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1 IntrodutionVersion 2.3 of the Midourse Spae Experiment (MSX) Point Soure Catalog (PSC) has several improve-ments over the initial published atalog, MSX PSC Version 1.2 (hereafter V1.2; Egan et al. 1999). The dataproessing uses the improved anillary data proessing produts developed by the Air Fore Researh Labo-ratory (AFRL) Celestial Bakgrounds Team to reate the MSX Image Produts. The atalog now ontainssoures extrated from nearly all the �elds observed by the MSX astronomy experiments, not just the longsan survey observations. Additionally, most of the photometry has been derived from the o-added imagedata rather than the single san data.The improved anillary produts inlude: dark o�set matries that were updated from the default valuesused to prepare the �rst atalog, pointing improvements using infrared observations to update the quaternionsthat de�ne the pointing history, and the removal or mitigation of various artifats in the data due to verybright or saturated soures. These improvements and omplete bakground information on the MSX Satelliteand SPIRIT III telesope are desribed by Prie et al. (2001).We briey desribe the infrared telesope system and the MSX astronomy experiments in the next twosetions. This is followed by a detailed disussion of the alibration and data proessing. Finally, wedesribe the atalog ontents and present analyses of the reliability of the quoted uxes and positions, andthe ompleteness and reliability of the atalog as a whole. We detail the hanges inorporated sine theV1.2 Explanatory Guide and provide only a brief desription of the aspets of the instrument and proessingthat have remained the same. The reader is referred to Egan et al. (1999) for a more detailed desriptionof those topis.1.1 The MSX SPIRIT III InstrumentThe SPatial InfraRed Imaging Telesope (SPIRIT III) on MSX was a 35 m lear aperture o�-axis telesopewith �ve line-sanned infrared foal-plane arrays. A Lyot stop at the �rst fous redued the o�-axis orsidelobe response of the telesope but it also dereases the e�etive aperture of the radiometer to �33 mand the olleting area to about 890 m2. A solid H2 ryostat ooled the entire telesope assembly. EahSi:As BiB array had eight olumns with 192 rows of 18:003 square pixels. The seond half the olumns in eaharray were o�set from the others by half a row. This provided ritial or Nyquist sampling of the optialtransfer funtion in the ross-san diretion under the program riterion that the optis be di�ration limitedat 12 �m. The sensor system parameters are presented in Table 1. The Kuruz model for � Lyr adopted byCohen et al. (1992a) is the soure funtion used in alulating the zero magnitude ux.Only half the olumns were ative, as indiated in the table, in order to redue telemetry demand.However, at least one olumn was ative on either side of the half row o�set. Band B was divided in half inross-san by two di�erent �lters entered on the 4.3 �m atmospheri CO2 band. This bloked about 10%of the pixels under the �lter mask, thus reduing the number of ative rows to 76 in eah �lter; otherwiseless than 3% of the foal-plane detetors were non-responsive or rejeted for various reasons. The detailedrelative spetral response (RSR) for eah band is available from Egan et al. (1999).The SPIRIT III instrument was extensively alibrated both on the ground and in orbit. The groundalibration measured the entire throughput of the instrument by means of a speially onstruted ryogeni-ally ooled vauum hamber to whih the telesope was attahed. The hamber used a variety of standardsoures, all of whih were traeable to National Institute for Standards and Tehnology (NIST) referenes.The ground alibration quanti�ed the response as a funtion of the dynami operating onditions of theinstrument. For example, the foal plane warmed up during the mission when the instrument viewed theEarth and as the hydrogen in the ryostat evaporated. The result was a responsivity that was dependent1



on foal-plane temperature, and an inreasing dark urrent and dark urrent noise with time. The groundalibration determined the relative variation with temperature of all signi�ant parameters, suh as response,linearity, dark urrent, and at �elding. The results of extensive on-orbit alibration experiments were usedto adjust the initial response parameters and to redue the photometri unertainties. The on-orbit refer-enes inluded stellar standards as well as �ve referene spheres released at various times during the mission.The unertainties quoted in Table 1 are of the absolute values of the photometry. The preision, whih isthe usual measure of astronomial observations, is 2{5% in all spetral bands. The sensitivity ranges for theentries in Table 1 are estimates from the beginning and end of the mission.1.2 The MSX Celestial Bakground ObservationsMSX onduted seven astronomy experiments with the SPIRIT III radiometer. Eah experiment onsistedof a number of observations, labeled as Data Colletion Events (DCEs), that had a duration from 20 to40 minutes. The Celestial Bakground (CB) experiments were designated CB01 through CB09 in order ofprogram importane; the objetives of the CB07 Zodiaal Bakground experiment were subsumed by otherexperiments and CB08 onsisted of only two observations with the interferometer. Figure 1 shows the areasovered by the various MSX experiments on an Aito� equal-area plot in Galati oordinates. The 10Æ widehorizontal yellow band aross the enter of the plot is the MSX survey of the Galati plane. The nearlyirular, o�-enter strips (in red) highlight the 4% of the sky that the Infrared Astronomy Satellite (IRAS)did not survey. The pathes at various plaes in the sky are isolated regions observed by MSX ontainingobjets suh as galaxies, star-forming regions, and solar system objets.1.2.1 The Galati Plane SurveyThe point response of the MSX detetors is �35 times smaller than that of the IRAS mid-infrared detetors.Also, the inherent sensitivity in Band A is �4 times better than the IRAS 12 �m detetors. These perfor-mane fators ombined to enable MSX to probe far deeper into the Galati plane than IRAS. To this end,MSX surveyed the Galati plane on two experiments. The CB02 survey overed the area within jbj.5Æ withsans along onstant Galati latitude that were 182Æ long. The initial san rate of 0:Æ125= se was reduedto 0:Æ1= se during the last two months of the mission to partially ompensate for higher dark urrent noise.Adjaent sans in a single survey were o�set by �0:Æ45 to produe single overage in eah of the B bandsTable 1: SPIRIT III Spetral BandsBand No Isophotal 50% Isophotal Zero Abs. Survey E�etive FOVative �(�m) peak BW (�m) mag Photom. Sens. 
EFOVols. intensity ux (Jy) Auray (Jy) (�10�9 sr)A 8 8.28 6.8{10.8 3.36 58.49 4.1% 0.1{0.2 10.6B1 2 4.29 4.22{4.36 0.104 194.6 8.5% 10-30 14.0B2 2 4.35 4.24{4.45 0.179 188.8 8.9% 6{18 14.0C 4 12.13 11.1{13.2 1.72 26.51 5.0% 1.1{3.1 11.7D 4 14.65 13.5{15.9 2.23 18.29 6.1% 0.9{2 11.3E 2 21.34 18.2{25.1 6.24 8.80 6.0% 2{6 12.61 Jy = 10�26 W m�2 Hz�1 2



 

Figure 1: The areas surveyed by the MSX Celestial Bakground experiments. The map is an Aito� equal-area projetion in Galati oordinates. The Galati plane survey is shown in yellow, the Areas missed byIRAS in red, the �ve near Sun zodiaal sans in green, and the various raster san observations of targetedareas in blue. Asterisks highlight those raster sans that did not over a large enough area to show up onthe plot.and redundant overage in the other bands. A seond survey, with sans o�set by 0:Æ2 from the �rst, overedthe Galati plane to �3Æ latitude and the area in the inner Galaxy between 300Æ and 120Æ longitude out tob�4:Æ5. The 23 CB03 1Æ�3Æ raster san observations at seleted loations in the Galati plane provided evendeeper probes of Galati struture as well as validation of the reliability and ompleteness of the Galatiplane survey.1.2.2 Areas Missed by IRASApproximately 4% of the sky is missing from the IRAS atalogs beause these areas were either never surveyedor they were surveyed only one before the IRAS mission ended. The \missing" areas are loated betweenelipti longitudes of 157:Æ5{165Æ (referred to as Gap 1) and 338Æ{344:Æ7 (Gap 2). The CB04 experimentsurveyed the two IRAS gaps in order to omplete the ensus of mid-infrared sky. Short (122Æ or 130Æ) andlong (157Æ or 161Æ) sans were interleaved, using one and lok angle geometry to reprodue IRAS-likeoverage patterns. The san pattern resulted in a minimum of three redundant surveys over eah area.Nominally, the sans were along (nearly) onstant elipti longitude (epoh 1983) at a rate of 0:Æ125/se; thesan rate was slowed to 0:Æ0625/se late in the mission to reover some of the sensitivity lost by the warmingof the foal plane.Analogously, �ve CB01 elipti pole-to-pole sans (in green on Figure 1) measured the zodiaal foregroundlose to the Sun, well inside the solar keep-out zones of IRAS and the Cosmi Bakground Experiment(COBE). The sans surveyed the area between Sun-entered longitudes of 330Æ and 335Æ (30Æ to 25Æminimum angle from the Sun). The Earth was used to oult the Sun on this experiment. Prie et al.(2003) present the zodiaal results from the IRAS gaps and near-Sun sans.3



1.2.3 Mini-Catalogs of Seleted AreasThe CB05 experiment also exeuted raster sans of varying amplitude and san-to-san o�sets over a numberof galaxies, star-forming regions, and three \blank" �elds near the Galati poles. The CB09 experimentraster-sanned �elds ontaining omets or \extint" omets.Six MSX observations were required to over the 10Æ�10Æ �eld entered on the Large Magellani Cloud(LMC) with four-fold redundany. This is the largest of the MSX targeted regions, and the soure list fromthe LMC was the �rst atalog distributed. Egan, van Dyk, and Prie (2001) did a population analysis ofthe brightest mid-infrared soures in the LMC by ross referening the MSX soure list with objets in theTwo Miron All Sky Survey (2MASS). In the MSX PSC V2.3, the LMC data are supplemented by CB01sans through the region, and the entire LMC soure list appears in the higher latitude (de�ned as jbj>6Æ)subatalog �le of the main survey atalog rather than as a separate supplemental mini-atalog.Kraemer et al. (2002) presented the results of the MSX observations for eight large, well resolved galaxies(M31, M33, M83, M101, NGC253, NGC4631, NGC4945, and NGC5055). They used the FIND routine ofDAOPHOT to identify soures in the images. These positions were used as priors to extrat the MSXphotometry (as desribed below in Setion 2.4.3), and the Band A uxes were inluded for eah objet. Themini-atalogs of these regions in the PSC V2.3 provide multiolor photometry extrated from the galaxyimages, as well as from the Small Magellani Cloud (SMC), whih was not inluded in the Kraemer et al.study.Kraemer et al. (2003) present images and soure lists for the eight H II and star-forming regions (W3,the Rosette, Pleiades, G159.6�18.5 in Perseus, S263, Orion A, Orion B, and G300.2�16.80 in Chamaeleon)and three blank �elds, two at high Galati latitude and one near the south Galati pole, that were sannedby MSX. Exept for the Orion region, the soure lists for these �elds ontain the image-based Band A uxesfrom the mini-atalogs. Kraemer et al. also used FIND to identify fainter soures in the images, but donot provide photometry on these. The Kraemer et al. (2003) soure lists provided the position priors forthe Orion observations while the W3 and Rosette nebula observations were inluded in the Galati planesubatalogs disussed in Setion 2.4.4.2 Version 2.3 of the MSX Point Soure CatalogThe urrent version of the MSX Point Soure Catalog takes advantage of numerous improvements to thedata proessing. These hanges are:� Proessing the telemetry data through CONVERT 6, the �nal version of the CONVERT routines, withAFRL-spei�ed dark o�set matries and orretions to aount for data that standard CONVERTrejeted. The most signi�ant of the orretions was to mitigate the e�ets of bright soures andsaturation. The bad pixel mask for the spei� gain state and operating mode used for the observationwas used rather than the default that inluded all \out-of-bounds" detetors in every gain state. Thisredued the number of rejeted detetors.� Updated De�nitive Attitude Files that improved san-to-san registration and redued the formalposition unertainty of soures in the atalog.� Image-based ux extration, whih produed a higher signal-to-noise ratio (SNR) ux measurementand, onsequently, dereased ux unertainties. This also inreased ompleteness in the MSX spetralbands other than Band A. 4



� Improved radiometri alibration.� A andidate soure seletion threshold de�ned based on the absolute median of the bakground noise,rather than standard deviation. This yields better ompleteness at faint ux densities in high bak-ground regions of the Galati plane.� A soure aeptane riteria based on SNR versus N measurements out of M observations statistis.2.1 Data Proessing and CalibrationSPIRIT III had two operating modes and several gain states that produed a dynami range of �105. Aninternal san mirror ould be used to rapidly sweep out a 1Æ�1Æ to 1Æ�3Æ �eld at a high data rate (25Mbps) or the mirror ould be �xed to provide longer integration time and a lower (5 Mbps) data rate. Theinstrument also had three gain states for the mirror san mode and four gains in the mirror �xed mode.The Celestial Bakground experiments used the more sensitive mirror �xed mode and sanned the sky bymoving the spaeraft. Most of the astronomy measurements used the highest gain but lower gains wereused late in the mission when the rising foal-plane temperatures inreased the dark o�set and, onsequently,drastially redued the dynami range.The Spae Dynamis Laboratory (SDL) of Utah State University (USU), the SPIRIT III manufaturer,alibrated the entire operating range of the sensor. SDL also reated software routines, olletively alledCONVERT, that onverted the telemetry data stream into sienti� units. The MSX program managementrequired that the data be proessed with the standard default version of CONVERT in order to produeerti�ed results. The Prinipal Investigator teams reated automated proessing that further developed theCONVERT Level 2 output into sienti�ally usable produts, suh as this atalog.The Data Certi�ation and Tehnology Team (DCATT), with Dr. Thomas Murdok as the PrinipalInvestigator (PI), was responsible for testing and ertifying the CONVERT proess and Dr. Ray Russellprovided diret oversight of the SDL e�ort. The ground and on-orbit alibration and performane hara-terization experiments were planned and analyzed by the SDL Performane Assessment Team (PAT), whihonsisted of SDL engineers, Dr. Ray Russell, and Dr. Russell Walker, a MSX Celestial Bakgrounds Teammember.2.2 MSX Data Pipeline and CONVERT ProessingThe various data levels used by the MSX program are:� Level 0 - the downlinked data stream. The Level 0 data are in the form of analog tapes exatly asdownlinked and reorded at the ground station. Telemetry data from an observation were downlinkedto the Mission Control Center (MCC) at the Applied Physis Laboratory (APL) of Johns HopkinsUniversity (JHU) during satellite passes over the ground station in Columbia, Maryland.� Level 1 - time ordered telemetry data and data produts. The Level 0 analog tapes are onvertedinto omputer ompatible formatted Level 1 tapes by the JHU/APL Mission Planning Center (MPC).These tapes were reorganized into omputer-ompatible Level 1A telemetry data that have been time-ordered for eah DCE and separated by MSX instruments. The Level 1A data were sent onurrentlyto the SPIRIT III Data Proessing Center (DPC) at USU/SDL and to the AFRL Data Analysis Center(DAC).� Level 2 - alibrated raw data 5



� Level 3 - redued data suitable for analysis; this atalog and the Galati plane images are examples� Level 4 - analyzed siene results2.2.1 Data Proessing Center at SDLThe USU/SDL SPIRIT III Data Proessing Center (DPC) Pipeline provided the DPC Produts that areneeded to proess Level 1A data through CONVERT into Level 2 data. The DPC Pipeline software strips outhousekeeping information and the alibration sequenes for the DCE; the internal alibration sequenes at thebeginning and end of a DCE ontain dark o�set and stimulator measurements. The Pipeline ags anomaliessuh as \glithes" and saturated detetors and alulates the �rst four standard statistial parameters (mean,standard deviation, skew, and kurtosis) for eah detetor in �33 seond bloks, alled senes. Data takenwhen the sensor was outside of its erti�ed \operational envelope" is agged in the Radiometer Anomaly�le. The DPC also distributes the Radiometer Instrument Produt �les (RIPs) that are the alibrationoeÆients neessary to onvert Level 1A into Level 2 �les. These produts essentially de�ne the alibrationof the infrared instrument for eah DCE.2.2.2 De�nitive Attitude FilesThe APL Attitude Proessing Center (APC) generated the pointing time history in the form of quaternionsfor eah DCE and issued the result as a De�nitive Attitude File (DAF). The APC ombines attitude historyfrom the spaeraft gyrosopes with updates from the star amera and SPIRIT III pointing o�set fromthe spaeraft optial �duial referene. The SDL software, Pointing CONVERT, onverts this informationinto Earth Centered Inertial (ECI) oordinates and orrets the inertial pointing for annual and spaeraftaberration.Unfortunately, the APC was unable to ahieve the mission goal of 1:008 (1/10 detetor) pointing aurayfor a variety of reasons, some understood and some not. Large disontinuities ould our when the startraker lost lok, either beause of an insuÆient number of stars in the �eld or by being swamped by glintsor o�-axis sunlight. Disrepanies after the sensor reversed diretion on the raster san measurements werenever adequately explained or aounted for in the DAF �les. The AFRL proessing team orreted theDAFs using the proedures desribed by Prie et al. (2001). Briey, the brighter Band A soures wereseleted from eah DCE with the point soure extrator (PSX) desribed in Setion 2.4 and using the initialpositions from the APL DAF. These soures were assoiated with stars in the MSX astrometri atalog(Egan and Prie 1996) or with 2MASS objets when too few of astrometri soures were available (suh asalong the Galati plane). A least squares ubi spline �t, with a variable knot spaing of 7Æ to 10Æ, ofthe di�erene between the observed and astrometri positions was onverted into quaternion updates anda new DAF was generated. The average area density of astrometri stars is suh that there are 1 to 1.5astrometri updates per degree of san. The solution onverged after an iteration or two. This orretionwas translated into a quaternion update for eah DCE. The �nal DAFs for individual sans were abouttwie as aurate as the V1.2 proessing tehniques, whih sought to orret the APL DAF with a �fth orderpolynomial boresight orretion �t.One the best solution was obtained for eah DCE, a global orretion was found by requiring minimummean square of the deviations of the multiply observed soures on overlapping sans from the averagepositions while onstraining the solution to the best �t to the astrometri positions. This markedly improvedthe san-to-san registration, whih was essential for reating good images from overlapping sans. Theglobal solution further improved the positions by about 20%, to a level that exeeded the program goal.6



2.2.3 The CONVERT ProessV2.3 of the MSX PSC was proessed with CONVERT 6.0 and the �nal Instrument Produt Files. Theonly signi�ant hange between CONVERT Version 5.2, whih was used to proess V1.2 of the MSX PSC,and CONVERT 6 is in the proessing of the interferometer data; the radiane responsivity sale fatorsare the same. However, CONVERT 6 has some minor software hanges that orret problems that ausedCONVERT 5.2 to rejet small bloks of the radiometer data. For V2.3, the data were proessed with some ofthe CONVERT default rejetion options turned o�, suh as the saturation ag. By default, all values aftersaturation were eliminated beause the ground alibration was unable to aurately quantify the subsequentdark-o�set reovery and the suspeted hanges in responsivity of the saturated detetor. Not only has theCelestial Bakground proessing team estimated and orreted for these e�ets, but these problems areremoved by the asade-average �ltering used to ondition the data for the PSX proessing. The data werealso proessed with user-supplied bad-detetor masks and dark-o�set matries.The Radiometer Standard CONVERT proessed the data through Equation (1) to obtain Level 2 data:r;d;t = B � Gi;aRdTaFaNi;dLi;a(rd;t �Di;d;t)� (1)wherer;d;t � orreted response in ounts (Level 2 data) for detetor (d) at time (t)B[ ℄ � bad detetor operationGi;a � normalization of integration mode (i) for array (a)Fa � orretion of foal-plane response over the �eld of regard for array (a)Ni;d � non-uniformity orretion for integration mode (i) and detetor (d)Li;a � non-linearity orretion for integration mode(i) and array (a) (Larsen and Sargent 1997).rd;t � input data ounts (level 1A data)Di;d;t � dark o�set ounts for integration mode (i), detetor (d) at time (t)Ta � responsivity orretion as a funtion of temperature for array (a) (Sargent 1997)Rd � responsivity trending orretion for detetor (d).The bad detetor operation for integration mode i labels a pixel as either bad or anomalous. A bad pixeldesignation eliminates data from that detetor for the entire DCE. There were 84 dead pixels in the highestmirror-�xed gain state, 36 of whih were under the Band B �lter mask. The anomalous pixel designationrejets the data from detetor d at spei�ed times and time intervals.Garlik et al. (1996) give expliit analyti expressions for eah omponent of Equation (1), while theited referenes provide onsiderably more detail on that partiular omponent. With the exeption of thenon-linearity determination, all of these orretions an be, and were, determined without referene to theabsolute radiane of the soure. Standard CONVERT applies the omponents of Equation (1) to orret themeasured response of a given detetor to the same linear response for the array during the lifetime of themission. Pointing CONVERT applies the foal-plane distortion map to loate the detetors in foal-planeoordinates. 7



The radiane responsivity for eah band was alibrated in the ground hamber against at plates withknown emissivity and aurately measured temperatures that �lled the entrane aperture of the telesope.The detetor radiane responsivity in units of ounts/(W m�2 sr�1 detetor�1) is derived from the expres-sion: RL;a = 1Ld;t r;d;t (2)where RL;a � peak radiane responsivity in ounts/(W m�2 sr�1) for array (a)Ld;t � alibrated soure radiane in W m�2 sr�1 for detetor (d) at time (t)r;d;t � orret response in ounts (Level 2 data) for detetor (d) at time (t).The initial irradiane responsivity for eah band is derived from the e�etive beam size that was estimatedduring the ground based alibration from the relationship:Ea = 
EFOVRL;a(1� S)P [r; PRFa℄ (3)where Ea � measured irradiane in W m�2 for array (a)
EFOV � e�etive �eld of view (EFOV) solid angle in steradians1� S � out-of-�eld-of-view sattering ontribution to the solid angleP [r; PRFa℄ � point soure extration operationr � orret response in ounts (Level 2 data)RL;a � peak radiane responsivity in ounts/(W m�2 sr�1) for array (a)PRFa � point response funtion (PRF) for array (a).The radiane responsivities were determined on the ground and have remained essentially the samesine the �nal ground hamber alibrations. The �nal ground-based irradiane responsivities determinedthrough Equation (3) were updated with on-orbit stellar observations that essentially adjusted the value of
EFOV =(1�S) and a sale fator in the point soure extration operation, P [r; PRFa℄. Suh adjustmentsare impliit in the resaling of the photometry of stars in the MSX V2.3 PSC to math that from infraredstellar standards.2.3 Calibration and Radiometer Instrument ProdutsThe Radiometer Instrument Produts (RIPs), suh as the (foal-plane array temperature dependent) systemresponsivities and the position dependent point response funtions, are the alibration produts that applyto all DCEs during the mission. There are also DCE unique terms suh as the dark o�sets and the baddetetor ags. SDL released versions of the RIPs episodially as the alibration was improved. Thus, severalversions of the RIPs were issued for eah version of CONVERT. There were no signi�ant hanges to the8



RIPs from CONVERT 5, whih was used to proess the data in V1.2 of the atalog, to CONVERT 6, whihontains the �nal upgrade to the interferometer proessing software that we do not use for the PSC. Weused CONVERT 6 to proess the observations for the V2.3 PSC to formally onform to using the latestproessing routines available.2.3.1 Calibration MethodologySPIRIT III was alibrated by three di�erent methods: on the ground with the sensor mated to a ooledvauum hamber onstruted for that purpose; on-orbit using stellar standards; and on-orbit against ali-brated referene spheres that were released by the spaeraft periodially during the mission. Eah methodprovides unique information on the sensor radiometri parameters but with suÆient overlap to ross-tie thedi�erent alibrations.The SPIRIT III instrument was attahed to the Multifuntional Infrared Calibrator (MIC2), a ryogeni-ally ooled vauum hamber built by SDL, for the ground alibration. Thurgood et al. (1998) show thehamber in its various on�gurations and outline the apability in alibrating the SPIRIT III instrument.The ground measurements alibrate the entire system throughput in a fashion that is diÆult or impossibleto do on-orbit. For example, determination of the relative system spetral responses for the SPIRIT IIIinfrared �lter bands (see Appendix A of Egan et al. 1999) an only be done from the ground using a spetraldevie. Furthermore, the non-linear response of the detetors at high uxes or the onversion eÆienies forthe photon noise are most aurately and eÆiently measured with stable soures on the ground. Stable,uniformly emissive extended soures with aurately known radiane were used to alibrate the radianeresponsivity of the system. Suh soures are rarely available in spae (see Prie and Kraemer 2004 for adisussion of infrared alibration in spae).Standard stars are true point soures to the system and using them for the on-orbit alibration orretsfor the systemati errors arising from the fat that the pinhole used with the ground hamber ollimator onlyapproximates a true point soure. The MSX Program alibration stars are listed in Table 2 along with theirabsolute in-band irradianes, in units of W m�2, in eah of the spetral bands. The in-band irradianesare those used in the analysis of Cohen et al. (2001).One or more of these stars were measured during 94 dediated alibration DCEs. Five of the DCEsompared either one or two of the stars to the measured uxes from referene spheres. Eleven DCEsmeasured the variation of response over the entire 1Æ�3Æ �eld of regard to determine the position-dependentresponse funtion. Stellar alibration measurements were extrated from these observations, although as aTable 2: MSX Program IR Calibration Stars (W m�2)Star Band A Band B1 Band B2 Band C Band D Band E No. Obs.� CMa 2.833�10�15 1.146�10�15 1.874�10�15 3.195�10�15 1.959�10�16 1.22 �10�16 35� Tau 1.308�10�14 4.628�10�15 7.373�10�15 1.570�10�15 9.529�10�16 6.046�10�16 30� Boo 1.463�10�14 5.566�10�15 8.813�10�15 1.735�10�15 1.059�10�15 6.744�10�16 25� Lyr 8.196�10�16 3.279�10�16 5.364�10�16 9.259�10�17 5.686�10�17 3.555�10�17 19� Gem 2.498�10�15 9.759�10�16 1.576�10�15 2.858�10�16 1.762�10�16 1.098�10�16 15� Peg 7.516�10�15 2.722�10�15 4.365�10�15 9.173�10�16 5.711�10�16 3.596�10�16 14 Cru 1.883�10�14 6.426�10�15 1.018�10�14 2.223�10�15 1.359�10�15 8.567�10�16 3 Dra 3.111�10�15 1.080�10�15 1.722�10�15 3.729�10�16 2.281�10�15 1.427�10�16 29



by-produt. The remaining 88 DCEs onsisted of the bi-weekly alibrations that, generally, measured twoof the stars in Table 2 on the same DCE. Mazuk and Lillo (1998) also used the standard stars to determinethe ross-san dependent Point Response Funtions (PRFs) in eah of the MSX spetral bands.The alibration experiments were all taken in the mirror san mode and proessed through a soureextrator, alled Canonial CONVERT (Garlik et al. 1996). Canonial CONVERT identi�es a soure thatexeeds a signal to noise of 10, then does a least square �t of the exeedanes against the empirial pointresponse funtion to obtain the ux and position of the extrated soure. This proedure works well onreasonably bright isolated soures in regions where the bakground is at, preisely the requirements for theMSX alibration stars. The Celestial Bakgrounds automated proessing used a muh more sophistiatedextration routine. Consequently, the irradianes derived by the two extration proesses must losely agreefor the SPIRIT III ground and on-orbit alibration pedigree to apply to the MSX PSC. The agreement wason�rmed by a omparison of the irradianes extrated on the stellar standards using Canonial CONVERTand the CB soure extrator, desribed in the next setion.2.4 Point Soure Extrator AlgorithmsThe Celestial Bakgrounds automated proessing software operates on Level 2A MSX data. At this stage,the data have been time ordered, linearized and onverted to units of W m�2 sr�1 for eah detetor. TheCelestial Automated Proess reads the level 2A data and runs it through the USU/SDL Pointing CONVERTsoftware, whih assigns a foal-plane position and inertial oordinates to eah detetor value. The CONVERTsoftware divides the data set into individual senes of 384�2400�Ma pixels, whereMa is the number of ativeolumns (1�4) on either side of the half detetor o�set in the band a, 384 is the number of detetor rowsin the olumns on both sides of the o�set, and eah detetor is sampled 2400 times in a sene. The pointsoure extrator (PSX) works on one of these senes at a time, plus some overlap between adjaent senes.2.4.1 Point Soure Identi�ationThe bakground trends and residual detetor-to-detetor variation in dark o�set from the data within a seneare removed with a pseudo-median �lter that is applied to the time series of values from eah detetor, i. Thepseudo-median �lter produes two �les, one ontaining the low frequeny bakground and the other pointsoures and high frequeny noise. The low frequeny �les from the CB04 Areas Missed by IRAS and the CB01Near-Sun Zodiaal Bakground experiments were further proessed to reate zodiaal bakground �les (Prieet al. 2003; available from the Planetary Data System Dust Node: http://dorothy.as.arizona.edu/DSN). Thehigh frequeny data have a mean of approximately zero, and are used to ompute the noise variane, �2i ,and the mean absolute deviation, for eah detetor.After bakground removal, the high frequeny data are ordered into the two-dimensional foal-planeoordinates and the data are onvolved with an idealized Point Response Funtion (PRF) mathed �lter,whih is entered on eah output grid position. A gain of 1.7 in signal to noise is typially realized bythe mathed �ltering in Bands B and E, whih have two ative olumns; the eight ative olumns in BandA produe a gain of about 3.4. The onvolved data are thresholded to �nd positions of andidate pointsoures. A Levenberg-Marquardt �tting proedure is applied to the andidate point soures to simultaneouslydetermine the point soure position (x; y) and radiane. The proedure also alulates a �2 goodness of �tmeasure, and returns a formal ovarianematrix that we use as estimates of the errors in the three parameters.The Casaded Mini-Max Pseudo-Median Filter A pseudo-median �lter is applied to the one-dimen-sional time series values from a given detetor within a sliding window overing an odd number of data10



points. The enter value in the window is replaed by the median of the data points in the window. This�lter will remove impulse funtions less than one-half of the window width but has little e�et on disretestep or ramp variations in the data. Therefore, the median �lter an be tuned to �lter out point soures andhigh frequeny noise in the MSX data, leaving behind the low-frequeny bakground.Sine the omputation of the median grows exponentially with the window size, we adopted a variation ofthe pseudo-median �lter desribed by Pratt et al. (1984), whih retains many of the advantageous propertiesof the median �lter but is omputationally simpler. For a window of length L, the pseudo-median, as de�nedby Pratt (1991), is alulated from the running values of the maxima and minima of the data, D; whih aredetermined over an odd number of M samples entered on the N th data point, dN . That is:MAXN (D) = MAX (dN� 12M ; dN+1� 12M ; � � � ; dN+ 12M ) (4)MINN (D) = MIN (dN� 12M ; dN+1� 12M ; � � � ; dN+ 12M ) (5)The MAXIMIN and MINIMAX of the data are then alulated over L samples, where L = 2M +1, by:MAXIMINN (D) =MAX (MINN� 12L(D);MINN+1� 12L(D); � � � ;MINN+ 12L(D)) (6)MINIMAXN (D) =MIN (MAXN� 12L(D);MAXN+1� 12L(D); � � � ;MAXN+ 12L(D)) (7)The MAXIMIN value is greater than or equal to the median of the sequene of L values and the MINIMAXvalue is less than or equal to the median of the sequene.A asade operator is used to anel any small biases produed by these operators:CAVE = 12(MAXIMIN fMINIMAXNfDgg+MINIMAX fMAXIMINNfDgg): (8)The asade operator losely approximates the median of the data and preserves the edge information in thebakground reasonably well. The MSX images along the Galati plane show that the bakground an behighly strutured and it is ritial that this bakground be orretly removed for aurate ux estimation ofpoint soures in these regions.The �lter sub-sample length, M , is set by the number of data samples from a given detetor within anangular extent de�ned by:M = 1:75��89 �rad + 2:44�max=Dsan rate � sample rate + 1 (9)The nominal detetor size is 89 �rad, the diameter of the primary,D, is 33 m and the maximum wavelength,�max, adopted for eah �lter band is 11 �m (Band A), 13.2 �m (Band C), 16 �m (Band D), and 26 �m(Band E). For the astronomy experiments on MSX, the san rates range from 0:Æ125/se to 0:Æ02/se (2.181mrad/se to 0.349 mrad/se). The detetor read-out rate was 72 Hz, whih oversampled the in-san data atthe san rates used for the astronomy experiments. The sample spaing varied between 30.3 and 4.85 �rad11



(2.85 to 17.82 samples per 89 �rad detetor) depending on san rate and number of redundant olumns inthe array. In angular units, the �lter length, L, spans 2:03 in Band A, 2:05 in Band C, 2:07 in Band D, and3:05 in Band E. The bakground in the B bands was suÆiently at after the updated dark o�set matriesdesribed by Prie et al. (2001) were applied that there was no need to use the pseudo-median �lter on thosedata.Identifying Candidate Point Soures After the �lter removed the bakground, the high frequenyontent of the noise was estimated and an SNR threshold of 2.8 used to selet potential point soures in thesene. First, a two-dimensional mathed �lter is entered on eah point in the output grid for the sene.The dimensions of the output grid are 384 ross-san � 2400 in-san. A subset of the data in a windowsurrounding the point is weighted by the values of the mathed �lter at eah position within the window.The window is elliptial in data spae, where the ross-san extent is 2R=dx + 2 samples, and 2R=dy + 2samples in-san. The radius R is the expeted extent of the soure in pixels de�ned for eah band. Thequantities dx and dy are the in-san and ross-san sampling intervals, respetively, in terms of frations ofpixels in foal-plane oordinates. For the long sans at 0:Æ125/se, the window size is 10�Ma pixels in-san(whereMa is the number of ative olumns on either side of the o�set in band a), and 5 detetors ross-sanfor eah olumn. There are a total of 400 pixels in the window for Band A at the nominal san rate but thenumber an be as muh as 2100 pixels at the slower san speeds.Theoretially, the optimal �lter should use the measured PRFs in eah band. However, using the em-pirial PRFs in eah band is omputationally expensive as it would require as many as 2100�384�2400multipliations and additions for a given sene. Sine we selet and estimate the positions of potentialsoures, but do not extrat their exat parameters at this stage, we use ubi B-splines to represent thePRFs to simplify the mathed �ltering. The ubi B-splines are a reasonable representation of the PRFs.The noise in the mathed �ltered sene is then estimated and the sene thresholded to values above this noiselevel. A given point soure may produe a number of data points above the threshold. These are examinedto �nd the loal maximum, whih is reported as the initial guess of the point soure position.Parameter Estimation One a potential soure has been identi�ed in an MSX spetral band, a, weestimate the soure radiane, Ra, and position, (�; �)a, simultaneously using a �2 minimization. We modelthe data using the ross-san position dependent PRF, Ha, measured by Mazuk and Lillo (1998). ThePRF in eah band was measured on-orbit at the top, middle, and bottom of eah foal plane as part ofthe spaeraft alibration. The measured PRF, H 0 , was normalized to a peak value of unity, suh that thee�etive �eld of view of the PRF is given by
EFOV = �x�y MXk=1H 0k (10)where �x and �y are the grid sample intervals (in radians) and the PRF is sampled over M values. Themeasured PRFs were volume renormalized for the point soure extration proessing suh thatHk = H 0kMPk=1H 0k (11)
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and MXk=1Hk = 1: (12)The data are modeled as the onvolution of the PRF with the true objet data, without the noise. Ata given point i for band a this may be expressed as:da;i = RaHa(xi � �; yi � �): (13)For a single point soure then, we alulate the radiane and position by determining the values that minimizethe �2, whih is given by �2 = NXi=1 ��a;i � da;i�a;i �2 : (14)In Equation (14), �a;i and �a;i are the measured values and assoiated standard deviation within the senefor detetor i in band a. N is the number of points in the data window. If we also aount for the possibilityof blended soures, the quantity minimized is�2 = NXi=1 26664�a;i � KPk=1Rk;aHa(xi � �k; yi � �k)�a;i 377752 (15)whereK is the number of point soures within the data window. We use the Levenberg-Marquardt tehnique,adapted from the ode desribed by Press et al. (1992) to simultaneously �t the three parameters and toalulate a formal ovariane matrix for the �t.The datum, �x;i, is the Level 2 radiane in units of W m�2 sr�1. The �2 minimization returns theradiane, Ra, and a re�ned soure position. To determine the irradiane, we must multiply this result bythe e�etive �eld of view of a PRF data element, !EFOV .Mazuk and Lillo provide PRFs that are sampled on a regular grid with a sample interval of �x = �y =4:1667� 10�6 radians. The volume normalized PRF of a staring sensor has an e�etive �eld of view for thePRF element of !EFOV (staring) = ZZ Hd
 = MXk=1Hk�x�y = �x�y MXk=1Hk = �x�y: (16)However, the area sanned during the integration time must be taken into aount. For example, a PRFthat is irularly symmetri while staring, will be elliptial when the sensor is sanned. The ross-sanextent of the PRF is unhanged, but the in-san response is that of the PRF onvolved with a box funtionwhose angular width is given by the produt of the san rate of � radians/se and the integration time of�t seonds, that is ��t.
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Noise Estimation Eah datum is weighted by a noise value in the parameter �t. The noise for the ithdetetor at readout frame time, t, has two omponents: devie noise that is inherent to the detetor andPoisson noise. These are added in quadrature to derive the variane in the total noise:�2(i; t) = �2detetor (i) + �2photon(i; t) (17)The detetor noise is omputed from the 2400 values of the high frequeny omponent of the �ltered datain a sene for eah detetor in the foal-plane array after point soures have been removed. The Poissonnoise is the statistial onsequene of the fat that the detetors behave as photon ounters. In suh a ase,the variane of the Poisson distribution is equal to the mean, that is:�photon = Apr (18)where A is the photon noise oeÆient, and r the o�set and linearity orreted response in ounts. TheoeÆient A was measured during the ground alibration at SDL and is listed in Table 2.52 of the SPIRITIII Infrared Sensor Ground Calibration Report in Support of CONVERT 5.0 (SDL/97-056) for eah bandand gain. The onversion oeÆients in this table were adopted for the point soure extrator to determine�2photon(i; t).2.4.2 Constrution of the CatalogThe MSX survey experiments were designed to be highly redundant. All but about 20% of the Galatiplane was surveyed four times, and the overage is muh higher in portions of the IRAS gaps. The LMC,SMC, and most of the star forming regions were nominally overed four times while the deep CB03 probesof the Galaxy have 25 fold redundany. The on�rming observations were used to rejet spurious souresand ombined to improve parameter estimation.Band Merge Beause the MSX Band A is muh more sensitive than the other bands, by at least a fator of10, the soures that were extrated from the di�erent MSX spetral bands within a single DCE were mergedbefore searhing for on�rming observations from overlapping sans. This is in ontrast with most surveys,suh as IRAS, whih treated the observations in eah band as an independent survey. The foal-plane arraysin MSX bands A, D, and E arrays were aurately superimposed with dihroi �lters, as separately werethe B and C arrays. Thus, the positional riterion for band merging on a single san was muh tighter thanit would be for merging soures from independent surveys in eah band. The band merge program usedassoiated sorts to quikly loalize a omparison list to the neighborhood of the seleted soure. The souresare sorted in order of dereasing SNR and the highest SNR soure is taken as the initial seed. After it hasbeen band merged, the soure with the next highest SNR beomes the seed and so forth.San Merge Following Band Merge, soures from overlapping sans are merged in a two step proess.The �rst pass identi�es all possible soure mathes from andidate soures in san M to a seed soure fromsan N . Beause the soures in the individual sans have larger errors than those in the �nal atalog andwe do not want to miss any mathes, the �rst pass uses less stringent mathing riteria than that in theseond step. The �rst step often produes mathes with multiple andidates from sanM to a given san Nseed. The seond pass uses a striter position assoiation riterion, whih determines whih of any multipleassoiations are most likely. One all mathes to a given seed from all possible sans have been found, wealulate the weighted mean of the ux and position and the assoiated unertainties. Soures are alsoagged for variability, onfusion, and for goodness-of-�t to the PRF.14



Pass 1 Merge Initial assoiations are made if the positional di�erene, �rN�M , between the seedfrom san N and a andidate soure from san M satis�es the ondition:(�rN�M=2)2�2in(N) + �2x(N) + �2in(M) + �2x(M) < 18:4: (19)where �in and �x are the unertainties in the in-san and ross-san positions. As for the Band Mergeproedure, we use a desending SNR ordered list to hoose the seed soures.Pass 2 Merge The seond pass identi�es the most likely assoiation by the degree of overlap of theerror ellipses and, when neessary, ux information. While the global root-mean-squared (RMS) error in theupdated DAF positions is <1:008 in both in-san and ross-san, the magnitude and asymmetry of the errorellipse an vary from san to san.The errors for the MSX soure extrations have independent in-san and ross-san positional varianes.The global �ts to the updated DAFs have normal error distributions in both diretions but with somewhatdi�erent varianes. Thus, the errors have a bi-normal distribution. The riterion for aeptane of a mathis �2 = (�rin=2)212 [�2in;N + �2in;M ℄ + (�rx=2)212 [�2x;N + �2x;M ℄ < 
: (20)We set 
 = 18:4, whih is the 99.99% on�dene level in a bi-normal distribution. For these alulations, weassume that the mean position is the \truth" for eah pair of soures and that the in-san and ross-sandiretions are de�ned by the redued error ellipse for the pair, as desribed in the setion on Position Data.The pass 1 merge, whih is designed to apture all possible mathes, uses the RSS'd unertainties and thetotal position error to de�ne the �2 parameter. For pass 2, the riterion is more stringent in that we omputeboth the in-san and ross-san omponents of the �2 parameter independently using the mean position andthe mean variane, as is appropriate for the bi-normal distribution. For seed soures with more than onemath from san M , we ompute additional �2 terms based on the ux in eah band, omparing the uxesof the san N seed to those from eah san M assoiated soure. The san M soure that gives the lowesttotal �2 term is aepted as the true math to the seed soure. Beause of the pixel size and the expetedsan-to-san astrometri error, we also aept any sanM soure within 1500 of the seed soure to be a mathto be merged regardless of the �2 value, if there are no other san M mathes.Position Data The survey and raster san observations were exeuted in an in-san and ross-san oor-dinate system. For example, the \in-san" diretion for the Galati plane long survey sans orrespondsto lines of onstant Galati latitude, while the raster sans that probe deeper into the Galati plane arealong onstant Galati longitude. For the IRAS gaps, the in-san diretion is along lines of nearly onstantelipti longitude (epoh 1983). Most of the remaining raster observations were sanned along lines ofdelination. A few soures (M31, LMC, and the omets) were sanned along the prinipal axis of the objetbeing measured. The large majority of soures in the atalog were observed on overlapping sans and havenearly o-aligned error ellipses. This geometry breaks down near the North Elipti Pole and where theelipti sans ross through the Galati plane sans.
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In the general ase, with N detetions of a soure, the �nal right asension (RA) and delination (De)(�; Æ) are given by � = NPi=1wi;��iNPi=1wi;� ; Æ = NPi=1wi;ÆÆiNPi=1wi;Æ (21)where for a given san (i) the weights are:w� = 1(�!�in � b�)2 + (�!�x � b�)2 = 1�2in sin2(�) + �2x os2(�) ; (22)wÆ = 1(�!�in � bÆ)2 + (�!�x � bÆ)2 = 1�2in os2(�) + �2x sin2(�) : (23)The angle �, of the in-san axis of the error ellipse at the point in question, is measured East of North.The errors in the reported position are determined from a onvolution with the 2-D error ellipse, assumingthat both the in-san and ross-san unertainties have Gaussian distributions. Sine the errors for individualsans have a bi-normal distribution, onvolving the N unertainty distributions results in another bi-normaldistribution. As an example, onsider the ase of two error ellipses with parameters (�; a; b) and (�0; p; q)where a and p are the in-san 1� unertainties and the unertainty distributions are given byf = A exp��y2a2 � x2b2 � ; f 0 = A0 exp ��y2p2 � x2q2 � : (24)It an be easily shown that the resulting error ellipse has the parameters (�; u; v) where12 tan 2� = os � sin �( 1a2 � 1b2 ) + os �0 sin �0( 1p2 � 1q2 )os 2�( 1a2 � 1b2 ) + os 2�0( 1p2 � 1q2 ) ; (25)1u2 = 12 "os 2�( 1a2 � 1b2 ) + os 2�0( 1p2 � 1q2 )os 2� + 1a2 + 1b2 + 1p2 + 1q2 # ; (26)and 1v2 = 1a2 + 1b2 + 1p2 + 1q2 � 1u2 : (27)In the majority of ases where the redundant observations are from o-aligned sans, the resulting in-sanand ross-san axes of the error ellipse orrespond to the atual in-san/ross-san diretions. For those aseswhere the sans are not o-aligned, the reported axes do not orrespond to any physial quantity, but onlyreet the statistial distribution of error in the measurement.16



Irradiane Data The alulated irradiane for eah band is the weighted mean of the measurements.Beause the variane reported out of the ovariane matrix of the �t tends to be very small for very highSNR soures, we have found that weighting the irradiane by the redued �2 quantity yields a better valuefor the irradiane. The rationale for doing this is that the global preision or repeatability in the measureduxes for high SNR soures is several perent regardless of the SNR value. We alulate the irradiane, L,for N detetions in a given band, a, from: La = NPi=1 La;i�2a;iNPi=1 1�2a;i : (28)The unertainty assoiated with this value is given by�La =vuuuuuut NPi=1 �2a;i�2a;iNPi=1 1�2a;i + �2al;a + �2truth;a (29)where �a;i is the unertainty (%) assoiated with the extration method in the band a, �al;a and �truth;aare the unertainties inherent in irradiane measurements from SPIRIT III band a due to the alibration asoutlined in Setions 2.4.5 and 4.1.We also alulate the variane of the N measurements about this weighted mean. If there is only 1measurement in a band, this quantity is set to �99:0.In ases where a soure was not deteted in an MSX spetral band, we give the negative of the upper limitof the irradiane. This limit is taken to be the limiting irradiane for soure detetion for the most sensitivesan overing the area of the sky in question. The ux unertainty values and measurement variane are setto �99:0 in this ase.2.4.3 Image-based FluxesPrie et al. (2001) desribe the proedures used to reate the images from the MSX Celestial Bakgroundsdata. Image-based photometry was performed only on images that were reated from multiple sans. TheCB01 sans were not made into images, and no image-based photometry was performed on them, as theydo not overlap and there is no signal to noise advantage in proessing the observations through the routinesdesribed in this setion.The relevant plates were seleted for eah subatalog, then the soures within the subatalog are identi�edfor eah plate. More than one image may over an area in the Galati plane. For example, the CB02 longsurvey sans of the Galati plane were ombined into a single set of 1,680 1:Æ51�1:Æ51 images in eah MSXspetral band while separate images were reated from the CB03, 04, and 05 observations within this region.Photometry on soures within a plate is derived from a least squares �t of the PRF entered on the positionpriors from the PSX results. The soure photometry results in a ux, signal-to-noise ratio, and the formalerror in the ux. For regions that have more than one image, the photometry with the best SNR is retained.Dupliate soures There were a number of instanes where soures have almost the same oordinatesafter redundant observations were merged. The positions of these soures were well within the <1000 window17



used to ombine soures. Typially, suh dupliations ourred for soures extrated from overlapping CB02and CB03 DCEs. The observations from the two types of DCEs were proessed separately and these dupliatesoures were resolved in the photometri extration proessing.Eah of the �ve subatalog �les was proessed separately, under the assumption that soures were notdupliated in di�erent subatalogs. Soures in the subatalog �le and in the singleton �le that overlappedthe subatalog region were ombined into a single searh list. The searh lists were sorted by right asensionand the soures then inter-ompared in order of inreasing RA. From the beginning of the list, positionmathes within a spei�ed searh radius are found for eah unmathed soure in sequene. If mathes arefound, then the original soure is labeled as a seed and the mathes are labeled \dupliate" soures, and allsuh soures are assigned a group number. One a soure has been mathed to one higher in the list, it iseliminated as a seed soure.The proess is iterated with inreasing searh radius until the maximum window size adopted is reahed.This order of iteration gives preedene to smaller angular separations over larger ones. Eah seed orunassoiated soure is ompared to mathes for ungrouped soures in the larger window on subsequentpasses. If mathes are found, the soures are added to the group, if the original soure is a seed, or a newgroup is formed if not.This proess generates a list of the grouped soures that ontains eah soure in eah group, an indiationof the subatalog �le that ontains the soure, and the angular separations to the other soures in the group.This information was then used to remove any dupliate soures.Point Response Funtions Image-based photometry is derived from a least squares �t of the PRFsentered on the position priors from the PSX proessing desribed in Setions 2.4.1 and 2.4.2. The PRFsof Mazuk and Lillo (1998) were appropriately modi�ed to apply to eah plate, or set of observationallyequivalent plates suh as a row of the Galati plane set at a given Galati latitude. The Mazuk andLillo PRF images are smoothed with a Gaussian �lter of a width that was optimal for eah band (theband A width is used for bands B1 and B2), and then onvolved with a box-ar �lter that aounts forthe san-motion smearing. Finally, the PRF images are rotated with a ubi interpolation to the positionangle appropriate for the image, whih was de�ned by the san diretion aross the plate. The result isthen volume normalized. How these PRFs are applied to a given image depends on the type of experimentthat reated an image. For example, the three appropriately onditioned ross-san dependent PRFs areinterpolated to the ross-san position of a soure in the images reated from the CB03 raster sans. The 4:005ross-san step between eah raster leg is small enough to preserve the ross-san variations in the responsefuntions aross the arrays. All the other images ombine data from sans that overlap by various amountsand average out the ross-san variations in the PRFs. These images have 2, 4, or more sans that overlapby 12 , 14 or less of the ross-san dimension of a foal plane, respetively. Consequently, the three ross-sanfoal-plane PRFs are averaged to derive a mean PRF for the plate.The satellite san distorts the PRF by strething it in the diretion of motion. The strething is aountedfor by onvolving PRFs with a 1-D box funtion with a width equal to the distane traveled by the telesopein the diretion of motion during a single 1/72-seond integration.The widths of the Gaussian smoothing funtion in eah spetral band were empirially determined ratherthan simply adopting the 600 full width at half maximum that was used to reate the images as desribedby Prie et al. (2001). One reason for this is that the Mazuk and Lillo PRFs were derived from mirrorsan observations and are not really \stati" PRFs. The PRF smoothing parameters were derived from theshapes of the PRFs in the images of two CB03 raster-sanned �elds that were spei�ally reated at a �ner(200) grid spaing for this purpose. These images have a reasonable number of soures deteted against a18



smooth bakground that sample the entire ross-san extent of the arrays. The Band A �eld was derivedfrom the CB03 35 observation entered at l=171Æ and b=0Æ. As this �eld did not have enough reasonablybright soures in the longer wavelength Bands for a deent PRF analysis, the CB03 32 �eld entered atl=33Æ and b=0Æ was used for these bands.An ensemble of soures at various ross-san positions was seleted from eah image and the irradianesdetermined by aperture photometry to reate a ux \truth" table. The soures were also extrated from thestandard images with 600 pixel spaing. The Mazuk and Lillo PRFs were onvolved with a box-ar �lter androtated to math the point soure pro�les extrated from the CB03 image. Sine the CB03s preserve theross-san variation in PRF, the PRFs at the top, enter, and bottom of the array were interpolated to theross-san loation of a soure. The PRFs were then smoothed with a Gaussian �lter, the width of whihwas adjusted to �t the data. The proess was repeated until the median of the ratio of the �tted ux tothe \truth" ux was unity. This \optimum" Gaussian �lter width thus derived for eah band was used forall the images. The Gaussian �lter width for Band A was adopted for Bands B1 and B2.Caveats Soures at higher Galati latitudes and at the edges of the IRAS gaps were observed onlyduring a single DCE; a foal-plane-position dependent PRF would be appropriate for these but is not used.The averaged PRFs appliable to the Galati plane images were used for all images within 6Æ of the plane.Also, the CB04 IRAS gap plates are in a projetion/oordinate system in whih the enter of the gap isthe equator and the in-san/ross-san PRF orientations are used, whereas the atual sanning angle variessomewhat depending on the elipti longitude of the partiular DCE. Finally, there are some regions in theplane that are overed by sans with di�erent san rates; in these ases the san rate most appliable to therow of plates was used.Calulation of Noise in the Images Beause the extended Galati bakground emission has not beenremoved from the plates, there is no diret way to measure the loal noise empirially as was done in theautomated PSX proessing. Instead, we use the loal value of the weight plane reated for eah of the imagesto determine the noise. The weight plane ontains the number of overlapping sans that went into the loalaverage of the ux in the image. The loal noise is assumed to be proportional to the inverse root of thevalues in the weight plane.Proportionality fators are derived from the b=0Æ Galati plane images to sale the weight plane. PRF�tted photometry was done on the soures in these images and the loal image noise was assumed to be theRMS of the perimeter pixels in the 13�13 pixel box used in the �tting proedure. The dark o�set noiseis alulated from the sans that over an image. The proportionality onstant is the ratio of a loallydetermined noise to that from the dark o�sets divided by the square root of the loal value of the weight.While this may not be aurate for alulating the SNR for a single soure, the median of the values overthe entire plate is representative. Furthermore, the plate medians onverged to a onstant value well awayfrom the Galati enter and it is these regions of onvergene that are used to determine the proportionalityonstants.This proedure alibrates the dark noise during the middle of the mission, well before the rise in foal-plane temperatures inreased the dark noise. Sine a single set of temperature-independent proportionalityonstants were used, the SNR values will be slightly overestimated for the highest latitude images of theouter Galati plane. These images were reated from DCEs that were taken late in the mission and athigher foal-plane temperatures.
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Photometry from a Single Plate The soures within a plate are seleted from the position priorsgenerated by the automated PSX proess. For the plate sets that overlap at the edge, the soures aredivided into two groups, one with all the soures within the boundaries of the plate, and a seond thatontains only soures within the plate overlap regions. Typially, there is a 0:Æ05 overlap in longitude forthe suessive Galati plane images. The PSF �tted photometry is done on the larger group, while thesmaller group is retained for proessing the next image in order to remedy edge e�ets in the iteratedsoure-removal-and-�tting proedure.All the soures within a plate in eah Band are also divided into two groups: those that overlap with oneor more soures within a 13�13 pixel window and those that do not. The oordinates for an isolated soureare mapped onto the plate, and a 13�13 pixel region (7800�7800) entered on the soure is extrated alongwith the orresponding weight plane. The stellar image must have no more than 10 unassigned pixel values(zero in the weight plane) and must have at least 10 positive pixels in the 13�13 pixel window or it willnot �t. The size of the region approximately mathes (but may be slightly smaller than) the grid on whihMazuk and Lillo haraterized the alibrated PSFs. Mazuk and Lillo used a 97�97 grid of 0:0086 pixels for atotal of about 8300.The e�ets of adjaent soures are mitigated by rejeting the a�eted data on the perimeter of the13�13 pixel aperture. A plane is �t through the perimeter pixel values and subtrated from these pixels.Perimeter pixels with values that are too high are deleted in dereasing order of deviation until the mean ofthe perimeter pixels is approximately equal to, or less than, the median. Up to 25% of the perimeter pixelsmay be deleted.Sine the soure positions are the prior values given by PSX, the free parameters in the PSF �t are asalar bakground and the amplitude or photometri ux. The SNR and a formal ux error are also derivedand all the parameters listed for the soure. The PRF appropriate to the MSX spetral band and the imagebeing proessed is entered onto the position prior and interpolated to the 13�13 soure aperture with theGaussian �lter. A linear least square �t is alulated to derive a salar o�set for the bakground plus theamplitude of the PRF. The least square equations for salar bakground B and PRF amplitude A are:�=�AXWi(Stari � [B �A � PRFi℄)2 = 0 (30)�=�BXWi(Stari � [B �A � PRFi℄)2 = 0 (31)where the summation is over the pixels in the 13�13 stellar image aperture. The �tting is done twie foreah soure. The �rst �t sets the weights Wi either to 1 or, for the deleted pixels, 0. This initial stellaramplitude gives an estimate for the pixel-by-pixel radiane, whih is then used to alulate the Poisson noise.Combining the Poisson noise with the dark noise determined from the weight plane values gives the totalnoise. For the seond �t, the weight values, Wi, are the inverse normalized square of the total noise valuesfor the pixels.One the amplitude has been evaluated for the star, the irradiane and ux density an be determined.The PRF is volume-normalized in pixel spae, so the irradiane is determined by multiplying the �t amplitudeby the solid angle of the original PRF pixels (0:00862). The ux density is then alulated by dividing theirradiane by the spetral bandwidth.Overlapping Soures Overlapping soures are sorted by dereasing ux using the PSX values in thesubatalogs. The PRF appropriate to an image is saled by the ux of the brightest soure and entered20



on the PSX position. The result in a 13�13 pixel aperture within the image is subtrated from the image.The proedure ontinues until all overlapping soures have been proessed and produes an image that hasall overlapping soures removed. Eah soure is then restored to the proessed image in the same orderas it had been removed. After a soure is restored, the single soure �tting is performed. The PRF isthen saled with the new �t amplitude, and an updated value of the soure is removed from the image.The list of overlapping stars is stepped through this proedure three times, with the original ux ordering.No onvergene riterion is applied, but hanges to the photometry are generally negligible after the �rstiteration.SNR, Noise, and Unertainties The Poisson noise is proportional to the square root of the \ounts"for the detetor times saling fators used in the PSX (see the Noise Estimation topi under Setion 2.4.1).The Poisson noise is also redued by the square root of the loal value in the weight plane. The total noise isthen the loal noise in the image added in quadrature with the Poisson noise and the SNR is the amplitudefrom the �t in radiane units divided by the total noise evaluated at the enter of the soure aperture.The inverse square of the amplitude error is the sum, over the 13�13 soure grid, of the square of thepartial derivative of the �t funtion with respet to the amplitude, divided by the square of the noise:1=�2A =X[(�fi=�A)2=�2i )℄: (32)The partial derivative is just the PRF funtion itself. In pratie, the PRF is regridded to the image pixelsand amplitude normalized in radiane units. As the pixel noise is also expressed in terms of radiane, thisis the error in the peak amplitude of the soure in radiane units, whih an then be saled to in-bandirradiane and thene to ux density.2.4.4 Soure Seletion for the CatalogPrior to band merge, the single san andidate soure list ontains soures with SNR>2.8. For merged PSXextrated soures, we alulated a weighted SNRPSX whih is the root mean square of the set of SNRPSX;ifor individual sans, i; for a multiply observed soure (see Eq. [37℄). An SNRim is also alulated for thephotometry extrated from eah image. We used a signal-to-noise riterion to selet soures for this atalog,as opposed to the N observations out of M opportunities used by the IRAS PSC and the MSX PSC V1.2.The SNR riterion, requiring an SNRim�5 in at least one band, was found to be more robust against spurioussoures, and was more onsistent with the image-based soure ux extration, in part beause we did notkeep detailed trak of the loations on the sky of the various holes in the san reated by suh things aslusters of bad detetors. Also, we had a number of user requests for a atalog that inluded the regions,espeially along the Galati plane, that were sanned only one. A disussion of the SNR uto� riterion,and its impat on atalog reliability, is given in Setion 4.3.Comparison of PSX and Image Derived Photometri Results The ratios of the extrated irra-dianes derived from both the PSX and image-based photometry to alibration star irradiane values areplotted in Figures 2 through 4. The ux ratios are plotted in these �gures against the SNR for eah measure-ment; the RMS SNR value (SNRPSX) is used for the PSX photometry. The network of alibration stellarspetra used for the V2.3 photometri alibration is the same that is desribed in Cohen, Hammersley, andEgan (2000) but with a more stringent seletion riterion applied to eliminate possible variable stars. Thenetwork derives from Cohen, Walker, and Witteborn (CWW; see Cohen et al. 1992a, Cohen et al. 1992b)21
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Figure 2: (left) Band B1 initial alibration results for PSX proess (�lled irles) and image-based extration(open irles). (right) Band B2 results.and the all-sky network (version 4) of Cohen et al. (1999), supplemented by several hundred model ali-bration spetra developed for the Infrared Spae Observatory (ISO) program (see Cohen, Hammersley, andEgan 2000 for details). The weighted means for ratios of the stars are given in Tables 3 and 4.A downturn or fallo� below a SNRPSX of 10 in the ux ratios of the PSX values is seen in the �gures.This ux underestimation at low PSX uxes is aused by the asaded minimax-maximin �lter removingsome of the ux from the wings of the soures. Lower ux (SNR) soures are a�eted proportionally morethan brighter soures, as the bakground error is related to the amplitude of the noise rather than tothe loal soure ux. We on�rmed this e�et by running the PSX extration routines on CB02 90 withinreasingly larger window sizes for the asaded minimax-maximin pseudo-median �lter, and omparing theresulting PSX uxes. This san is in the outer Galaxy and was hosen to eliminate onfusion, large salerowding, and overlapping of soures. The extrated uxes of low SNR soures asymptotially inrease asTable 3: Ratio of PSX In-band Irradiane to that Calulated for the Calibration StarsBand FPSX=FCal � Fmin (W m�2) Fmax(W m�2) NsouresB1 0.926 0.105 2:99� 10�17 7:64� 10�16 33B2 0.930 0.106 3:29� 10�17 3:12� 10�15 40A 0.998 0.087 2:0� 10�18 4:1� 10�15 105C 0.991 0.006 2:8� 10�18 4:8� 10�16 55D 0.987 0.008 1:7� 10�18 2:9� 10�16 56E 1.069 0.025 1:3� 10�17 1:8� 10�16 1522
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Figure 3: As for Figure 2, but for Bands A and C.
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Figure 4: As for Figure 2, but for Bands D and E.
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the �lter width inreases to a value �20% larger than that from the window size used in the PSX. Some uxunderestimation may also be seen in the image-based uxes due to overestimation of the bakground. Thetrend in the image-based uxes is less pronouned beause of the inherently higher SNR of the image dataand the 2-D bakground estimator. We also �nd that in all bands but Band A, both extration methodsoverestimate the ux for a sampling of stars at low SNR (SNR<7). This is the well known statistial uxenhanement of low SNR soures found in atalogs using SNR riteria for soure seletion/rejetion.For bright soures (SNR>10), both ux extration algorithms tend to yield results that are fairly on-sistent (within a onstant bias term) with alulated values for the alibration stars. For the image-basedphotometry, we do note a strong ux underestimation at SNRim>1000 in band A. This appears to be dueto saturation e�ets and the redued sampling available in the image data. For the PSX results there isevidene of a ux overestimation bias of 1.0466 for SNRPSX>500 in band A. The mean alibration uxratios for soures with the PSX and image-based uxes with 10<SNR<1000 and j1:0�Fmeasured=FCalj <0.3(outlier rejetion) are listed in Tables 5 and 6, respetively. The biases in the ratios shown in Table 6 wereused to orret the image-based uxes listed in the PSC V2.3 Catalog, for all the soures with SNRim>3and SNRPSX<500. If SNRPSX>500, the quoted ux is from the PSX extration algorithm and has beenbias orreted by a fator of 1.0466 for Band A soures and 1.0 for all other bands.Image-based photometry aeptane riteria The image-derived signal-to-noise ratio (SNRim) of thephotometri �t to a soure was used to determine whether the image-based photometri results would beretained in the atalog or disarded in favor of the photometry alulated through the PSX proess. Theminimum aeptable SNRim was hosen to be 3 for the initial image-�t riterion. Image-derived photometryon soures for whih the PSX determined RMS signal-to-noise ratio (SNRPSX ) was 500 or greater wasrejeted in favor of the PSX photometry beause the pixels in the enter of suh soures an have signi�antsaturation e�ets. The superior oversampling of the data available in the PSX proessing results in moreaurate photometri �tting for these bright soures. The SNRim for soures whose uxes are not retainedare still reorded in the �nal atalog �le. In ases where multiple images exist, e.g. CB03 and CB02 images,the highest SNRim is reorded.For soures with 3<SNRim<500, the image-derived ux-density is retained in the atalog. In ases wheremultiple image plates exist, SNRim from eah plate is examined and the photometry and statistis assoiatedwith the highest SNRim are retained. This generally ours for soure photometry from the CB03 plates asthey have a higher SNR than that obtained from the CB02 images.Table 4: Ratio of Image-based In-band Irradiane to that Calulated for the Calibration StarsBand Fim=FCal � Fmin (W m�2) Fmax (W m�2) NsouresB1 0.988 0.110 2:99� 10�17 7:64� 10�16 38B2 0.985 0.112 3:29� 10�17 3:12� 10�15 46A 1.003 0.005 2:0� 10�18 4:1� 10�15 107C 0.991 0.006 2:8� 10�18 4:8� 10�16 55D 0.987 0.008 1:7� 10�18 2:9� 10�16 56E 1.069 0.025 1:3� 10�17 1:8� 10�16 15
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2.4.5 Calibration and Errors of V2.3 PhotometryThe MSX alibration has been revised sine the publiation of V1.2 of the atalog. Prie et al. (inpreparation)� derive responsivity orretions as a funtion of foal-plane temperature from the MSX stellar alibra-tions� derive the in-band uxes of the stellar standards listed in Table 2 and the absolute alibration errormade by adopting � CMa as the primary standard star. These values are somewhat di�erent thanthose listed in Table 2.� validate the absolute alibration with the results from the emissive referene sphere measurements.Calibration Auray The averaged ratios of the bias-orreted MSX �nal atalog photometry to thealibration uxes are shown in Tables 7 and 8. Table 7 lists the results for the omplete set of alibrationnetwork stars found in the PSC V2.3, whih span the entire range of SNR in eah band. In Table 8 weshow the mean ux ratios for the alibration stars with 10<SNRim<1000 and j1:0� Fmeasured=FCalj <0.3.All of these ratios should equal unity after bias orretions, whih is indeed the ase for all bands exeptB2. A soure that had originally been rejeted was inluded in the Band B2 alulation based on the outlierrejetion riterion after orreting for the bias. This hanged the sample, whih hanged the mean ratio.After removing the bias relative to our alibration stars, the photometri unertainties are a ombinationof the preision of the measurement, systemati trends, and the bias between the measured and the absoluteux (from Table 2) for the primary standard. The estimated photometri unertainties in eah of the MSXspetral bands are give in Table 9.Preision is a measure of how repeatable the ux is for a number of measurements on the same soureunder the same operating onditions. We derive the preision from the CB06 observations analyzed byCohen et al. (2001). Eah of the CB06 DCEs sanned 19{20 times aross a standard star; 9 or 10 timesin Bands B1 and B2. Cohen and Walker kindly supplied us with the images they reated for eah san.We alulate the ux of a given standard star in a hosen image by �tting the data with the point responsefuntion, analogous to the image-based photometry done for the PSC. Note that Cohen et al. (2001) didaperture photometry on the data; we re-evaluated the photometry with PRF �tting to make the resultompatible with the manner in whih photometry was done for the atalog. We determine the mean andstandard deviation of the uxes thus derived from the 19{20 suh images on a given DCE and divide thestandard deviation by the mean to obtain a perent preision for that DCE. The perent deviation shouldTable 5: Ratio of PSX In-band Irradiane to that of Calibration Stars where 10<SNR<1000Band FPSX=FCal � Fmin (W m�2) Fmax (W m�2) NsouresB1 0.908 0.107 1:43� 10�16 7:64� 10�16 12B2 0.945 0.076 1:16� 10�16 3:12� 10�15 21A 1.010 0.066 6:32� 10�18 8:10� 10�16 81C 1.032 0.051 2:14� 10�17 6:55� 10�16 27D 1.020 0.054 1:30� 10�17 4:09� 10�16 29E 1.049 0.080 3:46� 10�17 2:57� 10�16 925



Table 6: Ratio of Image-based In-band Irradiane to Calibration Stars where 10<SNR<1000Band Fim=FCal � Fmin (W m�2) Fmax (W m�2) NsouresB1 0.995 0.106 4:91� 10�17 7:64� 10�16 19B2 0.931 0.099 7:52� 10�17 1:23� 10�15 33A 0.957 0.052 3:36� 10�18 1:65� 10�15 83C 0.925 0.047 8:77� 10�18 6:55� 10�16 48D 0.950 0.065 5:86� 10�18 4:09� 10�16 43E 0.946 0.053 1:29� 10�17 1:01� 10�16 13
Table 7: Ratio of Bias Correted Fluxes in the V2.3 Catalog to All Calibration Network StarsBand FPSC 2:3=FCal � Fmin (W m�2) Fmax (W m�2) NsouresB1 0.988 0.110 2:99� 10�17 7:64� 10�16 38B2 0.985 0.112 3:29� 10�17 3:12� 10�15 46A 1.004 0.005 2:0� 10�18 4:1� 10�15 104C 1.004 0.006 2:8� 10�18 4:8� 10�16 60D 0.993 0.008 1:7� 10�18 2:9� 10�16 58E 1.010 0.025 1:3� 10�17 1:8� 10�16 28

Table 8: Ratio of Bias Correted Fluxes in Catalog to Calibration Stars with High Quality MeasurementsBand FPSC 2:3=FCal � Fmin (W m�2) Fmax (W m�2) NsouresB1 1.000 0.110 2:99� 10�17 7:64� 10�16 19B2 0.988 0.112 3:29� 10�17 3:12� 10�15 34A 1.000 0.005 2:0� 10�18 4:1� 10�15 83C 1.000 0.006 2:8� 10�18 4:8� 10�16 48D 1.000 0.008 1:7� 10�18 2:9� 10�16 43E 1.000 0.025 1:3� 10�17 1:8� 10�16 13
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be independent of the temperature-dependent response variations. We estimate the preision as the averageof the values from high quality (SNR) standards measured on a number of DCEs.Prie et al. (in prepration) derived a global alibration against the stars in Table 2. The sum of theobservations exhibited a responsivity trend with foal-plane temperature in all the bands and orretionswere derived in the form of low order polynomial expressions. Unfortunately, the PSX proessing and theimages from whih the photometry was obtained were reated long before the orretions were known andannot be easily orreted post fato as they ombined data taken at di�erent times and, onsequently, withdi�erent foal-plane temperatures. Fortunately, the variations are small (<2%) and are inluded in the errorterm in the bias orretion derived from Table 4. The �nal omponent of the absolute unertainty is theabsolute ux errors for the CWW stars used to determine the bias orretion (\truth"). The unertaintiesin \truth" have been estimated by Burdik and Morris (1997).The alibration unertainty is dominated by the preision. The value given is for one san and theunertainty in this quantity should derease as square root of the number of overlapping sans that wentinto that portion of the image from whih the photometry on the soure was obtained. Alternatively, it isthe square root of the number of times a soure was observed that is listed in the atalog. The �nal uxunertainty also must inlude a term (see Eq. [34℄) reeting the unertainty in the \truth" atalog. Thesevalues for the ensemble of alibration stars are given in the �nal olumn of Table 9. The absolute aurayis also listed in Table 1.2.4.6 FlagsWe inlude a number of ags as indiators of data quality that provide the user with information as towhether a soure measurement might be problemati. The atalog has four ags for eah band: one forthe quality of the overall measurement and three ags that speify the soure variability, onfusion, andmeasurement reliability. Eah ag has a value for eah band a.The overall ux quality ag, Qa, has a value from zero to four. Table 10 lists the meaning of the agvalues and the onditions under whih values are assigned. SNRim an take on a value of �800 if no imageplate exists at the soure loation and �999 if the image-based PRF �tting was unable to extrat a positiveirradiane value. In these ases, we default to the SNRPSX to set the ux quality ag. This primarily oursin the region where three of the CB01 sans overlap, but for whih no images were made.The variability ag, Va, reets the variane in the individual measurements against the expeted uner-Table 9: SPIRIT III Absolute Photometri Auray by Spetral BandBand Preision (%) Systematis (%) Cal Total (%) Truth (%) RSSal;truth (%)B1 4.62 1.0 4.73 7 8.45B2 5.42 0.5 5.44 7 8.87A 2.95 0.7 3.63 2 4.14C 4.53 0.3 4.54 2 4.96D 5.66 1.0 5.75 2 6.09E 3.1 2.0 4.51 4 6.03
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Table 10: Flux Quality Flag LevelsValue Meaning Conditions0 Not Deteted Not deteted in this band in any san1 Limit SNRim<5.02 Fair/Poor 5.0�SNRim<7.0; or SNRim = �800 and 5.0�SNRPSX<10.03 Good 7.0�SNRim<10.0; or SNRim = �800 and SNRPSX�10.04 Exellent SNRim�10.0tainty of the quoted irradiane for band a. It an be either 0 or 1 under the onditionsvuuuut ( NPj=1L2a;j)�NLa(N � 1)�2La � 3 ) Va = 0 (33)vuuuut ( NPj=1L2a;j)�NLa(N � 1)�2La > 3 ) Va = 1:The atual quantity alulated from this equation is also listed in the atalog.The onfusion ag, Ca, an also take on values of either 0 or 1. Zero denotes an unonfused soure, while1 indiates that there is a potential onfusion problem. Confusion in this ase means that there were two(or more) soures in the band in question in at least one san that fell within the 99.99% on�dene positionellipse, or there were at least two soures in a given san and band within a radius of 1.5 detetor pixels(2700) of the seed soure.The �nal ag is a measurement reliability ag, Ra, whih is based on how well the soure extrator wasable to �t the PSF, as determined by the value of the redued �2. If all detetions in band a have �2<3,Ra is set to zero. Ra is given a value of 1 if some �2 values are greater than three and some are less thanthree. It is set to 2 if all extrations in the band have �2>3. If all extrations are poor �ts to the PRF, thisis generally an indiation that the soure is embedded in some nebulosity. It is often the ase that quality2 ags are seen in bands A and E for soures in the Galati plane. Examination of the MSX image datashows that nebulosity is more of a problem at these wavelengths, and to a lesser degree in band C. Qualityags of 1 tend to show up for brighter soures and are likely a result of a soure detetion being orruptedby bad pixels. In any ase, the reported positions and ux densities of soures for whih Ra>0 are likelyto have larger unertainties than those quoted in the atalog. Ra=9 if the soure was not deteted in thatband.3 Catalog Format and StatistisA atalog of soures with positions, band-merge uxes, and appropriate ags was derived using the PSXdesribed above. The atalog is omprised of eight subatalogs or �les onsisting of:28



� Five latitude bands in the Galati plane :�6:Æ0 to �2:Æ0, �2:Æ0 to �0:Æ5, �0:Æ5 to +0:Æ5, +0:Æ5 to +2:Æ0,and +2:Æ0 to +6:Æ0. These subatalogs ontain all the CB02 Galati Survey sans, the CB03 rastersanned observations along the plane, and the measurements from the CB04 IRAS gap survey that fellwithin 6Æ of the Galati plane. The CB05 Strutured Bakground experiment observations on W3and the Rosette nebula are also inluded as they are within 6Æ of the plane.� A single subatalog of soures from the CB04 IRAS gap survey that were greater than 6Æ from theGalati plane, soures in the LMC, and soures from the overlapping CB01 sans.� A subatalog of singleton soures observed only on a single san that derived from the �ve non-overlapping CB01 near-Sun zodiaal bakground sans, sans at the edge of the Galati plane survey,and the edges of the LMC and Areas Missed by IRAS surveys.� A set of mini-atalogs that ontain soures and photometry extrated from the raster sanned obser-vations of galaxies and star-forming regions.The atalog �les are in ASCII format with entries as given in Table 11. The olumns are spae delimited(exept for the variability, onfusion, and measurement reliability ags, whih are eah given as a blok),and were written out using the following FORTRAN format statement:2002 format(a23,1x,f9.4,1x,f9.4,2(1x,f4.1),1x,f5.1,1x,i3,& 6(1x,1pe12.4,i2,1x,0pf5.1,1x,f6.1,1x,f6.1,1x,i3,1x,f5.1),1x,6i1,1x,6i1,1x,6i1)The MSX atalog names of the soures have been de�ned aording to International Astronomial Union(IAU) onventions with a unique identi�er ombined with the position of the soure. In this ase, the MSXPSC V2.3 soures are named using the onvention MSX6C GLLL.llll�BB.bbbb, where MSX6C denotesthat this is MSX data run using Version 6.0 of the CONVERT software, and GLLL.llll�BB.bbbb gives theGalati oordinates of the soure.For ease of handling, the main atalog is broken into six �les. The overage of the subatalogs is listedin the \Loation" olumn of Table 12.3.1 Soure StatistisVersion 2.3 ontains a total of 440,487 soures in the main atalogs. Of these, 431,711 are inluded in theGalati plane survey (lying within jbj<6Æ), and 8,776 are in the areas missed by IRAS at latitudes higherthan jbj=6Æ or in the LMC. Given the harateristi sensitivities of the SPIRIT III infrared arrays, most(�73%) of the soures were only deteted in band A. The breakdown of soures with non-limit detetions(Qa�2) in eah band is given in Table 12.3.2 Flag Statistis3.2.1 Flux QualityThe ux quality ag, Qa, should, generally, be used to deide the trustworthiness of a quoted ux density.Table 13 details the number of soures in eah quality ategory for eah SPIRIT III radiometri band. Thestatistis are also given by subatalog region. To be inluded in the atalog, there must be at least one bandfor whih Qa�2. 29



Table 11: Format of MSX Point Soure Catalog FilesColumn Format Field Unitsa23 Name25 f9.4 Right Asension J2000 deimal degrees35 f9.4 Delination J2000 deimal degrees45 f4.1 in-san unertainty (1�) arseonds50 f4.1 ross-san unertainty (1�) arseonds55 f5.1 san angle degrees E of N61 i3 total number of sightings65 e12.4 Band B1 ux density Jy77 i2 Band B1 ux quality ag80 f5.1 Band B1 ux unertainty (1�) %86 f6.1 Image extration SNR value, Band B1 detetions93 f6.1 RMS automated extration SNR value, Band B1 detetions100 i3 number of Band B1 detetions104 f5.1 variation of Band B1 measurements110 e12.4 Band B2 ux density Jy122 i2 Band B2 ux quality ag125 f5.1 Band B2 ux unertainty (1�) %131 f6.1 Image extration SNR value, Band B2 detetions138 f6.1 RMS automated extration SNR value, Band B2 detetions145 i3 number of Band B2 detetions149 f5.1 variation of Band B2 measurements155 e12.4 Band A ux density Jy167 i2 Band A ux quality ag170 f5.1 Band A ux unertainty (1�) %176 f6.1 Image extration SNR value, Band A detetions183 f6.1 RMS automated extration SNR value, Band A detetions190 i3 number of Band A detetions194 f5.1 variation of Band A measurements200 e12.4 Band C ux density Jy212 i2 Band C ux quality ag215 f5.1 Band C ux unertainty (1�) %221 f6.1 Image extration SNR value, Band C detetions228 f6.1 RMS automated extration SNR value, Band C detetions235 i3 number of Band C detetions239 f5.1 variation of Band C measurements245 e12.4 Band D ux density Jy257 i2 Band D ux quality ag260 f5.1 Band D ux unertainty (1�) %266 f6.1 Image extration SNR value, Band D detetions273 f6.1 RMS automated extration SNR value, Band D detetions280 i3 number of Band D detetions284 f5.1 variation of Band D measurements290 e12.4 Band E ux density Jy30



Table 11: Format (ont.)Column Format Field Units302 i2 Band E ux quality ag305 f5.1 Band E ux unertainty (1�) %311 f6.1 Image extration SNR value, Band E detetions318 f6.1 RMS automated extration SNR value, Band E detetions325 i3 number of Band E detetions329 f5.1 variation of Band E measurements335 i1 Band B1 variability ag336 i1 Band B2 variability ag337 i1 Band A variability ag338 i1 Band C variability ag339 i1 Band D variability ag340 i1 Band E variability ag342 i1 Band B1 onfusion ag343 i1 Band B2 onfusion ag344 i1 Band A onfusion ag345 i1 Band C onfusion ag346 i1 Band D onfusion ag347 i1 Band E onfusion ag349 i1 Band B1 measurement reliability ag350 i1 Band B2 measurement reliability ag351 i1 Band A measurement reliability ag352 i1 Band C measurement reliability ag353 i1 Band D measurement reliability ag354 i1 Band E measurement reliability ag3.2.2 VariabilityA variability ag of Va=1 denotes that the variation of the measurements over the MSX SPIRIT III missionis greater than 3�a. Table 14 lists the number of soures in eah band for eah subatalog that exhibitedvariability over the mission lifetime that are not likely to be due to statistial error in the measurements.3.2.3 ConfusionTable 15 reports the number of onfused soures in eah band in eah subatalog. As expeted, onfusion isan inreasing problem toward the Galati equator. The lowest onfusion density is away from the plane, inthe IRAS gaps.3.2.4 Measurement ReliabilityTable 16 lists the measurement reliability ag statistis for the entire PSC V2.3 for eah SPIRIT III spetralband. In this ase, a value of Ra=9 means that the soure was not deteted in band a. Most of the detetedsoures in eah band fall in the Ra=0 ategory, whih means that they �t the point soure funtion well.31



Table 12: Soure Count Numbers by Band and LoationLoation B1 B2 A C D Ejbj > 6Æ2Æ < b � 6Æ0:Æ5 < b � 2Æ�0:Æ5 < b � 0:Æ5�2Æ < b � �0:Æ5�6Æ < b � �2ÆTotal
1111822864362692111495

1953555949517905213406
860068725863421064539179976898438817

6935847106071991112204693156193
6985653103211948111855667954687

37220133991100634908223523582Table 13: Statistis of Flux Quality FlagsB1 B2 A C D EQ = 0 jbj > 6Æ2Æ < b � 6Æ0:Æ5 < b � 2Æ�0:Æ5 < b � 0:Æ5�2Æ < b � �0:Æ5�6Æ < b � �2Æ 814166131818091002848766373783 823167099838721033818881474624 11881034991664 71525473363540686256614061053 72365654765424727436903662474 79416364676841882638132771154Q = 1 jbj > 6Æ2Æ < b � 6Æ0:Æ5 < b � 2Æ�0:Æ5 < b � 0:Æ5�2Æ < b � �0:Æ5�6Æ < b � �2Æ 52424684484658941842932 35013272113297725121781 584813435715124 93182011243218773137728942 84265811083415085112257773 46331225747898358813537Q = 2 jbj > 6Æ2Æ < b � 6Æ0:Æ5 < b � 2Æ�0:Æ5 < b � 0:Æ5�2Æ < b � �0:Æ5�6Æ < b � �2Æ 50751281869878 68132268402325182 17751844718239150871847518362 20617083191546635081963 19216013000494232461942 98589111423031316656Q = 3 jbj > 6Æ2Æ < b � 6Æ0:Æ5 < b � 2Æ�0:Æ5 < b � 0:Æ5�2Æ < b � �0:Æ5�6Æ < b � �2Æ 1736631046462 3885133227187139 19831551518147198751927217513 15512612352439327451578 18712392237399726051458 1514728791890999543Q = 4 jbj > 6Æ2Æ < b � 6Æ0:Æ5 < b � 2Æ�0:Æ5 < b � 0:Æ5�2Æ < b � �0:Æ5�6Æ < b � �2Æ 44719514610771 89138193322278200 48423476349956714915405241023 335287850641005259513390 319281350841054260043279 123952199858702593103632



Table 14: Statistis of Variability FlagsB1 B2 A C D EV = 1 jbj > 6Æ2Æ < b � 6Æ0:Æ5 < b � 2Æ�0:Æ5 < b � 0:Æ5�2Æ < b � �0:Æ5�6Æ < b � �2Æ 000000 000000 126079751113115499132498905 13411522073418828311197 82744145631882053815 20159269699437140
Table 15: Statistis of Confusion FlagsB1 B2 A C D EC = 1 jbj > 6Æ2Æ < b � 6Æ0:Æ5 < b � 2Æ�0:Æ5 < b � 0:Æ5�2Æ < b � �0:Æ5�6Æ < b � �2Æ 821491484825 21319391114 48318803528892243572368 181402961095486127 1687229967368123 2855218110436767

Table 16: Statistis of Measurement Reliability FlagsB1 B2 A C D ER = 0 22656 14236 430188 117482 104872 48126R = 1 1 3 6324 290 508 1175R = 2 3 6 3073 333 705 1579R = 9 417827 426242 902 322382 334402 389607
33



4 Analysis of the Content of the MSX Point Soure Catalog Ver-sion 2.34.1 Photometri AurayIn ontrast to V1.2 of the PSC, whih relied on the CONVERT based radiane alibration, we alulatedand applied alibration orretions to the ux density measurements extrated for V2.3. Aurate point-spread funtions (PSFs) derived from on-orbit measurements for three positions aross the foal plane in eahband were used in the PSX to produe more aurate irradiane measurements from the single san data.The PSFs used for the image-based photometry were either interpolated for the CB03 sans or averagedsuperpositions of the true PSF for the other images, then weighted by the smoothing funtions as desribedin Setion 2.4.4.The quoted ux error (as a perentage of the soure ux) has been omputed for eah measurementas the root-sum-squared (RSS) of the formal extration (PSF �tting) error and the instrument alibrationunertainty (disussed in Setion 2.4.5 and listed in Table 9). Expressed mathematially, the ux unertaintyfor a given band, a, is �flux;a =q�2fit;a + �2al;a + �2truth;a: (34)For a large enough sample of stars with truth measurements, the standard deviation of this ensembleshould approah the unertainty we expet based on repeated measurements of the same star (preision),as long as �fit;a in Equation (34) is negligible. We omputed the standard deviation and the mean absolutedeviation (MAD) of the distribution for the high quality measurement sample of alibration network stars inPSC V2.3 with 10<SNRPSX;a<1000, whih have relatively negligible �fit;a. The results for eah band aregiven in Table 17, along with the number of soures in eah sample and the absolute alibration error fromTable 9. For Bands B1, A, C, and D, the absolute alibration unertainty lies between the two deviationsin the soure distribution. For Band B2, both the standard and mean absolute deviations are larger thanexpeted from the alibration unertainty, while for Band E, the distribution is narrower than expeted inboth measures.The quoted 1� ux unertainty distributions for eah band for ux qualities Qa�2 are shown in Figures5 through 7. The high ux quality soures Qa=4 are plotted in green, the moderate ux quality, Qa=3, inblue, and the fair ux quality Qa=2 in red. As expeted, the highest ux qualities have the smallest uxunertainties, while the low ux quality soures have the highest unertainties, due to larger �tting errors.Table 17: Measured Flux Error by Spetral BandBand �CWW (%) MADCWW (%) NCWW RSSal;truthB1 10.43 8.09 20 8.45B2 11.23 9.02 35 8.87A 5.48 3.92 83 4.14C 5.07 4.09 49 4.96D 6.87 4.99 43 6.09E 5.40 4.44 14 6.0334
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Figure 5: Quoted 1� ux unertainties for Bands B1 and B2.
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Figure 6: Quoted 1� ux unertainties for Bands A and C.35
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Figure 7: Quoted 1� ux unertainties for Bands D and E.
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Figure 8: Quoted 1� in-san (left) and ross-san (right) position unertainties of the Galati plane atalogsoures. 36



4.2 Astrometri AurayThe in-san and ross-san positional unertainties listed in the atalog are determined by the formulasin Setion 2.4.2. If the error ellipses from on�rming sans were aligned, we simply took the RSS of theunertainties inherent in the point soure extration proedure and the unertainty in the spaeraft attitudedetermination. Mathematially, the in-san or ross-san unertainty of a single san is given by� =q�2pos + �2DAF : (35)For a given san, Prie et al. (2001) demonstrated that the revised de�nitive attitude �les (DAF) have in-san and ross-san global unertainties (�DAF ) on the order of 1:005 in eah dimension. The soure extrationproedure is able to �x the position of the PSF (�pos) in foal-plane oordinates within about 0.1 pixel, or�1:008 for both in-san and ross-san. This yields a typial error ellipse semi-major axis of �2:0034. For thoseareas of the sky for whih we have quadruply redundant sans, we expet to gain a fator of two improvementin the positional unertainty. This translates to an expeted typial unertainty in the atalog of �100 ineah diretion. In the following setions we examine the statistis of the quoted positional unertainties forthe Galati plane and the IRAS gap atalogs, and estimate the true positional auray by omparing thepositions of atalog stars to those from the Tyho-2 astrometri atalog.4.2.1 The Galati PlaneQuoted Unertainties - The quoted in-san and ross-san 1� positional unertainties are shown in Fig-ures 8. The solid blak lines are the number of stars per bin, while the dashed blak lines shows theumulative distribution of position unertainties for all Galati plane atalog soures. The olored di�eren-tial histograms show the distribution of the position unertainties for the 430,217 soures with band A uxqualities of QA�2. These have been further broken down by QA with green denoting QA=4, red QA=3,and blue QA=2. Beause the ux quality ag is based on the SNR of the soure, the higher quality uxmeasurements also have less unertainty in their positions. The mean values of eah of these distributionsan be found in Table 18.Measured Position Auray - The quoted position unertainties are derived from statistial errorsassoiated with the point soure extration and the unertainties inherent in the DAF. These numbers shouldaurately reet the trustworthiness of the quoted position. To test our results, we ross-referened theMSX PSC V2.3 to the Tyho-2 atalog (H�g et al. 2000). In order to avoid inorret mathing of IR starswith nearby Tyho visible stars, we required that positionally mathed Tyho/MSX pairs also pass olorriteria (Wright, Egan, and Prie 2002; Wright, Egan, and Prie in prep.). We de�ned�2 = 24 �r2in=2q(�2in Tyho + �2in MSX)=2352 + 24 �r2x=2q(�2x Tyho + �2x MSX )=2352 (36)where �in and �x are the 1-sigma in-san and ross-san errors, respetively, from the given atalog, and�rin and �rx are the in-san and ross-san omponents of the separation distane. Mathes were foundfor 30,745 stars with �2<18.5 and a (VT { [A℄) olor within 3� of the value expeted based on the spetraltype or the (BT { VT ) olor (Wright et al. 2003). The results are shown in Figure 9, where the in-sandistribution of error (truth position � MSX PSC position) is shown in blak, and the ross-san distributionin red. We �t a Gaussian model to eah distribution and inlude the results in Table 18.37



The in-san and ross-san error distributions are very similar, and both show the same non-Gaussianwings. The wings are due to the fat that the distribution in either diretion is essentially the sum oftwo Gaussians: a relatively broad distribution orresponding to the QA = 2 objets, and a muh narrowerdistribution orresponding to objets with higher ux qualities, QA � 3. This is onsistent with Figure 8,and it is veri�ed in Figure 10, whih shows the QA = 2 and QA � 3 distributions for the in-san (blak) andross-san (red) positional di�erenes. In both diretions, the Gaussian �t to the QA = 2 distribution has awidth of (QA = 2) �1:008, while the Gaussian �t to the QA � 3 distribution in eah diretion has a width of(QA � 3) �0:008.The distributions of position di�erenes are very lose to Gaussian when separated by ux quality ag.The mean quoted unertainties tend to be larger than the atual errors derived in this analysis, whihsuggests that the quoted positional unertainties are slightly overestimated. This is onsistent with Figure11, in whih we show the umulative �2 distribution for the MSX/Tyho-2 mathes as a solid line, and theexpeted distribution for a two-dimensional Gaussian as a dashed line. We see that there is a moderateexess of objets with small values of �2, whih is what we would expet to see if the quoted unertaintiesare somewhat overestimated.4.2.2 The jbj > 6Æ CatalogWe also independently examined the positional auraies of the stars in the high latitude atalog to explorethe possibility that the di�erene in san pattern with respet to the Galati plane might have introdueda di�erent behavior to the in-san and ross-san error. We �nd that both the measured errors and quotedunertainties in the IRAS gaps and LMC are somewhat larger than those found in the Galati plane.Quoted Unertainties - The quoted 1� unertainty in in-san and ross-san position is shown inFigure 12. The blak line shows the distribution of unertainties for the 8,600 soures with QA � 2. As inthe Galati plane �gures, green denotes QA = 4, red denotes QA = 3, and blue denotes QA = 2. The meanvalues of eah of these distributions are listed in Table 18.Measured Position Auray - Cross referening of the MSX PSC to the Tyho-2 atalog usingthe mathing and on�rmation riteria desribed above produes 6,141 mathes in the high latitude CB04,CB01, and LMC data. This means that �71% of the soures atalogued with Galati latitude jbj > 6Æ aremathed to a Tyho-2 star. Histograms of the in-san and ross-san positional di�erenes were omputedand the results are shown in Figure 13. A Gaussian model �t was made to eah distribution and the resultingwidth parameter for eah model is listed in Table 18. The � values of the Gaussian �ts are quite similar tothe mean measured unertainties in the in-san and ross-san diretion but the in-san error is somewhatlarger than the ross-san error. As with the Galati plane, the mean quoted unertainties tend to be largerthan those atually measured and the e�et is more pronouned than in the Galati Plane. This shows upin Figure 14 as a signi�ant exess of objets with small values of �2 in the umulative �2 distribution forthe MSX/Tyho-2 mathes plotted against the expeted distribution.The histograms may be represented by a ombination of two Gaussian distributions: a relatively broaddistribution orresponding to stars with QA = 2 and a narrower distribution orresponding to stars withQA � 3, just as in the Galati plane. The Gaussian �t to the QA = 2 distribution has a width of (QA = 2)�1:006 in the in-san diretion, and (QA = 2)�1:008 in the ross-san diretion, while the Gaussian �t to theQA � 3 distribution has a width of (QA � 3)�1:001 in the in-san diretion, and (QA � 3)�1:000 in theross-san diretion.
38



Figure 9: Comparison of the di�erene between the position of soures in the MSX PSC V2.3 and Tyho-2.The in-san histogram of the di�erenes are in blak and ross-san in red. The dashed lines are Gaussian�ts to the histograms.

Figure 10: Position error (truth-measured) distribution of Galati plane soures with (left) QA=2 and(right) QA�3. 39



Figure 11: Distribution of the �2 statistis for the PSC V2.3 mathes to the Tyho 2 atalog in the Galatiplane.
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Figure 12: Quoted 1� in-san (left) and ross-san (right) position unertainties of the high latitude atalogsoures. 40



Figure 13: Histograms of the positional di�erene between MSX PSC V2.3 high latitude soures and Tyho-2atalog positions. The in-san histogram of the positional di�erenes are in blak and the ross-san valuesin red. The dashed lines are gaussian �ts to the histograms.

Figure 14: Distribution of the �2 statistis for PSC V2.3 mathes to the Tyho 2 atalog for the soures inthe high latitude atalog. 41



Table 18: MSX PSC V2.3 Positional Unertaintiesh�quotedi�FIT (QA � 2) (QA = 4) (QA = 3) (QA = 2)Galati Plane in-san 1:0012 1:0028 0:0081 1:0069 2:0021Galati Plane ross-san 1:0011 1:0025 0:0080 1:0064 2:0013jbj>6 in-san 1:0028 1:0064 1:0024 1:0090 2:0044jbj>6 ross-san 1:0032 1:0062 1:0023 1:0088 2:00384.3 ReliabilityTo inrease the reliability of PSC V2.3 over that in V1.2, we hanged the soure aeptane and ux qualityriteria from the N out of M type seletion riteria used in V1.2 (and the IRAS PSC) to a signal-to-noisebased ut-o�. The overly generous N measurements out of M opportunities riterion used for V1.2 produestoo many spurious soures in regions where there were more than the nominal number of MSX sans inthe sky adopted for the value of M, suh as where the IRAS gap sans rossed the Galati plane or nearthe elipti poles. For example, a value of M=6 was adopted for the IRAS gaps as this was the number ofoverlapping sans at the elipti plane: M ould be larger at higher elipti latitudes. This problem in V1.2was aknowledged in Setion 8.1.3 of the V1.2 Explanatory Guide (Egan et al. 1999) but was not properlyaddressed. This problem was also been noted by Lumsden et al. (2002).We used a SNR ut-o� riterion for V2.3 of the PSC and argue in the following sub-setions that ourhoie results in a atalog that is both reliable and omplete to the lowest possible level. The ux qualityags also reet limits that orrespond to a ertain level of reliability in the atalog, based on the testsoutlined below.4.3.1 Root-mean-square SNR from PSX Automated ExtrationWe alulated the RMS average SNR for the automated PSX results as:SNRPSX =vuuut NPi=1 SNR2PSX;iN (37)where there are N PSX measurements, eah with an assoiated signal to noise ratio, SNRPSX;i for san i.The relationship between SNRPSX and the signal-to-noise ratio expeted from the image-based extration,SNRim an be illustrated as follows. Assume that there are four sans of a region, eah with identialvalues of noise and that the PSX produes four measurements with the same SNR. In this ase, N = 4,SNRPSX;i=SNR, and SNRPSC =vuuut NPi=1 SNR2PSX;iN =s4SNR2PSX;i4 = SNR: (38)The image at the position of the soure was reated by oadding the data from the four sans. Consequently,we expet the noise level to be redued by a fator of two (pN ) in the image-based extration, and the42
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Figure 15: SNR from the image-based photometry ompared to weighted PSX SNR for andidate souredata in the region �2<l<�0.5.signal-to-noise ratio for this soure to be inreased by the same amount, soSNRim = pNSNR: (39)Thus, in general, we expet that SNRim = pNSNRPSX (40)for soures in PSC V2.3. Figure 15 shows that this is, indeed, a good approximation.4.3.2 The Large Magellani Cloud as a Test of ReliabilityThe soures extrated from the DCEs overing the LMC were used to asertain the reliability of extrationsas a funtion of the signal to noise in an image prior to ompilation of the PSC V2.3. The PSX extratedsoures and uxes from the individual LMC san legs that had an SNRPSX;i > 2:7 for an individual MSXBand A observation. Generally, the LMC was surveyed with four-fold redundany. Soures from theindividual sans were merged and the RMS SNRPSX for the redundant measurements were alulated asdesribed above. Twenty-�ve 2Æ � 2Æ images with 600 grid spaing were reated that over the entire LMCarea surveyed in a manner similar to that desribed by Prie et al. (2001). About 1,500 of the andidatepoint soures were visually examined on the o-added images and a notation was made as to whether ornot a point soure ould be deteted by visual inspetion at eah soure position. Graysale images and3-D surfae plots of a 12000�12000 window entered on the oordinates of eah soure were examined fora PSF-like struture. Extended soures were aepted as \real" soures. The SNR of eah real soure inthe image should be about a fator of pN greater than the weighted mean ux from the single san PSXextration. 43
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Figure 16: Cumulative distribution of the 1,500 LMC soure andidates as a funtion of weighted SNR.Blak histogram shows fration with visible soure on o-added image plate, red histogram are andidatesnot detetable on o-added image.The results of this analysis are shown in Figure 16. The blak umulative distribution shows the frationof soures in eah SNR bin that were deemed to be real in the images. The red distribution quanti�esthe soures that were not seen in the o-added image data and, therefore, were judged likely to be spuriousdetetions in the single san, traeable to noise spikes. The plot shows that extrations with SNRPSX>4.5in the LMC data have very high reliability, approahing 100%, while for SNRPSX<4 a given soure is lessthan 50% likely to be real.4.3.3 Soure Reliability and Relation to Flux Quality FlagsWe used the expeted reliability based on the LMC analysis to set the ux quality ags by tying them to theexpeted reliability limits for the atalog. We examined the andidate point soures in the Galati latituderange �2<b��0:5. We extrapolated the expeted reliability for a single san RMS SNR to the image-basedphotometri SNR. We expet soures with an SNRim>4.5 to be highly reliable. This riterion requiressingle PSX measurements of soures to have SNRPSX>4.5/pN . Thus, soures with SNRPSX>4.5/pNwere deemed to be real and those with SNRPSX<4.5/pN to be spurious. The umulative distribution ofthe SNR from the image-based photometry, SNRim, is shown in Figure 17. Soures with SNRPSX>4.5/pNare plotted in blak and the soures for whih SNRPSX<4.5/pN are in red.More than 99% of the soures with SNRim>10 are expeted to be real as judged by their SNRPSXvalue. The soures have equal probability of being real or spurious at SNRim�4. We have set the minimumreliability in the MSX PSC to be 80%, whih ours at SNRim=5. Approximately 95% of soures are realat SNRim=7. Therefore, we an trae soure reliability diretly to the ux quality ag: a soure with amaximum ux quality ag of 4 and SNRim � 10 is reliable at the >99% on�dene level. The reliability44



of ux quality ag = 3 soures will be at least 95%, and a ux quality ag of 2 implies a reliability for thesoure of >80%.4.4 CompletenessCompleteness is a diÆult quantity to judge, espeially in regions of high onfusion and omplex, struturedemission suh as along the Galati plane. We estimated the ompleteness limits of PSC V2.3 both statisti-ally, through the behavior of the di�erential and umulative soure ounts in eah band, and by omparingthe atalog soures to a more extensive extration of stars from two of the MSX deep raster sans.4.4.1 Flux HistogramsWe examined the di�erential and umulative soure ounts in eah band for the high latitude subatalogand by quadrant for eah of the �ve Galati plane subatalogs. We �t a linear slope to eah umulativedistribution and �nd as expeted that the slopes in the logN� logF plots are shallower than those preditedby a Eulidean soure distribution (m � �3=2). The slopes are generally onsistent from band-to-band foreah region. The steepest slope ours in the �rst quadrant (0Æ < l � 90Æ), while the shallowest slope isseen in the high latitude data, whih lies between Galati latitudes of 6Æ and 80Æ. We also �nd that theumulative soure ount slope is higher, by about 20%, in the B bands in all regions, whih is likely dueto the fat that the lower sensitivity B band data sample only relatively nearby stars whih approximate auniform density distribution.The atalog ompleteness is estimated in two ways. First, the ompleteness is determined from theturnover point in the di�erential soure ounts. Seond, it is estimated from the fration of soures seenin the umulative distribution versus the number expeted from the linear �t to the distribution. Thislatter method is somewhat problemati in the �rst and seond quadrants of the Milky Way, where Galatistrutures (primarily the bulge and spiral arms) ause deviations from a linear slope to the soure ounts takenover suh large areas. However, the plots should give a reasonable indiation of the atalog ompleteness.Band B1 Figure 18 shows di�erential and umulative soure ounts in Band B1 from the high latitudeatalog. The di�erential soure ounts for the highly reliable ux measurements (Q�2) rise to about 30 Jy,then atten out and fall o� ompletely by 10 Jy. The soure ounts with lower quality agged uxes (Q=1)ontinue to rise below 30 Jy, peak at 20 Jy, then gradually deline to a minimum measured ux of �3 Jy.Comparison of the red and blak dashed lines in the umulative soure ounts indiates that inluding theQ=1 soures results in a deviation from the linear logN � logF behavior, whih is likely due to the uxoverestimation in the lowest SNR soures. In the high latitude region, the B1 data appear to be ompletedown to 30 Jy, and likely to 20 Jy if Q=1 soures are inluded.The Band B1 di�erential and umulative ounts of soures in the Galati plane are shown in Figure 19,subdivided into quadrants. The di�erential soure ounts for the highly reliable ux measurements (Q�2)also rise to about 30 Jy, then roll over and fall o� by 20 Jy. The seondary peak between 3 and 12 Jy is dueto faint soures extrated from the CB03 deep san images within the Galati plane; the soure ounts inthe other MSX bands in the Galati plane show a similar seondary peak. The images from the CB03s areapproximately a fator of 6 more sensitive than the regular survey images, and therefore augment the lowerux density numbers in the atalog. The lower quality agged uxes (Q=1) also show a similar behavior asin the high latitude data, though the minimum detetable ux in the CB03 deep-san regions is �1 Jy.45
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Figure 17: Reliability of image extrated soures under the assumptions given in Setion 4.3.3.
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Figure 18: Band B1 soure ounts (di�erential - solid line; umulative - broken line) for the high latitudeatalog. The blak lines are those soures with Q�2, the yan line shows soures with Q=1, and the reddashed line plots umulative soure ounts for Q�1. The blue broken line is a linear �t to the umulativesoure distribution between 30 and 150 Jy. 46
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Band B1, Quadrant II
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Band B1, Quadrant III
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Band B1, Quadrant IV
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Figure 19: Band B1 soure ounts (di�erential - solid line; umulative - broken line) by Galati quadrant.The lines are as for Figure 18.
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Figure 20: As for Figure 18, but for Band B2Band B2 The Band B2 di�erential and umulative soure ounts are shown in Figure 20 for the highlatitude subatalog. The di�erential soure ounts for the highly reliable ux measurements (Q � 2) showan inrease in umulative ounts to about 12 Jy, after whih they atten out and fall o� ompletely by 3Jy. The lower quality uxes (Q = 1) ontinue to rise below 12 Jy, peak at 8 Jy, then gradually deline,with a minimum measured ux of �1.5 Jy. Comparing the red and blak lines in the umulative soureounts indiates that inluding the Q = 1 soures results in a slight exess over the linear logN� logF trendat fainter uxes. The size of this exess indiates that we are seeing somewhat less ux overestimation inthe lowest SNR soures than is seen in Band B1. The better noise harateristis of the B2 data is likelyresponsible for this. The B2 data appear to be omplete down to 12 Jy in the high latitude subatalog, andlikely to 8 Jy with inlusion of the Q = 1 soures.Figure 21 shows di�erential and umulative soure ounts for the B2 band soures from the Galatiatalog. Here the di�erential soure ounts for the highly reliable ux measurements (Q � 2) rise untilabout 12 Jy, then roll over and fall o� by 8 Jy. There is a seondary peak between 1 and 5 Jy from theCB03-based extrations. Again, from the umulative soure ounts and the linear �t, we see that the Q = 1soures introdue slight ux overestimation in the ux bins below 10 Jy in the �rst quadrant, but this e�etis minimal or absent in the other quadrants. This indiates that the Q = 1 soure uxes may be inluded inthe ompleteness estimate. Therefore, it appears that the survey is > 90% omplete in Band B2 above 10Jy, and > 50% omplete above �4 Jy.Band A Figures 22 and 23 show the soure ounts in Band A out of and in the Galati plane, respetively.The number of soures in the atalog with QA = 1 is negligible ompared to the other bands. This resultsfrom the ombination of the normal olors of astronomial soures and the fat that Band A is at least48
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Figure 21: As for Figure 19, but for Band B2.
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Band A
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Figure 22: As for Figure 18, but for Band A.10 times more sensitive than any of the other bands. Only a few soures are deteted with the highestSNR in any band other than Band A, so the Band A measurement generally has the highest quality uxmeasurement. Sine Band A photometry has the highest quality, and with Qa > 1 in at least one bandrequired for inlusion in the main atalog, few QA = 1 soures are ontained in the atalog.The Band A di�erential soure ounts (Figure 22) peak at 125 mJy in the high latitude atalog, thoughthe deviation from the linear slope in this histogram and in the umulative soure ounts indiates that the�0.8 dex bin is the last omplete ux bin. This orresponds to 158 mJy, or mag 6.4 in Band A.Figure 23 shows di�erential and umulative soure ounts for the A band soures from the Galatiplane atalog. As for the high latitude data, the di�erential ounts begin to roll over at 158 mJy, and droppreipitously below 100 mJy. There are several thousand soures between 20 and 100 mJy, primarily fromthe soure extrations in the CB03 deep sans. The linear �t to the umulative soure ounts in the seondand third quadrants has a slope of � �1, onsistent with a disk of uniform density. In the �rst and fourthquadrants, these slopes steepen slightly to �1.3 and �1.2 respetively, and deviate from linear behavior. Theattening of the slope below 1 Jy (mag 4.4) is onsistent with the soure ount attening for soures fainterthan 5th mag in the IRAS 12 �m band in the inner Galaxy expeted by Wainsoat et al. (1992) in theirmodel of the Galaxy. Assuming that this attening reets the atual behavior of the soure ounts, andthat the turnover in the di�erential soure ounts reets the ompleteness limit of the survey, we estimatethat the atalog is > 90% omplete in Band A down to a ux limit of �158 mJy (mag 6.4) and > 50%omplete above 125 mJy.Band C Figure 24 shows di�erential and umulative soure ounts for the C band soures from the highlatitude atalog. The di�erential soure ounts for the highly reliable ux measurements (Q � 2) show the50
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Figure 23: As for Figure 19, but for Band A.
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Figure 24: As for Figure 18, but for Band C.soure ounts rising until about 1.25 Jy. The Q = 1 soures ontinue to rise through 1 Jy, although some biasof these ounts due to ux overestimation is apparent. The minimum measured uxes in the high latitudeatalog are �0.25 Jy. The high latitude Band C data appear to be omplete down to 1 Jy with inlusion ofthe Q = 1 soures.In the Galati atalog (Figure 25), the di�erential and umulative soure ounts for the C band soureshave slopes onsistent with those found for Band A. The di�erential soure ounts for the highly reliable uxmeasurements (Q � 2) peak at 1.2 Jy, and the Q = 1 soure ounts peak at 1 Jy. The umulative soureounts show that the ux overestimation is minor (resulting in < 20% exess ounts in the 1 Jy bin) for theQ = 1 soures. Inluding all Band C measurements in the umulative ompleteness estimate, the atalogontains > 90% of all soures brighter than 0.7 Jy, and is >50% omplete for soures brighter than 0.3 Jy.Band D The Band D high latitude data (Figure 26) show similar behavior to that seen in Band C,although Band D is slightly more sensitive. The Band D di�erential soure ounts for the highly reliable uxmeasurements (Q � 2) rise to the 0.8 Jy bin. The Q = 1 soures exhibit a similar inrease but also show aplateau of onstant ounts down to 0.3 Jy before dropping o�. The minimum measured uxes in the highlatitude atalog are �0.2 Jy. In the high latitude region, the Band D data appear to be omplete down to0.8 Jy.In the Galati atalog (Figure 27) the di�erential and umulative soure ounts for Band D again haveslopes onsistent with those found for Band A in eah quadrant. The di�erential soure ounts for thehighly reliable ux measurements (Q � 2) peak at 1 Jy, and the Q = 1 soure ounts peak at 0.6 � 0.8Jy, depending on the quadrant. The umulative soure ounts, like those in Band C, show that the uxoverestimation is minor (resulting in < 20% exess ounts in the peak bins) for the Q = 1 soures. Inluding52
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Figure 25: As for Figure 19, but for Band C.
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Figure 26: As for Figure 18, but for Band D.all Band D measurements, we estimate umulative ompleteness of > 90% of soures brighter than 0.5 Jy,and > 50% for soures brighter than 0.3 Jy.Band E Fewer than 1000 soures were deteted in the high latitude atalog beause of the poor sensitivityof Band E. The di�erential and umulative soure ounts from suh a limited sample, shown in Figure28, resulted rather ragged statistis. The Band E statistis are most similar to the Band B results. Thedi�erential soure ounts have a wide plateau between 1.5 and 50 Jy, with �20 soures in eah 0.1 mag binfor the highly reliable ux measurements (Q � 2). Like the B band data, there are a large number of lowSNR (Q = 1) ux measurements that, in this ase, lie between 0.3 and 4 Jy.The muh larger numbers of Band E soures available in the Galati plane atalog (Figure 29) permitmeaningful estimates of the atalog ompleteness in eah of the four quadrants. The umulative soureounts in these �gures do not follow the Band A slopes as losely as Bands C and D. Instead, the �rst andfourth quadrants have uniform disk-like slopes of � �1, while the seond and third quadrants have atterslopes, � �0:84. There is evidene from these soure ounts that a large fration (�50% in the peak bins)of soures have a large ux overestimation bias in the Q = 1 subset. This is onsistent with the poor noiseharateristis of the Band E data. The di�erential soure ounts for the Q � 2 ux measurements peakaround 3 Jy, with slightly better performane seen in the inner Galaxy versus the outer Galaxy. The Q = 1soure ounts peak at �2.5 Jy, with a plateau to 1 Jy. The seondary peak between 0.2 and 1.0 Jy arisesfrom the faint soures extrated from the CB03 Deep image data. Inluding Band E measurements of allux qualities, we estimate umulative ompleteness of > 90% of soures brighter than 1.5 Jy, and > 50% forsoures brighter than 1 Jy. Table 19 summarizes the in-plane ompleteness estimates for the MSX bands.54
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Figure 27: As for Figure 19, but for Band D.
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Figure 28: As for Figure 18, but for Band E.4.4.2 Comparison of Catalog Band A Soures with Deep Survey Image DataTo verify the ompleteness levels estimated in Setion 4.4.1, we ompared the PSC V2.3 soures with anindependent extration made using DAOPHOT on two deep CB03 image plates. The CB03 images werereated from raster sanned DCEs with 25 raster legs and exeuted at a san rate �2.5 times slower than thenominal rate used for the 180Æ long Galati Plane Survey sans. We expet the noise level in these imagesto be approximately 7.5 times lower than a single CB02 long san. Therefore, soures with an SNRPSX of 5would be SNR�38 soures in the CB03 images. By omparing the atalog data to the more omplete deepsan observations, we an aurately judge the ompleteness limits of PSC V2.3.We examined �1 square degree from eah of two deep sans: CB03 25 between 6:Æ6<l<7:Æ4, 0:Æ5<b<1:Æ6and CB03 32 between 32:Æ6< l <33:Æ4, 0:Æ5<b<1:Æ5. In Figures 30 and 31, the blak lines display the di�erential(solid line) and umulative (dashed) histograms per magnitude bin of the Band A ux density distributionof soures in the PSC V2.3; and the red lines are the orresponding histograms derived from DAOPhotextrations from the CB03 Deep San images. The blue histogram in eah plot is the ux distribution ofthe soures extrated ONLY from the DAOPhot run. Figure 30 shows the results for the CB03 25 region.We onlude that the PSC V2.3 is 100% omplete at 100 mJy in this region. The 50% ompleteness limit,de�ned as the ux at whih the PSC V2.3 ontains only half of the soures reported in that ux bin by theDAOPHOT results, is at �50 mJy. The CB03 32 region results are very similar, with Figure 31 showing100% ompleteness to ux bins of 70 mJy and brighter, and a 50% ompleteness level seen at 40 mJy.For bands other than A, both the PSX and DAOPHOT extrated the same sets of soures, indiatingthat the atalog approahes 100% ompleteness in these other bands, to the sensitivity limit of the MSXimage data. 56
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Figure 29: As for Figure 19, but for Band E.
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Band A, CB03_25 region
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Figure 30: Band A soure ounts for CB03 25 region.
Band A, CB03_32 region
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Figure 31: Band A soure ounts for CB03 32 region.58



Table 19: PSC V2.3 In-Plane Completeness EstimatesBand &50% &90%B1 10 Jy 20 JyB2 4 10A 0.125 0.158C 0.3 0.7D 0.3 0.5E 1.0 1.5
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Figure 32: Spatial distribution (Galati oordinates) of soures in the singleton atalog.4.5 Singleton Soures SubatalogAs a supplement to PSC V2.3 we have inluded a �le ontaining soures that were extrated from only asingle san, but whih passed the ux quality riteria required for atalog aeptane. A total of 12,179soures are inluded in the singleton atalog. Of these, 11,802 have Band A measurements with QA � 1. Forthe remaining bands, the breakdown of singleton soures with Qa � 1 is: B1:380; B2:334; C:3772; D:3415;E:1842. The spatial distribution of the singleton soures is shown in Figure 32. The primary soures ofsingletons are the CB01 sans, the edges (jbj > 4:5) of the Galati plane survey and IRAS gap surveys,the mis-programmed anti-enter CB02, and a luster of soures near the Galati enter. Histograms of thedistribution in Galati oordinates are shown in Figures 33 and 34.Figures 35 through 38 detail the di�erential and umulative soure ounts as a funtion of soure ux forthe singleton atalogs in Bands A through E. We do not show the B bands beause of the small number ofsoures. These data exhibit behavior similar to that seen in the main atalog, whih gives on�dene in thereliability of the singleton soures. As outlined by Prie et al. (2001), the image onstrution took pains toremove asteroids, resident spae objets, and artifats that might have ontaminated the singleton �les.59
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Figure 33: Galati longitude distribution of singleton soures.
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Figure 34: Galati latitude distribution of singleton soures for (left panel) - full atalog; (right panel) -Galati plane. 60
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Figure 35: Soure ounts for the singleton soures in Band A. Colors and line styles as for Figure 27.
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Band C, Quadrant I
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Figure 36: As for Figure 35, but for Band C.
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Figure 37: As for Figure 35, but for Band D.
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Band E, Quadrant I

-2 0 2 4
log [F(Jy)]

100

101

102

103

104

105
N

u
m

b
er

Band E, Quadrant II

-2 0 2 4
log [F(Jy)]

100

101

102

103

104

105

N
u

m
b

er

Band E, Quadrant III

-2 0 2 4
log [F(Jy)]

100

101

102

103

104

105

N
u

m
b

er

Band E, Quadrant IV

-2 0 2 4
log [F(Jy)]

100

101

102

103

104

105

N
u

m
b

er

Figure 38: As for Figure 35, but for Band E.
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4.6 Low Reliability Soure FileWe also inlude a supplemental faint soure rejet �le ontaining soures with image-based signal-to-noiseratios between three and �ve. An analysis of the images and the fat that many of these soures were observedmultiple times indiates they are in fat real. We expet, though, based on the analysis in Setion 4.3, thatthese objets have a reliability of <80%. This �le also ontains 75,644 soures. In this ase, the maximumux quality in any band is QA = 1. The distribution of measurements is: A:75127; B1:4029; B2:1960;C:4481; D:4090; E:4671. Some of these are extended objets, or point soures embedded in extended di�useemission. The di�erent tehniques used for bakground estimation between the PSX and the image-basedextration resulted in many faint soures embedded in emission to have lower SNRim than SNRPSX : Figures39 through 44 detail the di�erential and umulative soure ounts as a funtion of soure ux for the lowreliability atalogs.4.7 Mini-Catalogs of Seleted AreasThe Version 2.3 release of the MSX Point Soure Catalog also ontains mini-atalogs of soures for a numberof isolated regions surveyed in raster san mode. The proessing was analogous to that for the main surveys,exept that eah region overed an area from one to �20 square degrees. Also, there was usually no temporaloverage, whih rendered the variability ags moot, and individual san legs were treated as separate eventsfor PSX extration redundany. The targets within these regions onsisted of galaxies (the LMC was inludedin the high latitude subatalog), star forming and HII regions (W3 and the Rosette nebula were inluded inthe Galati plane subatalogs), and three \blank" �elds at high Galati latitude.The PSX soure extrator was run for about half the �elds by treating eah san leg as an individualsan. The position priors for eight of the galaxies, M31, NGC253, M33, NGC4631, NGC4945, NGC5055,M83, and M101, were extrated from the Band A images by Kraemer et al. (2002) using the DAOPHOTFIND routine, as mentioned in Setion 1.2.3, as were the positions of the Band A soures for the Orionregion (Kraemer et al. 2003). The DAOPHOT extrations were done before the PSX routines were runand, given the detailed assessment of the results by Kraemer et al. (2002, 2003), little ould be added byusing PSX. The image-based photometry on these �elds used the positions determined by Kraemer et al.,whih were also assoiated with objets in SIMBAD.Pointing and Registration The DAF improvement proedures for the mini-atalog observationsare similar to those for raster san DCEs disussed by Prie et al. (2001). However, there are somedi�erenes that arise from the fat that these observations have fewer astrometri soures, whih result inlarger positional errors. We desribe the proessing for the galaxy images to highlight the issues.The �rst step was to register the san-to-san o�sets. MSX deteted fewer than eight astrometri starson eah san leg for three of the galaxies. For these DCEs, the average deviations between the in-sanand ross-san astrometri soures and the MSX positions extrated for eah san leg were alulated andapplied to the pointing as an initial re�nement. This oarse adjustment was neessary beause the individuallegs exhibited large o�sets from astrometri truth and from eah other. Least squares ubi splines were �tto the in-san and ross-san deviations for eah san leg as a funtion of time for those galaxies, suh asM31, that had eight or more mathes between astrometri stars and soures in an individual leg. The splineknots were spaed to inlude minimum of four position updates between knots, and at least two knots areneeded to desribe the spline. The spline �ts were veri�ed by visual inspetion to make sure that they didnot \wander" exessively between knots. Subsequently, iterations were made to re�ne the registration of theindividual san legs to the soure positions averaged over all legs. The positions of the astrometri soures65
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Figure 39: Band B1 soure ounts as a funtion of brightness for the PSC V2.3 low reliability �le. Solid lineshows ounts per bin, broken line shows umulative soure ounts.
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Band B2, Quadrant I
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Figure 40: As for Figure 39, but for Band B2:
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Figure 41: As for Figure 39, but for Band A.
68
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Figure 42: As for Figure 39, but for Band C.
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Figure 43: As for Figure 39, but for Band D.
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Band E, Quadrant III
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Band E, Quadrant IV
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Figure 44: As for Figure 39, but for Band E.
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were inluded in the registration on even iterations. The solution onverged within the four iterationsperformed for all CB05 galaxy rasters.A �nal registration was performed on the NGC4631 (CB05 58) observations during onstrution of the�nal image. One raster leg image was hosen as the �duial and the emission peak in eah of the otherimages was ompared to it to align the san legs. A 50�50 pixel (30000�30000) region enompassing thegalaxy was seleted from eah raster image, the emission entroid in that box was determined, and thedi�erene between the emission entroid for a given leg and the �duial leg was used as the o�set. We alsoperformed the ross-orrelation between the images from the individual raster legs. The position o�sets fromthe ross-orrelation were omparable to those produed by the entroiding method. We believe that theentroid o�sets are more reliable beause of the rather low signal-to-noise of the emission in the individualraster images.Results The areas overed and the number of soures deteted, in both the main, singleton, and lowreliability mini-atalog for eah region are listed in Table 20. The astrometri unertainties for eah �nalimage are determined from the variane of the o�sets of the entroids of soures in the image and theirassoiated astrometri soures.5 An Assessment of the MSX Point Soure Catalog Version 1.2Version 1.2 of the MSX Point Soure Catalog ontained 323,052 soures in the Galati plane, whih is aboutthree times more than in the IRAS atalogs within the same region. The IRAS gap portion of the MSXPSC V1.2 ontains 6,260 soures. Improvements in the extration of andidate soures and determination ofthe uxes have rendered the MSX PSC V2.3, whih ontains 440,487 soures, more reliable, more omplete,with better photometri and astrometri auray than the previous version.5.1 Photometri AurayCohen, Hammersley, and Egan (2000, heneforth CHE00) assessed the ux alibration of the MSX PSC V1.2by omparing the uxes for the stars in ommon with Version 4 of the Calibration Network and the PSC.Cohen et al. (1999) desribe Version 3 of the network while Cohen et al. (2001) used the MSX CelestialBakgrounds alibration experiments to assess the auray of that network. The results for the full CHE00sample are reprodued in Table 21. Using the same set of network stars with restritive seletion riteria thatwe used to assess the alibration of the MSX PSC V2.3 in Setion 2.4.4, we �nd that V1.2 has alibrationbiases, whih are given in Table 22.CHE00 onluded that the PSC V1.2 alibration was, generally, within the unertainties for Bands A,C, and D but that there may be systemati biases in the B bands and Band E. Our re-evaluation of theV1.2 alibration on�rms CHE00s result for the entire alibration ensemble. However, we also �nd thatthe V1.2 results as a funtion of SNR show the same trends seen in the PSX ux data shown in Figures2 through 4. While the mean ratios of the PSC V1.2 uxes to the alibration stars are �1, PSC V1.2 didsu�er from systemati biases in its ux alibration. Most notably, the uxes were underestimated at low(<10) signal-to-noise levels and, at SNR >10, the bias inreased linearly with inreasing SNR, although thebias did remain within the limits of the quoted ux unertainties for V1.2.
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Table 20: Mini-Catalog Areas and Soure StatistisArea No. Soures �RA(00) �De(00) CommentsM31 99 2.43 1.63 DAOPHOT priorsNGC253 36 4.66 3.64 DAOPHOT priorsM33 52 2.82 3.83 O�set position orretion, DAOPHOT priorsNGC4631 5 5.00 5.00 O�set + entroiding, DAOPHOT priorsNGC4945 56 3.13 2.67 DAOPHOT priorsNGC5055 4 2.96 2.63 O�set position orretion, DAOPHOT priorsM83 52 3.19 2.46 DAOPHOT priorsM101 15 2.86 2.84 DAOPHOT priorsSMC 243 � � � � � � PSX PositionsPleiades 107 � � � � � � PSX PositionsS263 101 � � � � � � PSX PositionsG300.2�16.80 188 � � � � � � PSX PositionsHigh Lat. �elds 56 � � � � � � PSX PositionsS. GP �eld 39 � � � � � � PSX PositionsOrion 457 � � � � � � DAOPHOT priorsG159.6�18.5 172 � � � � � � PSX PositionsTaurus Cloud 28 � � � � � � PSX PositionsTable 21: PSC V1.2 Calibration Results from CHE00Band FPSC1:2=FCal � Fmin (W m�2) Fmax (W m�2) NsouresB1 0.922 0.019 1:60� 10�17 1:5� 10�15 40B2 0.947 0.016 1:67� 10�17 2:2� 10�15 45A 0.995 0.005 2:0� 10�18 4:1� 10�15 107C 0.991 0.006 2:8� 10�18 4:8� 10�16 55D 0.987 0.008 1:7� 10�18 2:9� 10�16 56E 1.069 0.025 1:3� 10�17 1:8� 10�16 15Table 22: PSC V1.2 Calibration Results Using the Restrited Calibration Star Set of PSC V2.3Band FPSC1:2=FCal � Fmin (W m�2) Fmax (W m�2) NsouresB1 0.891 0.116 3:06� 10�17 7:64� 10�16 31B2 0.896 0.102 5:01� 10�17 3:1� 10�15 37A 0.909 0.087 1:5� 10�18 5:36� 10�15 106C 1.007 0.088 2:83� 10�18 6:55� 10�16 59D 1.002 0.086 2:97� 10�18 4:09� 10�16 56E 1.085 0.071 9:78� 10�18 2:57� 10�16 2073



5.2 Astrometri AurayThe PSC V1.2 used the original APL De�nitive Attitude Files (DAFs). While nominally aurate to 20 �rad,the DAFs su�ered from oasional exursions of hundreds of miroradians when the star amera was a�etedby glints or lost lok under other problemati onditions. Averaging multiple detetions of the soures inPSC V1.2 resulted in in-san and ross-san position unertainties of approximately 200. Comparison ofthe positions of soures in V1.2 with the astrometri positions for the orresponding soure in the MSX IRAstrometri Catalog (Egan and Prie 1996) showed that the quoted positional unertainties in the PSC V1.2agreed well with the measured errors: the deviations have an overall Gaussian distribution but with extendedwings. The extended wings indiated that some of the soures had larger than expeted errors, most likelydue to large DAF errors. Lumsden et al. (2002) also noted that some of the brightest soures were poorlyorrelated (>1000) with the known position. The large positional errors for very bright soures was likelyreated by a poor PSF �t to a saturated soure; the default CONVERT 5 proessing eliminated all detetorvalues after saturation. For a small number of overlapping sans, two or more extremely bad DAFs (o� by200 �rad or �4000) onspired to give dupliate soures: one with an aurate position, and another with anearby, disrepant position. There are approximately �1000 of these \ghost" soures brighter than 0.5 Jyin Band A in PSC V1.2. They are primarily entered in the regions around (l; b) = (30Æ; 1:Æ5), (15Æ; 4:Æ0) and(315Æ; 3:Æ0), where the DAF solution failed, but other areas ontain a few disrepant soures as well. ThePSC V2.3 was reated using DAFs with markedly improved positional auray, as desribed in Setion 4.2.The auraies ited in Table 18 are improved by more than 100 in-san and more than 0:005 ross-san overthose ited for the same table in V1.2.5.3 Reliability and CompletenessTo provide the ommunity with a atalog as quikly as possible, we proessed the MSX data for V1.2 withthe CONVERT 5 software using the program-approved erti�ed proessing. Certi�ed proessing aggedand eliminated some of the data, suh as the values from a detetor after it saturated, or all the data froman observation if the initial internal alibration sequene was missing. The default bad pixel mask was alsoused, whih onservatively eliminated all the \out-of-bounds" detetors in all gains states of both the mirror-�xed and mirror-sanning modes. This mask \agged" detetors that lustered in one or two loations inthe bands, whih meant that the sensor ould miss deteting a star that transited that region. A trak wasnot kept of the loations of these small \holes" in the overage. Finally, all soures in V1.2 had to lie in anarea sanned at least twie. This eliminated the soures at jbj>4.5Æ (+4Æ in the outer Galaxy), and between3Æ < b < 4Æ in the outer Galaxy where a san was misprogrammed into the southern Galati plane. Thus,not all the areas surveyed were inluded in the atalog. The \holes" also redued the maximum number ofobserving opportunities for a small number of soures but this was not aounted for in the inlusion riteriafor the atalog. Beause these fators a�et suh a small area of the total surveyed, though, they had arelatively small a�et on the reliability and ompleteness of V1.2 of the atalog.One measure of atalog ompleteness is given by the maximum soure density extrated along the Galatiplane. In Figure 45 we plot the number of soures per square degree along the Galati equator from PSC V1.2(red) and V2.3 (blak). The revised andidate soure seletion riteria and the improved noise estimation inthe plane improved the �delity of the soure extration in the inner Galaxy. Where V1.2 had an extrationlimit of �500 soures per square degree, V2.3 has more than 2,000 soures per square degree near the Galatienter, and typially 1,000 soures per square degree within jlj < 30Æ. Problems in PSC V1.2 with regions oflower soure density were also mitigated, suh as when the fainter of a stellar pair was missed beause it was74



Figure 45: Soure density between jbj < 0:Æ5 for PSC V2.3 (blak) and PSC V1.2 (red). Longitude bins are1 degree, therefore bin totals are soures per square degree.too lose to a brighter ompanion. The other di�erene seen in Figure 45 is that the ontents of the PSCV2.3 do not have spurious soures at the points where the CB04s and CB01s rossed the Galati plane.A total of 36,673 soures from PSC V1.2 had no mathes with those in any of the PSC V2.3 subatalogs(inluding the low reliability and singleton supplements to V2.3). Figure 46 shows the ux distribution ofthese soures in Band A. Approximately 90% of these soures had reported ux densities below 158 mJy.The soures brighter than 158 mJy that make up the linear portion of the soure ount distribution are the\ghost" soures reated by the bad DAF �les disussed above.The six main V2.3 subatalogs ontain 276,277 soures that are mathed to soures in the PSC V1.2.The umulative soure ounts for these on�rmed PSC V1.2 soures are ompared to the soure ounts foreah band from PSC V2.3 in Figure 47. The ounts show the enhaned atalog ompleteness in Bands B,C, D, and E due to the inreased sensitivity gained by extrating uxes from the o-added images.The di�erene in quoted uxes due to the hanges in the alibration and ux extration method betweenthe PSC V1.2 and V2.3 are shown in Figure 48. This �gure plots the ratio of V1.2 ux to V2.3 ux asa funtion of soure intensity for eah band. The e�et of the faint soure underestimation, due to thebakground subtration, an be seen in all bands as FV 1:2=FV 2:3 tails o� toward �0.7 at the low SNR values.In Bands B, C, D, and E, and to a lesser extent in A, we see that the ratio then rises to FV 1:2=FV 2:3 > 1:0for the very faintest soures. These soures are typially V1.2 Qa = 1 soures, whih had upper limit uxvalues. The inreased sensitivity a�orded by the image extration in V2.3 has resulted in better photometryfor these soures, espeially in the longer wavelength bands.75
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Figure 46: Band A soure ounts for PSC V1.2 with no ounterpart in PSC V2.3.Table 23: V2.3 Soures with Saturation IssuesMSX Name Common Name A�eted BandsMSX6C G287.5966�00.6307 � Car ACDEMSX6C G008.3436�01.0024 VX Sgr AMSX6C G080.7981�01.9210 NML Cyg AMSX6C G333.6044�00.2120 IRAS 16183�4958 ACDEMSX6C G068.5387+03.2766 AFGL 2465 AMSX6C G086.5361+03.7670 V Cyg AMSX6C G047.0645�02.5406 IRC+10420 A6 Final Notes to the User6.1 Artifats Near Bright SouresThe SPIRIT III foal plane su�ered from internal glints from the brightest IR soures, notably in the ross-san diretion. Typially these are not point-like and should have been removed by the asade-average�ltering proess. However, it is possible that these glints may ause spurious ompanions to very bright (�a few hundred Jy) soures. Other events, notably near � Car and NML Cyg, have been removed by hand inthe �nal atalog onstrution proess. However, users of the atalog should hek ataloged soures againstthe image data near any extremely bright soures.The seven soures whih had obvious saturation issues in their atalog entries are noted in Table 23.The a�eted bands have had the ux quality ag set to 1 - regardless of the value given in the SNRim andSNRPSX olumns. 76
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Figure 47: Cumulative soure ounts for on�rmed V1.2 soures (red) ompared to those in V2.3 (blak).
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Figure 48: FV 1:2=FV 2:3 vs. FV 2:3 for all MSX bands.
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6.2 Emission Ridge Line SouresThe Band A images show that within �1:Æ5 of the Galati equator, the bakground is dominated by bright,highly strutured di�use emission. To the point soure extrator, knots in this emission may appear to bepoint-like. In some areas, notably the Cygnus region, we often see point soures in a line along a ridge ofemission. Whether there are atually embedded objets in these knots is not known. In V2.3, most of theseappear in the low reliability �le, as the bakground and noise estimation for the image-based ux extrationtends drive SNRim lower than expeted based on SNRPSX .
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