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ABSTRACT

Thegoal of this documents to clarify how Synphotusesinstrumentdata les, in con-
junctionwith the softwake, to makepredictionsaboutHSTobservationsThisdocument
discusseshe mostimportantaspectof Synphotdata les. It alsocoversin detail the
proceduesfor the creation,testing,anddeliveryof STISSynphotata les.

Intr oduction

Synphotdata les (alsoknown ascomponentles) arebinaryFITStableswith aspecial
formatfor the headelanddata. Theseles areusedby the SyntheticPhotometry(Syn-
phot) packagethat simulatesphotometricand spectrophotometridataobsenred with

theHubbleSpaceTelescopdHST).

Also, giventhatthe ETCsrely heavily on Synphotastheirthroughputcalculator
these les arekey to GOswhenplanningtheir HST obsenations. Here we provide
a generaloverview of the Synphotdata les for STIS andhow these les areusedin
Synphot. We alsodescribehow the "IntegratedinstrumentThroughput”Synphotdata

les arecreatedoy usingtheinformationcontainedn the STISPHT pipelinereference
les. Finally thecurrentproceduresor testingandvalidationof theseles areprovided.

Note thatmostof thetopicspresentedhereapplyto all Synphotdata les in gen-
eral;however, sincethisdocumentlsodescribeprocedureshatapplyto STISSynphot
data les only, eachsectionwill behighlightedas”general’or "STIS only” in orderto
makea cleardistinctionfor thereader
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Synphot Overview (general)

Thisdocumentescribesheframenork of the Synphotsoftware;for moredetailsonthe
basicconceptsdatastructuresandsoftwareneededor dynamicthroughpugeneration,
seeHorne,Burrows,andKoornneef(1986).

The Synphotsoftwareis an IRAF-basedsuite of programsthat, usingdata les,
dynamicallygenerateshe throughputfor arny of the HST observingmodes.Theinfor-
mationaboutthe instrumentds containedwithin Synphotdata les, not the software,
makingit easyto maintainandto changeor to addnenv modesby simply modifying
thedata les. All theinformationthat Synphotneedso computethe throughputof an
instrumentmode,is containedwithin threetypesof data les:

1. anobsenatorycon gurationgraphtable,betterknown as“the mastergraph”ta-
ble (hereaftereferredas TMG). Thisis a FITS tablethatdescribeghe allowed
combinatiorof thecomponentsr opticalelementslts formatmapsthelight path
asit travelsthroughthe spacecratft;

2. amastercomponentookuptable, betterknow as“the mastercomponenttable
(hereaftereferredasTMC), with informationonthephysicallocationof the Syn-
photdata les;

3. asetof Synphotdata les for the optical componentge.g., OTA, mirror, lter,
polarizer disperserslit, detector)usedfor HST, aswell asfor othersupported
photometridbandpasses.

In the Synphotsoftwarea particularobservingmodeis speci ed by alist of key-
words, which might be namesof Iters, detectorsandgratings. Thesekeywordsare
usedto tracethe light pathof that modevia the TMG (extension_tmg.fits ) table.
Thegrandthroughpufunctionis thenconstructedy multiplying togetherthethrough-
putsof the individual Synphotdata les, at eachwavelength,identi ed via the TMC
table(extension_.tmc.fits ). Figurel shavs anexampleof how the TMG andTMC
tablesare usedto identify the Synphotdata les for a particularHST mode. In this
example,the Synphotparametrizedtring “ showfiles stis,fuvmama,e140h,
52x0.05,1234 " is brokeninto separaté&eywords(stis , fuvmama, e140h ,
52x0.05 , and 1234 ) which are then usedto identify the componenthamesin the
TMG table. The TMG tablehas ve columns:columnl providesthecomponenhame
(COMPNANEolumn2 containgheinstrumenkeywords(KEYWORDcolumn3 gives
theinputnodevalue(INNODB, column4 givesthe outputnodevalue(OUTNODE.and
column5 givescomment§ COMMENTIn this case,the input nodeand outputnode
valuesareinteger numbersusedto associatehe componentshat describethe optical
elementsjn the sameorder astheseare encounteredy the light from the obsered
source. For example,in STIS, the light enteringthe instrumentgoesfrom the rst
correctormirror to the secondcorrectormirror andsoonuntil it nally reacheshede-
tector Thereforethe INNODEvaluefor the rst correctormirror is smallerthanthat
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of the secondcorrectormirror, while thatof the CCD detectoris biggerthanthe value
for any of thegratingor slit componentsTo nd thecomponent®f a giveninstrument
con guration (asin the exampleabove), the value of the OUTNODEs matchedwith
the row that hasthe samelINNODEvalue, startingwith the smallestOUTNODRalue.
If thereare several rows with the sameinput nodevalue,the row with a keyword that
matchesary of thekeywordsof theabove instrumenton guration, is selectedlf there
is no matchingkeyword, the row with the keyword “default " is selected.On the
otherhand,if thereis only onerow for the giveninput nodevalue,this uniquerow is
selectedby default. Thedashedinesin Figurel illustratehow the selectionis donefor
the above example;with the arrowns pointing to the directionof the selection.Onceall
the componentvalueshave beenidenti ed, the physicallocationof the corresponding
Synphotdata les areextractedfromthe TMC table.Thisis doneby matchingthecom-
ponentnamecolumnin bothtables. The TMC table hasfour columns,which contain
thetime in which theindividual Synphotdata le wascreated TIME), the component
name(COMPNANEhe pathto wherethe STSDAS le is stored(FILENAME), and
commentpertainingto the le (COMMENTNotethatin this le thetime andcomment
columnsare not used,theseareincludedfor documentatioronly, andthe only way to
introducetime dependenciewithin Synphotis via parameterizetteywords(seeSTIS
TIR 2005-02).

An example: STIS Synphot Data Files

Eachslit/ Iter , grating,cameragcorrectionmirror, detectoy etc. for a particularinstru-
menthasa uniquedata le thatthe Synphotsoftwareusesto dynamicallygenerateghe
throughputof a particularobservingmode. For STIS, thesecanbe groupedinto 4 cat-
egories(STIS TIR 98-04): i) optical elementsji) gratingsettingwavelengthranges,
iii) integratedinstrumenthroughputgnotincluding OTA throughput) andiv) slit/ Iter
throughputs.

Forthe rst cateory, thereis oneSynphotdata le for eachof theopticalelements
in STIS. Tablel providesallist of all theseles. Column1 givesthe Synphotdata le
root-nameassignedo eachof the STIS opticalelementsndicatedin column3, andthe
correspondingvavelengthrangeis givenin column2. To betterunderstanchow the
data les areusedby Synphotandhow they relateto the light pathof the instrument,
we provide in column4 a tag value that canbe usedin conjunctionwith Figure2 to
identify the locationof the associateaptical element. For example,in this gure the
Synphotdata les for thedetectorsfold mirrorscorrespondo the opticalelementsvith
tagM*, thosefor MAMA echellesareindicatedwith tagsEG* andthosefor thecamera
mirrors have tagsK*. In the past,all the Synphotdata les describingSTIS optical
elementswere essentiallyplace holdersfor the instrumentcomponentgi.e., dummy
les); however, afterthe implementatiorof Time DependenSensitvity (TDS) effects
in Synphot(SeeSTIS TIR 2005-02),someof the les associatedvith gratingsand
mirrorsweremodi ed. Column5 indicateswhich les arestill dummy(i.e.,containthe
valuel for throughputlandwhich oneswereusedfor TDS correction.
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Example 09k1612hm_tmc fits
5 Column 1 2 3
Example 04g1336m_tmg.fits e e WP FEANE
y 125 apr 1820008:47:03:970pm clear crotacomp$clear_003_synfits
— | / 1152 apr 1820008:47:03:970pm hst_ota crotacomp$hst_ota_007_synfits
41839 apr 18 20009:0245:130pm stis_52x005 crstiscomp$stis_52x005_006_synfits
1852 apr 1820009:02:45:130pm stis_ced crstiscomp$stis_cod_004_synfits
1853 apr 18 20009:02:45:130pm stis_clm crstiscomp$stis_cim_004_synfits
! 1854 apr 18 20009:0245:130pm stis_cm1 crstiscomp$stis cm1_003_synfits
............................... ! 1855 apr 18 20009:02:45:130pm stis_cm2 crstiscomp$stis cm2_003_synfits
Yy clear stis 185 ap 18200090245130pm sfis dwi crstiscompSstis dwl 004 synfits
"""""""" . 1859 apr 18 20009:02:45:130pm  stis €140h crstiscomp$stis_e140h_013_syn fits
1e3 stis cm1 default 41860 apr 1820009:0245130pm stis e140hb cretiscompStis. e140hb_004 syn fits
|4 sisem2 default ’ 1861 apr 18 20009.0245130pm  tis €140h all  crstiscompgstis_e140h all_003_synfits
125 stis 52x005 H2%005 81004+ ---'8150 1862 apr 18220009:02:45:130pm  stis_€140h_c1234 crstismmp$stis_e140h_c1234_003_syn fits|
126 stis_52x005 52x0.06 8100 ,--=8150 ‘I """""""""""""""""""""""""""""
..................................... DA
1743 clear default 8150«--' -=8180
1744 clear azdl 8150 1 8180
1745 stis_a2d2 a2d2 8150 | 8180
1746 stis_a2d4 a2d4 8150 | 8180
1747 stis_a2d8 a2d8 8150 | 8180 j
178 stis_cm default 8180+--: #8200 .
1760 stis_e140h EL40H 8200 4____18474! | 2055 apr 18 20009:0245:130pm stis_ngl4 crstiscomp$stis_ng14_004_synfits
170 stis_e140hb E1HHB 8200 8484,
AT stis x10m X140M 8200 8434}
1814 clear FUVMAMA  8474¢-- v 8475
1815 clear default 8474 1 8475 T =G
................................ utput SYN!
1877 stis_ng14 default - —
1878 stis_egl4 default 51 e o a1 0N 521005,1234
2421 stis_e140h_all default ! crotacomp$hst_ota_007_syn.fits
2422 stis_e10h_adll all 8785 | 8900 C':!””pzsgs—cmg—gg—smg;5
2423 dlear ech 6785 1 8790 rstiscompBstis 5200, 608 yn s
2424 stis_e140h_c1234 ¢1234 8785 | 8900 crstiscomp$stis_cim_004_syn. fits
2425 stis_e140h_c1234 234 8785¢--' y 8900 crstiscomp$stis_e140h_013_syn.fits
......................................... A - " :
2610 stis kla default 8890 | 8940 Jostioodioonribayeit iy
2611 stis_k1b default 8900+ ---"' 8940¢ crstiscomp$stis_e140h_c1234_003_syn fits
2612 stis_k2a default 8910 crstiscomp$stis_k1b_004_syn fits
"""""""""""""""" AR crstiscomp$stis_dwl_004_syn.fits
2615 stis_dwl default 89404-- 1 crstiscomp$stis_mamal_004_syn fits
2616 stis mamal default 8950 +---- 8999
2617 stis dw2 default 8960 8970

Figure 1: Schematiaepresentatiomf the TMC and TMG tablesand how theseare
usedby Synphotto constructthe grandthroughputfunction. The dottedlinesin the
exampleboxesindicatewheresomelinesin the original table were omitted. To shav
moreclearlyhow the TMG tabletracegshelight pathof STIS,thedashedinesconnect
the OUTNODE with the correspondingnnoderow in the orderthey areselected.The
solidlinesconnecthe COMPNAMESs in theTMG le with thosein the TMC table(top

right box). Theright bottombox shavs the outputof the showfiles

for therepresentednode.

Synphottasks
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Tablel: Synphotdata les for STIS OpticalElements

File Name| Wavelengthrange OpticalElement type tag

stiscml | 500-14000 First CorrectorMirror dummy | CM1

stiscm2 | 500-14000 SecondCorrectorMirror dummy | CM2

stisclm 1150-12000 CollimatorMirror dummy | CLM

stisos21 | 500-14000 OrderSorterG230L dummy | OS21
stisos22 | 500-14000 OrderSorterG230M dummy | OS22
stis0s21b | 500-14000 OrderSorterG230LB dummy | OS21B
stis 0s22b | 500-14000 OrderSorterG230MB dummy | OS22B
stis0s23 | 500-14000 OrderSorterE230M dummy | OS23
stisos24 | 500-14000 OrderSorterE230H dummy | OS24
stisos31 | 500-14000 OrderSorterG430L dummy | OS31
stis0s32 | 500-14000 OrderSorterG430M dummy | OS32
stisos41l | 500-14000 OrderSorterG750L dummy | OS41
stisos42 | 500-14000 OrderSorterG750M dummy | OS42
stisngll | 500-14000 ParabolicGratingG140L TDS NG11
stisng21 | 500-14000 ParabolicGratingG230L TDS NG21
stisngl2 | 500-14000 PlaneGratingG140M TDS NG12
stisng22 | 500-14000 PlaneGratingG230M TDS NG22
stisng21b| 500-14000 PlaneGratingG230LB dummy | NG21B
stisngl2b| 500-14000 PlaneGratingG140MB TDS NG12B
stisng22b| 500-14000 PlaneGratingG230MB TDS NG22B
stisng23 | 500-14000 PlaneGratingE230M TDS NG23
stisng24 | 500-14000 PlaneGratingE230H TDS NG24
stisng31 | 500-14000 PlaneGratingG430L TDS NG31
stisng32 | 500-14000 PlaneGratingG430M TDS NG32
stisng4l | 500-14000 PlaneGratingG750L TDS NG41
stisng42 | 500-14000 PlaneGratingG750M TDS NG42
stisngl3 | 500-14000 PlaneGratingE140M TDS NG13
stisngl4 | 500-14000 PlaneGratingE140H TDS NG14
stisnm16 | 500-14000 Mode SelectParabolicMirror MIRCUV  TDS NM16
stisnm26 | 500-14000 Mode SelectParabolicMirror MIRNUV  TDS NM26
stisnm36 | 500-14000 Mode SelectFold Mirror MIRVIS TDS NM36
stisegl3 | 500-14000 EchelleGratingE140M dummy | EG13
stisegl4 | 500-14000 EchelleGratinge140H dummy | EG14
stiseg23 | 500-14000 EchelleGratinge230M dummy | EG23
stiseg24 | 500-14000 EchelleGratinge230H dummy | EG24
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Tablel: Synphotdata les for STIS OpticalElements

File Name | Wavelengthrange OpticalElement type tag
stisml 1150-12000 Fold Mirror FUV-MAMA dummy | M1
stism2 1150-12000 Fold Mirror NUV-MAMA dummy | M2
stism3 1150-12000 Fold Mirror CCD dummy | M3
stiskla 1150-12000 Cameraviirror MAMA-FUV E modes dummy | K1A
stisklb 1150-12000 Cameraviirror MAMA-FUV G modes dummy | K1B
stisk2a 1150-12000 Cameraviirror MAMA-NUV E modes dummy | K2A
stisk2b 1150-12000 Cameraviirror MAMA-NUV G modes dummy | K2B
stisk3 1150-12000 CameraMirror CCD dummy | K3
stisdwl 1150-12000 DetectorWindow FUV-MAMA dummy | DW1
stis dw?2 1150-12000 DetectorWindow NUV-MAMA dummy | DW2
stis dw3 1150-12000 DetectorWindow CCD dummy | DW3
stismamal| 1150-12000 CsIMAMA Detector dummy | MAMAL
stismama2| 1150-12000 Cs27e MAMA Detector dummy | MAMA2
stis ccd 1150-12000 CCD Detector dummy | CCD

The les for the grating settingwavelengthranges,on the other hand, setthe
wavelengthrangefor the speci ¢ gratingsand centralwavelengths.In these les, the
throughputvalueis 1 over the wavelengthrangeof thegrating,andthatis how Synphot
de nesthecoveragein of agivenobservingmode. Table 2 providesa list of these

les. Columnlisthe le namecolumn2isthegratingsetting(or CENWAVE setting),
andcolumn3 is thewavelengthrangein angstromsNotethatin additionto the partic-
ular CENWAVE settingthereis one le thatcontainsall the wavelengthrangestor all
availablegratingsithis le hasextension“all _* _syn.fits .

The next catagyory is the integratedthroughputSynphotdata les for eachob-
servingmodein STIS. These les containthe integratedinstrumentthroughputfrom
theinstrumententranceapertureo the detector The opticaltelescopeassemblyOTA)
throughpuis containedn aseparatee maintainedy the Obsenatory SupportGroup
(OSG)andcalledhstota 007_syn. ts (seeFigurel). Slit lossesand lter throughputs
are not includedin these les. Table 3 lists the Synphotdata les that containthe
integratedinstrumenthroughputsColumn1 providesthe Synphotdata le hameasso-
ciatedwith the Synphot/Proposdhstructionskeyword givenin column2. In column3
we shav thelnvestigatiorDe nition Team(IDT) modeidenti cation value. The wave-
lengthrangeis providedin column4. Accordingto thecon gurationof the TMG table,
theseles areselectedhafterthetableassociatedo the collimator andbeforethosefor
theopticalelementdocatedin the Mode SelectionMechanism(MSM) (seeFigure?2).

The last category of Synphotdata les arethe Iter andslit throughputs.In the
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Table2: Synphotdata les for GratingSettingWavelengthRanges

Filename GratingSetting| WavelengthRange
stisg140mall 1655 1000-2310
stisg140mcl1173 1173 1145-1200
stisg140mcl1222 1222 1194-1249
stisg140mcl272 1272 1244-1299
stisg140mc1321 1321 1293-1348
stisg140mcl1371 1371 1343-1398
stis g140mc1420 1420 1392-1447
stisg140mc1470 1470 1442-1497
stisg140mc1518 1518 1490-1545
stis g140mc1567 1567 1539-1594
stisg140mcl1616 1616 1588-1643
stis g140mc1665 1665 1637-1692
stisgl40mcl714 1714 1686-1741
stise140mc1425 1425 1114-1735
stisg140mil218 1218 1190-1245
stis g140mil1387 1387 1359-1414
stis g140mi1400 1400 1372-1427
stis g140mil540 1540 1512-1567
stis g140mil550 1550 1522-1577
stis g140mil1640 1640 1612-1667
stise140mall 1765 1000-2530
stis e140hall 1685 1000-2370
stise140hc1234 1234 1132-1335
stise140hc1416 1416 1314-1517
stis €140hc1598 1598 1496-1699
stis €140hi1271 1271 1169-1372
stis €140hi1307 1307 1205-1408
stis €140hi1343 1343 1241-1444
stis €140hi1380 1380 1278-1481
stis €140hi1453 1453 1351-1554
stis €140hi1489 1489 1387-1590
stis €140hi1526 1526 1424-1627
stis €140hi1562 1562 1460-1663
stis g230mall 4150 1550-6750
stisg230mc1687 1687 1641-1732
stisg230mc1769 1769 1723-1814
stis g230mc1851 1851 1805-1896
stis g230mc1933 1933 1887-1978
stisg230mc2014 2014 1968-2059
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Table2: Synphotdata les for GratingSettingWavelengthRanges

Filename GratingSetting| WavelengthRange
stis g230mc2095 2095 2049-2140
stisg230mc2176 2176 2130-2221
stisg230mc2257 2257 2211-2302
stis g230mc2338 2338 2292-2383
stis g230mc2419 2419 2373-2464
stis g230mc2499 2499 2453-2544
stis g230mc2579 2579 2533-2624
stis g230mc2659 2659 2613-2704
stis g230mc2739 2739 2693-2784
stis g230mc2818 2818 2772-2863
stis g230mc2898 2898 2852-2943
stisg230mc2977 2977 2931-3022
stis g230mc3055 3055 3009-3100
stisg230mc3134 3134 3088-3179
stis g230mc3135 3134 3088-3179
stis g230mil1884 1884 1838-1929
stis g230mi2600 2600 2554-2645
stis g230mi2800 2800 2754-2845
stis g230mi2828 2828 2782-2873
stise230mall 4245 1550-6940
stis e230mc1978 1978 1573-2382
stise230mc2707 2707 2302-3111
stise230mi2124 2124 1719-2528
stis e230mi2269 2269 1864-2673
stise230mi2415 2415 2010-2819
stise230mi2561 2561 2156-2966
stise230hall 4135 1550-6720
stis e230hc1763 1763 1624-1901
stis e230hc2013 2013 1874-2151
stis e230hc2263 2263 2124-2401
stis e230hc2513 2513 2374-2651
stise230hc2762 2762 2623-2900
stise230hc3012 3012 2873-3150
stise230hi1813 1813 1674-1951
stis e230hi1863 1863 1724-2001
stise230hi1913 1913 1774-2051
stis e230hi1963 1963 1824-2101
stis e230hi2063 2063 1924-2201
stise230hi2113 2113 1974-2251
stis e230hi2163 2163 2024-2301
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Table2: Synphotdata les for GratingSettingWavelengthRanges

Filename GratingSetting| WavelengthRange
stise230hi2213 2213 2074-2351
stis e230hi2313 2313 2174-2451
stis €230hi2363 2363 2224-2501
stise230hi2413 2413 2274-2551
stis €230hi2463 2463 2324-2601
stis €230hi2563 2563 2424-2701
stis e230hi2613 2613 2474-2751
stis €230hi2663 2663 2524-2801
stise230hi2713 2713 2574-2851
stis e230hi2812 2812 2673-2950
stis €230hi2862 2862 2723-3000
stis e230hi2912 2912 2773-3050
stis €230hi2962 2962 2823-3100
stis prism.c1200 3200 1199-5200
stis prism.c2125 2125 1149-3100
stis g430mall 7340 2680-12000
stis g430mc3165 3165 3021-3308
stis g430mc3423 3423 3279-3566
stis g430mc3680 3680 3536-3823
stis g430mc3936 3936 3792-4079
stis g430mc4194 4194 4050-4337
stis g430mc4451 4451 4307-4594
stis g430mc4706 4706 4562-4849
stis g430mc4961 4961 4817-5104
stis g430mc5216 5216 5072-5359
stis g430mc5471 5471 5327-5614
stis g430mi3305 3305 3161-3448
stis g430mi3843 3843 3699-3986
stis g430mi4781 4781 4637-4924
stis g430mi5093 5093 4949-5236
stisg750mall 8590 5180-12000
stisg750mc5734 5734 5447-6020
stis g750mc6252 6252 5965-6538
stisg750mc6768 6768 6481-7054
stisg750mc7283 7283 6996-7569
stisg750mc7795 7795 7508-8081
stisg750mc8311 8311 8024-8597
stis g750mc8825 8825 8538-9111
stis g750mc9336 9336 9049-9622
stisg750mc9851 9851 9564-101371
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Table2: Synphotdata les for GratingSettingWavelengthRanges

Filename GratingSetting | WavelengthRange
stisg750mc10363 10363 10076-10649
stisg750mc10871 10871 10584-11157
stis g750mi6094 6094 5807-6380
stis g750mi6581 6581 6294-6867
stis g750mi8561 8561 8274-8847
stis g750mi9286 9286 8999-9572
stis g750mi9806 9806 9519-10092

Table3: Synphotdata les for IntegratedinstrumentThroughput

Filename Synphot/Proposal | IDT Mode# | WavelengthRange
InstructionKeywords
stis g140I G140L,FUVMAMA 1.1 1000-11000
stisgl40m | G140M,FUVMAMA 1.2 1000-11000
stise140m E140M,FUVMAMA 1.3 1000-11000
stis e140h E140H,FUVMAMA 1.4 1000-11000
stisgl140lb | G140LB,NUVMAMA 1.1b 1000-11000
stisg140mb| G140MB,NUVMAMA 1.2b 1000-11000
stise140mb| E140MB,NUVMAMA 1.3b 1000-11000
stisel40hb | E140HB,NUVMAMA 1.4b 1000-11000
stis g230I G230L,NUVMAMA 2.1 1000-11000
stisg230m | G230M,NUVMAMA 2.2 1000-11000
stise230m | E230M,NUVMAMA 2.3 1000-11000
stis e230h E230H,NUVMAMA 2.4 1000-11000
stis g230Ib G230LB,CCD 2.1b 1000-11000
stis g230mb G230MB,CCD 2.2b 1000-11000
stis g4 30| G430L,CCD 34.1 1000-11000
stis g430m G430M,CCD 3.2 1000-11000
stis g750I G750L,CCD 4.1 1000-11000
stisg750m G750M,CCD 4.2 1000-11000
stismirfuv | MIRROR,FUVMAMA 1.6 1000-11000
stismirnuv | MIRROR,NUVMAMA 2.6 1000-11000
stis mirvis MIRROR,CCD 3.6 1000-11000
stis prism PRISM,NUVMAMA 2.5 1000-11000
stis x140 X140,FUVMAMA 1.7x3 1000-11000
stisx140m | X140M,FUVMAMA 1.7x4 1000-11000
stis x230 X230,NUVMAMA 2.7x3 1000-11000
stis x230h X230H,NUVMAMA 2.7x4 1000-11000
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Figure2: STISOptical Con guration

caseof lters, theseare namedwith the samekeyword usedin the Phasdl Proposal
Instructions.In orderto takeinto accountheredleakfoundin mary of the lters, these
les rangeoutto 13000A. Table4 providesa list of the Synphot le namesusedfor
theseles (columnl), the associatedsynphot/Proposdhstructionskeyword (column
2), and the wavelengthrange(column 3). Column4 indicateswhich les takeinto
accountedleak(tag“Yes”).

Like lters, Synphotdata les for slit throughputshave nameshatarethe same
asthe Phasell Proposallnstructionskeywords. All supportedslits and a subsetof
the availableslits, have Synphotdata les thatshav the wavelengthdependencef the
throughput. These les areidenti ed throughthe slit wheellocation, whenfollowing
the light path of the detector and have wavelengthrangesfrom 1200-12000A. The
remainingslits have a singlevaluefor slit throughput,.e., the slit throughputat 5000
A is usedfor all wavelengths.The Synphotslit throughputtablesarelistedin Table5,
wherecolumn 3 givesthe wavelengthrangewhile column4 indicateswhich of these
les have athroughputhatvarieswith wavelength.

Creatingthe Integrated Instrument Throughput Synphot Data Files
(STIS only)

As of February1998, the “IntegratedinstrumentThroughput” Synphotdata les for
STIS arecreatedfrom the “PhotometricCorversionTables” (PHT) pipelinereference
les. This ensureghat the throughput les are exact matchesin the pipeline, Syn-
phot, and the ETCs. The PHT referenceles usedin the pipeline, with extension
*pht.fits , getupdatedwith throughputdataproducedby calibrationefforts. Un-
fortunately Synphotrequiresadifferent le formatandthereforethe PHT les needto
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Table4: Synphotdata les for Filters Throughput

Filename Synphot/Proposal | WavelengthRange| Redleak?
InstructionKeywords

stis f25ciii F25CllII 1260-13000 Yes
stis f25cn182 F25CN182 1200-13000 Yes
stis f25cn270 F25CN270 2560-13000 Yes
stis f25lya F25LYA 1160-13000 Yes
stis f25mgii F25MGlI 2000-13000 Yes
stis f25nd3 F25ND3 1000-11000 No
stis f25nd5 F25ND5 1000-11000 No
stis f25qtz F25QTz 1450-13000 No
stis f25srf2 F25SRF2 1000-11000 No
stis f28x50Ip F28x50LP 5200-11000 No
stis f28x500ii F28x500ilI 1000-13000 No
stis f28x500iii F28x500illI 4998-11900 Yes

be transformed.Giventhe volumeof datain theseles, a scriptwaswritten to extract
theinformationfrom these*pht.fits les andwrite it to aFITS tablein theformat
thatSynphotrequires.

Thescriptwrittento createtheseSynphotdata les is calledpht2sdas.py  and
it canbe foundin the XSTIS packagewithin PyRAEF It is a Pythonscriptandit is a
modi ed versionof theoriginal CL scriptwritten by J. Wilson. Thescriptassumeshat
theuserhasall of the *pht.fits les sitting in onedirectoryandit loopsthrough
this list looking in each le for rst ordermodesandmirror data. Whenit nds these
modesjt extractsthewavelengththroughputanderrorarraysandwritesthemto a le.
Theformatfor the Synphotthroughputles (or moregenerally any Synphotdata le)
is outlinedin STISTIR 98-04. The rst columnshouldbe wavelengthin Angstroms,
the secondcolumn shouldbe throughput(dimensionless)andthe last column should
containan estimateof the error in the throughput. In general,the les shouldhave
a wavelengthrangefrom 1000-13000A; however, asexplainedpreviously, tablesfor
gratingef ciencies andthe gratingsettingstablescanhave truncatedandpassest the
*pht.fits le hasmore thanone CENWAVE for eachoptical element,the script
rst joinstheir throughputsn anuniformly spacedvavelengthrangeusingthe Pyraf
scriptSPLICE. Theoutput les of the procedurewill be FITS binarytablescontaining
the extractedarraysdivided by the OTA throughputsincethis is consideredgeparately
whenSynphotruns. Becausehe OTA throughputis notincludedin the Synphotdata
les, thesethroughputill notbethesameasthoseusedby thepipelineandCALSTIS
software(i.e., provided by the PHT le), eventhoughthey yield the sameresultsafter
calculation. The script also addsthe appropriateneaderinformation. An examplefor
thebasicheadeffor theseles is:

12
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Table5: Synphotdata les for Slits Throughput

Filename Synphot/Proposal | WavelengthRange| Throughputvaries
InstructionKeywords with Wavelength?
Supportedlits
stis 01x009 0.1x0.09 1150-11000 Yes
stis 01x02 0.1x0.2 1150-11000 Yes
stis 02x006 0.2x0.06 1150-11000 Yes
stis 02x009 0.2x0.09 1150-11000 Yes
stis 02x02 0.2x0.2 1150-11000 Yes
stis 52x01 52x0.1 1150-11000 Yes
stis 52x02 52x0.2 1150-11000 Yes
stis 52x05 52x0.5 1150-11000 Yes
stis 52x2 52x2 1150-11000 Yes
stis 6x02 6x0.2 1150-11000 Yes
AvailableSlits
stis 0054x29 0.05x29 500-14000 No
stis 005x31nd24 0.05x31NDA 1200-10000 Yes
stis 005x31nd29 0.05x31NDB 1200-10000 Yes
stis 009x29 0.09x29 500-14000 No
stis 01x0025 0.1x0.03 1200-10000 Yes
stis 01x0063 0.1x0.06 1200-10000 Yes
stis 02 0.2x0.2 500-14000 No
stis02a 0.2x0.2A 500-14000 No
stis 02b 0.2x0.2B 500-14000 No
stis02c 0.2x0.2C 500-14000 No
stis 02d 0.2x0.2D 500-14000 No
stis02e 0.2x0.2E 500-14000 No
stis 02x005nd06 0.2x0.05ND 1200-10000 Yes
stis 02x0063a 0.2x0.06A 500-14000 No
stis 02x0063b 0.2x0.06B 500-14000 No
stis 02x0063c 0.2x0.06C 500-14000 No
stis 02x0063d 0.2x0.06D 500-14000 No
stis 02x0063e 0.2x0.06E 500-14000 No
stis 02x05 0.2x0.5 1200-10000 Yes
stis 02x29 0.2x29 500-14000 No
stis 033x005nd12 0.3x0.05ND 1200-10000 Yes
stis 033x0063 0.3x0.06 500-14000 No
stis 033x009 0.3x0.09 500-14000 No
stis 033x02 0.3x0.2 500-14000 No
stis 05x05 0.5x0.5 500-14000 No
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Table5: Synphotdata les for Slits Throughput

Filename Synphot/Proposal | WavelengthRange| Throughputvaries
InstructionKeywords with Wavelength?

stis 10x0063 1.0x0.06 1200-10000 Yes
stis 10x02 1.0x0.2 1200-10000 Yes
stis 2 2x2 500-14000 No
stis 31x005nd19 31x0.05NDA 1200-10000 Yes
stis 31x005nd25 31x0.05NDB 1200-10000 Yes
stis 31x005nd29 31x0.05NDC 1200-10000 Yes
stis 357x005n 36x0.05N 500-14000 No
stis 357x005p 36x0.05P 500-14000 No
stis 357x06n 36x0.6N 500-14000 No
stis 357x06p 36x0.6N 500-14000 No
stis 50 50CCD 500-14000 No
stis 50wedge 50WEDGE 500-14000 No
stis 52x0049 52x0.05 1200-10000 Yes
Stis 6x0063 6x0.06 500-14000 No
stis 6x05 6x0.5 500-14000 No
Stis 6x6 6X6 500-14000 No

SIMPLE = T / file does conform to FITS standard

BITPIX = 16 / number of bits per data pixel

NAXIS = 0 / number of data axes

EXTEND = T / There may be standard extensions

ORIGIN = 'STScl-STSDAS/TABLES' / Tables version 1999-03-22

NEXTEND= 1 / number of extensions in file

FILENAME= 'stis _g140l _new_syn.fits'
DESCRIP = 'stis _gl40I

DBTABLE = 'CRTHROUGHPUT'
COMPNAME:=stis _g140l'
INSTRUME= 'stis

USEAFTER='Sep 26 2005 00:00:00'
PEDIGREE="INFLIGHT 27/02/1997 25/06/2004'

COMMENTE "Data from reference file  p82220700 _pht.fits"
HISTORY Created on Sep 26 2005 00:00:00

HISTORY File created by pht2sdas.py using p82220700 _pht.fits
HISTORY reference  file  as input

/ name of file

Someof theseelds arestandard=ITS headekeywords. Thoserequiredby the Synphot
softwareareindicatedin bold facefont. In particular the elds DESCRIPandCOMP-
NAMEshouldhave the samevalue,which correspondso the roothameof the Synphot
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componenthey describe DBTABLEshouldbesetto “CRTHROUGHPU@&lways.The
USEAFTERJateshouldbesetto thedatewhenthe les werecreated As it canbeseen
in the FILENAME headerkeyword, the script assignsan output le namethatagrees
with the currentSynphotdatanameformat, exceptfor the versionnumber which in
this case|js replacedby theword “new”: “stis _oooeee new_syn.fits 7 where*
oooeee " is the nameof the optical element(e.g.,g750l,g140m). Note alsothatthe
output lename is all lowercasdetters,the keywordsin the headerof the le will beall
caps,andthekeyword entrieswill beall lowercaseThisformatis necessaryor proper
delivery of the les to CDBS.Oneway to verify thatthe les arein the correctformat
for delivery, is to run the CDBS utility called certify (seeFinal Delivery section).
This scriptwill look atthe le andgive anerrormessagé@ thereis a problemwith the
formatused.Also notethatcurrentlythis scriptdoesnot work for theechellemodes.

In moredetail, the stepsare:

1. Getthenew *pht. ts les andputthemin aworkingdirectory

2. StartPyRAFandloadthe XSTIS package.

3. Runthepht2sdas taskfor all of the pht.fits les by issuingthecommand:
py> pht2sdas *pht.fits

orby lling theparametelistfile of theparametelist. Thescriptwill create
acertainnumberof FITS tablesfor eachPHT le.

Updating Graph Tables(general)

Changedo the TMG table shouldbe rare. The only foreseeableehangeswvould be
addingparameterizedntries changing<eywordcomponenhamedor consisteng with
theproposalnstructionsaddingheadekeywords,or addinggratingsettings.To change
the TMG table,copythelatestversionfrom themtab directory(/data/cdbsl/mtalip a
localdirectoryandusethelRAF tasktedit to makethechangesilt is vitally important
thatthecomponenhamein the COMPNAMblumnof the TMG tablematcheghevalue
of the COMPNAMIE the headerof the correspondingptical componentle (seethe
basicheaderexampleprovidedin the previous section).If they do not match,the new
componentle will notbefound.

TestingChangesto Synphot Data Files (general)

Beforethe les canbedeliveredto CDBS, it is necessaryo testthe changeshatwere
madeto the Synphotdata les. In orderto do this, createa dummymastercomponent
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table (TMC) that pointsto the location of the new Synphotdata les. It is important
to remembethatONLY theindividual Synphotdata les andthe TMG tablearedeliv-
eredto CDBS, but NOT the TMC le. TheTMC le is automaticallyre-createceach
timenew les aredeliveredto CDBS, soary changesgou maketo the TMC tablewill
belost. Thisis why the COMPNAMé&blumnvaluesneedto matchbetweenthe TMG
tableandthe individual Synphotdata le headers.ThedummyTMC le canbe cre-
atedby makinga copyof thelast TMC tablein themtab directory(/data/cdbsl/mtab/
in the Solariscluster). Note that this directory hasmorethanone TMC le andthat
the mostup to dateoneis listed last alphabetically The dummy TMC table canbe
edited,to point to the new Synphotdata les, usingthe IRAF tasktedit . For ex-
ample,put the new Synphotdata les andthe TMC and TMG tablesin the directory
/data/garnet5/synphot/ andusethelRAF tasktedit to changehevaluesin
thecolumnFILENAME of thedummyTMC tableto look somethindike this:

newsyn$g750l _new_syn.fits
Thende ne avariablein IRAF to pointto thisdirectoryby typing:
sy> set newsyn = /data/garnet5/synphot/

Notethatit is possibleto specifythewholepathandnameof thedirectorytoo; although,
be awarethatthereis alimit of 68 charactergor this column. In this case changethe
FILENAME columnto somethindike this:

/data/garnet5/synphot/g750I _new_syn.fits

To usethe private TMG anddummy TMC tablesfor testing,changethe values
in theiraf.stsdas.hst _calib.synphot.refdata parameterles to pointto
thenew tables.

PACKAGE= synphot
TASK = refdata

(area = 45238.93416) Telescope area in cm2
(grtbl = test _tmg.fits) Instrument graph table
(cmptbl = test _tmc.fits) Instrument component table
(mode = a)

Notethanin thisexampleit isassumedthatthetest _tmg.fits  andtest _tmc.fits
les arein the currentworkingdirectory If thisis notthecaseijt is necessaryo de ne
anlIRAF variable(asindicatedabore) with the pathto thetest les (asindicatedabove).
For example thegrtbl andcmptbl parametershouldbe

grtbl = newsyn$test _tmg.fits
cmptbl = newsyn$test _tmc.fits

ThelRAF taskunlearn canbeusedto resetSynphotto usethedefaultversionsof the
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TMG andTMC tables.

cl> unlearn refdata
cl> |Ipar refdata

(area = 45238.93416) Telescope area in cm2
(grtbl = mtab$*.tmg) Instrument graph table
(cmptbl = mtab$*.tmc) Instrument component table
(mode = a)

Testingthe Filesin Synphot(STIS only)

Now it is necessaryo decidewhich instrumentcon gurationswere changedandver-
ify thatthe changesare correct. For this, three curves — pipeline throughputtable
(PHT), old Synphotdat les, andnew (test)Synphotdata les — shouldbe compared.
Note that pipelinetablesand Synphotdata les have differentwavelengthrangesand
thereforethe plots will not match exactly when plotted together(this is also due to
the differencesbetweenthe tasksusedto maketheseplots). The Synphotdata les
extend beyond the wavelengthrangeof the pipelinetables;however, the value of the
throughputis setto zeroin thesecases. To put all the curvesin the sameplot, rst
usethe sgraph taskto plot therow in the CALSTIS/pipelinePHT le for the grat-
ing you wantto test. Second,usingthe default TMG and TMC tablesandthe sts-
das.hst _calib.synphot.plband task,makeaplot of thebandpassor this con-
guration. To overplotthe plband plot on the sgraph grid usethe appendoption
in plband and specify which line patternyou would like to useto distinguishthe
plband plotfromthesgraph plot. For example:

sy> plband stis,g230Ib,ccd left=1000 right=8000 append=yes Itype=dotted

Third, changegheparameters theiraf.stsdas.hst _calib.synphot.refdata
taskto pointto thedummyversionof the TMC andnew TMG (if applicable}ables(see
instructionsin previous section),and run the sameplband commandasabove, but
with a differentltype parameterto overplotthe bandpas€on guration thatis pro-
ducedby thenew Synphotdata les.

If thereis no change,usethe stsdas.hst  _calib.synphot.showfiles
taskto geta list of the Synphotdata les usedby Synphot. Make surethat the new
Synphotdata le namesarein thelist. If they arenot, checktherefdata parameter
list andthetestTMC table.Firstexample,the outputof thetaskbeforechangingles:

sy> showfiles stis,f25mgii,nuvmama
#Throughput table names:
crotacomp$hst _ota _007 _syn.fits

crstiscomp$stis -m1.003 _syn.fits
crstiscomp$stis -m2.003 _syn.fits
crstiscomp$stis f25mgii 009 _syn.fits
crstiscomp$stis —clm _004 _syn.fits
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crstiscomp$stis _mirnuv _009 _syn.fits
crstiscomp$stis -nm26.010 _syn.fits
crstiscomp$stis _dw2_004 _syn.fits
crstiscomp$stis -mama2004 _syn.fits

Secondexample,with the properchanges:

sy> showfiles stis,f25mgii,nuvmama
#Throughput table names:
crotacomp$hst _ota _007 _syn.fits

crstiscomp$stis -m1.003 _syn.fits
crstiscomp$stis -m2.003 _syn.fits
new_f25magii.fits

crstiscomp$stis —clm _004 _syn.fits
stis _mirnuv _new_syn.fits
crstiscomp$stis -nm26.010 _syn.fits
crstiscomp$stis _dw2_004 _syn.fits
crstiscomp$stis -mama2004 _syn.fits

plbandcanalsoberunonindividual les, for example:

sy> plband newsyn$stis _f25mgii.fits

In summarythestepsfor thetestare:

1.

Using sgraph , plot therow in the CALSTIS/pipelinePHT le for the grating
youwantto test. The plot shouldappeatin awindow onthe screen.

. Appendthe plband plotsfor the con guration thatwill be alteredby the new

Synphotdata le. Notethatwe have notyet alteredthe TMC le, sotheseplots
will shav whatthebandpas#ookslike usingtheolder, currentSynphotdata les.

CopythemostcurrentTMG andTMC tablesfrom /data/cdbs1l/mtab intoa
testingdirectory Renamdahemastest _tmg.fits andtest _tmc.fits

Setupa logical pathto this directoryusingtheset command.

Editthe TMC tableusingtedit  to pointto yourtest les by changingtheentry
in theFILENAMEcolumn(seeabore). Thenew lename entryshouldbethelog-
ical pathto yourdirectorycontainingghedummyTMC andTMG tablesthena$,
thenthe lenamefor thenew table,e.g. testfiles$stis 9230l _new_syn.fits

Usetherefdata taskto specifythe TMC andTMG to be usedby the Synphot
taskplband .

. After thisis done,producethe plband plotswith your nev Synphotdata les,

andthedummyTMC andTMG tables.
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8. Usetheshowfiles = commando verify thatthe nev componentles arebeing
usedby Synphot.

9. Oncetestingis nished, preparehetestingresultsto submitto thepipelineblock
lead. A summaryof the new les to be deliveredshouldbe includedwith the
comparisorplots. Includethe nameof the tester(you), the date,a descriptionof
thenew les (includinghow mary andwherethey are),andthe nameof the les.
Thepipelineleadneeddo look atthe plotsandapprove the testingresultsbefore
thenew les canbedeliveredto CDBS.

Testingthe Files using ETCs(general)

The INS/CDBS Group now requiresthat all Synphotdata les are testedagainstthe
ETC software.The objectve of this testis to makesurethatthe changesn theseles
producethe expectedoutputsin the ETC software. This testhasto be doneeven if
STISis notcurrentlyusingthe ETCs,aswe needto be preparedor apossiblerevival of
theinstrument.This testhasto be donein panthro.stsci.edu , Whichis a Linux
box, thusrequiringto have anaccountn the Linux cluster Follow the instructionsin
TIR CDBS2005-01to performthistest.If any problemsor questionsarise,contactthe
INS/CDBS Group(cdbs@stsci.edupr help. Also, remembeto updatethe necessary
documentationn the ETCs help les to shawv which new throughputshave recently
beendelivered.

Final Delivery of SynphotData Filesand TMG Tablesto CDBS(general)

Thedetailson thetestingproceduresequiredby the INS/CDBSGroupareoutlinedin
TIR CDBS2005-01(http://www.stsci.edu/hst/obseatory/cdbs/documents/TIR-CDBS-
2005-01.pdf);here,the mostrelevantstepswill be coveredbrie y. Otherusefuldocu-
mentationregardingdelivery of Synphotdata les (andpipelinereferenceles) canbe
foundin theINS/CDBSwebsite(http://www.stsci.edu/hst/obseatory/cdbs/delieries/).
To makesurethatthe Synphotdata les are t for delivery, run

farris  _fitsverify andthe CDBS script certify on the data les and TMG
tableonly. For example:

ta> farris fitsverify * fits

certify  canberunwithin IRAF from the CDBSUTIL packageor from thecommand
line (in the Scienceclusteronly). However, in the caseof the commandine, thewhole
pathto thecertify  scripthasto beused:

ta> /data/cdbsl/tools/bin/certify * fits

Notealsothataddingthe “/data/cdbs1/tools/bin/pathto thebin pathin the
/home/myaccount/.setenv le, will makeunnecessartp declarehewholepath
for thecertify ~ script.If noerrorsarefound,proceedo Il thedeliveryform; which
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is providedin TIR CDBS 2005-01or publishedn the INS/CDBSGroupwebsite"De-
livery Proceduresarea http://www.stsci.edu/hst/obseatory/cdbs/delieries/deNery form
.html). Whentheform is complete g-mailit to thecdbs@stsci.edu  e-mailaddress.
Remembethat STIS Synphotdata les aredeliveredto the CDBS databas@nly (not
to OPUSor thearchie), sothedelivery form hasto indicatethis clearly. Currentlythis
clari cation is donein point #8 of the delivery template however, if it wereto change,
makesurethatit is clearlyindicatedwhereappropriateor atthetop of thee-mailmes-
sageto the INS/CDBSgroup. The INS/CDBSGroupis responsibldo install the les
into CDBS andto copythemto the Scienceclusterstoragearea.Currentlythis areais
locatedin the directory/data/cdbsl/comp/stis . The les will berenamedby
the INS/CDBS Groupfollowing the guidelinesoutlinedin TIR CDBS 2005-02,which
requiresto give these les the samenameasthosepreviously installedin the system
but with a higherversionnumber The INS/CDBSGroupwill alsocreatetherequired
TMC le thatpointsto thenew Synphotdata les. Oncetheseles arein the system,
the INS/CDBS Groupwill let thedelivererknow thatthe les arein placeby replying
to the sameaddressisedto e-mailthe delivery form. Receving this messagendsthe
delivery.
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