1 mosaic certered on
[=308.50 , b=0.75 . We will provide low-resolution 3-color jpegimagesfor eah 1.1 x 0.8 area,
conmbining bands 1,3, and 4 to be used for quick-look purposes. The lename for this jpeg le is
similar to the mosaicFITS le: e.g. GLM _30850+075.jpg We will also provide 3.1 x 2.4 mosaic
FITS les (9320 x 72201.2%pixels) for eat band, along with low resolution 3-color jpegs. Each
mosaic is about 270 Megabytes in size. The lenames are similar to the other FITS and jpeg
images: e.g. GLM _02650+000mosaicll. ts, GLM _02650+000Q3x2.jpg.

Here is an example of the FITS headerfor the 1.1 x 0.8 GLM _30850+00Qmosaicll. ts:

SIMPLE = T/ file does conform to FITS standard
BITPIX = -32 / number of bits per data pixel
NAXIS = 2 / number of data axes

NAXIS1 = 6640 / length of data axis 1

NAXIS2 = 4840 / length of data axis 2

COMMENTFITS (Flexible Image Transport System) format is defined in 'Astronomy
COMMENTand Astrophysics’,  volume 376, page 359; bibcode: 2001A&A...376..359H
TELESCOPSPITZER / Telescope

INSTRUMEARAC ' / Instrument ID

ORIGIN = 'UW Astronomy Dept' / Installation where FITS file written

CREATOR 'GLIMPSEPipeline’ [/ SWithat created this FITS file

CREATOR189.5.0 / SSCpipeline that created the BCD
PIPEVERS=1v03 ' !/ GLIMPSHpipeline version

MOSAICERM™ontage V2.0.1' [/ SWithat originally created the Mosaic Image
FILENAME=GLM_30850+000_mosaic_l1fits ' / Nameof this file

PROJECE 'SURVEY ' / Project ID

SEGNAME '3050-3220 [/ Segment Name(Imin*10-Imax*10)
FILETYPE=mosaic ' / Calibrated image(mosaic)/residual image(resid)
CHNLNUM 1/ 1 digit Instrument Channel Number

DATE = '2005-01-11T07:12:10" [/ file creation date (YYYY-MM-DDThh:mm:d9TC)
COMMEN¥F

COMMENProposal Information

COMMEN¥F

OBSRVR= 'Ed Churchwell’ / Observer Name
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OBSRVRID= 90 / Observer ID of Principal Investigator

PROCYCLE= 2 | Proposal Cycle

PROGID = 190 / Program ID

PROTITLE=GLIMPSE-Galactic Plane Survey' / Program Title

PROGCAF 27 | Program Category

COMMENF---------m-mmmmmememe o

COMMENTmMe and Exposure Information

COMMENF---------m-mmmmmemee e

SAMPTIME= 0.2 / [sec] Sampleintegration time
FRAMTIME= 2.0 / [sec] Time spent integrating (whole array)
EXPTIME= 1.2 | [sec] Effective integration time per pixel
COMMENDN per pixel=flux(photons/sec/p ixel )/g ain* EXPTME

AFOWLNUM= 4 [ Fowler number

COMMEN¥F

COMMENPRInting Information

COMMEN¥F

CRPIX1 = 3320.5000 / Reference pixel for x-position

CRPIX2 = 2420.5000 / Reference pixel for y-position

CTYPEL = 'GLON-CAR' / Projection Type

CTYPE2 = 'GLAT-CAR' / Projection Type

CRVALL = 308.50000000 / [Deg] Galactic Longtitude at reference pixel
CRVAL2 = 0.00000000 / [Deg] Galactic Latitude at reference pixel
BORDER= 0.00333333 / [Deg] GLIMPSHNOosaic grid border

CDh1.1 = -1.66666665E-04

Ch1 2 = 0.00000000E+00

Cbh2_1 = 0.00000000E+00

Cbh2 2 = 1.66666665E-04

PIXSCAL1= 0.600 / [arcsec/pixel] pixel scale for axis 1
PIXSCAL2= 0.600 / [arcsec/pixel] pixel scale for axis 2
OLDPIXSC= 1.221 /| [arcsec/pixel] pixel scale of single IRAC frame
RA = 204.92752075 / [Deg] Right ascension at reference pixel
DEC = -62.34874344 | [Deg] Declination at reference pixel
COMMEN¥F

COMMENPhotometry Information

COMMEN+F

BUNIT = 'MJy/sr ' / Units of image data

GAIN = 3.3 / e/DN conversion

JY2DN = 308515.656 / Average Jy to DN Conversion

ETIMEAVE= 1.2000 / [sec] Average exposure time

COMMENHuUx conversion (FLUXCONVjor this mosaic =
COMMEMverage of FLXCfrom each frame*(old pixel scale/new pixel scale)**2

FLUXCONV= 0.459675938 / Average MJy/sr to DN/s Conversion
COMMENF----------omememeeee em

COMMEMIORKEYS/AD8ent Information

COMMENF----------omememeeee em

AORO001 = '0009233664' / AORKEYS8sed in this mosaic
AORO002 = '0009228544" / AORKEYS8sed in this mosaic
AORO003 = '0009235200' / AORKEYS8sed in this mosaic
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AORO004 = '0009229056' / AORKEYS8sed in this mosaic

AORO005 = '0009230848' / AORKEYS8sed in this mosaic

DSID001 = 'ads/sa.spitzer#000923366 4' / Data Set ldentification for ADS/journals
DSID002 = 'ads/sa.spitzer#000922854 4' | Data Set Identification for ADS/journals
DSID003 = ‘'ads/sa.spitzer#000923520 0' / Data Set ldentification for ADS/journals
DSID004 = 'ads/sa.spitzer#000922905 6' / Data Set Identification for ADS/journals
DSID005 = ‘'ads/sa.spitzer#000923084 8' / Data Set ldentification for ADS/journals
COMMEN+F Sem e e e e

COMMEN#fo on Individual Framesin Mosaic

COMMEN+F e

NIMAGES 341 / Numberof Framesin Mosaic
IRFRO001="SPITZER_I1_0009233664_0®%4 0000 02 _levb flx. fit s' / IRAC BCDframe
DOBS0001-2004-03-10T05:50:52.205' / Date & time at frame start

MOBS0001= 53074.242187500 / MJD(days) at frame start

Z0DY0001= 0.05600 / [MJy/sr] Zodiacal light for this image
FLXC0001= 0.11100 / Flux conversion for this image
IRFRO002="SPITZER_I1_0009233664_0@2_0000_02_levb flx. fit s' / IRAC BCDframe
DOBS000222004-03-10T05:27:07.019' / Date & time at frame start

MOBS0002= 53074.226562500 / MJD(days) at frame start

Z0DY0002= 0.05600 / [MJy/sr] Zodiacal light for this image
FLXC0002= 0.11100 / Flux conversion for this image

IRFR0340="SPITZER_I1_0009235200_024 0000 _02_levb flx. fit s' / IRAC BCDframe
DOBS0340-2004-03-10T09:50:10.417' /| Date & time at frame start

MOBS0340= 53074.410156250 / MJD(days) at frame start

Z0DY0340= 0.05600 / [MJy/sr] Zodiacal light for this image
FLXC0340= 0.11100 / Flux conversion for this image
IRFR0341="SPITZER_I1_0009235200_026_0000_02_levb flx. fit s' / IRAC BCDframe
DOBS034122004-03-10T09:50:45.217" |/ Date & time at frame start

MOBS0341= 53074.410156250 / MJD(days) at frame start

Z0DY0341= 0.05600 / [MJy/sr] Zodiacal light for this image
FLXC0341= 0.11100 / Flux conversion for this image
END

5.3 Web Infrared Tool Shed

The output from PDRT is in the form of contour plots in FITS, postscript, or GIF format. Pre-
generateddiagnostic plots as well as plots with obsenation overlays can be downloaded directly
from the web interface. The model output from DIRT can be downloaded as ASCII tables directly
from the web interface.
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6 Deliv ery Schedules

The GLIMPSE products will be deliveredto the SSCon the schedule outlined in the tables below.
The rst incremert of the Catalog was delivered to the SSCat L+12 (= Launch + 12 months)-
Spitz er was launched August 25, 2003. The rst set of mosaiked imageswas delivered at L+16.
Subsequeh releasesof the Catalog, Archive and mosaiked imageswill occur at L+18, L+24 and
L+30. The nal delivery of the products is at L+36. After delivery of GLIMPSE data to the SSC,
there will be a period of about 4 weeksduration dewted to verifying data quality beforereleaseby
the SSCto the community.

The Web Infrared Tool Shedwasdeliveredfor community useat L+12 months and the nal version
will be available at L+24 months.

Approximate GLIMPSE data acquisition and product delivery schedulesare given below, with L
meaning date of launch ( Septenber 2003) and numbers courting months:

Table 8. Product Delivery Dates

Products Date

(start of GLIMPSE SURVEY data taking) L+6 March 2004
Catalog - initial L+12 Sept2004
IR Tool Shedwith online documertation - initial L+12 Sept2004
(end of GLIMPSE data taking) L+14 Nov 2004
Mosaiked Images- initial L+16 Jan 2005
Catalog, Archive, Mosaiked Images- initial and intermediate L+18 March 2005
IR Tool Shedwith online documertation - nal L+24 Sept 2005
Catalog, Archive, Mosaiked Images- intermediate L+24 Sept 2005
Catalog, Archive, Mosaiked Images- intermediate L+30 March 2006
Catalog, Archive, Mosaidked Images- nal L+36 Sept2006

Table 9. Documert Delivery Dates

Documerts Date

Scienceand Data Requiremerts - v0.5 L+3 Nov 2003
Data Products - v0.5 L+3 Nov 2003
(start of GLIMPSE SURVEY data taking) L+6 March 2004
Data Products - v1.0 L+12 Sept2004
(end of GLIMPSE data taking) L+14 Nov 2004
Data Products - v1.1 L+16 Jan 2005
Data Products - v1.3 L+18 Mar 2005
Scienceand Data Requiremerts - v1.0 L+18 Mar 2005
Post BCD Pipeline - v1.0 L+18 Mar 2005
Quality Assurance- v1.0 L+18 Mar 2005
All documerts - v2.0 L+24 Sept 2005
All documerts - v3.0 L+30 March 2006
All documerts - v4.0 ( nal) L+36 Sept2006
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GLOSSAR Y

2MASS
BCD
DIRT
dmask
GBT
GLIMPSE
GLMC
GLMA
GPD
GQA
GRS
GSDR
IPAC
IRAC
IRS
MF
MIPS
MSX
NRAO
osv
PDR
PDRT
pmask
PSF
rmask
SOM
SSC
SED
SQF
SST
smask
TBD
VLA
WITS

Two Micron All Sky Survey

Basic Calibrated Data, releasedby the SSC

Dust Infrared Toolbox, for data analysis

A data quality mask supplied by the SSCfor the BCD
Green Bank Telesco (100 m)

Galactic Legacy Infrared Midplane Survey Extraordinaire
GLIMPSE Point SourceCatalog

GLIMPSE Point SourceArchive

GLIMPSE Pipeline Description

GLIMPSE Quality Assurance

Galactic Ring Survey (33CO)

GLIMPSE Scienceand Data Requiremerts

Infrared Processingand Analysis Certer

Spitzer Infrared Array Camera

Spitz er Infrared Spectrometer

Method Flag usedto indicate method of weighting uxes
Spitz er Multiband Imaging Photometer

Midcourse SpaceExperiment

National Radio Astronomy Obsenatory

Obsenation Strategy Validation

Photodisscciation Region

PhotoDisscciation Region Toolbox, for data analysis
A bad pixel mask supplied by the SSCfor the BCD
Point Spread Function

Outlier (radiation hit) mask

Spitz er Obsener's Manual

Spitzer ScienceCerter

Spectral energy distribution

SourceQuality Flag

Spitzer SpaceTelescog

Stray light mask

To Be Determined

Very Large Array

Web Infrared Tool Shed,for data analysis
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