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ABSTRACT

Thegoal of this documentis to clarify howSynphotusesinstrumentdata �les, in con-
junctionwith thesoftware,to makepredictionsaboutHSTobservations.Thisdocument
discussesthemostimportantaspectsof Synphotdata �les. It alsocoversin detail the
proceduresfor thecreation,testing,anddeliveryof STISSynphotdata�les.

Intr oduction

Synphotdata�les (alsoknown ascomponent�les) arebinaryFITStableswith aspecial
formatfor theheaderanddata.These�les areusedby theSyntheticPhotometry(Syn-
phot) packagethat simulatesphotometricandspectrophotometricdataobserved with
theHubbleSpaceTelescope(HST).

Also, giventhattheETCsrely heavily on Synphotastheir throughputcalculator,
these�les are key to GOs whenplanningtheir HST observations. Here we provide
a generaloverview of the Synphotdata�les for STIS andhow these�les areusedin
Synphot.We alsodescribehow the ”IntegratedInstrumentThroughput”Synphotdata
�les arecreatedby usingtheinformationcontainedin theSTISPHTpipelinereference
�les. Finally thecurrentproceduresfor testingandvalidationof these�les areprovided.

Notethatmostof thetopicspresentedhereapplyto all Synphotdata�les in gen-
eral;however, sincethisdocumentalsodescribesproceduresthatapplyto STISSynphot
data�les only, eachsectionwill behighlightedas”general”or ”STIS only” in orderto
makea cleardistinctionfor thereader.
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Synphot Overview (general)

Thisdocumentdescribestheframeworkof theSynphotsoftware;for moredetailsonthe
basicconcepts,datastructures,andsoftwareneededfor dynamicthroughputgeneration,
seeHorne,Burrows,andKoornneef(1986).

The Synphotsoftwareis an IRAF-basedsuiteof programsthat,usingdata�les,
dynamicallygeneratesthethroughputfor any of theHST observingmodes.Theinfor-
mationaboutthe instrumentsis containedwithin Synphotdata�les, not thesoftware,
makingit easyto maintainandto changeor to addnew modesby simply modifying
thedata�les. All the informationthatSynphotneedsto computethethroughputof an
instrumentmode,is containedwithin threetypesof data�les:

1. anobservatorycon�gurationgraphtable,betterknown as“the mastergraph”ta-
ble (hereafterreferredasTMG). This is a FITS tablethatdescribestheallowed
combinationof thecomponentsor opticalelements.Its formatmapsthelight path
asit travelsthroughthespacecraft;

2. a mastercomponentlookuptable,betterknow as“the mastercomponent”table
(hereafterreferredasTMC), with informationonthephysicallocationof theSyn-
photdata�les;

3. a setof Synphotdata�les for the optical components(e.g.,OTA, mirror, �lter ,
polarizer, disperser, slit, detector)usedfor HST, aswell asfor othersupported
photometricbandpasses.

In theSynphotsoftwarea particularobservingmodeis speci�edby a list of key-
words,which might be namesof �lters, detectors,andgratings. Thesekeywordsare
usedto tracethe light pathof thatmodevia theTMG (extension tmg.fits ) table.
Thegrandthroughputfunctionis thenconstructedby multiplying togetherthethrough-
putsof the individual Synphotdata�les, at eachwavelength,identi�ed via the TMC
table(extension tmc.fits ). Figure1 shows anexampleof how theTMG andTMC
tablesare usedto identify the Synphotdata�les for a particularHST mode. In this
example,theSynphotparametrizedstring“showfiles stis,fuvmama,e140h,
52x0.05,1234 ” is brokeninto separatekeywords(stis , fuvmama, e140h ,
52x0.05 , and 1234 ) which are then usedto identify the componentnamesin the
TMG table.TheTMG tablehas� ve columns:column1 providesthecomponentname
(COMPNAME), column2 containstheinstrumentkeywords(KEYWORD), column3 gives
theinputnodevalue(INNODE), column4 givestheoutputnodevalue(OUTNODE), and
column5 givescomments(COMMENT). In this case,the input nodeandoutputnode
valuesareinteger numbersusedto associatethe componentsthat describethe optical
elements,in the sameorderas theseareencounteredby the light from the observed
source. For example, in STIS, the light enteringthe instrumentgoesfrom the �rst
correctormirror to thesecondcorrectormirror andsoon until it �nally reachesthede-
tector. Therefore,the INNODEvaluefor the �rst correctormirror is smallerthanthat
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of thesecondcorrectormirror, while thatof theCCD detectoris biggerthanthevalue
for any of thegratingor slit components.To �nd thecomponentsof a giveninstrument
con�guration (as in the exampleabove), the valueof the OUTNODEis matchedwith
the row thathasthe sameINNODEvalue,startingwith thesmallestOUTNODEvalue.
If thereareseveral rows with thesameinput nodevalue,the row with a keyword that
matchesany of thekeywordsof theabove instrumentcon�guration,is selected.If there
is no matchingkeyword, the row with the keyword “default ” is selected.On the
otherhand,if thereis only onerow for thegiven input nodevalue,this uniquerow is
selectedby default.Thedashedlinesin Figure1 illustratehow theselectionis donefor
theabove example;with thearrows pointingto thedirectionof theselection.Onceall
thecomponentvalueshave beenidenti�ed, thephysicallocationof thecorresponding
Synphotdata�les areextractedfrom theTMC table.This is doneby matchingthecom-
ponentnamecolumnin both tables.The TMC tablehasfour columns,which contain
thetime in which the individual Synphotdata�le wascreated(TIME), thecomponent
name(COMPNAME), the path to wherethe STSDAS �le is stored(FILENAME), and
commentspertainingto the�le (COMMENT). Notethatin this �le thetimeandcomment
columnsarenot used,theseareincludedfor documentationonly, andtheonly way to
introducetime dependencieswithin Synphotis via parameterizedkeywords(seeSTIS
TIR 2005-02).

An example:STIS Synphot Data Files

Eachslit/�lter , grating,camera,correctionmirror, detector, etc. for a particularinstru-
menthasa uniquedata�le that theSynphotsoftwareusesto dynamicallygeneratethe
throughputof a particularobservingmode.For STIS,thesecanbegroupedinto 4 cat-
egories(STIS TIR 98-04): i) optical elements,ii) gratingsettingwavelengthranges,
iii) integratedinstrumentthroughputs(not includingOTA throughput),andiv) slit/ �lter
throughputs.

For the�rst category, thereis oneSynphotdata�le for eachof theopticalelements
in STIS.Table1 providesa list of all these�les. Column1 givestheSynphotdata�le
root-nameassignedto eachof theSTISopticalelementsindicatedin column3, andthe
correspondingwavelengthrangeis given in column2. To betterunderstandhow the
data�les areusedby Synphotandhow they relateto the light pathof the instrument,
we provide in column4 a tag valuethat canbe usedin conjunctionwith Figure2 to
identify the locationof theassociatedoptical element.For example,in this �gure the
Synphotdata�les for thedetectors'fold mirrorscorrespondto theopticalelementswith
tagM*, thosefor MAMA echellesareindicatedwith tagsEG* andthosefor thecamera
mirrors have tagsK*. In the past,all the Synphotdata�les describingSTIS optical
elementswere essentiallyplaceholdersfor the instrumentcomponents(i.e., dummy
�les); however, after the implementationof Time DependentSensitivity (TDS) effects
in Synphot(SeeSTIS TIR 2005-02),someof the �les associatedwith gratingsand
mirrorsweremodi�ed. Column5 indicateswhich�les arestill dummy(i.e.,containthe
value1 for throughput)andwhichoneswereusedfor TDScorrection.
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Example o4g13576m_tmg.fits

sy> showfiles stis,fuvmama,e140h,52x0.05,1234
#Throughput table names:
crotacomp$hst_ota_007_syn.fits
crstiscomp$stis_cm1_003_syn.fits
crstiscomp$stis_cm2_003_syn.fits
crstiscomp$stis_52x005_006_syn.fits
crstiscomp$stis_clm_004_syn.fits
crstiscomp$stis_e140h_013_syn.fits
crstiscomp$stis_ng14_004_syn.fits
crstiscomp$stis_eg14_003_syn.fits
crstiscomp$stis_e140h_c1234_003_syn.fits
crstiscomp$stis_k1b_004_syn.fits
crstiscomp$stis_dw1_004_syn.fits
crstiscomp$stis_mama1_004_syn.fits

Output SYNPHOT

Example o9k1612hm_tmc.fits

Column                          1                                                   2                                                               3
Label  ___________TIME___________ ____COMPNAME___ ______________FILENAME________________

125   apr 18 2000 8:47:03:970pm  clear                          crotacomp$clear_003_syn.fits

1152  apr 18 2000 8:47:03:970pm  hst_ota                    crotacomp$hst_ota_007_syn.fits  

 1839  apr 18 2000 9:02:45:130pm  stis_52x005            crstiscomp$stis_52x005_006_syn.fits

  1859  apr 18 2000 9:02:45:130pm   stis_e140h                 crstiscomp$stis_e140h_013_syn.fits        
  1860  apr 18 2000 9:02:45:130pm   stis_e140hb               crstiscomp$stis_e140hb_004_syn.fits     
  1861  apr 18 2000 9:02:45:130pm   stis_e140h_all           crstiscomp$stis_e140h_all_003_syn.fits   
  1862  apr 18 2000 9:02:45:130pm   stis_e140h_c1234   crstiscomp$stis_e140h_c1234_003_syn.fits  

 1914  apr 18 2000 9:02:45:130pm  stis_eg14                 crstiscomp$stis_eg14_003_syn.fits

  2034  apr 18 2000 9:02:45:130pm  stis_k1b                   crstiscomp$stis_k1b_004_syn.fits

2042  apr 18 2000 9:02:45:130pm stis_mama1            crstiscomp$stis_mama1_004_syn.fits

 2055  apr 18 2000 9:02:45:130pm  stis_ng14                crstiscomp$stis_ng14_004_syn.fits

  1852  apr 18 2000 9:02:45:130pm  stis_ccd                    crstiscomp$stis_ccd_004_syn.fits         
  1853  apr 18 2000 9:02:45:130pm  stis_clm                    crstiscomp$stis_clm_004_syn.fits          
  1854  apr 18 2000 9:02:45:130pm  stis_cm1                   crstiscomp$stis_cm1_003_syn.fits         
  1855  apr 18 2000 9:02:45:130pm  stis_cm2                   crstiscomp$stis_cm2_003_syn.fits         
  1856  apr 18 2000 9:02:45:130pm  stis_dw1                   crstiscomp$stis_dw1_004_syn.fits

/data/cdbs2/com
p/stis

11                      clear                                    stis                           1                        20        
12                      clear                                    hsp                          1                        20        
13                      clear                                    ota                           1                        20        
14                      clear                                    default                   1                         100       
15                      hst_ota                               default                  20                        30        
16                      hst_ota                               ota                          20                       30 

   1623                   stis_cm1                         default                8000                8050      
   1624                   stis_cm2                         default                8050                8100      

        30                   clear                                 stis                        30                     8000

   1725                   stis_52x005                   S52x005              8100                8150      
   1726                   stis_52x005                   52x0.05               8100                 8150    

   1743                   clear                                 default                8150                 8180      
   1744                   clear                                 a2d1                    8150                 8180      
   1745                   stis_a2d2                        a2d2                    8150                 8180      
   1746                   stis_a2d4                        a2d4                    8150                 8180      
   1747                   stis_a2d8                        a2d8                    8150                 8180      
   1748                   stis_clm                          default                 8180                8200 

 1769                   stis_e140h                     E140H                  8200                8474      
 1770                   stis_e140hb                  E140HB                8200                8484      
 1771                   stis_x140m                    X140M                 8200                8494

1814                   clear                                 FUVMAMA         8474                 8475      
1815                   clear                                 default                8474                 8475  

1877                   stis_ng14                       default                 8475                8480      
1878                   stis_eg14                       default                 8480                8785     

 2421                   stis_e140h_all              default                 8785                8900      
 2422                   stis_e140h_all               all                         8785                8900      
 2423                   clear                                 ech                       8785                8790      
 2424                   stis_e140h_c1234       c1234                   8785                8900      
 2425                   stis_e140h_c1234       1234                     8785                8900  

 2610                   stis_k1a                           default                8890                8940      
 2611                   stis_k1b                          default                 8900                8940      
 2612                   stis_k2a                          default                 8910                8960 

2615                   stis_dw1                         default                8940                 8950      
2616                   stis_mama1                  default                 8950                 8999      
2617                   stis_dw2                         default                8960                 8970    

Column                                  1                                                        2                                        3                                 4
    Label    ________COMPNAME_______   _______KEYWORD______ ____INNODE_____ __OUTNODE___

Figure 1: Schematicrepresentationof the TMC and TMG tablesand how theseare
usedby Synphotto constructthe grandthroughputfunction. The dottedlines in the
exampleboxesindicatewheresomelines in theoriginal tablewereomitted. To show
moreclearlyhow theTMG tabletracesthelight pathof STIS,thedashedlinesconnect
theOUTNODEwith thecorrespondinginnoderow in theorderthey areselected.The
solid linesconnecttheCOMPNAMEs in theTMG �le with thosein theTMC table(top
right box). Theright bottombox shows theoutputof theshowfiles Synphottasks
for therepresentedmode.
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Table1: Synphotdata�les for STISOpticalElements

File Name Wavelengthrange OpticalElement type tag

stis cm1 500-14000 First CorrectorMirror dummy CM1
stis cm2 500-14000 SecondCorrectorMirror dummy CM2
stis clm 1150-12000 CollimatorMirror dummy CLM
stis os21 500-14000 OrderSorterG230L dummy OS21
stis os22 500-14000 OrderSorterG230M dummy OS22
stis os21b 500-14000 OrderSorterG230LB dummy OS21B
stis os22b 500-14000 OrderSorterG230MB dummy OS22B
stis os23 500-14000 OrderSorterE230M dummy OS23
stis os24 500-14000 OrderSorterE230H dummy OS24
stis os31 500-14000 OrderSorterG430L dummy OS31
stis os32 500-14000 OrderSorterG430M dummy OS32
stis os41 500-14000 OrderSorterG750L dummy OS41
stis os42 500-14000 OrderSorterG750M dummy OS42
stis ng11 500-14000 ParabolicGratingG140L TDS NG11
stis ng21 500-14000 ParabolicGratingG230L TDS NG21
stis ng12 500-14000 PlaneGratingG140M TDS NG12
stis ng22 500-14000 PlaneGratingG230M TDS NG22
stis ng21b 500-14000 PlaneGratingG230LB dummy NG21B
stis ng12b 500-14000 PlaneGratingG140MB TDS NG12B
stis ng22b 500-14000 PlaneGratingG230MB TDS NG22B
stis ng23 500-14000 PlaneGratingE230M TDS NG23
stis ng24 500-14000 PlaneGratingE230H TDS NG24
stis ng31 500-14000 PlaneGratingG430L TDS NG31
stis ng32 500-14000 PlaneGratingG430M TDS NG32
stis ng41 500-14000 PlaneGratingG750L TDS NG41
stis ng42 500-14000 PlaneGratingG750M TDS NG42
stis ng13 500-14000 PlaneGratingE140M TDS NG13
stis ng14 500-14000 PlaneGratingE140H TDS NG14
stis nm16 500-14000 ModeSelectParabolicMirror MIRCUV TDS NM16
stis nm26 500-14000 ModeSelectParabolicMirror MIRNUV TDS NM26
stis nm36 500-14000 ModeSelectFold Mirror MIRVIS TDS NM36
stis eg13 500-14000 EchelleGratingE140M dummy EG13
stis eg14 500-14000 EchelleGratingE140H dummy EG14
stis eg23 500-14000 EchelleGratingE230M dummy EG23
stis eg24 500-14000 EchelleGratingE230H dummy EG24
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Table1: Synphotdata�les for STISOpticalElements

File Name Wavelengthrange OpticalElement type tag

stis m1 1150-12000 Fold Mirror FUV-MAMA dummy M1
stis m2 1150-12000 Fold Mirror NUV-MAMA dummy M2
stis m3 1150-12000 Fold Mirror CCD dummy M3
stis k1a 1150-12000 CameraMirror MAMA-FUV E modes dummy K1A
stis k1b 1150-12000 CameraMirror MAMA-FUV G modes dummy K1B
stis k2a 1150-12000 CameraMirror MAMA-NUV E modes dummy K2A
stis k2b 1150-12000 CameraMirror MAMA-NUV G modes dummy K2B
stis k3 1150-12000 CameraMirror CCD dummy K3
stis dw1 1150-12000 DetectorWindow FUV-MAMA dummy DW1
stis dw2 1150-12000 DetectorWindow NUV-MAMA dummy DW2
stis dw3 1150-12000 DetectorWindow CCD dummy DW3
stis mama1 1150-12000 CsI MAMA Detector dummy MAMA1
stis mama2 1150-12000 Cs2Te MAMA Detector dummy MAMA2
stis ccd 1150-12000 CCD Detector dummy CCD

The �les for the grating settingwavelengthranges,on the other hand,set the
wavelengthrangefor thespeci�c gratingsandcentralwavelengths.In these�les, the
throughputvalueis 1 over thewavelengthrangeof thegrating,andthatis how Synphot
de�nes the coveragein � of a givenobservingmode. Table2 providesa list of these
�les. Column1 is the�le name,column2 is thegratingsetting(or CENWAVE setting),
andcolumn3 is thewavelengthrangein angstroms.Notethat in additionto thepartic-
ular CENWAVE settingthereis one�le that containsall thewavelengthrangesfor all
availablegratings;this �le hasextension“all * syn.fits ”.

The next category is the integratedthroughputSynphotdata�les for eachob-
servingmodein STIS. These�les containthe integratedinstrumentthroughputfrom
theinstrumententranceapertureto thedetector. Theoptical telescopeassembly(OTA)
throughputis containedin aseparate�le maintainedby theObservatorySupportGroup
(OSG)andcalledhst ota 007 syn.�ts (seeFigure1). Slit lossesand�lter throughputs
are not includedin these�les. Table 3 lists the Synphotdata �les that contain the
integratedinstrumentthroughputs.Column1 providestheSynphotdata�le nameasso-
ciatedwith theSynphot/ProposalInstructionskeyword givenin column2. In column3
we show theInvestigationDe�nition Team(IDT) modeidenti�cation value.Thewave-
lengthrangeis providedin column4. Accordingto thecon�gurationof theTMG table,
these�les areselectedafter the tableassociatedto thecollimatorandbeforethosefor
theopticalelementslocatedin theModeSelectionMechanism(MSM) (seeFigure2).

The last category of Synphotdata�les arethe �lter andslit throughputs.In the
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Table2: Synphotdata�les for GratingSettingWavelengthRanges
Filename GratingSetting WavelengthRange

stis g140mall 1655 1000-2310
stis g140mc1173 1173 1145-1200
stis g140mc1222 1222 1194-1249
stis g140mc1272 1272 1244-1299
stis g140mc1321 1321 1293-1348
stis g140mc1371 1371 1343-1398
stis g140mc1420 1420 1392-1447
stis g140mc1470 1470 1442-1497
stis g140mc1518 1518 1490-1545
stis g140mc1567 1567 1539-1594
stis g140mc1616 1616 1588-1643
stis g140mc1665 1665 1637-1692
stis g140mc1714 1714 1686-1741
stis e140mc1425 1425 1114-1735
stis g140mi1218 1218 1190-1245
stis g140mi1387 1387 1359-1414
stis g140mi1400 1400 1372-1427
stis g140mi1540 1540 1512-1567
stis g140mi1550 1550 1522-1577
stis g140mi1640 1640 1612-1667
stis e140mall 1765 1000-2530
stis e140hall 1685 1000-2370
stis e140hc1234 1234 1132-1335
stis e140hc1416 1416 1314-1517
stis e140hc1598 1598 1496-1699
stis e140hi1271 1271 1169-1372
stis e140hi1307 1307 1205-1408
stis e140hi1343 1343 1241-1444
stis e140hi1380 1380 1278-1481
stis e140hi1453 1453 1351-1554
stis e140hi1489 1489 1387-1590
stis e140hi1526 1526 1424-1627
stis e140hi1562 1562 1460-1663
stis g230mall 4150 1550-6750
stis g230mc1687 1687 1641-1732
stis g230mc1769 1769 1723-1814
stis g230mc1851 1851 1805-1896
stis g230mc1933 1933 1887-1978
stis g230mc2014 2014 1968-2059
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Table2: Synphotdata�les for GratingSettingWavelengthRanges
Filename GratingSetting WavelengthRange

stis g230mc2095 2095 2049-2140
stis g230mc2176 2176 2130-2221
stis g230mc2257 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
stis g230mc2977 2977 2931-3022
stis g230mc3055 3055 3009-3100
stis g230mc3134 3134 3088-3179
stis g230mc3135 3134 3088-3179
stis g230mi1884 1884 1838-1929
stis g230mi2600 2600 2554-2645
stis g230mi2800 2800 2754-2845
stis g230mi2828 2828 2782-2873
stis e230mall 4245 1550-6940
stis e230mc1978 1978 1573-2382
stis e230mc2707 2707 2302-3111
stis e230mi2124 2124 1719-2528
stis e230mi2269 2269 1864-2673
stis e230mi2415 2415 2010-2819
stis e230mi2561 2561 2156-2966
stis e230hall 4135 1550-6720
stis e230hc1763 1763 1624-1901
stis e230hc2013 2013 1874-2151
stis e230hc2263 2263 2124-2401
stis e230hc2513 2513 2374-2651
stis e230hc2762 2762 2623-2900
stis e230hc3012 3012 2873-3150
stis e230hi1813 1813 1674-1951
stis e230hi1863 1863 1724-2001
stis e230hi1913 1913 1774-2051
stis e230hi1963 1963 1824-2101
stis e230hi2063 2063 1924-2201
stis e230hi2113 2113 1974-2251
stis e230hi2163 2163 2024-2301
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Table2: Synphotdata�les for GratingSettingWavelengthRanges
Filename GratingSetting WavelengthRange

stis e230hi2213 2213 2074-2351
stis e230hi2313 2313 2174-2451
stis e230hi2363 2363 2224-2501
stis e230hi2413 2413 2274-2551
stis e230hi2463 2463 2324-2601
stis e230hi2563 2563 2424-2701
stis e230hi2613 2613 2474-2751
stis e230hi2663 2663 2524-2801
stis e230hi2713 2713 2574-2851
stis e230hi2812 2812 2673-2950
stis e230hi2862 2862 2723-3000
stis e230hi2912 2912 2773-3050
stis e230hi2962 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
stis g750mall 8590 5180-12000
stis g750mc5734 5734 5447-6020
stis g750mc6252 6252 5965-6538
stis g750mc6768 6768 6481-7054
stis g750mc7283 7283 6996-7569
stis g750mc7795 7795 7508-8081
stis g750mc8311 8311 8024-8597
stis g750mc8825 8825 8538-9111
stis g750mc9336 9336 9049-9622
stis g750mc9851 9851 9564-101371
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Table2: Synphotdata�les for GratingSettingWavelengthRanges
Filename GratingSetting WavelengthRange

stis g750mc10363 10363 10076-10649
stis g750mc10871 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 g140l G140L,FUVMAMA 1.1 1000-11000
stis g140m G140M,FUVMAMA 1.2 1000-11000
stis e140m E140M,FUVMAMA 1.3 1000-11000
stis e140h E140H,FUVMAMA 1.4 1000-11000
stis g140lb G140LB,NUVMAMA 1.1b 1000-11000
stis g140mb G140MB,NUVMAMA 1.2b 1000-11000
stis e140mb E140MB,NUVMAMA 1.3b 1000-11000
stis e140hb E140HB,NUVMAMA 1.4b 1000-11000
stis g230l G230L,NUVMAMA 2.1 1000-11000
stis g230m G230M,NUVMAMA 2.2 1000-11000
stis e230m E230M,NUVMAMA 2.3 1000-11000
stis e230h E230H,NUVMAMA 2.4 1000-11000
stis g230lb G230LB,CCD 2.1b 1000-11000
stis g230mb G230MB,CCD 2.2b 1000-11000
stis g430l G430L,CCD 34.1 1000-11000
stis g430m G430M,CCD 3.2 1000-11000
stis g750l G750L,CCD 4.1 1000-11000
stis g750m G750M,CCD 4.2 1000-11000
stis mirfuv MIRROR,FUVMAMA 1.6 1000-11000
stis mirnuv 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
stis x140m 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: STISOpticalCon�guration

caseof �lters, thesearenamedwith the samekeyword usedin the PhaseII Proposal
Instructions.In orderto takeinto accounttheredleakfoundin many of the�lters, these
�les rangeout to 13000 	A. Table4 providesa list of theSynphot�le namesusedfor
these�les (column1), theassociatedSynphot/ProposalInstructionskeyword (column
2), and the wavelengthrange(column 3). Column 4 indicateswhich �les take into
accountredleak(tag“Yes”).

Like �lters, Synphotdata�les for slit throughputshave namesthatarethesame
as the PhaseII ProposalInstructionskeywords. All supportedslits and a subsetof
theavailableslits,have Synphotdata�les thatshow thewavelengthdependenceof the
throughput.These�les areidenti�ed throughthe slit wheellocation,whenfollowing
the light path of the detector, andhave wavelengthrangesfrom 1200-12000	A. The
remainingslits have a singlevaluefor slit throughput,i.e., the slit throughputat 5000
	A is usedfor all wavelengths.TheSynphotslit throughputtablesarelisted in Table5,
wherecolumn3 givesthe wavelengthrangewhile column4 indicateswhich of these
�les havea throughputthatvarieswith wavelength.

Creatingthe Integrated Instrument Thr oughput SynphotData Files
(STIS only)

As of February1998, the “IntegratedInstrumentThroughput”Synphotdata�les for
STIS arecreatedfrom the “PhotometricConversionTables”(PHT) pipelinereference
�les. This ensuresthat the throughput�les are exact matchesin the pipeline, Syn-
phot, and the ETCs. The PHT reference�les usedin the pipeline, with extension
*pht.fits , get updatedwith throughputdataproducedby calibrationefforts. Un-
fortunately, Synphotrequiresa different�le formatandthereforethePHT �les needto

11
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Table4: Synphotdata�les for FiltersThroughput
Filename Synphot/Proposal WavelengthRange Redleak?

InstructionKeywords
stis f25ciii F25CIII 1260-13000 Yes
stis f25cn182 F25CN182 1200-13000 Yes
stis f25cn270 F25CN270 2560-13000 Yes
stis f25lya F25LYA 1160-13000 Yes
stis f25mgii F25MGII 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 f28x50lp F28x50LP 5200-11000 No
stis f28x50oii F28x50OII 1000-13000 No
stis f28x50oiii F28x50OIII 4998-11900 Yes

betransformed.Giventhevolumeof datain these�les, a scriptwaswritten to extract
theinformationfrom these*pht.fits �les andwrite it to a FITS tablein theformat
thatSynphotrequires.

Thescriptwritten to createtheseSynphotdata�les is calledpht2sdas.py and
it canbe found in the XSTIS packagewithin PyRAF. It is a Pythonscript andit is a
modi�ed versionof theoriginalCL scriptwritten by J.Wilson. Thescriptassumesthat
theuserhasall of the *pht.fits �les sitting in onedirectoryandit loopsthrough
this list looking in each�le for �rst ordermodesandmirror data. Whenit �nds these
modes,it extractsthewavelength,throughput,anderrorarraysandwritesthemto a�le.
Theformat for theSynphotthroughput�les (or moregenerally, any Synphotdata�le)
is outlinedin STIS TIR 98-04. The �rst columnshouldbewavelengthin Angstroms,
the secondcolumnshouldbe throughput(dimensionless),andthe last columnshould
containan estimateof the error in the throughput. In general,the �les shouldhave
a wavelengthrangefrom 1000-13000	A; however, asexplainedpreviously, tablesfor
gratingef�ciencies andthegratingsettingstablescanhave truncatedbandpasses.If the
*pht.fits �le hasmore thanoneCENWAVE for eachoptical element,the script
�rst joins their throughputsin anuniformly spacedwavelengthrangeusingthePyraf
scriptSPLICE. Theoutput�les of theprocedurewill beFITS binarytablescontaining
theextractedarraysdividedby theOTA throughput,sincethis is consideredseparately
whenSynphotruns. BecausetheOTA throughputis not includedin theSynphotdata
�les, thesethroughputswill notbethesameasthoseusedby thepipelineandCALSTIS
software(i.e., providedby thePHT �le), even thoughthey yield thesameresultsafter
calculation.The script alsoaddsthe appropriateheaderinformation. An examplefor
thebasicheaderfor these�les is:

12
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Table5: Synphotdata�les for SlitsThroughput
Filename Synphot/Proposal WavelengthRange Throughputvaries

InstructionKeywords with Wavelength?

SupportedSlits
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
stis 02a 0.2x0.2A 500-14000 No
stis 02b 0.2x0.2B 500-14000 No
stis 02c 0.2x0.2C 500-14000 No
stis 02d 0.2x0.2D 500-14000 No
stis 02e 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 SlitsThroughput
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 = 'STScI-STSDAS/TABLES' / Tables version 1999-03-22

NEXTEND= 1 / number of extensions in file

FILENAME= 'stis g140l new syn.fits' / name of file

DESCRIP = 'stis g140l'

DBTABLE = 'CRTHROUGHPUT'

COMPNAME='stis g140l'

INSTRUME= 'stis '

USEAFTER='Sep 26 2005 00:00:00'

PEDIGREE= 'INFLIGHT 27/02/1997 25/06/2004'

COMMENT= "Data from reference file p822207oo pht.fits"

HISTORY Created on Sep 26 2005 00:00:00

HISTORY File created by pht2sdas.py using p822207oo pht.fits

HISTORY reference file as input

Someof these�elds arestandardFITSheaderkeywords.Thoserequiredby theSynphot
softwareareindicatedin bold facefont. In particular, the�elds DESCRIPandCOMP-
NAMEshouldhave thesamevalue,which correspondsto the rootnameof theSynphot
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componentthey describe.DBTABLEshouldbesetto “CRTHROUGHPUT” always.The
USEAFTERdateshouldbesetto thedatewhenthe�les werecreated.As it canbeseen
in the FILENAMEheaderkeyword, the script assignsan output �le namethat agrees
with the currentSynphotdatanameformat, except for the versionnumber, which in
this case,is replacedby theword “new”: “stis oooeee new syn.fits ” where“
oooeee ” is the nameof the optical element(e.g.,g750l,g140m). Notealsothat the
output�lename is all lowercaseletters,thekeywordsin theheaderof the�le will beall
caps,andthekeywordentrieswill beall lowercase.This formatis necessaryfor proper
delivery of the�les to CDBS.Oneway to verify that the�les arein thecorrectformat
for delivery, is to run theCDBS utility calledcertify (seeFinal Delivery section).
This scriptwill look at the �le andgive anerrormessageif thereis a problemwith the
formatused.Also notethatcurrentlythisscriptdoesnotwork for theechellemodes.

In moredetail,thestepsare:

1. Getthenew *pht.�ts �les andput themin aworkingdirectory.

2. StartPyRAFandloadtheXSTIS package.

3. Runthepht2sdas taskfor all of thepht.fits �les by issuingthecommand:

py> pht2sdas *pht.fits

or by �lling theparameterlistfile of theparameterlist. Thescriptwill create
a certainnumberof FITS tablesfor eachPHT �le.

Updating Graph Tables(general)

Changesto the TMG table shouldbe rare. The only foreseeablechangeswould be
addingparameterizedentries,changingkeywordcomponentnamesfor consistency with
theproposalinstructions,addingheaderkeywords,oraddinggratingsettings.To change
theTMG table,copythelatestversionfrom themtab directory(/data/cdbs1/mtab)to a
localdirectoryandusetheIRAF tasktedit to makethechanges.It is vitally important
thatthecomponentnamein theCOMPNAMEcolumnof theTMG tablematchesthevalue
of the COMPNAMEin the headerof the correspondingoptical component�le (seethe
basicheaderexampleprovided in theprevioussection).If they do not match,thenew
component�le will notbefound.

TestingChangesto SynphotData Files (general)

Beforethe�les canbedeliveredto CDBS,it is necessaryto testthechangesthatwere
madeto theSynphotdata�les. In orderto do this, createa dummymastercomponent
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table(TMC) that pointsto the locationof the new Synphotdata�les. It is important
to rememberthatONLY theindividualSynphotdata�les andtheTMG tablearedeliv-
eredto CDBS,but NOT theTMC �le. TheTMC �le is automaticallyre-createdeach
time new �les aredeliveredto CDBS,soany changesyou maketo theTMC tablewill
be lost. This is why the COMPNAMEcolumnvaluesneedto matchbetweenthe TMG
tableandthe individual Synphotdata�le headers.The dummyTMC �le canbe cre-
atedby makinga copyof thelastTMC tablein themtab directory(/data/cdbs1/mtab/
in the Solariscluster). Note that this directoryhasmorethanoneTMC �le andthat
the most up to dateone is listed last alphabetically. The dummyTMC tablecanbe
edited,to point to the new Synphotdata�les, using the IRAF task tedit . For ex-
ample,put the new Synphotdata�les andthe TMC andTMG tablesin the directory
/data/garnet5/synphot/ andusetheIRAF tasktedit to changethevaluesin
thecolumnFILENAMEof thedummyTMC tableto look somethinglike this:

newsyn$g750l new syn.fits

Thende�ne a variablein IRAF to point to thisdirectoryby typing:

sy> set newsyn = /data/garnet5/synphot/

Notethatit is possibleto specifythewholepathandnameof thedirectorytoo;although,
beawarethat thereis a limit of 68 charactersfor this column. In this case,changethe
FILENAMEcolumnto somethinglike this:

/data/garnet5/synphot/g750l new syn.fits

To usethe privateTMG anddummyTMC tablesfor testing,changethe values
in theiraf.stsdas.hst calib.synphot.refdata parameter�les to point to
thenew tables.

PACKAGE= synphot

TASK = refdata

(area = 45238.93416) Telescope area in cm2̂

(grtbl = test tmg.fits) Instrument graph table

(cmptbl = test tmc.fits) Instrument component table

(mode = a)

Notethanin thisexampleit is assumedthatthetest tmg.fits andtest tmc.fits
�les arein thecurrentworkingdirectory. If this is not thecase,it is necessaryto de�ne
anIRAF variable(asindicatedabove)with thepathto thetest�les (asindicatedabove).
For example,thegrtbl andcmptbl parametersshouldbe

grtbl = newsyn$test tmg.fits

cmptbl = newsyn$test tmc.fits

TheIRAF taskunlearn canbeusedto resetSynphotto usethedefaultversionsof the
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TMG andTMC tables.

cl> unlearn refdata

cl> lpar refdata

(area = 45238.93416) Telescope area in cm2̂

(grtbl = mtab$*.tmg) Instrument graph table

(cmptbl = mtab$*.tmc) Instrument component table

(mode = a)

TestingtheFiles in Synphot(STISonly)
Now it is necessaryto decidewhich instrumentcon�gurationswerechangedandver-
ify that the changesare correct. For this, threecurves — pipeline throughputtable
(PHT),old Synphotdat�les, andnew (test)Synphotdata�les — shouldbecompared.
Note that pipelinetablesandSynphotdata�les have differentwavelengthrangesand
thereforethe plots will not matchexactly when plotted together(this is also due to
the differencesbetweenthe tasksusedto maketheseplots). The Synphotdata�les
extendbeyond the wavelengthrangeof the pipelinetables;however, the valueof the
throughputis set to zero in thesecases.To put all the curves in the sameplot, �rst
usethe sgraph taskto plot the row in the CALSTIS/pipelinePHT �le for the grat-
ing you want to test. Second,usingthe defaultTMG andTMC tablesandthe sts-
das.hst calib.synphot.plband task,makeaplot of thebandpassfor thiscon-
�guration. To overplot the plband plot on the sgraph grid usethe appendoption
in plband and specify which line patternyou would like to useto distinguishthe
plband plot from thesgraph plot. For example:

sy> plband stis,g230lb,ccd left=1000 right=8000 append=yes ltype=dotted

Third,changetheparametersin theiraf.stsdas.hst calib.synphot.refdata
taskto point to thedummyversionof theTMC andnew TMG (if applicable)tables(see
instructionsin previous section),and run the sameplband commandasabove, but
with a differentltype parameter, to overplot the bandpasscon�guration that is pro-
ducedby thenew Synphotdata�les.

If thereis no change,usethe stsdas.hst calib.synphot.showfiles
task to get a list of the Synphotdata�les usedby Synphot. Make surethat the new
Synphotdata�le namesarein the list. If they arenot, checktherefdata parameter
list andthetestTMC table.First example,theoutputof thetaskbeforechanging�les:

sy> showfiles stis,f25mgii,nuvmama

#Throughput table names:

crotacomp$hst ota 007 syn.fits

crstiscomp$stis cm1 003 syn.fits

crstiscomp$stis cm2 003 syn.fits

crstiscomp$stis f25mgii 009 syn.fits

crstiscomp$stis clm 004 syn.fits

17



TechnicalInstrumentReportSTIS2006-01

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 theproperchanges:

sy> showfiles stis,f25mgii,nuvmama

#Throughput table names:

crotacomp$hst ota 007 syn.fits

crstiscomp$stis cm1 003 syn.fits

crstiscomp$stis cm2 003 syn.fits

new f25mgii.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

plbandcanalsoberunon individual �les, for example:

sy> plband newsyn$stis f25mgii.fits

In summary, thestepsfor thetestare:

1. Using sgraph , plot the row in the CALSTIS/pipelinePHT �le for the grating
youwantto test.Theplot shouldappearin a window on thescreen.

2. Appendthe plband plots for the con�guration that will be alteredby the new
Synphotdata�le. Notethatwe have not yet alteredtheTMC �le, sotheseplots
will show whatthebandpasslookslike usingtheolder, currentSynphotdata�les.

3. CopythemostcurrentTMG andTMC tablesfrom /data/cdbs1/mtab into a
testingdirectory. Renamethemastest tmg.fits andtest tmc.fits .

4. Setupa logicalpathto thisdirectoryusingtheset command.

5. Edit theTMC tableusingtedit to point to your test�les by changingtheentry
in theFILENAMEcolumn(seeabove). Thenew �lename entryshouldbethelog-
ical pathto yourdirectorycontainingthedummyTMC andTMG tables,thena$,
thenthe�lenamefor thenew table,e.g.,testfiles$stis g230l new syn.fits .

6. Usetherefdata taskto specifytheTMC andTMG to beusedby theSynphot
taskplband .

7. After this is done,producetheplband plotswith your new Synphotdata�les,
andthedummyTMC andTMG tables.
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8. Usetheshowfiles commandto verify thatthenew component�les arebeing
usedby Synphot.

9. Oncetestingis �nished, preparethetestingresultsto submitto thepipelineblock
lead. A summaryof the new �les to be deliveredshouldbe includedwith the
comparisonplots. Includethenameof thetester(you), thedate,a descriptionof
thenew �les (includinghow many andwherethey are),andthenameof the�les.
Thepipelineleadneedsto look at theplotsandapprove thetestingresultsbefore
thenew �les canbedeliveredto CDBS.

TestingtheFiles usingETCs(general)
The INS/CDBSGroupnow requiresthat all Synphotdata�les are testedagainstthe
ETC software.Theobjective of this testis to makesurethat thechangesin these�les
producethe expectedoutputsin the ETC software. This testhasto be doneeven if
STISis notcurrentlyusingtheETCs,asweneedto bepreparedfor apossiblerevival of
the instrument.This testhasto bedonein panthro.stsci.edu , which is a Linux
box, thusrequiringto have anaccountin theLinux cluster. Follow the instructionsin
TIR CDBS2005-01to performthis test.If any problemsor questionsarise,contactthe
INS/CDBSGroup(cdbs@stsci.edu)for help. Also, rememberto updatethenecessary
documentationin the ETCs help �les to show which new throughputshave recently
beendelivered.

Final Delivery of SynphotData FilesandTMG Tablesto CDBS(general)

Thedetailson thetestingproceduresrequiredby theINS/CDBSGroupareoutlinedin
TIR CDBS2005-01(http://www.stsci.edu/hst/observatory/cdbs/documents/TIR-CDBS-
2005-01.pdf);here,themostrelevantstepswill becoveredbrie�y . Otherusefuldocu-
mentationregardingdelivery of Synphotdata�les (andpipelinereference�les) canbe
foundin theINS/CDBSwebsite(http://www.stsci.edu/hst/observatory/cdbs/deliveries/).
To makesurethattheSynphotdata�les are�t for delivery, run
farris fitsverify and the CDBS script certify on the data�les andTMG
tableonly. For example:

ta> farris fitsverify *.fits

certify canberunwithin IRAF from theCDBSUTIL packageor from thecommand
line (in theScienceclusteronly). However, in thecaseof thecommandline, thewhole
pathto thecertify scripthasto beused:

ta> /data/cdbs1/tools/bin/certify *.fits

Notealsothataddingthe“/data/cdbs1/tools/bin/”pathto thebin pathin the
/home/myaccount/.setenv �le, will makeunnecessaryto declarethewholepath
for thecertify script. If noerrorsarefound,proceedto �ll thedelivery form; which
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is providedin TIR CDBS2005-01or publishedin theINS/CDBSGroupwebsite”De-
liveryProcedures”area(http://www.stsci.edu/hst/observatory/cdbs/deliveries/delivery form
.html). Whentheform is complete,e-mailit to thecdbs@stsci.edu e-mailaddress.
RememberthatSTIS Synphotdata�les aredeliveredto theCDBSdatabaseonly (not
to OPUSor thearchive),sothedelivery form hasto indicatethisclearly. Currentlythis
clari�cation is donein point #8 of thedelivery template;however, if it wereto change,
makesurethat it is clearly indicatedwhereappropriateor at thetop of thee-mailmes-
sageto the INS/CDBSgroup. TheINS/CDBSGroupis responsibleto install the �les
into CDBSandto copythemto theScienceclusterstoragearea.Currentlythis areais
locatedin the directory/data/cdbs1/comp/stis . The �les will be renamedby
theINS/CDBSGroupfollowing theguidelinesoutlinedin TIR CDBS2005-02,which
requiresto give these�les the samenameas thosepreviously installedin the system
but with a higherversionnumber. TheINS/CDBSGroupwill alsocreatetherequired
TMC �le thatpointsto thenew Synphotdata�les. Oncethese�les arein thesystem,
theINS/CDBSGroupwill let thedelivererknow that the �les arein placeby replying
to thesameaddressusedto e-mail thedelivery form. Receiving this messageendsthe
delivery.
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