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Chapter 1IntrodutionThis doument desribes the interfae to be employed in transferring telemetry data from theAXAF-I Aspet Camera Assembly (ACA) between the CXC level 0 proessing pipeline and theCXC data arhive, aording to the requirements stipulated in appliable doument 1.1.1 PurposeACA level 0 proessing, desribed in appliable doument 1, extrats the serial digital telemetrygenerated by the two ACA Proessing Eletronis Assemblies (PEA-A and PEA-B). This doumentdesribes the struture and ontent of the resulting data �les that are produed from the telemetryduring level 0 proessing.1.2 SopeThis interfae shall apply to all ACA serial digital telemetry data produts that are generated byCXC level 0 pipelines and distributed to the CXC data arhive (see appliable douments 1 and 2)during the ourse of the AXAF-I mission.
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1.3 Appliable DoumentsDoument Desription1 ASC AMO-2400 ASC Data System Requirements (ASC.302.93.0008)2 ASC AMO-2401 ASC Data System Software Design (ASC.500.93.0006)3 NOST 100-1.1 De�nition of the Flexible Image Transport System (FITS)http://www.v.nrao.edu/fits/4 � � � HEASARC FITS Standardshttp://legay.gsf.nasa.gov/dos/heasar/ofwg/dos/summary/ogip 93 001 summary.html5 � � � Binary Table Extension to FITShttp://fits.v.nrao.edu/douments/standards/bintable aa.ps6 ACA DM05 Rev. H Software Requirements Spei�ation for AXAF-I Aspet Camera Assem-bly (ACA) Eletronis Assembly (PEA)7 IP&CL Version 6.0 AXAF-I Instrumentation Program & Command List8 ASC-FITS-1.1 ASC FITS File Designers' Guidehttp://hea-www.harvard.edu/~arots/as/fits/asfits.ps9 TRW EQ7-278 Rev. F ACA Equipment Spei�ation1.4 Funtional Desription1.4.1 Data Content SummaryAll ACA data sets generated by the level 0 proessing pipeline shall onsist of data �les onformingto the FITS standard (appliable doument 3) and further onforming to HEASARC standards(appliable doument 4). These �les ontain header keyword entries and binary table (BINTABLE)extensions onforming to appliable doument 5.Eah entry in these �les, apart from generi CXC header keywords, orresponds to an elementin the PEA serial digital telemetry stream. The names of these keywords and table items areontained in a series of templates, listed in Appendies A{C.All of the PEA serial digital telemetry referred to in this doument is available in telemetryformats 1 through 5 (inlusive), and the data extration and proessing desribed herein appliesequally to all �ve telemetry formats. The sampling of items depends on the image format: oneper 1.025 s for 4� 4 images, one per 2.050 s for 6� 6 images, and one per 4.100 s for 8� 8 images.There is no PEA serial digital telemetry in format 6 (STS).The two PEAs (PEA-A and PEA-B) produe independent telemetry streams, although typi-ally only one PEA is powered on. In format 4, data from eah PEA are stored in distint loationsin eah major frame, while in the remaining formats there is only one blok of telemetry alloatedfor both PEAs. In these formats a swith from A to B side (or vie-versa) requires reprogrammingof the CTU format. Sine only one PEA an produe valid telemetry data at any given time, itis not required that the ACA data extrator be apable of proessing telemetry data from bothPEA-A and PEA-B simultaneously. Serial digital telemetry data from eah PEA is written to aset of �les that inlude a header keyword denoting the partiular PEA reporting the telemeteredvalues. 2



1.4.2 Timing and Sequening CharateristisEah merged telemetry dump from the OCC to the CXCDS will result in a sequene of strip �lesbeing reated, from whih the level 0 data produts de�ned in this doument are generated. Thefollowing strip �le utting riteria shall be implemented.1. When an ACA PEA strip �le exeeds the size of 806400 bytes it will be losed as soon asproessing of the urrent atomi unit has been ompleted. The atomi unit for all ACA PEAserial digital telemetry, other than memory dump serial digital telemetry, is one ompleteimage.2. When a ACA PEA memory dump strip �le exeeds the size of 100 KB it will be losed assoon as proessing of the urrent atomi unit has been ompleted. The atomi unit for ACAPEA memory dump serial digital telemetry is the 24 bytes of memory plus 2 bytes of addresswhih are telemetered in a single image slot eah 1.025 s. The PEA memory dump data shallbe written in inreasing address order.3. Upon deteting a timeout of the input telemetry stream, the strip �le shall be losed afterthe last omplete atomi unit. Any partially omplete atomi units at the end of the inputtelemetry shall be held for proessing when the input telemetry stream resumes. The timeouttime shall be TBD.4. The strip �le shall be losed immediately whenever an unresolvable VCDU ount anomalyours.1.4.3 Reipients and UtilizationACA level 0 data produts will be stored in the CXC data arhive, and the arhived produtssubsequently will be aessed and utilized primarily for L1 aspet pipeline proessing. Seondaryuses inlude monitoring and trends analysis and for engineering diagnosti purposes. The dataproduts are not intended to be a part of standard data distribution provided to the observers.However, observers may request, and be granted aess to, level 0 data produts. Identi�ation ofadditional reipients of level 0 produts, and the uses to whih suh reipients may wish to putthem, are beyond the sope of this doument.1.4.4 Pertinent Relationships with Other InterfaesChanges to the de�nition of ACA PEA serial digital telemetry and data �elds as spei�ed in appli-able douments 6 and 9 may a�et the level 0 data produts desribed in the urrent doument.1.5 Assumptions and ConstraintsLevel 0 proessing shall generate a set of ACA PEA serial digital telemetry data produt �les inFITS format, as shown in Table 2.1. While the data produts �les are being written, their ontentsmay not onform to the FITS standard. Care must be taken not to read or opy these �les untilthey are omplete.
3



Chapter 2Detailed Interfae Spei�ations2.1 Labeling and Identi�ationThe data �les generated by the level 0 proessing pipeline shall be assigned external names asshown in Table 2.1. The names obey the following onvention:pad<s><ttttttttt>N<vvv>_<f>_<ontent>0.fits_<f> = _<slotnumber>TU / raw image files_<f> = _<slotnumber> / alibrated image files_<f> = / omitted for memory dumps<ontent> = adat / image files<ontent> = mem / memory dumpswhere <s> denotes the origin of the data (possible values: b = Ball Aerospae,  = other labora-tory alibration, f = ight, s = simulation, t = TRW, u = unknown, x = XRCF), <ttttttttt> isa 9-digit time stamp that is the integer part of the FITS TSTART value, <vvv> is the proessing runnumber (version), <ontent> spei�es the ontents of the �le (see Table 2.1), and <slotnumber>spei�es the ACA image slot (possible values: 0 to 7 inlusive).Table 2.1: ACA level 0 data produt �lesTitle <ontent> ContentsPEA telemetry (raw) ACAIMG TU PEA raw telemetry images)PEA telemetry (alibrated) ACAIMG PEA alibrated telemetry images)PEA memory dump ACAMEM PEA memory dump dataThe keyword HDUCLAS shall be \ASC". The remaining harateristis of the produts are givenin Table 2.2.2.2 Substruture De�nition and FormatThe reader is referred to appliable doument 8 for a detailed disussion of the omponents of theprimary and all extension headers of the FITS �les.4



Table 2.2: ACA level 0 data produt harateristisData produt HDU name Type HDUCLAS1 HDUCLAS2 HDUCLAS3Raw ACA images ACADATA adat TEMPORALDATA ACADATA RAWCal ACA images ACADATA adat TEMPORALDATA ACADATAACA Memory Dump MEMDUMP mem CONFIG MEMDUMP2.2.1 Primary Header KeywordsThis header ontains mandatory, short on�guration ontrol, short timing, and short observationinformation omponents as de�ned in appliable doument 8.2.2.2 Prinipal HDU Header KeywordsThe prinipal HDU is desribed by an extension header. The extension header ontains mandatory,on�guration ontrol, timing, and observation information omponents as de�ned in appliabledoument 8.2.3 PEA telemetry raw image �les (ACAIMG TU)The PEA telemetry raw image �le ontains one extension, a prinipal HDU binary table ontainingall PEA image serial digital telemetry.A list of all keywords required in a PEA telemetry image �le is shown in appendix A.2.3.1 Prinipal HDU: PEA telemetry raw image dataDuring level 0 proessing, PEA serial telemetry, inluding PEA memory dump telemetry, is ex-trated from telemetry �les, onverted to standard formats, and output in the PEA telemetry �les.Image raw data are output in ACAIMG_TU �les. Telemetry for eah image is assigned a time tag inTerrestial Time (TT).The data extrator identi�ation and version number, shall be inluded in the output FITS �leheader as the text value assoiated with the CREATOR keyword. The name of the input strip �le, thestrip �le template, and the level 0 alibration template shall be provided in the form of HISTORYreords in the on�guration ontrol omponent of the output FITS �le header.No other proessing is performed.Tables 2.3.1, 2.3.1, and 2.3.1 list the ontents of the PEA telemetry (raw) data �le prinipalHDU binary table. This HDU has the EXTNAME keyword set to ACADATA and CONTENT keyword setto ACAIMG TU. The format and ontents of the aspet image data stream, along with the orrespon-denes between PEA serial digital telemetry identi�ers and FITS TTYPE keywords are provided inAppendix D.
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2.4 PEA telemetry alibrated image �les (ACAIMG)The PEA telemetry alibrated image �le ontains one extension, a prinipal HDU binary tableontaining all PEA image serial digital telemetry.A list of all keywords required in a PEA telemetry image �le is shown in appendix B.2.4.1 Prinipal HDU: PEA telemetry alibrated image dataDuring level 0 proessing, PEA serial telemetry, inluding PEA memory dump telemetry, is ex-trated from telemetry �les, onverted to standard formats, and output in the PEA telemetry �les.Image alibrated data are output in ACAIMG �les. Telemetry for eah image is assigned a time tagin Terrestial Time (TT).The data extrator identi�ation and version number, shall be inluded in the output FITS �leheader as the text value assoiated with the CREATOR keyword. The name of the input strip �le, thestrip �le template, and the level 0 alibration template shall be provided in the form of HISTORYreords in the on�guration ontrol omponent of the output FITS �le header.Telemetered quantities are alibrated aording to the enodings spei�ed in Appendix D.Tables 2.4.1, 2.4.1, and 2.4.1 list the ontents of the PEA telemetry alibrated data �le prinipalHDU binary table. This HDU has the EXTNAME keyword set to ACADATA and CONTENT keyword setto ACAIMG. The format and ontents of the aspet image data stream, along with the orrespon-denes between PEA serial digital telemetry identi�ers and FITS TTYPE keywords are provided inAppendix D.
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Table2.7:Le
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nextpage
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mpreviouspa
ge
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Table2.8:Le
vel0PEAte
lemetryHDU
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8images)
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5ENDINT
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Continuedfro
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33IMGNU
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34IMGFU
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03
Imagefunti
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35HDR3T
LM62
1B

Hdr3tlm.im
gtype=6wor
d=2

36HDR3T
LM63
1B

Hdr3tlm.im
gtype=6wor
d=3

37HDR3T
LM64
1B

Hdr3tlm.im
gtype=6wor
d=4

38HDR3T
LM65
1B

Hdr3tlm.im
gtype=6wor
d=5

39HDR3T
LM66
1B

Hdr3tlm.im
gtype=6wor
d=6

40HDR3T
LM67
1B

Hdr3tlm.im
gtype=6wor
d=7

41HDR3T
LM72
1B

Hdr3tlm.im
gtype=7wor
d=2

42HDR3T
LM73
1B
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gtype=7wor
d=3

43HDR3T
LM74
1B

Hdr3tlm.im
gtype=7wor
d=4

44HDR3T
LM75
1B

Hdr3tlm.im
gtype=7wor
d=5

45HDR3T
LM76
1B

Hdr3tlm.im
gtype=7wor
d=6

46HDR3T
LM77
1B

Hdr3tlm.im
gtype=7wor
d=7
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2.5 PEA memory dump data �les (MEMDUMP)The PEA memory dump data �le ontains one extension, a prinipal HDU binary table ontainingPEA memory dump telemetry inluded in the PEA serial digital telemetry data stream.A list of all keywords required in an PEA memory dump data �le is shown in appendix C.2.5.1 Prinipal HDU: PEA memory dumpDuring level 0 proessing, PEA memory dump telemetry is deoded from telemetry �les, onvertedto standard formats, and output in the PEA memory dump data �le. Telemetry from eah majorframe is assigned a time tag in Terrestial Time (TT).The data extrator identi�ation and version number shall be inluded in the output FITS �leheader as the text value assoiated with the CREATOR keyword. The name of the input strip �le, thestrip �le template, and the level 0 alibration template shall be provided in the form of HISTORYreords in the on�guration ontrol omponent of the output FITS �le header.No other proessing is performed.Table 2.5.1 lists the ontents of the PEA memory dump data �le prinipal HDU binary table.This HDU has the EXTNAME keyword set to 'MEMDUMP' and CONTENT keyword set to ACAMEM.
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Table2.9:Le
vel0PEAte
lemetryHDU
ontents(me
morydump)

#TTYP
ETUNI
TTFORM
TLMINT
LMAX
Comment

1TIME
s1D

Time-tagoft
hedatareor
d

2MRF
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rolltrvalue

3MJF
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S
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Startaddress
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24B
24bytesofm
emorydata
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UM
1I
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Table 2.10: ACA image data size and frequenyContent Image size Reord size Period Data rate(pixels) (bytes) (s) bytes/sACAIMG 4 117 1.025 114.1ACAIMG 6 221 2.050 107.8ACAIMG 8 351 4.100 85.6ACAIMG TU 4 81 1.025 79.0ACAIMG TU 6 131 2.050 63.9ACAIMG TU 8 205 4.100 50.02.6 Volume, Size, and Frequeny EstimatesThe data rate for eah of the image �le types is listed in Table 2.10. This gives the rate for one ofthe eight ACA image slots.
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Appendix AList of all keywords in a PEAtelemetry alibrated data �leThe following setions list the primary and prinipal HDU header keywords for eah �le format.The values of ertain keywords in these �les need modi�ation as follows:� The double quotes around PCAD in INSTRUME should be removed� All dates should onform to the standard desribed in ASC-FITS V1.3.� ASCDSVER keyword, ontaining the urrent version of ASCDS, should be added� Values of EXTNAME, HDUCLASS, HDUCLAS1, HDUCLAS2, HDUCLAS3 should be takenfrom Tables 2.1 and 2.2, instead of the values shown in the �les� ASC-FITS version (HDUDOC) should be 1.3.� CREATOR should be set to the name of the aspet image data extratorA.1 Primary header keywords (PEA telemetry) (4� 4 images)SIMPLE = T / file does onform to FITS standardBITPIX = 32 / number of bits per data pixelNAXIS = 0 / number of data axesEXTEND = T / FITS dataset may ontain extensionsCOMMENT FITS (Flexible Image Transport System) format defined in Astronomy andCOMMENT Astrophysis Supplement Series v44/p363, v44/p371, v73/p359, v73/p365.COMMENT Contat the NASA Siene Offie of Standards and Tehnology for theCOMMENT FITS Definition doument #100 and other FITS information.COMMENTCOMMENT ########## Configuration ontrol keywords ##########COMMENTORIGIN = 'ASC 'CREATOR = 'xxx - Version 0.0'CHECKSUM= ' ' / ASCII enoded HDU heksumDATASUM = ' ' / Data unit heksum in ASCIICOMMENT 20



COMMENT ########## Timing info keywords ##########COMMENTDATE = '05/02/99' / FITS file reation date (dd/mm/yy)DATE-OBS= ' ' / TT, with lok orretion if CLOCKAPPDATE-END= ' ' / TT, with lok orretion if CLOCKAPPTIMESYS = 'TT ' / AXAF time will be TT (Terrestrial Time)MJDREF = 5.0814000000000000E+04 / 1998-01-01T00:00:00 (TT) expressed in MJDTIMEZERO= 0.0000000000000000E+00 / Cumulative lok orretionTIMEUNIT= 's 'CLOCKAPP= T / Clok orretion applliedTSTART = 0.0000000000000000E+00 / As in TIME olumn: raw S/C lokTSTOP = 0.0000000000000000E+00 / add TIMEZERO and MJDREF for absolute TTCOMMENTCOMMENT ########## Observation info keywords ##########COMMENTMISSION = 'AXAF ' / Advaned X-Ray Astrophysis FailityTELESCOP= 'AXAF ' / Telesope usedINSTRUME= '"PCAD" 'DETNAM = 'ACA-P ' / DetetorOBS_ID = ' ' / Observation IDEND
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A.2 Prinipal HDU (PEA telemetry) keywords (4� 4 images)XTENSION= 'BINTABLE' / binary table extensionBITPIX = 8 / 8-bit bytesNAXIS = 2 / 2-dimensional binary tableNAXIS1 = 81 / width of table in bytesNAXIS2 = 1 / number of rows in tablePCOUNT = 0 / size of speial data areaGCOUNT = 1 / one data group (required keyword)TFIELDS = 19 / number of fields in eah rowTTYPE1 = 'time ' / Time-tag of the data reordTFORM1 = '1D ' / data format of field: 8-byte DOUBLETUNIT1 = 's ' / physial unit of fieldTTYPE2 = 'mrf ' / Major frame roll tr valueTFORM2 = '1J ' / data format of field: 4-byte INTEGERTTYPE3 = 'mjf ' / Major frame tr valueTFORM3 = '1J ' / data format of field: 4-byte INTEGERTTYPE4 = 'mnf ' / Minor frame tr valueTFORM4 = '1J ' / data format of field: 4-byte INTEGERTTYPE5 = 'end_integ_time' / end integration timeTFORM5 = '1D ' / data format of field: 8-byte DOUBLETUNIT5 = 's ' / physial unit of fieldTTYPE6 = 'integ ' / integration timeTFORM6 = '1I ' / data format of field: 2-byte INTEGERTTYPE7 = 'quality ' / Data quality flag; 0 - good, 1 - badTFORM7 = '1J ' / data format of field: 4-byte INTEGERTTYPE8 = 'glbstat ' / global statusTFORM8 = '1B ' / data format of field: BYTETTYPE9 = 'ommnt ' / ommand ountTFORM9 = '1B ' / data format of field: BYTETTYPE10 = 'ommprog' / ommand progressTFORM10 = '1B ' / data format of field: BYTETTYPE11 = 'imgfid1 ' / image typeTFORM11 = '1B ' / data format of field: BYTETTYPE12 = 'imgnum1 ' / image number (of 8)TFORM12 = '1B ' / data format of field: BYTETTYPE13 = 'imgfun1' / image funtionTFORM13 = '1B ' / data format of field: BYTETTYPE14 = 'imgstat ' / image statusTFORM14 = '1B ' / data format of field: BYTETTYPE15 = 'imgrow0 ' / row of lowerleft image pixelTFORM15 = '1I ' / data format of field: 2-byte INTEGERTUNIT15 = 'pixel ' / physial unit of fieldTTYPE16 = 'imgol0 ' / ol of lowerleft image pixelTFORM16 = '1I ' / data format of field: 2-byte INTEGERTUNIT16 = 'pixel ' / physial unit of fieldTTYPE17 = 'imgsale' / pixel saling fator22



TFORM17 = '1I ' / data format of field: 2-byte INTEGERTTYPE18 = 'bgdavg ' / average bakgroundTFORM18 = '1I ' / data format of field: 2-byte INTEGERTTYPE19 = 'imgraw ' / aspet amera imageTFORM19 = '16I ' / data format of field: 2-byte INTEGEREXTNAME = 'ACA_TU_IMG4' / name of this binary table extensionTDIM19 = '(4,4) ' / size of the multidimensional arrayCOMMENTCOMMENT ########## Configuration ontrol keywords ##########COMMENTORIGIN = 'ASC 'CREATOR = 'xxx - Version 0.0'REVISION= 0 / Proessing system revision numberCHECKSUM= ' ' / ASCII enoded HDU heksumDATASUM = ' ' / Data unit heksum in ASCIICONTENT = ' ' / What data produtHDUNAME = ' ' /HDUSPEC = ' ' /HDUDOC = 'ASC-FITS-1.1' / ASC FITS Designers GuideHDUVERS = '1.0.0 ' /HDUCLASS= 'ASC 'HDUCLAS1= ' ' /HDUCLAS2= ' ' /LONGSTRN= 'OGIP 1.0' / The OGIP long string onvention may be used.COMMENTCOMMENT ########## Timing info keywords ##########COMMENTDATE = '05/02/99' / FITS file reation date (dd/mm/yy)DATE-OBS= ' ' / TT, with lok orretion if CLOCKAPPDATE-END= ' ' / TT, with lok orretion if CLOCKAPPTIMESYS = 'TT ' / AXAF time will be TT (Terrestrial Time)MJDREF = 5.0814000000000000E+04 / 1998-01-01T00:00:00 (TT) expressed in MJDTIMEZERO= 0.0000000000000000E+00 / Cumulative lok orretionTIMEUNIT= 's 'CLOCKAPP= T / Clok orretion applliedTIERRELA= 1.0000000000000001E-09 / Short-term lok stabilityTIERABSO= 1.0000000000000000E-04 / Absolute preision of lok orretionTIMVERSN= 'ASC-FITS-1.1' / AXAF FITS design doumentTSTART = 0.0000000000000000E+00 / As in TIME olumn: raw S/C lokTSTOP = 0.0000000000000000E+00 / add TIMEZERO and MJDREF for absolute TTTIMEPIXR= 0.0000000000000000E+00 /TIMEDEL = 0.0000000000000000E+00 / Time resolution of data ( in seonds )COMMENTCOMMENT ########## Observation info keywords ##########COMMENTMISSION = 'AXAF ' / Advaned X-Ray Astrophysis FailityTELESCOP= 'AXAF ' / Telesope usedINSTRUME= 'PCAD ' 23



DETNAM = 'ACA-P ' / DetetorGRATING = 'NONE ' / HETG, LETG, or NONEOBJECT = ' ' / Soure nameTITLE = ' ' / Title of ObservatonOBSERVER= ' ' / Observer or PIOBS_ID = ' ' / Observation IDEQUINOX = 2.0000000000000000E+03 / J2000.0RADECSYS= 'ICRS ' / Julian oordinate referene frameDATACLAS= 'OBSERVED' / default is OBSERVEDONTIME = 0.0000000000000000E+00 / Ontime in seondsLIVETIME= 0.0000000000000000E+00 / Livetime in seondsEXPOSURE= 0.0000000000000000E+00DTCOR = 0.0000000000000000E+00COMMENTCOMMENT ########## Additional Priniple Header keywords ##########COMMENTEND
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A.3 Primary header keywords (PEA telemetry) (6� 6 images)SIMPLE = T / file does onform to FITS standardBITPIX = 32 / number of bits per data pixelNAXIS = 0 / number of data axesEXTEND = T / FITS dataset may ontain extensionsCOMMENT FITS (Flexible Image Transport System) format defined in Astronomy andCOMMENT Astrophysis Supplement Series v44/p363, v44/p371, v73/p359, v73/p365.COMMENT Contat the NASA Siene Offie of Standards and Tehnology for theCOMMENT FITS Definition doument #100 and other FITS information.COMMENTCOMMENT ########## Configuration ontrol keywords ##########COMMENTORIGIN = 'ASC 'CREATOR = 'xxx - Version 0.0'CHECKSUM= ' ' / ASCII enoded HDU heksumDATASUM = ' ' / Data unit heksum in ASCIICOMMENTCOMMENT ########## Timing info keywords ##########COMMENTDATE = '05/02/99' / FITS file reation date (dd/mm/yy)DATE-OBS= ' ' / TT, with lok orretion if CLOCKAPPDATE-END= ' ' / TT, with lok orretion if CLOCKAPPTIMESYS = 'TT ' / AXAF time will be TT (Terrestrial Time)MJDREF = 5.0814000000000000E+04 / 1998-01-01T00:00:00 (TT) expressed in MJDTIMEZERO= 0.0000000000000000E+00 / Cumulative lok orretionTIMEUNIT= 's 'CLOCKAPP= T / Clok orretion applliedTSTART = 0.0000000000000000E+00 / As in TIME olumn: raw S/C lokTSTOP = 0.0000000000000000E+00 / add TIMEZERO and MJDREF for absolute TTCOMMENTCOMMENT ########## Observation info keywords ##########COMMENTMISSION = 'AXAF ' / Advaned X-Ray Astrophysis FailityTELESCOP= 'AXAF ' / Telesope usedINSTRUME= '"PCAD" 'DETNAM = 'ACA-P ' / DetetorOBS_ID = ' ' / Observation IDEND
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A.4 Prinipal HDU (PEA telemetry) keywords (6� 6 images)XTENSION= 'BINTABLE' / binary table extensionBITPIX = 8 / 8-bit bytesNAXIS = 2 / 2-dimensional binary tableNAXIS1 = 131 / width of table in bytesNAXIS2 = 1 / number of rows in tablePCOUNT = 0 / size of speial data areaGCOUNT = 1 / one data group (required keyword)TFIELDS = 28 / number of fields in eah rowTTYPE1 = 'time ' / Time-tag of the data reordTFORM1 = '1D ' / data format of field: 8-byte DOUBLETUNIT1 = 's ' / physial unit of fieldTTYPE2 = 'mrf ' / Major frame roll tr valueTFORM2 = '1J ' / data format of field: 4-byte INTEGERTTYPE3 = 'mjf ' / Major frame tr valueTFORM3 = '1J ' / data format of field: 4-byte INTEGERTTYPE4 = 'mnf ' / Minor frame tr valueTFORM4 = '1J ' / data format of field: 4-byte INTEGERTTYPE5 = 'end_integ_time' / end integration timeTFORM5 = '1D ' / data format of field: 8-byte DOUBLETUNIT5 = 's ' / physial unit of fieldTTYPE6 = 'integ ' / integration timeTFORM6 = '1I ' / data format of field: 2-byte INTEGERTTYPE7 = 'quality ' / Data quality flag; 0 - good, 1 - badTFORM7 = '1J ' / data format of field: 4-byte INTEGERTTYPE8 = 'glbstat ' / global statusTFORM8 = '1B ' / data format of field: BYTETTYPE9 = 'ommnt ' / ommand ountTFORM9 = '1B ' / data format of field: BYTETTYPE10 = 'ommprog' / ommand progressTFORM10 = '1B ' / data format of field: BYTETTYPE11 = 'imgfid1 ' / image typeTFORM11 = '1B ' / data format of field: BYTETTYPE12 = 'imgnum1 ' / image number (of 8)TFORM12 = '1B ' / data format of field: BYTETTYPE13 = 'imgfun1' / image funtionTFORM13 = '1B ' / data format of field: BYTETTYPE14 = 'imgstat ' / image statusTFORM14 = '1B ' / data format of field: BYTETTYPE15 = 'imgrow0 ' / row of lowerleft image pixelTFORM15 = '1I ' / data format of field: 2-byte INTEGERTTYPE16 = 'imgol0 ' / ol of lowerleft image pixelTFORM16 = '1I ' / data format of field: 2-byte INTEGERTTYPE17 = 'imgsale' / pixel saling fatorTFORM17 = '1I ' / data format of field: 2-byte INTEGERTTYPE18 = 'bgdavg ' / average bakground26



TFORM18 = '1I ' / data format of field: 2-byte INTEGERTTYPE19 = 'imgraw ' / aspet amera imageTFORM19 = '36I ' / data format of field: 2-byte INTEGERTTYPE20 = 'bgdrms ' / bakground RMSTFORM20 = '1I ' / data format of field: 2-byte INTEGERTTYPE21 = 'tempd ' / temp 1 - CCDTFORM21 = '1B ' / data format of field: BYTETTYPE22 = 'temphous' / temp 2 - AC housingTFORM22 = '1B ' / data format of field: BYTETTYPE23 = 'tempprim' / temp 3 - lens ellTFORM23 = '1B ' / data format of field: BYTETTYPE24 = 'tempse ' / temp 4 - seondary mirrorTFORM24 = '1B ' / data format of field: BYTETTYPE25 = 'bgdstat ' / bgd pixel statusTFORM25 = '1B ' / data format of field: BYTETTYPE26 = 'imgfid2 ' / image typeTFORM26 = '1B ' / data format of field: BYTETTYPE27 = 'imgnum2 ' / image number (of 8)TFORM27 = '1B ' / data format of field: BYTETTYPE28 = 'imgfun2' / image funtionTFORM28 = '1B ' / data format of field: BYTEEXTNAME = 'ACA_TU_IMG6' / name of this binary table extensionTDIM19 = '(6,6) ' / size of the multidimensional arrayCOMMENTCOMMENT ########## Configuration ontrol keywords ##########COMMENTORIGIN = 'ASC 'CREATOR = 'xxx - Version 0.0'REVISION= 0 / Proessing system revision numberCHECKSUM= ' ' / ASCII enoded HDU heksumDATASUM = ' ' / Data unit heksum in ASCIICONTENT = ' ' / What data produtHDUNAME = ' ' /HDUSPEC = ' ' /HDUDOC = 'ASC-FITS-1.1' / ASC FITS Designers GuideHDUVERS = '1.0.0 ' /HDUCLASS= 'ASC 'HDUCLAS1= ' ' /HDUCLAS2= ' ' /LONGSTRN= 'OGIP 1.0' / The OGIP long string onvention may be used.COMMENTCOMMENT ########## Timing info keywords ##########COMMENTDATE = '05/02/99' / FITS file reation date (dd/mm/yy)DATE-OBS= ' ' / TT, with lok orretion if CLOCKAPPDATE-END= ' ' / TT, with lok orretion if CLOCKAPPTIMESYS = 'TT ' / AXAF time will be TT (Terrestrial Time)MJDREF = 5.0814000000000000E+04 / 1998-01-01T00:00:00 (TT) expressed in MJD27



TIMEZERO= 0.0000000000000000E+00 / Cumulative lok orretionTIMEUNIT= 's 'CLOCKAPP= T / Clok orretion applliedTIERRELA= 1.0000000000000001E-09 / Short-term lok stabilityTIERABSO= 1.0000000000000000E-04 / Absolute preision of lok orretionTIMVERSN= 'ASC-FITS-1.1' / AXAF FITS design doumentTSTART = 0.0000000000000000E+00 / As in TIME olumn: raw S/C lokTSTOP = 0.0000000000000000E+00 / add TIMEZERO and MJDREF for absolute TTTIMEPIXR= 0.0000000000000000E+00 /TIMEDEL = 0.0000000000000000E+00 / Time resolution of data ( in seonds )COMMENTCOMMENT ########## Observation info keywords ##########COMMENTMISSION = 'AXAF ' / Advaned X-Ray Astrophysis FailityTELESCOP= 'AXAF ' / Telesope usedINSTRUME= 'PCAD 'DETNAM = 'ACA-P ' / DetetorGRATING = 'NONE ' / HETG, LETG, or NONEOBJECT = ' ' / Soure nameTITLE = ' ' / Title of ObservatonOBSERVER= ' ' / Observer or PIOBS_ID = ' ' / Observation IDEQUINOX = 2.0000000000000000E+03 / J2000.0RADECSYS= 'ICRS ' / Julian oordinate referene frameDATACLAS= 'OBSERVED' / default is OBSERVEDONTIME = 0.0000000000000000E+00 / Ontime in seondsLIVETIME= 0.0000000000000000E+00 / Livetime in seondsEXPOSURE= 0.0000000000000000E+00DTCOR = 0.0000000000000000E+00COMMENTCOMMENT ########## Additional Priniple Header keywords ##########COMMENTEND
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A.5 Primary header keywords (PEA telemetry) (8� 8 images)SIMPLE = T / file does onform to FITS standardBITPIX = 32 / number of bits per data pixelNAXIS = 0 / number of data axesEXTEND = T / FITS dataset may ontain extensionsCOMMENT FITS (Flexible Image Transport System) format defined in Astronomy andCOMMENT Astrophysis Supplement Series v44/p363, v44/p371, v73/p359, v73/p365.COMMENT Contat the NASA Siene Offie of Standards and Tehnology for theCOMMENT FITS Definition doument #100 and other FITS information.COMMENTCOMMENT ########## Configuration ontrol keywords ##########COMMENTORIGIN = 'ASC 'CREATOR = 'xxx - Version 0.0'CHECKSUM= ' ' / ASCII enoded HDU heksumDATASUM = ' ' / Data unit heksum in ASCIICOMMENTCOMMENT ########## Timing info keywords ##########COMMENTDATE = '05/02/99' / FITS file reation date (dd/mm/yy)DATE-OBS= ' ' / TT, with lok orretion if CLOCKAPPDATE-END= ' ' / TT, with lok orretion if CLOCKAPPTIMESYS = 'TT ' / AXAF time will be TT (Terrestrial Time)MJDREF = 5.0814000000000000E+04 / 1998-01-01T00:00:00 (TT) expressed in MJDTIMEZERO= 0.0000000000000000E+00 / Cumulative lok orretionTIMEUNIT= 's 'CLOCKAPP= T / Clok orretion applliedTSTART = 0.0000000000000000E+00 / As in TIME olumn: raw S/C lokTSTOP = 0.0000000000000000E+00 / add TIMEZERO and MJDREF for absolute TTCOMMENTCOMMENT ########## Observation info keywords ##########COMMENTMISSION = 'AXAF ' / Advaned X-Ray Astrophysis FailityTELESCOP= 'AXAF ' / Telesope usedINSTRUME= '"PCAD" 'DETNAM = 'ACA-P ' / DetetorOBS_ID = ' ' / Observation IDEND
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A.6 Prinipal HDU (PEA telemetry) keywords (8� 8 images)XTENSION= 'BINTABLE' / binary table extensionBITPIX = 8 / 8-bit bytesNAXIS = 2 / 2-dimensional binary tableNAXIS1 = 205 / width of table in bytesNAXIS2 = 1 / number of rows in tablePCOUNT = 0 / size of speial data areaGCOUNT = 1 / one data group (required keyword)TFIELDS = 46 / number of fields in eah rowTTYPE1 = 'time ' / Time-tag of the data reordTFORM1 = '1D ' / data format of field: 8-byte DOUBLETUNIT1 = 's ' / physial unit of fieldTTYPE2 = 'mrf ' / Major frame roll tr valueTFORM2 = '1J ' / data format of field: 4-byte INTEGERTTYPE3 = 'mjf ' / Major frame tr valueTFORM3 = '1J ' / data format of field: 4-byte INTEGERTTYPE4 = 'mnf ' / Minor frame tr valueTFORM4 = '1J ' / data format of field: 4-byte INTEGERTTYPE5 = 'end_integ_time' / end integration timeTFORM5 = '1D ' / data format of field: 8-byte DOUBLETUNIT5 = 's ' / physial unit of fieldTTYPE6 = 'integ ' / integration timeTFORM6 = '1I ' / data format of field: 2-byte INTEGERTTYPE7 = 'quality ' / Data quality flag; 0 - good, 1 - badTFORM7 = '1J ' / data format of field: 4-byte INTEGERTTYPE8 = 'glbstat ' / global statusTFORM8 = '1B ' / data format of field: BYTETTYPE9 = 'ommnt ' / ommand ountTFORM9 = '1B ' / data format of field: BYTETTYPE10 = 'ommprog' / ommand progressTFORM10 = '1B ' / data format of field: BYTETTYPE11 = 'imgfid1 ' / image typeTFORM11 = '1B ' / data format of field: BYTETTYPE12 = 'imgnum1 ' / image number (of 8)TFORM12 = '1B ' / data format of field: BYTETTYPE13 = 'imgfun1' / image funtionTFORM13 = '1B ' / data format of field: BYTETTYPE14 = 'imgstat ' / image statusTFORM14 = '1B ' / data format of field: BYTETTYPE15 = 'imgrow0 ' / row of lowerleft image pixelTFORM15 = '1I ' / data format of field: 2-byte INTEGERTUNIT15 = 'pixel ' / physial unit of fieldTTYPE16 = 'imgol0 ' / ol of lowerleft image pixelTFORM16 = '1I ' / data format of field: 2-byte INTEGERTUNIT16 = 'pixel ' / physial unit of fieldTTYPE17 = 'imgsale' / pixel saling fator30



TFORM17 = '1I ' / data format of field: 2-byte INTEGERTTYPE18 = 'bgdavg ' / average bakgroundTFORM18 = '1I ' / data format of field: 2-byte INTEGERTTYPE19 = 'imgraw ' / aspet amera imageTFORM19 = '64I ' / data format of field: 2-byte INTEGERTTYPE20 = 'bgdrms ' / bagkround RMSTFORM20 = '1I ' / data format of field: 2-byte INTEGERTTYPE21 = 'tempd ' / temp 1 - CCDTFORM21 = '1B ' / data format of field: BYTETTYPE22 = 'temphous' / temp 2 - AC housingTFORM22 = '1B ' / data format of field: BYTETTYPE23 = 'tempprim' / temp 3 - lens ellTFORM23 = '1B ' / data format of field: BYTETTYPE24 = 'tempse ' / temp 4 - seondary mirrorTFORM24 = '1B ' / data format of field: BYTETTYPE25 = 'bgdstat ' / bgd pixel statusTFORM25 = '1B ' / data format of field: BYTETTYPE26 = 'imgfid2 ' / image typeTFORM26 = '1B ' / data format of field: BYTETTYPE27 = 'imgnum2 ' / image number (of 8)TFORM27 = '1B ' / data format of field: BYTETTYPE28 = 'imgfun2' / image funtionTFORM28 = '1B ' / data format of field: BYTETTYPE29 = 'imgfid3 ' / image typeTFORM29 = '1B ' / data format of field: BYTETTYPE30 = 'imgnum3 ' / image number (of 8)TFORM30 = '1B ' / data format of field: BYTETTYPE31 = 'imgfun3' / image funtionTFORM31 = '1B ' / data format of field: BYTETTYPE32 = 'imgfid4 ' / image typeTFORM32 = '1B ' / data format of field: BYTETTYPE33 = 'imgnum4 ' / image number (of 8)TFORM33 = '1B ' / data format of field: BYTETTYPE34 = 'imgfun4' / image funtionTFORM34 = '1B ' / data format of field: BYTETTYPE35 = 'hdr3tlm62' / Hdr 3 tlm. imgtype=6 word=2TFORM35 = '1B ' / data format of field: BYTETTYPE36 = 'hdr3tlm63' / Hdr 3 tlm. imgtype=6 word=3TFORM36 = '1B ' / data format of field: BYTETTYPE37 = 'hdr3tlm64' / Hdr 3 tlm. imgtype=6 word=4TFORM37 = '1B ' / data format of field: BYTETTYPE38 = 'hdr3tlm65' / Hdr 3 tlm. imgtype=6 word=5TFORM38 = '1B ' / data format of field: BYTETTYPE39 = 'hdr3tlm66' / Hdr 3 tlm. imgtype=6 word=6TFORM39 = '1B ' / data format of field: BYTETTYPE40 = 'hdr3tlm67' / Hdr 3 tlm. imgtype=6 word=7TFORM40 = '1B ' / data format of field: BYTETTYPE41 = 'hdr3tlm72' / Hdr 3 tlm. imgtype=7 word=231



TFORM41 = '1B ' / data format of field: BYTETTYPE42 = 'hdr3tlm73' / Hdr 3 tlm. imgtype=7 word=3TFORM42 = '1B ' / data format of field: BYTETTYPE43 = 'hdr3tlm74' / Hdr 3 tlm. imgtype=7 word=4TFORM43 = '1B ' / data format of field: BYTETTYPE44 = 'hdr3tlm75' / Hdr 3 tlm. imgtype=7 word=5TFORM44 = '1B ' / data format of field: BYTETTYPE45 = 'hdr3tlm76' / Hdr 3 tlm. imgtype=7 word=6TFORM45 = '1B ' / data format of field: BYTETTYPE46 = 'hdr3tlm77' / Hdr 3 tlm. imgtype=7 word=7TFORM46 = '1B ' / data format of field: BYTEEXTNAME = 'ACA_TU_IMG8' / name of this binary table extensionTDIM19 = '(8,8) ' / size of the multidimensional arrayCOMMENTCOMMENT ########## Configuration ontrol keywords ##########COMMENTORIGIN = 'ASC 'CREATOR = 'xxx - Version 0.0'REVISION= 0 / Proessing system revision numberCHECKSUM= ' ' / ASCII enoded HDU heksumDATASUM = ' ' / Data unit heksum in ASCIICONTENT = ' ' / What data produtHDUNAME = ' ' /HDUSPEC = ' ' /HDUDOC = 'ASC-FITS-1.1' / ASC FITS Designers GuideHDUVERS = '1.0.0 ' /HDUCLASS= 'ASC 'HDUCLAS1= ' ' /HDUCLAS2= ' ' /LONGSTRN= 'OGIP 1.0' / The OGIP long string onvention may be used.COMMENTCOMMENT ########## Timing info keywords ##########COMMENTDATE = '05/02/99' / FITS file reation date (dd/mm/yy)DATE-OBS= ' ' / TT, with lok orretion if CLOCKAPPDATE-END= ' ' / TT, with lok orretion if CLOCKAPPTIMESYS = 'TT ' / AXAF time will be TT (Terrestrial Time)MJDREF = 5.0814000000000000E+04 / 1998-01-01T00:00:00 (TT) expressed in MJDTIMEZERO= 0.0000000000000000E+00 / Cumulative lok orretionTIMEUNIT= 's 'CLOCKAPP= T / Clok orretion applliedTIERRELA= 1.0000000000000001E-09 / Short-term lok stabilityTIERABSO= 1.0000000000000000E-04 / Absolute preision of lok orretionTIMVERSN= 'ASC-FITS-1.1' / AXAF FITS design doumentTSTART = 0.0000000000000000E+00 / As in TIME olumn: raw S/C lokTSTOP = 0.0000000000000000E+00 / add TIMEZERO and MJDREF for absolute TTTIMEPIXR= 0.0000000000000000E+00 /TIMEDEL = 0.0000000000000000E+00 / Time resolution of data ( in seonds )32



COMMENTCOMMENT ########## Observation info keywords ##########COMMENTMISSION = 'AXAF ' / Advaned X-Ray Astrophysis FailityTELESCOP= 'AXAF ' / Telesope usedINSTRUME= 'PCAD 'DETNAM = 'ACA-P ' / DetetorGRATING = 'NONE ' / HETG, LETG, or NONEOBJECT = ' ' / Soure nameTITLE = ' ' / Title of ObservatonOBSERVER= ' ' / Observer or PIOBS_ID = ' ' / Observation IDEQUINOX = 2.0000000000000000E+03 / J2000.0RADECSYS= 'ICRS ' / Julian oordinate referene frameDATACLAS= 'OBSERVED' / default is OBSERVEDONTIME = 0.0000000000000000E+00 / Ontime in seondsLIVETIME= 0.0000000000000000E+00 / Livetime in seondsEXPOSURE= 0.0000000000000000E+00DTCOR = 0.0000000000000000E+00COMMENTCOMMENT ########## Additional Priniple Header keywords ##########COMMENTEND
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Appendix BList of all keywords in a PEAtelemetry alibrated data �leB.1 Primary header keywords (PEA telemetry) (4� 4 images)SIMPLE = T / file does onform to FITS standardBITPIX = 32 / number of bits per data pixelNAXIS = 0 / number of data axesEXTEND = T / FITS dataset may ontain extensionsCOMMENT FITS (Flexible Image Transport System) format defined in Astronomy andCOMMENT Astrophysis Supplement Series v44/p363, v44/p371, v73/p359, v73/p365.COMMENT Contat the NASA Siene Offie of Standards and Tehnology for theCOMMENT FITS Definition doument #100 and other FITS information.COMMENTCOMMENT ########## Configuration ontrol keywords ##########COMMENTORIGIN = 'ASC 'CREATOR = 'xxx - Version 0.0'CHECKSUM= ' ' / ASCII enoded HDU heksumDATASUM = ' ' / Data unit heksum in ASCIICOMMENTCOMMENT ########## Timing info keywords ##########COMMENTDATE = '05/02/99' / FITS file reation date (dd/mm/yy)DATE-OBS= ' ' / TT, with lok orretion if CLOCKAPPDATE-END= ' ' / TT, with lok orretion if CLOCKAPPTIMESYS = 'TT ' / AXAF time will be TT (Terrestrial Time)MJDREF = 5.0814000000000000E+04 / 1998-01-01T00:00:00 (TT) expressed in MJDTIMEZERO= 0.0000000000000000E+00 / Cumulative lok orretionTIMEUNIT= 's 'CLOCKAPP= T / Clok orretion applliedTSTART = 0.0000000000000000E+00 / As in TIME olumn: raw S/C lokTSTOP = 0.0000000000000000E+00 / add TIMEZERO and MJDREF for absolute TTCOMMENTCOMMENT ########## Observation info keywords ##########34



COMMENTMISSION = 'AXAF ' / Advaned X-Ray Astrophysis FailityTELESCOP= 'AXAF ' / Telesope usedINSTRUME= '"PCAD" 'DETNAM = 'ACA-P ' / DetetorOBS_ID = ' ' / Observation IDEND
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B.2 Prinipal HDU (PEA telemetry) keywords (4� 4 images)XTENSION= 'BINTABLE' / binary table extensionBITPIX = 8 / 8-bit bytesNAXIS = 2 / 2-dimensional binary tableNAXIS1 = 117 / width of table in bytesNAXIS2 = 1 / number of rows in tablePCOUNT = 0 / size of speial data areaGCOUNT = 1 / one data group (required keyword)TFIELDS = 19 / number of fields in eah rowTTYPE1 = 'time ' / Time-tag of the data reordTFORM1 = '1D ' / data format of field: 8-byte DOUBLETUNIT1 = 's ' / physial unit of fieldTTYPE2 = 'mrf ' / Major frame roll tr valueTFORM2 = '1J ' / data format of field: 4-byte INTEGERTTYPE3 = 'mjf ' / Major frame tr valueTFORM3 = '1J ' / data format of field: 4-byte INTEGERTTYPE4 = 'mnf ' / Minor frame tr valueTFORM4 = '1J ' / data format of field: 4-byte INTEGERTTYPE5 = 'end_integ_time' / end integration timeTFORM5 = '1D ' / data format of field: 8-byte DOUBLETUNIT5 = 's ' / physial unit of fieldTTYPE6 = 'integ ' / integration timeTFORM6 = '1E ' / data format of field: 4-byte REALTUNIT6 = 's ' / physial unit of fieldTTYPE7 = 'quality ' / Data quality flag; 0 - good, 1 - badTFORM7 = '1J ' / data format of field: 4-byte INTEGERTTYPE8 = 'glbstat ' / global statusTFORM8 = '1B ' / data format of field: BYTETTYPE9 = 'ommnt ' / ommand ountTFORM9 = '1B ' / data format of field: BYTETTYPE10 = 'ommprog' / ommand progressTFORM10 = '1B ' / data format of field: BYTETTYPE11 = 'imgfid1 ' / image typeTFORM11 = '1B ' / data format of field: BYTETTYPE12 = 'imgnum1 ' / image number (of 8)TFORM12 = '1B ' / data format of field: BYTETTYPE13 = 'imgfun1' / image funtionTFORM13 = '1B ' / data format of field: BYTETTYPE14 = 'imgstat ' / image statusTFORM14 = '1B ' / data format of field: BYTETTYPE15 = 'imgrow0 ' / row of lowerleft image pixelTFORM15 = '1I ' / data format of field: 2-byte INTEGERTUNIT15 = 'pixel ' / physial unit of fieldTTYPE16 = 'imgol0 ' / ol of lowerleft image pixelTFORM16 = '1I ' / data format of field: 2-byte INTEGERTUNIT16 = 'pixel ' / physial unit of field36



TTYPE17 = 'imgsale' / pixel saling fatorTFORM17 = '1I ' / data format of field: 2-byte INTEGERTTYPE18 = 'bgdavg ' / average bakgroundTFORM18 = '1E ' / data format of field: 4-byte REALTUNIT18 = 'ount ' / physial unit of fieldTTYPE19 = 'imgraw ' / aspet amera imageTFORM19 = '16E ' / data format of field: 4-byte REALTUNIT19 = 'ount ' / physial unit of fieldEXTNAME = 'ACA_IMG4' / name of this binary table extensionTDIM19 = '(4,4) ' / size of the multidimensional arrayCOMMENTCOMMENT ########## Configuration ontrol keywords ##########COMMENTORIGIN = 'ASC 'CREATOR = 'xxx - Version 0.0'REVISION= 0 / Proessing system revision numberCHECKSUM= ' ' / ASCII enoded HDU heksumDATASUM = ' ' / Data unit heksum in ASCIICONTENT = ' ' / What data produtHDUNAME = ' ' /HDUSPEC = ' ' /HDUDOC = 'ASC-FITS-1.1' / ASC FITS Designers GuideHDUVERS = '1.0.0 ' /HDUCLASS= 'ASC 'HDUCLAS1= ' ' /HDUCLAS2= ' ' /LONGSTRN= 'OGIP 1.0' / The OGIP long string onvention may be used.COMMENTCOMMENT ########## Timing info keywords ##########COMMENTDATE = '05/02/99' / FITS file reation date (dd/mm/yy)DATE-OBS= ' ' / TT, with lok orretion if CLOCKAPPDATE-END= ' ' / TT, with lok orretion if CLOCKAPPTIMESYS = 'TT ' / AXAF time will be TT (Terrestrial Time)MJDREF = 5.0814000000000000E+04 / 1998-01-01T00:00:00 (TT) expressed in MJDTIMEZERO= 0.0000000000000000E+00 / Cumulative lok orretionTIMEUNIT= 's 'CLOCKAPP= T / Clok orretion applliedTIERRELA= 1.0000000000000001E-09 / Short-term lok stabilityTIERABSO= 1.0000000000000000E-04 / Absolute preision of lok orretionTIMVERSN= 'ASC-FITS-1.1' / AXAF FITS design doumentTSTART = 0.0000000000000000E+00 / As in TIME olumn: raw S/C lokTSTOP = 0.0000000000000000E+00 / add TIMEZERO and MJDREF for absolute TTTIMEPIXR= 0.0000000000000000E+00 /TIMEDEL = 0.0000000000000000E+00 / Time resolution of data ( in seonds )COMMENTCOMMENT ########## Observation info keywords ##########COMMENT 37



MISSION = 'AXAF ' / Advaned X-Ray Astrophysis FailityTELESCOP= 'AXAF ' / Telesope usedINSTRUME= 'PCAD 'DETNAM = 'ACA-P ' / DetetorGRATING = 'NONE ' / HETG, LETG, or NONEOBJECT = ' ' / Soure nameTITLE = ' ' / Title of ObservatonOBSERVER= ' ' / Observer or PIOBS_ID = ' ' / Observation IDEQUINOX = 2.0000000000000000E+03 / J2000.0RADECSYS= 'ICRS ' / Julian oordinate referene frameDATACLAS= 'OBSERVED' / default is OBSERVEDONTIME = 0.0000000000000000E+00 / Ontime in seondsLIVETIME= 0.0000000000000000E+00 / Livetime in seondsEXPOSURE= 0.0000000000000000E+00DTCOR = 0.0000000000000000E+00COMMENTCOMMENT ########## Additional Priniple Header keywords ##########COMMENTEND
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B.3 Primary header keywords (PEA telemetry) (6� 6 images)SIMPLE = T / file does onform to FITS standardBITPIX = 32 / number of bits per data pixelNAXIS = 0 / number of data axesEXTEND = T / FITS dataset may ontain extensionsCOMMENT FITS (Flexible Image Transport System) format defined in Astronomy andCOMMENT Astrophysis Supplement Series v44/p363, v44/p371, v73/p359, v73/p365.COMMENT Contat the NASA Siene Offie of Standards and Tehnology for theCOMMENT FITS Definition doument #100 and other FITS information.COMMENTCOMMENT ########## Configuration ontrol keywords ##########COMMENTORIGIN = 'ASC 'CREATOR = 'xxx - Version 0.0'CHECKSUM= ' ' / ASCII enoded HDU heksumDATASUM = ' ' / Data unit heksum in ASCIICOMMENTCOMMENT ########## Timing info keywords ##########COMMENTDATE = '05/02/99' / FITS file reation date (dd/mm/yy)DATE-OBS= ' ' / TT, with lok orretion if CLOCKAPPDATE-END= ' ' / TT, with lok orretion if CLOCKAPPTIMESYS = 'TT ' / AXAF time will be TT (Terrestrial Time)MJDREF = 5.0814000000000000E+04 / 1998-01-01T00:00:00 (TT) expressed in MJDTIMEZERO= 0.0000000000000000E+00 / Cumulative lok orretionTIMEUNIT= 's 'CLOCKAPP= T / Clok orretion applliedTSTART = 0.0000000000000000E+00 / As in TIME olumn: raw S/C lokTSTOP = 0.0000000000000000E+00 / add TIMEZERO and MJDREF for absolute TTCOMMENTCOMMENT ########## Observation info keywords ##########COMMENTMISSION = 'AXAF ' / Advaned X-Ray Astrophysis FailityTELESCOP= 'AXAF ' / Telesope usedINSTRUME= '"PCAD" 'DETNAM = 'ACA-P ' / DetetorOBS_ID = ' ' / Observation IDEND
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B.4 Prinipal HDU (PEA telemetry) keywords (6� 6 images)XTENSION= 'BINTABLE' / binary table extensionBITPIX = 8 / 8-bit bytesNAXIS = 2 / 2-dimensional binary tableNAXIS1 = 221 / width of table in bytesNAXIS2 = 1 / number of rows in tablePCOUNT = 0 / size of speial data areaGCOUNT = 1 / one data group (required keyword)TFIELDS = 28 / number of fields in eah rowTTYPE1 = 'time ' / Time-tag of the data reordTFORM1 = '1D ' / data format of field: 8-byte DOUBLETUNIT1 = 's ' / physial unit of fieldTTYPE2 = 'mrf ' / Major frame roll tr valueTFORM2 = '1J ' / data format of field: 4-byte INTEGERTTYPE3 = 'mjf ' / Major frame tr valueTFORM3 = '1J ' / data format of field: 4-byte INTEGERTTYPE4 = 'mnf ' / Minor frame tr valueTFORM4 = '1J ' / data format of field: 4-byte INTEGERTTYPE5 = 'end_integ_time' / end integration timeTFORM5 = '1D ' / data format of field: 8-byte DOUBLETUNIT5 = 's ' / physial unit of fieldTTYPE6 = 'integ ' / integration timeTFORM6 = '1E ' / data format of field: 4-byte REALTUNIT6 = 's ' / physial unit of fieldTTYPE7 = 'quality ' / Data quality flag; 0 - good, 1 - badTFORM7 = '1J ' / data format of field: 4-byte INTEGERTTYPE8 = 'glbstat ' / global statusTFORM8 = '1B ' / data format of field: BYTETTYPE9 = 'ommnt ' / ommand ountTFORM9 = '1B ' / data format of field: BYTETTYPE10 = 'ommprog' / ommand progressTFORM10 = '1B ' / data format of field: BYTETTYPE11 = 'imgfid1 ' / image typeTFORM11 = '1B ' / data format of field: BYTETTYPE12 = 'imgnum1 ' / image number (of 8)TFORM12 = '1B ' / data format of field: BYTETTYPE13 = 'imgfun1' / image funtionTFORM13 = '1B ' / data format of field: BYTETTYPE14 = 'imgstat ' / image statusTFORM14 = '1B ' / data format of field: BYTETTYPE15 = 'imgrow0 ' / row of lowerleft image pixelTFORM15 = '1I ' / data format of field: 2-byte INTEGERTTYPE16 = 'imgol0 ' / ol of lowerleft image pixelTFORM16 = '1I ' / data format of field: 2-byte INTEGERTTYPE17 = 'imgsale' / pixel saling fatorTFORM17 = '1I ' / data format of field: 2-byte INTEGER40



TTYPE18 = 'bgdavg ' / average bakgroundTFORM18 = '1E ' / data format of field: 4-byte REALTUNIT18 = 'ount ' / physial unit of fieldTTYPE19 = 'imgraw ' / aspet amera imageTFORM19 = '36E ' / data format of field: 4-byte REALTUNIT19 = 'ount ' / physial unit of fieldTTYPE20 = 'bgdrms ' / bagkround RMSTFORM20 = '1E ' / data format of field: 4-byte REALTUNIT20 = 'ount ' / physial unit of fieldTTYPE21 = 'tempd ' / temp 1 - CCDTFORM21 = '1E ' / data format of field: 4-byte REALTUNIT21 = 'K ' / physial unit of fieldTTYPE22 = 'temphous' / temp 2 - AC housingTFORM22 = '1E ' / data format of field: 4-byte REALTUNIT22 = 'K ' / physial unit of fieldTTYPE23 = 'tempprim' / temp 3 - lens ellTFORM23 = '1E ' / data format of field: 4-byte REALTUNIT23 = 'K ' / physial unit of fieldTTYPE24 = 'tempse ' / temp 4 - seondary mirrorTFORM24 = '1E ' / data format of field: 4-byte REALTUNIT24 = 'K ' / physial unit of fieldTTYPE25 = 'bgdstat ' / bgd pixel statusTFORM25 = '1B ' / data format of field: BYTETTYPE26 = 'imgfid2 ' / image typeTFORM26 = '1B ' / data format of field: BYTETTYPE27 = 'imgnum2 ' / image number (of 8)TFORM27 = '1B ' / data format of field: BYTETTYPE28 = 'imgfun2' / image funtionTFORM28 = '1B ' / data format of field: BYTEEXTNAME = 'ACA_IMG6' / name of this binary table extensionTDIM19 = '(6,6) ' / size of the multidimensional arrayCOMMENTCOMMENT ########## Configuration ontrol keywords ##########COMMENTORIGIN = 'ASC 'CREATOR = 'xxx - Version 0.0'REVISION= 0 / Proessing system revision numberCHECKSUM= ' ' / ASCII enoded HDU heksumDATASUM = ' ' / Data unit heksum in ASCIICONTENT = ' ' / What data produtHDUNAME = ' ' /HDUSPEC = ' ' /HDUDOC = 'ASC-FITS-1.1' / ASC FITS Designers GuideHDUVERS = '1.0.0 ' /HDUCLASS= 'ASC 'HDUCLAS1= ' ' /HDUCLAS2= ' ' /LONGSTRN= 'OGIP 1.0' / The OGIP long string onvention may be used.41



COMMENTCOMMENT ########## Timing info keywords ##########COMMENTDATE = '05/02/99' / FITS file reation date (dd/mm/yy)DATE-OBS= ' ' / TT, with lok orretion if CLOCKAPPDATE-END= ' ' / TT, with lok orretion if CLOCKAPPTIMESYS = 'TT ' / AXAF time will be TT (Terrestrial Time)MJDREF = 5.0814000000000000E+04 / 1998-01-01T00:00:00 (TT) expressed in MJDTIMEZERO= 0.0000000000000000E+00 / Cumulative lok orretionTIMEUNIT= 's 'CLOCKAPP= T / Clok orretion applliedTIERRELA= 1.0000000000000001E-09 / Short-term lok stabilityTIERABSO= 1.0000000000000000E-04 / Absolute preision of lok orretionTIMVERSN= 'ASC-FITS-1.1' / AXAF FITS design doumentTSTART = 0.0000000000000000E+00 / As in TIME olumn: raw S/C lokTSTOP = 0.0000000000000000E+00 / add TIMEZERO and MJDREF for absolute TTTIMEPIXR= 0.0000000000000000E+00 /TIMEDEL = 0.0000000000000000E+00 / Time resolution of data ( in seonds )COMMENTCOMMENT ########## Observation info keywords ##########COMMENTMISSION = 'AXAF ' / Advaned X-Ray Astrophysis FailityTELESCOP= 'AXAF ' / Telesope usedINSTRUME= 'PCAD 'DETNAM = 'ACA-P ' / DetetorGRATING = 'NONE ' / HETG, LETG, or NONEOBJECT = ' ' / Soure nameTITLE = ' ' / Title of ObservatonOBSERVER= ' ' / Observer or PIOBS_ID = ' ' / Observation IDEQUINOX = 2.0000000000000000E+03 / J2000.0RADECSYS= 'ICRS ' / Julian oordinate referene frameDATACLAS= 'OBSERVED' / default is OBSERVEDONTIME = 0.0000000000000000E+00 / Ontime in seondsLIVETIME= 0.0000000000000000E+00 / Livetime in seondsEXPOSURE= 0.0000000000000000E+00DTCOR = 0.0000000000000000E+00COMMENTCOMMENT ########## Additional Priniple Header keywords ##########COMMENTEND
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B.5 Primary header keywords (PEA telemetry) (8� 8 images)SIMPLE = T / file does onform to FITS standardBITPIX = 32 / number of bits per data pixelNAXIS = 0 / number of data axesEXTEND = T / FITS dataset may ontain extensionsCOMMENT FITS (Flexible Image Transport System) format defined in Astronomy andCOMMENT Astrophysis Supplement Series v44/p363, v44/p371, v73/p359, v73/p365.COMMENT Contat the NASA Siene Offie of Standards and Tehnology for theCOMMENT FITS Definition doument #100 and other FITS information.COMMENTCOMMENT ########## Configuration ontrol keywords ##########COMMENTORIGIN = 'ASC 'CREATOR = 'xxx - Version 0.0'CHECKSUM= ' ' / ASCII enoded HDU heksumDATASUM = ' ' / Data unit heksum in ASCIICOMMENTCOMMENT ########## Timing info keywords ##########COMMENTDATE = '05/02/99' / FITS file reation date (dd/mm/yy)DATE-OBS= ' ' / TT, with lok orretion if CLOCKAPPDATE-END= ' ' / TT, with lok orretion if CLOCKAPPTIMESYS = 'TT ' / AXAF time will be TT (Terrestrial Time)MJDREF = 5.0814000000000000E+04 / 1998-01-01T00:00:00 (TT) expressed in MJDTIMEZERO= 0.0000000000000000E+00 / Cumulative lok orretionTIMEUNIT= 's 'CLOCKAPP= T / Clok orretion applliedTSTART = 0.0000000000000000E+00 / As in TIME olumn: raw S/C lokTSTOP = 0.0000000000000000E+00 / add TIMEZERO and MJDREF for absolute TTCOMMENTCOMMENT ########## Observation info keywords ##########COMMENTMISSION = 'AXAF ' / Advaned X-Ray Astrophysis FailityTELESCOP= 'AXAF ' / Telesope usedINSTRUME= '"PCAD" 'DETNAM = 'ACA-P ' / DetetorOBS_ID = ' ' / Observation IDEND
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B.6 Prinipal HDU (PEA telemetry) keywords (8� 8 images)XTENSION= 'BINTABLE' / binary table extensionBITPIX = 8 / 8-bit bytesNAXIS = 2 / 2-dimensional binary tableNAXIS1 = 351 / width of table in bytesNAXIS2 = 1 / number of rows in tablePCOUNT = 0 / size of speial data areaGCOUNT = 1 / one data group (required keyword)TFIELDS = 46 / number of fields in eah rowTTYPE1 = 'time ' / Time-tag of the data reordTFORM1 = '1D ' / data format of field: 8-byte DOUBLETUNIT1 = 's ' / physial unit of fieldTTYPE2 = 'mrf ' / Major frame roll tr valueTFORM2 = '1J ' / data format of field: 4-byte INTEGERTTYPE3 = 'mjf ' / Major frame tr valueTFORM3 = '1J ' / data format of field: 4-byte INTEGERTTYPE4 = 'mnf ' / Minor frame tr valueTFORM4 = '1J ' / data format of field: 4-byte INTEGERTTYPE5 = 'end_integ_time' / end integration timeTFORM5 = '1D ' / data format of field: 8-byte DOUBLETUNIT5 = 's ' / physial unit of fieldTTYPE6 = 'integ ' / integration timeTFORM6 = '1E ' / data format of field: 4-byte REALTUNIT6 = 's ' / physial unit of fieldTTYPE7 = 'quality ' / Data quality flag; 0 - good, 1 - badTFORM7 = '1J ' / data format of field: 4-byte INTEGERTTYPE8 = 'glbstat ' / global statusTFORM8 = '1B ' / data format of field: BYTETTYPE9 = 'ommnt ' / ommand ountTFORM9 = '1B ' / data format of field: BYTETTYPE10 = 'ommprog' / ommand progressTFORM10 = '1B ' / data format of field: BYTETTYPE11 = 'imgfid1 ' / image typeTFORM11 = '1B ' / data format of field: BYTETTYPE12 = 'imgnum1 ' / image number (of 8)TFORM12 = '1B ' / data format of field: BYTETTYPE13 = 'imgfun1' / image funtionTFORM13 = '1B ' / data format of field: BYTETTYPE14 = 'imgstat ' / image statusTFORM14 = '1B ' / data format of field: BYTETTYPE15 = 'imgrow0 ' / row of lowerleft image pixelTFORM15 = '1I ' / data format of field: 2-byte INTEGERTUNIT15 = 'pixel ' / physial unit of fieldTTYPE16 = 'imgol0 ' / ol of lowerleft image pixelTFORM16 = '1I ' / data format of field: 2-byte INTEGERTUNIT16 = 'pixel ' / physial unit of field44



TTYPE17 = 'imgsale' / pixel saling fatorTFORM17 = '1I ' / data format of field: 2-byte INTEGERTTYPE18 = 'bgdavg ' / average bakgroundTFORM18 = '1E ' / data format of field: 4-byte REALTUNIT18 = 'ount ' / physial unit of fieldTTYPE19 = 'imgraw ' / aspet amera imageTFORM19 = '64E ' / data format of field: 4-byte REALTUNIT19 = 'ount ' / physial unit of fieldTTYPE20 = 'bgdrms ' / bagkround RMSTFORM20 = '1E ' / data format of field: 4-byte REALTUNIT20 = 'ount ' / physial unit of fieldTTYPE21 = 'tempd ' / temp 1 - CCDTFORM21 = '1E ' / data format of field: 4-byte REALTUNIT21 = 'K ' / physial unit of fieldTTYPE22 = 'temphous' / temp 2 - AC housingTFORM22 = '1E ' / data format of field: 4-byte REALTUNIT22 = 'K ' / physial unit of fieldTTYPE23 = 'tempprim' / temp 3 - lens ellTFORM23 = '1E ' / data format of field: 4-byte REALTUNIT23 = 'K ' / physial unit of fieldTTYPE24 = 'tempse ' / temp 4 - seondary mirrorTFORM24 = '1E ' / data format of field: 4-byte REALTUNIT24 = 'K ' / physial unit of fieldTTYPE25 = 'bgdstat ' / bgd pixel statusTFORM25 = '1B ' / data format of field: BYTETTYPE26 = 'imgfid2 ' / image typeTFORM26 = '1B ' / data format of field: BYTETTYPE27 = 'imgnum2 ' / image number (of 8)TFORM27 = '1B ' / data format of field: BYTETTYPE28 = 'imgfun2' / image funtionTFORM28 = '1B ' / data format of field: BYTETTYPE29 = 'imgfid3 ' / image typeTFORM29 = '1B ' / data format of field: BYTETTYPE30 = 'imgnum3 ' / image number (of 8)TFORM30 = '1B ' / data format of field: BYTETTYPE31 = 'imgfun3' / image funtionTFORM31 = '1B ' / data format of field: BYTETTYPE32 = 'imgfid4 ' / image typeTFORM32 = '1B ' / data format of field: BYTETTYPE33 = 'imgnum4 ' / image number (of 8)TFORM33 = '1B ' / data format of field: BYTETTYPE34 = 'imgfun4' / image funtionTFORM34 = '1B ' / data format of field: BYTETTYPE35 = 'hdr3tlm62' / Hdr 3 tlm. imgtype=6 word=2TFORM35 = '1B ' / data format of field: BYTETTYPE36 = 'hdr3tlm63' / Hdr 3 tlm. imgtype=6 word=3TFORM36 = '1B ' / data format of field: BYTETTYPE37 = 'hdr3tlm64' / Hdr 3 tlm. imgtype=6 word=445



TFORM37 = '1B ' / data format of field: BYTETTYPE38 = 'hdr3tlm65' / Hdr 3 tlm. imgtype=6 word=5TFORM38 = '1B ' / data format of field: BYTETTYPE39 = 'hdr3tlm66' / Hdr 3 tlm. imgtype=6 word=6TFORM39 = '1B ' / data format of field: BYTETTYPE40 = 'hdr3tlm67' / Hdr 3 tlm. imgtype=6 word=7TFORM40 = '1B ' / data format of field: BYTETTYPE41 = 'hdr3tlm72' / Hdr 3 tlm. imgtype=7 word=2TFORM41 = '1B ' / data format of field: BYTETTYPE42 = 'hdr3tlm73' / Hdr 3 tlm. imgtype=7 word=3TFORM42 = '1B ' / data format of field: BYTETTYPE43 = 'hdr3tlm74' / Hdr 3 tlm. imgtype=7 word=4TFORM43 = '1B ' / data format of field: BYTETTYPE44 = 'hdr3tlm75' / Hdr 3 tlm. imgtype=7 word=5TFORM44 = '1B ' / data format of field: BYTETTYPE45 = 'hdr3tlm76' / Hdr 3 tlm. imgtype=7 word=6TFORM45 = '1B ' / data format of field: BYTETTYPE46 = 'hdr3tlm77' / Hdr 3 tlm. imgtype=7 word=7TFORM46 = '1B ' / data format of field: BYTEEXTNAME = 'ACA_IMG8' / name of this binary table extensionTDIM19 = '(8,8) ' / size of the multidimensional arrayCOMMENTCOMMENT ########## Configuration ontrol keywords ##########COMMENTORIGIN = 'ASC 'CREATOR = 'xxx - Version 0.0'REVISION= 0 / Proessing system revision numberCHECKSUM= ' ' / ASCII enoded HDU heksumDATASUM = ' ' / Data unit heksum in ASCIICONTENT = ' ' / What data produtHDUNAME = ' ' /HDUSPEC = ' ' /HDUDOC = 'ASC-FITS-1.1' / ASC FITS Designers GuideHDUVERS = '1.0.0 ' /HDUCLASS= 'ASC 'HDUCLAS1= ' ' /HDUCLAS2= ' ' /LONGSTRN= 'OGIP 1.0' / The OGIP long string onvention may be used.COMMENTCOMMENT ########## Timing info keywords ##########COMMENTDATE = '05/02/99' / FITS file reation date (dd/mm/yy)DATE-OBS= ' ' / TT, with lok orretion if CLOCKAPPDATE-END= ' ' / TT, with lok orretion if CLOCKAPPTIMESYS = 'TT ' / AXAF time will be TT (Terrestrial Time)MJDREF = 5.0814000000000000E+04 / 1998-01-01T00:00:00 (TT) expressed in MJDTIMEZERO= 0.0000000000000000E+00 / Cumulative lok orretionTIMEUNIT= 's ' 46



CLOCKAPP= T / Clok orretion applliedTIERRELA= 1.0000000000000001E-09 / Short-term lok stabilityTIERABSO= 1.0000000000000000E-04 / Absolute preision of lok orretionTIMVERSN= 'ASC-FITS-1.1' / AXAF FITS design doumentTSTART = 0.0000000000000000E+00 / As in TIME olumn: raw S/C lokTSTOP = 0.0000000000000000E+00 / add TIMEZERO and MJDREF for absolute TTTIMEPIXR= 0.0000000000000000E+00 /TIMEDEL = 0.0000000000000000E+00 / Time resolution of data ( in seonds )COMMENTCOMMENT ########## Observation info keywords ##########COMMENTMISSION = 'AXAF ' / Advaned X-Ray Astrophysis FailityTELESCOP= 'AXAF ' / Telesope usedINSTRUME= 'PCAD 'DETNAM = 'ACA-P ' / DetetorGRATING = 'NONE ' / HETG, LETG, or NONEOBJECT = ' ' / Soure nameTITLE = ' ' / Title of ObservatonOBSERVER= ' ' / Observer or PIOBS_ID = ' ' / Observation IDEQUINOX = 2.0000000000000000E+03 / J2000.0RADECSYS= 'ICRS ' / Julian oordinate referene frameDATACLAS= 'OBSERVED' / default is OBSERVEDONTIME = 0.0000000000000000E+00 / Ontime in seondsLIVETIME= 0.0000000000000000E+00 / Livetime in seondsEXPOSURE= 0.0000000000000000E+00DTCOR = 0.0000000000000000E+00COMMENTCOMMENT ########## Additional Priniple Header keywords ##########COMMENTEND
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Appendix CList of all keywords in a PEA memorydump data �leC.1 Primary header keywordsSIMPLE = T / file does onform to FITS standardBITPIX = 32 / number of bits per data pixelNAXIS = 0 / number of data axesEXTEND = T / FITS dataset may ontain extensionsCOMMENT FITS (Flexible Image Transport System) format defined in Astronomy andCOMMENT Astrophysis Supplement Series v44/p363, v44/p371, v73/p359, v73/p365.COMMENT Contat the NASA Siene Offie of Standards and Tehnology for theCOMMENT FITS Definition doument #100 and other FITS information.COMMENTCOMMENT ########## Configuration ontrol keywords ##########COMMENTORIGIN = 'ASC 'CREATOR = 'xxx - Version 0.0'CHECKSUM= ' ' / ASCII enoded HDU heksumDATASUM = ' ' / Data unit heksum in ASCIICOMMENTCOMMENT ########## Timing info keywords ##########COMMENTDATE = '05/02/99' / FITS file reation date (dd/mm/yy)DATE-OBS= ' ' / TT, with lok orretion if CLOCKAPPDATE-END= ' ' / TT, with lok orretion if CLOCKAPPTIMESYS = 'TT ' / AXAF time will be TT (Terrestrial Time)MJDREF = 5.0814000000000000E+04 / 1998-01-01T00:00:00 (TT) expressed in MJDTIMEZERO= 0.0000000000000000E+00 / Cumulative lok orretionTIMEUNIT= 's 'CLOCKAPP= T / Clok orretion applliedTSTART = 0.0000000000000000E+00 / As in TIME olumn: raw S/C lokTSTOP = 0.0000000000000000E+00 / add TIMEZERO and MJDREF for absolute TTCOMMENTCOMMENT ########## Observation info keywords ##########48



COMMENTMISSION = 'AXAF ' / Advaned X-Ray Astrophysis FailityTELESCOP= 'AXAF ' / Telesope usedINSTRUME= '"PCAD" 'DETNAM = 'ACA-P ' / DetetorOBS_ID = ' ' / Observation IDEND
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XTENSION= 'BINTABLE' / binary table extensionBITPIX = 8 / 8-bit bytesNAXIS = 2 / 2-dimensional binary tableNAXIS1 = 50 / width of table in bytesNAXIS2 = 1 / number of rows in tablePCOUNT = 0 / size of speial data areaGCOUNT = 1 / one data group (required keyword)TFIELDS = 7 / number of fields in eah rowTTYPE1 = 'time ' / Time-tag of the data reordTFORM1 = '1D ' / data format of field: 8-byte DOUBLETUNIT1 = 's ' / physial unit of fieldTTYPE2 = 'mrf ' / Major frame roll tr valueTFORM2 = '1J ' / data format of field: 4-byte INTEGERTTYPE3 = 'mjf ' / Major frame tr valueTFORM3 = '1J ' / data format of field: 4-byte INTEGERTTYPE4 = 'mnf ' / Minor frame tr valueTFORM4 = '1J ' / data format of field: 4-byte INTEGERTTYPE5 = 'address ' / start addressTFORM5 = '1J ' / data format of field: 4-byte INTEGERTTYPE6 = 'memory ' / 24 bytes of memory dataTFORM6 = '24B ' / data format of field: BYTETTYPE7 = 'heksum' / heksumTFORM7 = '1I ' / data format of field: 2-byte INTEGEREXTNAME = 'MEM_DUMP' / name of this binary table extensionCOMMENTCOMMENT ########## Configuration ontrol keywords ##########COMMENTORIGIN = 'ASC 'CREATOR = 'xxx - Version 0.0'REVISION= 0 / Proessing system revision numberCHECKSUM= ' ' / ASCII enoded HDU heksumDATASUM = ' ' / Data unit heksum in ASCIICONTENT = ' ' / What data produtHDUNAME = ' ' /HDUSPEC = ' ' /HDUDOC = 'ASC-FITS-1.1' / ASC FITS Designers GuideHDUVERS = '1.0.0 ' /HDUCLASS= 'ASC 'HDUCLAS1= ' ' /HDUCLAS2= ' ' /LONGSTRN= 'OGIP 1.0' / The OGIP long string onvention may be used.COMMENTCOMMENT ########## Timing info keywords ##########COMMENTDATE = '05/02/99' / FITS file reation date (dd/mm/yy)DATE-OBS= ' ' / TT, with lok orretion if CLOCKAPPDATE-END= ' ' / TT, with lok orretion if CLOCKAPP50



TIMESYS = 'TT ' / AXAF time will be TT (Terrestrial Time)MJDREF = 5.0814000000000000E+04 / 1998-01-01T00:00:00 (TT) expressed in MJDTIMEZERO= 0.0000000000000000E+00 / Cumulative lok orretionTIMEUNIT= 's 'CLOCKAPP= T / Clok orretion applliedTIERRELA= 1.0000000000000001E-09 / Short-term lok stabilityTIERABSO= 1.0000000000000000E-04 / Absolute preision of lok orretionTIMVERSN= 'ASC-FITS-1.1' / AXAF FITS design doumentTSTART = 0.0000000000000000E+00 / As in TIME olumn: raw S/C lokTSTOP = 0.0000000000000000E+00 / add TIMEZERO and MJDREF for absolute TTTIMEPIXR= 0.0000000000000000E+00 /TIMEDEL = 0.0000000000000000E+00 / Time resolution of data ( in seonds )COMMENTCOMMENT ########## Observation info keywords ##########COMMENTMISSION = 'AXAF ' / Advaned X-Ray Astrophysis FailityTELESCOP= 'AXAF ' / Telesope usedINSTRUME= 'PCAD 'DETNAM = 'ACA-P ' / DetetorGRATING = 'NONE ' / HETG, LETG, or NONEOBJECT = ' ' / Soure nameTITLE = ' ' / Title of ObservatonOBSERVER= ' ' / Observer or PIOBS_ID = ' ' / Observation IDEQUINOX = 2.0000000000000000E+03 / J2000.0RADECSYS= 'ICRS ' / Julian oordinate referene frameDATACLAS= 'OBSERVED' / default is OBSERVEDONTIME = 0.0000000000000000E+00 / Ontime in seondsLIVETIME= 0.0000000000000000E+00 / Livetime in seondsEXPOSURE= 0.0000000000000000E+00DTCOR = 0.0000000000000000E+00COMMENTCOMMENT ########## Additional Priniple Header keywords ##########COMMENTEND
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Appendix DPEA telemetry deommutation,alibration, and enodingThe image pixel data of the aspet amera assembly (ACA) are transfered to the OBC and teleme-tered in the \Aspet Data" stream. This is distint from the \OBC Data" stream, whih ontainsACA star entroids and magnitudes and is used by the OBC for spaeraft pointing and ontrol.The Aspet Data stream has a fundamental unit size of 224 bytes eah 4 minor frames (1.025 se).The beginning or end of set of 4 frames is oinident with the RCTU siene header pulse eah2.050 se.The 224 byte ACA data paket onsists of 8 bytes of header information, followed by 27 bytesof image data for eah of 8 image slots (8 + 27�8 = 224). For 4� 4 pixel images (spei�ed by theImage Type), one 27-byte image data paket is needed to speify an image. For 6� 6 pixel images,two 27-byte image data pakets (requiring 2.050 se) are needed to speify an image. For 8 � 8pixel images, four 27-byte image data pakets (requiring 4.100 se) are needed to speify an image.The ontents of the 224-byte data paket therefore depend of the image sizes and the urrent imagesegment (e.g. third out of four 27-byte pakets for an 8� 8 image).D.1 DeommutationThe Aspet Data are deommutated as follows. Note that eah of the eight image slots are essen-tially independent (they an have di�erent sizes), and so the following proess takes plae for eahslot.� For 4� 4 image data, reate a 32 byte bu�er onsisting of (in this order):Segment Contents1 Bytes 0 - 4 (header info)1 27 bytes of image data� For 6� 6 image data, reate a 59 byte bu�er onsisting of (in this order):Segment Contents1 Bytes 0 - 4 (header info)1 27 bytes of image data2 27 bytes of image data� For 8� 8 image data, reate a 113 byte bu�er onsisting of (in this order):52



Segment Contents1 Bytes 0 - 4 (header info)1 27 bytes of image data2 27 bytes of image data3 27 bytes of image data4 27 bytes of image data� Deommutate the bu�er using the appropriate one of the following three tables, whih speifya mnemoni name, start byte (from 0), start bit, length (bits) and data type (unalibrated).4�4 Aspet DataName Start byte Start bit Length TypeINTEG 0 0 16 USHORTGLBSTAT 2 0 8 UBYTECOMMCNT 3 0 8 UBYTECOMMPROG 4 0 8 UBYTEIMGFID1 5 0 1 UBYTEIMGNUM1 5 1 3 UBYTEIMGFUNC1 5 4 2 UBYTEIMGSTAT 5 6 6 UBYTEIMGROWA1 6 4 10 SSHORTIMGCOLA1 7 6 10 SSHORTIMGSCALE 9 0 14 USHORTBGDAVG 10 6 10 USHORTSIGPIXA1 12 0 10 USHORTSIGPIXB1 13 2 10 USHORTSIGPIXC1 14 4 10 USHORTSIGPIXD1 15 6 10 USHORTSIGPIXE1 17 0 10 USHORTSIGPIXF1 18 2 10 USHORTSIGPIXG1 19 4 10 USHORTSIGPIXH1 20 6 10 USHORTSIGPIXI1 22 0 10 USHORTSIGPIXJ1 23 2 10 USHORTSIGPIXK1 24 4 10 USHORTSIGPIXL1 25 6 10 USHORTSIGPIXM1 27 0 10 USHORTSIGPIXN1 28 2 10 USHORTSIGPIXO1 29 4 10 USHORTSIGPIXP1 30 6 10 USHORT
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6�6 Aspet DataName Start byte Start bit Length TypeINTEG 0 0 16 USHORTGLBSTAT 2 0 8 UBYTECOMMCNT 3 0 8 UBYTECOMMPROG 4 0 8 UBYTEIMGFID1 5 0 1 UBYTEIMGNUM1 5 1 3 UBYTEIMGFUNC1 5 4 2 UBYTEIMGSTAT 5 6 6 UBYTEIMGROWA1 6 4 10 SSHORTIMGCOLA1 7 6 10 SSHORTIMGSCALE 9 0 14 USHORTBGDAVG 10 6 10 USHORTSIGPIXA1 12 0 10 USHORTSIGPIXB1 13 2 10 USHORTSIGPIXC1 14 4 10 USHORTSIGPIXD1 15 6 10 USHORTSIGPIXE1 17 0 10 USHORTSIGPIXF1 18 2 10 USHORTSIGPIXG1 19 4 10 USHORTSIGPIXH1 20 6 10 USHORTSIGPIXI1 22 0 10 USHORTSIGPIXJ1 23 2 10 USHORTSIGPIXK1 24 4 10 USHORTSIGPIXL1 25 6 10 USHORTSIGPIXM1 27 0 10 USHORTSIGPIXN1 28 2 10 USHORTSIGPIXO1 29 4 10 USHORTSIGPIXP1 30 6 10 USHORTIMGFID2 32 0 1 UBYTEIMGNUM2 32 1 3 UBYTEIMGFUNC2 32 4 2 UBYTEBGDRMS 32 6 10 USHORTTEMPCCD 34 0 8 SSHORTTEMPHOUS 35 0 8 SSHORTTEMPPRIM 36 0 8 SSHORTTEMPSEC 37 0 8 SSHORTBGDSTAT 38 0 8 UBYTESIGPIXA2 39 0 10 USHORTSIGPIXB2 40 2 10 USHORTSIGPIXC2 41 4 10 USHORTSIGPIXD2 42 6 10 USHORTSIGPIXE2 44 0 10 USHORTSIGPIXF2 45 2 10 USHORTSIGPIXG2 46 4 10 USHORTSIGPIXH2 47 6 10 USHORTSIGPIXI2 49 0 10 USHORTSIGPIXJ2 50 2 10 USHORTSIGPIXK2 51 4 10 USHORTSIGPIXL2 52 6 10 USHORTSIGPIXM2 54 0 10 USHORTSIGPIXN2 55 2 10 USHORTSIGPIXO2 56 4 10 USHORTSIGPIXP2 57 6 10 USHORT54



8�8 Aspet DataName Start byte Start bit Length TypeINTEG 0 0 16 USHORTGLBSTAT 2 0 8 UBYTECOMMCNT 3 0 8 UBYTECOMMPROG 4 0 8 UBYTEIMGFID1 5 0 1 UBYTEIMGNUM1 5 1 3 UBYTEIMGFUNC1 5 4 2 UBYTEIMGSTAT 5 6 6 UBYTEIMGROWA1 6 4 10 SSHORTIMGCOLA1 7 6 10 SSHORTIMGSCALE 9 0 14 USHORTBGDAVG 10 6 10 USHORTSIGPIXA1 12 0 10 USHORTSIGPIXB1 13 2 10 USHORTSIGPIXC1 14 4 10 USHORTSIGPIXD1 15 6 10 USHORTSIGPIXE1 17 0 10 USHORTSIGPIXF1 18 2 10 USHORTSIGPIXG1 19 4 10 USHORTSIGPIXH1 20 6 10 USHORTSIGPIXI1 22 0 10 USHORTSIGPIXJ1 23 2 10 USHORTSIGPIXK1 24 4 10 USHORTSIGPIXL1 25 6 10 USHORTSIGPIXM1 27 0 10 USHORTSIGPIXN1 28 2 10 USHORTSIGPIXO1 29 4 10 USHORTSIGPIXP1 30 6 10 USHORTIMGFID2 32 0 1 UBYTEIMGNUM2 32 1 3 UBYTEIMGFUNC2 32 4 2 UBYTEBGDRMS 32 6 10 USHORTTEMPCCD 34 0 8 SSHORTTEMPHOUS 35 0 8 SSHORTTEMPPRIM 36 0 8 SSHORTTEMPSEC 37 0 8 SSHORTBGDSTAT 38 0 8 UBYTESIGPIXA2 39 0 10 USHORTSIGPIXB2 40 2 10 USHORTSIGPIXC2 41 4 10 USHORTSIGPIXD2 42 6 10 USHORTSIGPIXE2 44 0 10 USHORTSIGPIXF2 45 2 10 USHORTSIGPIXG2 46 4 10 USHORTSIGPIXH2 47 6 10 USHORTSIGPIXI2 49 0 10 USHORTSIGPIXJ2 50 2 10 USHORTSIGPIXK2 51 4 10 USHORTSIGPIXL2 52 6 10 USHORTSIGPIXM2 54 0 10 USHORTSIGPIXN2 55 2 10 USHORTSIGPIXO2 56 4 10 USHORTSIGPIXP2 57 6 10 USHORT55



8�8 Aspet Data (ontinued)Name Start byte Start bit Length TypeIMGFID3 59 0 1 UBYTEIMGNUM3 59 1 3 UBYTEIMGFUNC3 59 4 2 UBYTEHDR3TLM62 60 0 8 UBYTEHDR3TLM63 61 0 8 UBYTEHDR3TLM64 62 0 8 UBYTEHDR3TLM65 63 0 8 UBYTEHDR3TLM66 64 0 8 UBYTEHDR3TLM67 65 0 8 UBYTESIGPIXA3 66 0 10 USHORTSIGPIXB3 67 2 10 USHORTSIGPIXC3 68 4 10 USHORTSIGPIXD3 69 6 10 USHORTSIGPIXE3 71 0 10 USHORTSIGPIXF3 72 2 10 USHORTSIGPIXG3 73 4 10 USHORTSIGPIXH3 74 6 10 USHORTSIGPIXI3 76 0 10 USHORTSIGPIXJ3 77 2 10 USHORTSIGPIXK3 78 4 10 USHORTSIGPIXL3 79 6 10 USHORTSIGPIXM3 81 0 10 USHORTSIGPIXN3 82 2 10 USHORTSIGPIXO3 83 4 10 USHORTSIGPIXP3 84 6 10 USHORTIMGFID4 86 0 1 UBYTEIMGNUM4 86 1 3 UBYTEIMGFUNC4 86 4 2 UBYTEHDR3TLM72 87 0 8 UBYTEHDR3TLM73 88 0 8 UBYTEHDR3TLM74 89 0 8 UBYTEHDR3TLM75 90 0 8 UBYTEHDR3TLM76 91 0 8 UBYTEHDR3TLM77 92 0 8 UBYTESIGPIXA4 93 0 10 USHORTSIGPIXB4 94 2 10 USHORTSIGPIXC4 95 4 10 USHORTSIGPIXD4 96 6 10 USHORTSIGPIXE4 98 0 10 USHORTSIGPIXF4 99 2 10 USHORTSIGPIXG4 100 4 10 USHORTSIGPIXH4 101 6 10 USHORTSIGPIXI4 103 0 10 USHORTSIGPIXJ4 104 2 10 USHORTSIGPIXK4 105 4 10 USHORTSIGPIXL4 106 6 10 USHORTSIGPIXM4 108 0 10 USHORTSIGPIXN4 109 2 10 USHORTSIGPIXO4 110 4 10 USHORTSIGPIXP4 111 6 10 USHORT56



D.2 Calibration and enodingD.2.1 TemperaturesThe output produt olumns tempd, temphous, tempprim, tempse are onverted from un-alibrated to a alibrated oat (degrees C) using the equationtemp<*> = 0.4 * raw<*>where raw<*> are the unalibrated 8-bit values interpreted as signed hars.D.2.2 Pixel valuesEah element of the imgraw array is onverted from an unalibrated value (10 bit unsigned integer)to alibrated (A/D ounts) as follows:imgraw[*℄ = imgraw[*℄ * imgsale / 32.0 - 50.0D.2.3 Bakground average and bakground RMSIt should be noted that the BGDAVG and BGDRMS in raw telemetry are not saled like the pixelvalues, as is indiated in versions of the ACA software spei�ation DM05 before Rev. H.D.2.4 Time tagsThe output produt olumns time and end integ time are de�ned as follows:end_integ_time = AXAF_TIME(VCDU_CTR) - 1.025 (se)time = end_integ_time - integ / 2.0 (se)Here AXAF_TIME(VCDU_CTR) is the lok orrelation time for the �rst minor frame of the 224 byteACA data paket whih ontains segment 1 of data for that image.D.2.5 Image row, olumn, and pixel valuesThe output produt olumns imgrow0, imgol0 and imgraw are built from the Aspet Data deommnemonis in the following way. For 4� 4 and 8� 8 images,imgrow0 = IMGROWA1imgol0 = IMGCOLA1For 6� 6 images,imgrow0 = IMGROWA1 - 1imgol0 = IMGCOLA1 - 1The imgraw array is interpreted in proessing as a two-dimensional image array. However, in L0deom it is built and output as a linear list in the following order:(4 x 4)SIGPIXA1, SIGPIXB1, SIGPIXC1, SIGPIXD1,SIGPIXE1, SIGPIXF1, SIGPIXG1, SIGPIXH1,SIGPIXI1, SIGPIXJ1, SIGPIXK1, SIGPIXL1,SIGPIXM1, SIGPIXN1, SIGPIXO1, SIGPIXP1 57



(6 x 6)0.0, SIGPIXA2, SIGPIXB2, SIGPIXC2, SIGPIXD2, 0.0,SIGPIXP2, SIGPIXA1, SIGPIXB1, SIGPIXC1, SIGPIXD1, SIGPIXE2,SIGPIXO2, SIGPIXE1, SIGPIXF1, SIGPIXG1, SIGPIXH1, SIGPIXF2,SIGPIXN2, SIGPIXI1, SIGPIXJ1, SIGPIXK1, SIGPIXL1, SIGPIXG2,SIGPIXM2, SIGPIXM1, SIGPIXN1, SIGPIXO1, SIGPIXP1, SIGPIXH2,0.0, SIGPIXL2, SIGPIXK2, SIGPIXJ2, SIGPIXI2, 0.0(8 x 8)SIGPIXA1, SIGPIXB1, SIGPIXC1, SIGPIXD1, SIGPIXE1, SIGPIXF1, SIGPIXG1, SIGPIXH1,SIGPIXI1, SIGPIXJ1, SIGPIXK1, SIGPIXL1, SIGPIXM1, SIGPIXN1, SIGPIXO1, SIGPIXP1,SIGPIXA2, SIGPIXB2, SIGPIXC2, SIGPIXD2, SIGPIXE2, SIGPIXF2, SIGPIXG2, SIGPIXH2,SIGPIXI2, SIGPIXJ2, SIGPIXK2, SIGPIXL2, SIGPIXM2, SIGPIXN2, SIGPIXO2, SIGPIXP2,SIGPIXA3, SIGPIXB3, SIGPIXC3, SIGPIXD3, SIGPIXE3, SIGPIXF3, SIGPIXG3, SIGPIXH3,SIGPIXI3, SIGPIXJ3, SIGPIXK3, SIGPIXL3, SIGPIXM3, SIGPIXN3, SIGPIXO3, SIGPIXP3,SIGPIXA4, SIGPIXB4, SIGPIXC4, SIGPIXD4, SIGPIXE4, SIGPIXF4, SIGPIXG4, SIGPIXH4,SIGPIXI4, SIGPIXJ4, SIGPIXK4, SIGPIXL4, SIGPIXM4, SIGPIXN4, SIGPIXO4, SIGPIXP4
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