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ABSTRACT

We present the ltaracterization of the on-orbit sensitivity of th€8 CCDs cames.
Observations of speciphotometric standarstais have been used to inope the pe-
laund sensitivityanddetectorguantumefeciencyThenew valueshavebeenimplemented
in SYNPHQ whid is now able togproduce the observed couttes to within 0.5% in
all broad band Pltes. For all narrow band Pltes and two bwadband pltes (F474W and
F606W) a corection factor has been applied to the original bltangmission curve to
bring the pedicted countates in greement with observationsinglly, we calculate the
photometric zery points for the WFC and HRC in all #e photometric systems used by
Synphot, namely VEGA@e&STmg and ABmg.

1. Introduction

The purposeof the work describedhereis to improve the pre-launchcharacterizatiorof
the sensitvity and detectorquantumefbcieny (DQE) of the ACS, in orderto allow the
HST syntheticphotometrysoftware Synphotto morereliably computephotometricdata
suchasthe zeropoints. Sincethe spectro-photometristandardstarsusedhereare white
dwarfs, the updateto the photometriccomponent®f Synphotdoesnot take into account
the colourtermsthat could arisewhenobjectswith very differentspectraltypesare con-
sidered.Theseissuesare addresse@lsavhere(Sirianni et al. 2004).In the future, when
datafrom more calibration standardsbecomeavailable, the valuesof the DQE, Pblter
responsecurves and photometriczero points given here will most likely needto be
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revised.However, ary revisionsareexpectedto be small,at thelevel of few percentevel

or less.Thedatausedin this work have beencollectedduring theinitial calibrationphase
of the ACS, lastingfrom 2002 April throughto 2003 February More recentdatawill be

presented in future ISRs.

2. Obsewations

Two spectro-photometristandardstarshave beenusedfor this programmenamelyGD71
(Bohlin etal. 1995)and GRWV+705824(0Oke 1990;in the following, calledfor simplicity
GRW?70). Of these,only GD71 is a primary spectrophotometristandard(Bohlin et al.

1995).For GD71, obsenrationswere collectedin 2002 May, duringthe SMOV phasejn

all ®lterswith boththe WFC andHRC camerasGRW70 wasobsenred four times,in the
summerandfall of 2002andearly 2003 (seeAppendix),throughmostof the ®lterswith

both camerasAdditional obsenationsare availablewith the HRC in UV broadband®I-
ters.In all casespbsenationswith the WFC were conductedvith both channelfWFC1
andWFC2),by readingout a sub-arrayof 512 pixel squarearoundthe target, whereador

theHRC thedetectomwasreadoutin full. Thedefaultgainvaluesof 1 and2, respectiely,

wereusedfor the WFC andHRC obsenations.A full list of the obsenationsis givenin

Table4 in the Appendix.In orderto remaove cosmicray hits, a pair of imageswvasobtained
for each combination of camera and ®lter (CR-SPLIT=2).

3. Data Reduction

Thedatawereprocessedia the automategipeline,uponretrieval from the HST archive
(Oorthe Ry re-calibrationOyyhich took careof biasandRat®eldingcorrectionaswell as
correctionfor the geometricaldistortion. The analysiswascarriedout onthe" drz" data
productgdrizzle ®les) put thedata-quality®lesproducedor eachindividual frameby the
pipeline(containedn the"_[3t" ®les)werealsoinspectedasexplainedbelov. The exact
pixel position of the standard star in each franas abtained with the centering
algorithmprovidedin theIRAF versionof DAOphot(center)by usingthe centroidoption.
Thesestarsarethe only objectdetectablen their frames.Thereferencddat®eld®lesused
to process these images are listedahld 4.

We note here that the ACS pipeline procedureappliesto sub-arrayframesbias ®les
derived by selectingfrom the full-frame biasthe region correspondingo the sub-array
Sinceno over-scanis availablein sub-arrayframes their actualbiaslevel and,to alesser
extent,biasshapemaydiffer from thatof the full-frame bias®le.Although sub-arraybias
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framesweresecuredn the courseof thesecalibrationobsenations,the pipelinesoftware
available at the time when this reductiontook placedid not yet allow their use.On the
otherhand,aswe explain in the following, photometricmeasurementaere doneusing
aperturephotometrywhich is insensitve to anerrorin the biaslevel. As regardsthe bias
shape,the available data (Sirianni et al. 2002a) suggestthat the bias variesrelatvely
smoothlyover theregionsof 512 x 512 squarepixel coveredby the WFC sub-arraysiear
the centreof the WFC1andWFC2detectorsFor thesereasonsye do not expectthe lack
of reference sub-array bias frames teehafected the accurgaf our investication.
Aperturephotometrywas carriedout to measureghe ux of eachobject.For the WFC a
radiusof 20 pixel (1 arcsec)was selectedwith a backgroundannulusrangingfrom 120
throughto 160 pixel (6 - 8 arcsec)For the HRC a radiuswasselectedf 40 pixel (1 arc-
sec), with a backgroundannulusfrom 225 throughto 260 pixel (5.6 - 6.5 arcsec).
Encircledenegy curves, built by plotting the measureccount rateswithin aperturesof
increasingadius(Siriannietal. 2004),shav thataradiusof 1 arcsealoesnotencompass
the totality of the stellar ux and, more importantly that the fraction there enclosed
depend®nwavelength.Thereforewe decidedto de®nea nominalin®niteapertureat5.5
arcseaadiusandwe assumdhat within suchan aperturewe measurehe totality of the
“ux. It is, however, impracticalto usesucha large aperture sincein somecaseshe stars
fall too closeto the edgeof theframeor to the HRC coronographi®ngergo permittheir
use.For this reasonwe have decidedto measureghe ux within the aperturesndicated
above and to apply the needed aperture correction to bring it to 5.5 arcsealfkes)T

Sinceboth standardstarsareratherbright (V=13.03for GD71andV=12.77for GRN70),
relatively shortexposuresvereusedfor the broadband®lters(seeTable4). As a further
checkthatno saturatioror deviation from linearity hadoccurrednearthe stellarpeak,the
dataquality ®les,generatedy the pipeline, were carefully analyzed.Only in one case
(GD71 obsered with WFC1/F435W)is the central stellar pixel marked as saturated.
However, this is causedoy the numberof electronsexceedingthe limit setby the 16 bit
dynamic range of the analogue-to-digital wenter rather than to the saturation of the full
well. Although this facthasno effect on the neighboringpixel, this particularimagehas
not beenconsideredn the analysisthat follows. The dataquality ®leshave also been
checledfor possibledegradationdueto cosmicray hits or defectve pixelsin theimmedi-
ate surrounding of the stellar pealaf these décts hae been found to be gkgible.
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Table 1. Measured count rates (e-/sec), after correction to'in®nity' based on the
valueof theencircledenegy (EE) correspondingo the selectedapertureNotethe
trend of the encircled erggr with wavelength.

WFC GD71 GRW70 EE

F435W 154910 +/- 465 180385 +/- 1219 0.942
F475W 208276 +/- 625 244366 +/- 2640 0.947
F502N 5866 +/- 37 735 +- 41 0.950
F550M 53265 +/- 271 69139 +/- 305 0.959
F555W 124658 +/- 104 156863 +/- 915 0.952
F606W 219685 +/- 591 280053 +/- 977 0.955
F625W 110316 +/- 1410 145118 +/- 542 0.959
F658N 4973 +/- 21 6021 +/- 37 0.955
F660N 1949 +/-4 2378 +/- 58 0.960
F775W 62236 +/- 197 85822 +/- 442 0.959
F814W 75356 +/- 23 104597 +/- 467 0.959
F850LP 22297 +/- 22 31690 +/- 186 0.948
F892N 2300 +/- 48 3252 +/- 42 0.945
HRC GD71 GRW70 EE

F220W 55539 +/- 151 36881 +/- 289 0.952
F250W 49751 +/- 113 37670 +/- 281 0.952
F330W 50971 +/- 22 42540 +/- 220 0.937
F344N 4696 +/- 30 4036 +/- 54 0.944
F435W 95914 +/- 294 104809 +/- 476 0.945
F475W 126241 +/- 231 148868 +/- 784 0.944
F502N 3856 +/- 20 4848 +/- 35 0.943
F550M 35826 +/- 129 46686 +/- 350 0.951
F555W 80405 +/- 310 102612 +/- 617 0.953
F606W 136786 +/- 57 177501 +/- 690 0.951
F625W 67814 +/- 321 89454 +/- 710 0.949
F658N 2941 +/- 15 3601 +/- 36 0.940
F660N 1173+ 9 1439 +/- 15 0.927
F775W 32428 +/- 94 45332 +/- 256 0.928
F814W 40599 +/- 41 56859 +/- 232 0.903
F850LP 14165 +/- 67 20249 +/- 165 0.820
F892N 1430 +/- 14 2058 +/- 37 0.827
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4. Data Analysis

Thecountratesmeasuredor eachcombinationof detector/®lter/tgeetareshovn in Table
1. They werecomparedvith the predictionsobtainedoy runningthe syntheticphotometry
packageSynphotwith the available reference®lesdescribingthe variousHST compo-
nents(mirror re ectivity, detectoquantumef®cieng, ®lterthroughputetc.),sothatthese
latter could be updated.The DQE reference®lesusedfor this comparisorare, however,
not thosederived from the groundtestingbut thoseupdatedon the basisof the ®rstfew
monthsof on orbit operationof the ACS, asdetailedin Siriannietal. (2002b).Regardless
of theadoptedstartingconditions however, the®nalproductof this analysiss intendedo
replace all preious reference ®les.

In orderto reducethe statisticaluncertaintyassociateavith the measuremerprocessthe
datafor the samecombinationof detectorand ®lterwere averagedtogether Indeed,the
four epochsof obsenation availablefor GRNV70 (six for UV ®lters)shav no systematic
trends thusimplying thatthe WFC s photometricallystable As ameasuref the obsenra-
tional uncertainty(seeTable 1) we summedin quadraturehe standarddeviation of the
variousepochstreatingobsenationsof the samestarand®Iterwith the WFClandWFC2
for the sameepochasindependentjuantitiesandthe erroron the aperturecorrectionfrom
the EE curves.For GD71only oneepochis availablesofor thatstartheuncertaintyshovn
in Table 1 simply re ects the photometricerror (Poissonstatistics)combinedin quadra-
ture with the aperture correction uncertainty

The purposeof this projectwasto updatethe photometriczero point of eachobserving
mode(camera/detector/®lteand,in turn, the DQE andtransmissiorcurvesof all the ®lI-
ters. It was, havever, not possible to perform these updates in isolation, one ®lter or
wavelengthat a time, since most ®lterscover a broad wavelengthrangeand the same
wavelengthrangeis oftencoveredby morethanone®lter Thus,it wasnecessaryo simul-
taneouslycompareobsened andpredictedcountratesover the whole wavelengthdomain
of eachdetectorandderive incrementakensitvity updateso beappliedsimultaneouslyo
all modes,so that new predictionscould be derived andthe procedurestartedover until
convergence.In practice,it wasdecidedto dealinitially with broadband®Iltersaloneto
obtainamorerealisticdescriptionof the DQE (underthe assumptiorthatthe available®I-
ter transmissiorcurveswerecorrect),leaving updateso mediumandnarrav band®lters
to a later stage.

This iteratve approach used consists of the fwlltg steps:

1. The ratio of obsemrd to predicted count rates foryagiven ®lter is plotted as a
function of the prot wavelength of the corresponding observing mode, de®ned as
indicated in the £S instrument handbook&Rovsky et al. 2003, Section 6.2).
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2. A smoothcune is ®ttedto thesepointsandis re-sampledit the samewavelengths
as the DQE.

3. The DQE is multiplied by the smooth cerso obtained and the result is fed to
Synphot in order to calculate amseries of the xpected count rates for the
modes in use.

4. Theprocedureesumedgrom stepl until theratio of obsernedandpredictedcount
rate agrees with unity to within 0.5% for all ®lters.

Figuresl and2 shaw, for the WFC andHRC respectrely, theinitial valuesof theratio of

obseredandpredictedcountratesfor all ®lters.Squareseferto the GD71data,whereas
crossesorrespondo the GRW70 measurementst shouldbe notedherethatthe WFC

datapoints correspondingo GD71 appearsystematicallya few percentabove thoseof

GRWT70. SinceGRW70 is not a primary spectro-photometristandardthis discrepang

couldin principle suggesthat the spectrumof GRW70 that Synphotusesfor predicting
the count rates might be affected by systematicaluncertainties. However, this would

requireit to be systematically~1% brighter than the actualstar an amountthat would

have notgoneunnoticed Furthermorethe situationis notsoclearcutfor theHRC, where
no systematidrendis seen.So, insteadof attemptinga correctionfor this discrepang we

take theobsereddifferencesasanestimateof the uncertaintyof our calibration.Obsena-

tions of otherspectro-photometristandardstars,plannedfor the forthcomingcalibration
cycles, will considerably reduce this uncertainty

Figure 1: Initial obsened/predicted count rates for the WFC. As indicated,
squares correspond to GD71 whilst crosses mark tM¢T®RIata. Error bars
are from Bble 1.
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Figure 2:Initial obsened/predicted count rates for the HRC. As indicated,
squares correspond to GD71 whilst crosses mark tM¢T®RIata. Error bars
are from Bble 1.

5. Flat Field Uniformity And Filter T ransmission Curves

Althoughadjacenbroadband®lterscanconsiderablyverlapeachother theadoptedro-
cedureshouldensurerapid corvergenceif knowledgeof the at ®eldand of the ®lters
responses accurate.An initial test of this type, conductedon the SMOV dataalone
(GD71)in 2002August,revealedsomediscrepancies the at ®eldof broadband®lters,
which weresubsequentlgorrectedasexplainedin thereportby Mack etal. (2002;ACS/
ISR 02-08).With theaim of furtherminimisingthe effectsof at ®eldinguncertaintiesall
obsenations of GRN70 were designedto have the star at the samedetectorlocation
(within afew pixels).Thoseof GD71,althoughdisplacedoy about100pixel in X and100
in Y dueto theinitial pointing uncertaintyin the early phasesof SMOV, still fall in the
region of thedetectowherethe at ®eldis mostreliable.We estimatethatthe correspond-
ing uncertaintyon the ACS sensitvity causedy at ®elduncertaintieshouldamountto
less than 0.5% for all broad band ®lters.
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As regardsthe accurag of the available ®lter transmissiorcurves, we have discovered
somediscrepanciesvhich might be dueto measuremenincertaintiesluring the ground
testingof the ACS. In particular it appearghat the available transmissiorcurve of the
F606W ®lter is not compatible with those of the F555W and F625W ®lters, with which it
overlapscompletelyin wavelength.In fact, regardlessof the actualshapeof the DQE in

the rangefrom ~450 nm throughto ~730nm, the ratio of the obsened countsandthose
predictedby Synphotfor F6E06W is systematically~ 2% smallerthanthe corresponding
ratios for the F555W and F625W ®lters. This discrepapplies to both the WFC and
HRC andsuggestshatatleastoneof thesethree®lterresponseurves,asmeasurednthe
ground,doesnot matchthe propertiesof the corresponding®lter The F555WandF625W
®lters, hwever, appear fully consistent with the other broad band ®lters with whigh the
overlap,thus suggestinghat the uncertaintylies in the F606W band.A similar discrep-
ang was found for F475W We have, therefore,decidedto exclude the F606W and
F475Wdatafrom the iterative approachde®nedibove andto correctthese®Ilters'trans-
missioncurve at a later stage,togetherwith the mediumand narrav band®lters,after
having established the broad properties of the DQE.

6. Results and Discussion

Figures3 and4 shaw theratio of obsened andpredictedcountsat the endof theiterative

processnamelyafter 5 iterationsfor WFC and 7 for HRC, whendiscrepanciegre less
than0.5%for all ®lters.Crossesndicatethe averageratio for each®Iterat the endof the
processwhereaghesquaresorrespondo thesamevaluesatthe beginningof it. For each
®lter the squaresorrespondin practice to the averageof the measurementasplottedin

Figuresl and2. Error bars,asgivenin Tablel, areonly shavn for the®nalratiosbut they

would applyidentically to theinitial valuesaswell. The ®nalDQE curvesresultingfrom

the iterative processare shavn asa dashedine in Figures5 and 6, respectrely for the
WFC andHRC, wherethey canbe directly comparedwith theinitial values(solid lines;
from Sirianni et al. 2002b).
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Figure 3: Comparison of obseed/predicted ratios at thediening(squares)
andend(crossesf theiterative procesgor the WFC. Error bars,from Tablel,
are only shan for the ®nal alues.

Figure 4: Comparison of obseed/predicted ratios at thediening (squares)
andend(crossesdf theiterative procesdor theHRC. Error bars,from Tablel,
are only shan for the ®nal alues.
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Figure 5: Comparison of initial (solid line) and ®nal (dashed line) DQE for the
WEC.

Figure 6: Comparisorof initial (solidline) and®nal(dashedine) DQE for the
HRC.
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Therathersmoothappearancef the DQE curwvesis theresultof the regularizingeffect of

thesmoothingappliedin thesecondstepof theiterative procedurendicatedabove. In par-
ticular, thedatapointscorrespondingo theratio of obseredandpredictedcountratesare
®rstconnectedvith a segmentedline, which is then sampledat the wavelengthscorre-
spondingto the DQE data points. This line is then smoothed by replacingthe value
correspondingo eachwavelengthwith the averagevalueover arangeof 80 nm aroundit.

Thegoalof this smoothings to preventmeasuremenincertaintiesrom causingunplysi-
calfeaturesn the DQE, suchasbumpsor spikes.For this reasongxtendingthe numberof

iterationspastthe limits givenabove, at which corvergenceis reachedwould not appre-
ciably change the shape of the DQE.

With the DQE curvesshawn in Figures5 and6, Synphotis ableto reproduceheobsered
countratesto within 0.5%in all broad band®lters,with the exceptionof F606W and
F475W (which were speci®callyexcludedfrom the procedureasindicatedabove). For
theselatter ®ltersand for the narrov and mediumbandones,Figures7 and 8 show the
ratio of obsenedandpredictedcountswhenSynphotusesthe DQE curvesderivedabove,
respectrely for the WFC andHRC. As both ®guresshaw, the ratio of obsened andpre-
dictedcountsfor narrov andmediumband®ltersdeviatesfrom unity by asmuchas~ 5%,
but with values around 1% being more typical.

Figure 7: Obsered/predicted count rates ratios for ®lters not part of the WFC
iteration process before ®Ilter transmission correction. Squares refer to GD71,
whilst crosses mark the G¥®70 data.

11
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Figure 8: Obsered/predicted count rates ratios for ®lters not part of the HRC
iteration process before ®lter transmission correction. Squares refer to GD71,
whilst crosses mark the G¥70 data.

The DQE hasbeendeterminedver the whole wavelengthrangecoveredby thetwo CCD
cameraon the basisof broad-band®lter obsenations.Sinceit is reasonabléo assume
that over such a range the DQE shousdywsmoothlyone must conclude that the
transmissiorcurves of the narrov and mediumband®ltersand of F606W and F475W
mustbe updatedo bring theratio of obsenedandpredictedcountsascloseaspossibleto
unity. We stressherethat,althoughgroundmeasurementsf thetransmissiorcurve canbe
affectedby someuncertaintythe decisionof updatingthe correspondingeference®lesin
Synphotstemsexclusively from our implicit assumptiorthat the transmissiorcurves of
broad band ®lters are well characterisedwith the notable exception of F606W and
F475W for thereasonexplainedabore). In otherwords,the availabledataonly allow us
in generalto characteriseghe combinedphotometricresponseof an observingmode,
namelythe combinationof a detectorand ®lter ratherthan the individual components.
However, asindicatedin the Introduction,our adoptedapproachs satistctorysinceour

presengoalis thatof providing the photometriczero-pointfor the mostcommonobserv-
ing modes.

12
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As regardsthe updateof the ®ltertransmissiorcurves,we have electedo simply multiply
themby a scaleconstansuchthattheratio of obseredandpredictedcountsis ascloseas
possibleto unity. Becausehe correctionappliedto a ®lteraffectstheratio of obsernedand
predictedcountsfor bothcamerasimultaneouslythe ®lterbeingphysically the samethe
scalefactorhasbeenselectedso that the ratio of obsered and predictedcountsis 1 on
averagefor WFC andHRC for eachof the ®ltersaffected.In general no singlevalue of
the scalefactor would bring the predictedWFC and HRC countratesin simultaneous
agreementvith the obsenations.So the scalefactorhasbeendeterminedo equallysplit
betweenthe WFC andHRC the departureof the ratio from unity. This is shavn graphi-
cally in Figure9, wheretheratio of obseredandpredictedcountsis shavn separatelyor
WEFC (squaresandHRC (crossesafterthe correctionto the®Itertransmissiorcurve. The
scale &ctors for each ®lter are tééted in Bble 2.

Figure9: Obsenred/predictecdountratesfor narrov band®ltersfor bothWFC
(squares) and HRC (crosses), after correction.

13
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Table 2. Correction &ctors applied to the ®lter transmission
curves preiously used in Synphot to bring the predicted count
rates in agreement with obsations. Nevly delivered ®lter
transmission cues were multiplied by these c@afients.

FILTER Correction Factor
F475W 1.0085
F502N 0.9920
F550M 0.9700
F606W 0.9810
F658N 0.9845
F660N 0.9865
F892N 0.9975

Although,asmentionedabore, the WFC andHRC sharethe same®ltercomplemen{see
the ACSinstrumenthandbookor details;Paviovsky etal. 2003),onemustrealisethatdif-

ferentportionsof the same®lterilluminate the two CCDs, owing to the location of the
ACSaperturesn the HST focal plane.In particular thelight thatreacheshe HRC travels
througha sectionof the®ltermuchsmallerthanthataffectingthe WFC andit is, in princi-

ple, possiblethat the manufcturingof the ®lter (particularly of the narrov and medium
bandones)might have left patchesf uneventhroughputacrossts face.Thus,by impos-
ing the conditionthatthetransmissiorcurve of each®lterbethe samefor bothcamerasas
is presentlyrequiredby Synphotwe have madetheimplicit assumptiorthatthe ®ltersare
homogeneous across thecé.

For broadband®lters,sincetheir at ®eldhasbeendeterminedusing obsenationsof a
calibrationstellar®eld(47 Tuc) ditheredacrosghe FOV of the CCDs(Mack etal. 2002),
ary lack of uniformity of the bandpassveragetransmissioracrosshe ®lterfacehasbeen
correctedoy design.The at ®eldof narrav andmediumband®Iltersthatthe ACSpipeline
currentlyusesis basedon aninterpolationof the at ®eldof the neighboringbroadband
®lters.However, we do not presentlyknow whetherthethroughpuiof narrav andmedium
band®ltersvariesacrosghe faceof the ®lterand,if so,whetherit variesin away similar
to thatof broadband®lters aswe have implicitly assumedThis assumptiortanbetested
with available data,sincerepeatedbsenationsnow exist of the samecalibrationstellar
®eld(47 Tuc), atrandomorientationandin all narrov andmediumband®lters,with both
camerasThiswill permitareliablemeasuremertf the at ®eldin asimilarway asit was
done for broad band ®lters.

14
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7. Conclusions: the Photometric Zew Points

With the informationderived asexplainedin the sectionsabove, we canderie the pres-
ently mostreliablephotometriczeropointsfor theWFC andHRC in all threephotometric
systemsausedby Synphot,namelyVEGAmMag, STmagand ABmag. The zero pointsare
given in Table 3.

Brie y, VEGAmagis Synphots standardnagnitudesystemfor which Vega by de®nition
hasmagnitude0 at all wavelengthsThe VEGAmagmagnitudeof a starwith ux Fis-2.5
Logyo (F/Fyega) WhereF,5 is the calibratedspectrumof Vega in Synphot.STmagand
ABmagaresystemsvhich de®neanequialent ux densityfor asource correspondingo
the ux densityof a sourceof prede®nedpectralshapethatwould producethe obsered
countrate,and corvert this equivalent ux to a magnitude.The corversionis chosenso
thatthe magnitudein V correspondsoughlyto thatin the Johnsorsystem.in the STmag
system,the ux densityis expresseder unit wavelength,andthe referencespectrumis
“at in F, whilstin the ABmagsystemthe ux densityis expressegerunit frequeny and
the reference spectrum is "at ip.Ahe de®nitions are:

STmag = -2.5 LogF, -21.10

ABmag = -2.5 LogyF, - 48.6

where Fis expressed in grcmi? Hz1 st and I, in eg cm? Al st
Anotherway to expressthesezero-pointss to saythatan objectwith F, = 3.63x 10 20
ergcm? Hz'1 s will have magnitudeABmag=0in every ®lter andanobjectwith  F;,

=3.63x 10° erg cm® AL s will have magnitudeSTmag=0in every ®lter Finally, and
morepractically onecanthink of the photometriczeropointsin Table3 asthe magnitude
of an objectthat would generatea count-rateof 1 count/sin the speci®edbsenrational
con®guration (i.e. combination of detector and ®lter).

The meaning of the columns iafdle 3 is as folls:
+ FILTER: name of the bandpass;
+ PHOTPLAM: pivot wavelength of the ®lter plus detector con®guration;

+ PHOTFLAM: inverse sensitity of the con®guration (grcni? AL s1).
+ PHOIBW: rms bandwidth of ®lter plus detector con®guration;
+ STmag, ABmag, VEGAmag: the zero points in the respesiistems

The headerdywords PHOFLAM and PHOPLAM relate to the STmag and ABmag
zero-points through the formulae:
STmagp = -2.5 Log g (PHOTFLAM) - PHOTZPT

= -2.5 Lqg (PHOTFLAM) - 21.10
ABmagp = -2.5 Log o (PHOTFLAM) - 21.10 - 5 Logo (PHOTPLAM) + 18.6921

15
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As a ®nalremark,we shouldlike to note that the photometriczero pointsin the VEG-
Amag magnitudesystemgiven herearelinkedto the spectrumof Vega presentlyusedby
Synphot(Bohlin & Gilliland, 2004).An updateof sucha referencespectrumwill require

the zero points to be recalculated accordingly

Table 3. Photometric zero points based on thelgelerived DQE and
®lter transmission cues, for the WFC and HRC.

WFC
FILTER | PHOTPLAM | PHOTFLAM | PHOTBW | STmag | ABmag | VEGAmag
F435W 4317.398 3.141250E-19| 293.47 25.157 | 25.673 25.779
F475W 4744 .356 1.808802E-19| 420.11 25.757 | 26.068 26.168
F502N 5022.475 5.326231E-18 41.89 22.084 | 22.271 22.352
F550M 5581.205 3.860100E-19| 163.27 24.934 | 24.892 24.867
F555W 5359.547 1.955929E-19| 360.02 25.672 | 25.718 25.724
F606W 5917.678 7.906457E-20| 672.31 26.655 | 26.486 26.398
F625W 6310.454 1.195394E-19| 415.46 26.206 | 25.898 25.731
F658N 6584.015 1.999181E-18 37.15 23.148 | 22.747 22.365
FG660N 6599.374 5.347431E-18 35.53 22.081 | 21.676 21.389
F775W 7693.026 1.006545E-19| 434.60 26.393 | 25.654 25.256
F814W 8059.761 7.072360E-20| 654.64 26.776 | 25.937 25.501
F850LP 9054.768 1.507456E-19| 539.43 25.954 | 24.862 24.326
F892N 8914.875 1.542548E-18 72.95 23.429 | 22.371 21.865
HRC
FILTER | PHOTPLAM | PHOTFLAM | PHOTBW | STmag | ABmag | VEGAmag
F220W 2255.426 8.113312E-18| 187.28 21.627 | 23.553 21.871
F250W 2715.875 4.781345E-18| 239.40 22.201 | 23.724 22.288
F330W 3362.675 2.236720E-18| 173.82 23.026 | 24.085 22.904
F344N 3432.847 2.139635E-17 42.62 20.574 | 21.588 20.439
F435W 4310.986 5.368556E-19| 309.68 24575 | 25.095 25.185
F475W 4775.74 2.937020E-19| 418.81 25.230 | 25.527 25.623
F502N 5021.072 8.034045E-18 83.01 21.638 | 21.826 21.906
F550M 5579.729 5.985392E-19| 168.05 24.457 | 24.416 24.392
F555W 5355.946 3.020066E-19| 357.19 25.200 | 25.248 25.255
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F606W 5887.935 1.278104E-19| 664.88 26.134 | 25.976 25.893

F625W 6295.498 1.973001E-19| 415.31 25.662 | 25.359 25.195

F658N 6581.98 3.357119E-18| 162.69 22.585 | 22.185 21.803

F660N 6582.439 8.976461E-18| 468.30 21.516 | 21.116 20.827

F775W 7665.083 1.949664E-19| 432.03 25.675 | 24.945 24.551

F814W 8115.338 1.269102E-19| 703.45 26.141 | 25.287 24.849

F850LP 9145.236 2.286987E-19| 538.95 25.502 | 24.388 23.850

F892N 8913.882 2.447032E-18| 270.92 22.928 | 21.870 21.366
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APPENDIX

Table 4. List of ACSdatasetshatwereusedn thisinvestigation. Thecolumnsarethe
target name, the rootname of the data ®le, the date of the atim®rthe gposure

time, the ®lter name, the camera and the at ®eld used.

18

Target Dataset Date Time EXP | FILTER Camera Flat Field
time (.bts)

GD7 j8¢107010 | 2002-04-12| 09:14:54 am 10 F475W HRC magl3035j_p
GD71 j8c107020 | 2002-04-12| 09:17:10am | 360 F502N HRC mobl1221oj_p
GD71 j8c107030 | 2002-04-12| 09:25:29 am | 40 F550M HRC mob1221pj p
GD71 j8c107040 | 2002-04-12| 09:28:16 am 18 F555W HRC m9b1221qj_p
GD71 j8c107050 | 2002-04-12| 09:30:51 am 10 F606W HRC m9b1221rj_ p
GD71 j8c107060 | 2002-04-12| 09:33:20am | 20 F625W HRC mag13036j_p
GD71 j8¢107070 | 2002-04-12| 09:35:52am | 480 F658N HRC m9b1221tj p
GD71 | j8c107080 | 2002-04-12| 09:45:57 am | 50 F775W HRC | m9bl2221j p~
GD71 j8c107090 | 2002-04-12| 09:48:55am | 100 F850LP HRC magl13037j_p
GD71 j8c1070a0 | 2002-04-12| 10:39:58 am | 600 F892N HRC m9b12224j p~
GD71 j8c1070b0 | 2002-04-12| 10:52:17 am 12 F435W HRC magl3034j_p
GD71 j8c1070c0 | 2002-04-12| 10:54:34 am | 1200 F660N HRC m9b12220j p
GD71 j8¢1070d0 | 2002-04-12| 11:16:28 am 40 F814W HRC m9b12222j p
GD71 j8c1070e0 | 2002-04-12| 11:19:27am | 12 F220W HRC n4t15308j_p
GD71 j8c1070f0 | 2002-04-12| 11:21:43 am 12 F250W HRC n4t1530aj_p
GD71 j8c1070g0 | 2002-04-12| 12:16:03pm | 160 F344N HRC n4t1530cj_p
GD71 j8c1070u0 | 2002-04-12| 02:23:54 pm 14 F330W HRC n4t1530bj_p
GRW+70 | j8eg07010 | 2002-07-13| 03:55:57 am | 10 FA75W HRC mag13035j_p
GRW+70 | j8eg07020 | 2002-07-13| 03:58:13am | 300 F502N HRC | m9bl2210j p~
GRW+70 | j8eg07030 | 2002-07-13| 04:05:32am | 40 F550M HRC mob1221pj_p
GRW+70 | j8eg07040 | 2002-07-13| 04:08:19 am | 18 F555W HRC mob1221qj_p
GRW+70 | j8eg07050 | 2002-07-13| 04:10:54 am 10 F606W HRC m9b1221rj_p
GRW+70 | j8eg07060 | 2002-07-13| 04:13:23 am 18 F625W HRC magl3036j_p
GRW+70 | j8eg07070 | 2002-07-13| 04:15:53 am | 430 F658N HRC m9b1221tj p
GRW+70 | j8eg07080 | 2002-07-13| 04:25:08 am 40 F775W HRC m9b12221j p
GRW+70 | j8eg07090 | 2002-07-13| 04:27:56 am | 110 F850LP HRC mag13037j_p
GRW+70 | j8eg070a0 | 2002-07-13| 04:31:52 am | 600 F892N HRC mob12224j p—
GRW+70 | j8eg070b0 | 2002-07-13| 05:26:42 am 12 F435W HRC mag13034j_p
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GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70

GRW+70

j8eg070c0
j8eg070d0
j8eg070e0
j8eg070f0
j8eg070g0
j8eg070h0
j8eg08010
j8eg08020
j8eg08030
j8eg08040
j8eg08050
j8eg08060
j8eg08070
j8eg08080
j8eg08090
j8eg080a0
j8eg080b0
j8eg080c0
j8eg080d0
j8eg080e0
j8eg080f0
j8eg080g0
j8eg09010
8909020
8909030
j8eg09040
j8eg09050
j8eg09060
j8eg09070
8909080
8909090
j8eg090a0
j8eg090b0
j8eg090c0

2002-07-13
2002-07-13
2002-07-13
2002-07-13
2002-07-13
2002-07-13
2002-08-10
2002-08-10
2002-08-10
2002-08-10
2002-08-10
2002-08-10
2002-08-10
2002-08-10
2002-08-10
2002-08-10
2002-08-10
2002-08-10
2002-08-10
2002-08-10
2002-08-10
2002-08-10
2002-09-14
2002-09-14
2002-09-14
2002-09-14
2002-09-14
2002-09-14
2002-09-14
2002-09-14
2002-09-14
2002-09-14
2002-09-14
2002-09-14

05:28:59 am
05:50:53 am
05:53:48 am
05:56:04 am
05:58:20 am
06:00:43 am
08:41:28 am
08:43:44 am
08:51:03 am
08:53:50 am
08:56:25 am
08:58:54 am
09:01:24 am
09:10:39 am
09:13:27 am
09:17:23 am
10:12:17 am
10:14:34 am
10:36:28 am
10:39:23 am
10:41:39 am
10:43:55 am
10:03:08 pm
10:05:24 pm
10:12:42 pm
10:15:29 pm
10:18:05 pm
10:20:33 pm
10:23:04 pm
10:32:18 pm
10:35:06 pm
10:39:02 pm
11:25:13 pm
11:27:29 pm

19

1200
35
12
16
17

190
10
300
40
18
10
18
430
40
110
600
12

1200
35
12
16
17
10

300
40
18
10
18

430
40

110

600
12

1200

F660N
F814W
F220W
F250W
F330W
F344N
F475W
F502N
F550M
F555W
F606W
F625W
F658N
F775W
F850LP
F892N
F435W
F660N
F814W
F220W
F250W
F330W
F475W
F502N
F550M
F555W
F606W
F625W
F658N
F775W
F850LP
F892N
F435W
F660N

HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC

m9b12220j p~
mob12222j p~
m9bl1222ej p
m9bl1222aj p
m9b12225| p—
mob12226j p_
magl3035j_p
m9bl1221oj p
m9b1221pj_ p
m9b1221qj p
m9b1221rj_p
mag13036j_p
m9b1221tj p
mob12221j p~
magl3037j_p
m9b12224j p—
mag13034j_p
m9b12220j p~
mob12222j p~
m9b1222ej p—
m9b1222aj p—
m9b12225j p
mag13035]_p
m9b12210j p
m9b1221pj p
m9b1221qj_p
m9b1221rj_p
magl13036j p
m9b1221tj p—
mob12221j p~
magl3037j_p
mob12224j p~
magl3034j_p
m9b12220j p
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GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70

GRW+70

j8eg090d0
j8eg090e0
j8eg090fo
j8eg090g0
j8eg090h0
j8hv03010
j8hv03020
j8hv03030
i8hv03040
j8hv03050
i8hv03060
j8hv03070
j8hv03080
j8hv03090
i8hv04010
i8hv04020
i8hv04030
j8hv04040
j8hv04050
j8hv04060
i8hv04070
j8hv04080
i8hv04090
j8jq02010
j8jq02020
j8jg02030
j8jg02040
j8jg02050
j8jq02060
j8jq02070
j8jq02080
j8jg02090
j8jq020a0
j8jg020b0

2002-09-14
2002-09-14
2002-09-14
2002-09-14
2002-09-14
2002-12-13
2002-12-13
2002-12-13
2002-12-13
2002-12-13
2002-12-13
2002-12-13
2002-12-13
2002-12-13
2003-01-12
2003-01-12
2003-01-12
2003-01-12
2003-01-12
2003-01-12
2003-01-12
2003-01-12
2003-01-12
2003-02-26
2003-02-26
2003-02-26
2003-02-26
2003-02-26
2003-02-26
2003-02-26
2003-02-26
2003-02-26
2003-02-26
2003-02-26

11:49:24 pm
11:52:18 pm
11:54:34 pm
11:56:50 pm
11:59:13 pm
06:27:04 pm
06:30:08 pm
06:33:08 pm
06:36:45 pm
06:39:49 pm
06:42:49 pm
06:50:45 pm
06:53:49 pm
06:56:49 pm
12:24:03 am
12:27:07 am
12:30:07 am
12:33:24 am
12:36:28 am
12:39:28 am
12:47:04 am
12:50:08 am
12:53:08 am
10:04:29 am
10:06:45 am
10:14:04 am
10:16:51 am
10:19:26 am
10:21:55 am
10:24:25 am
10:33:40 am
10:36:28 am
10:40:24 am

11:34:05 am

20

35
12
16
17
190
60
60
50
60
60
50
60
60
50
60
60
50
60
60
50
60
60
50
10
300
40
18
10
18
430
40
110
600
12

F814W
F220W
F250W
F330W
F344N

F220W
F250W
F330W
F220W
F250W
F330W
F220W
F250W
F330W
F220W
F250W
F330W
F220W
F250W
F330W
F220W
F250W
F330W
F475W
F502N

F550M

F555W
F606W
F625W
F658N

F775W
F850LP
F892N

F435W

HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC
HRC

mob12222j p~
m9b1222ej p
m9bl222aj p
m9b12225j p
m9b12226j p
m9b1222ej p—
m9bl222aj p
m9b12225j p
m9b1222ej p—
m9bl1222aj p
m9b12225] p—
m9b1222ej p—
m9bl222aj p
mob12225j p~
m9b1222ej p—
m9bl222aj p
m9b12225| p—
m9b1222ej p—
m9bl222aj p
mob12225j p~
m9b1222ej p—
m9bl1222aj p
m9b12225| p—
mag13035]_p
m9bl1221oj p
m9b1221pj p
m9b1221qj_p
m9b1221rj_p~
mag13036j_p
m9b1221tj p—
mob12221j p~
magl3037j_p
mob12224j p~
magl3034j_p
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GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GD71
GD71
GD71
GD71
GD71
GD71
GD71
GD71
GD71
GD71
GD71
GD71
GD71
GD71
GD71
GD71
GD71
GD71
GD71
GD71
GD71
GD71
GD71
GD71
GD71
GRW+70
GRW+70

GRW+70

18jq020c0
j8jq020d0
j8jq020e0
8jq020f0

i8jg020g0
i8jq020q0
j8¢103010
j8¢103020
j8c103030
j8c103040
j8c103050
j8c103060
j8¢103070
j8¢103080
j8¢103090
j8c1030a0
j8c1030g0
j8¢1030h0
j8¢1030i0
j8c1030j0
j8c104010
j8c104020
j8c104030
j8c104040
j8¢104050
j8c104060
j8c104070
j8c104080
j8c104090
j8c1040a0
j8c1040b0
j8eg04010
j8eg04020
j8eg04030

2003-02-26
2003-02-26
2003-02-26
2003-02-26
2003-02-26
2003-02-26
2002-04-24
2002-04-24
2002-04-24
2002-04-24
2002-04-24
2002-04-24
2002-04-24
2002-04-24
2002-04-24
2002-04-24
2002-04-24
2002-04-24
2002-04-24
2002-04-24
2002-04-16
2002-04-16
2002-04-16
2002-04-16
2002-04-16
2002-04-16
2002-04-16
2002-04-16
2002-04-16
2002-04-16
2002-04-16
2002-07-11
2002-07-11
2002-07-11

11:36:22 am
11:58:16 am
12:01:11 pm
12:03:27 pm
12:05:44 pm
01:36:07 pm
11:26:04 am
11:28:49 am
11:33:10 am
11:36:01 am
11:39:00 am
11:41:55 am
11:44:50 am
11:49:36 am
11:52:28 am
11:56:41 am
01:11:09 pm
01:13:55 pm
01:21:29 pm
01:25:15 pm
02:52:04 am
02:54:49 am
02:59:10 am
03:02:01 am
03:05:00 am
03:07:55 am
03:10:50 am
03:15:36 am
03:18:28 am
03:22:10 am
03:24:56 am
04:08:46 am
04:11:29 am

04:15:11 am

21

1200
35
12
16

190
17

90

10

4.6

2.6

120

24
220

300

90

10

4.6

2.6

120

24

300

52
2.8

F660N
F814W
F220W
F250W
F344N
F330W
F475W
F502N
F550M
F555W
F606W
F625W
F658N
F775W
F850LP
F892N
F435W
F660N
F814W
F814W
F475W
F502N
F550M
F555W
F606W
F625W
F658N
F775W
F850LP
F435W
F660N
F475W
F502N
F555W

HRC
HRC
HRC
HRC
HRC
HRC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC

m9b12220j p~
mob12222j p~
m9bl1222ej p
m9bl1222aj p
m9b12226j p
mob12225j p~
m820832fi_p~
m820832¢gj_p
m820832hj_p
m820832ij_p
m820832jj_p
m820832kj_p~
m820832lj_p~
m820832nj_p
m820832pj_p
m820832qj_p
m820832ej_p
m820832mj_p
m8208320j_p
m8208320j_p
m820832fi_p—
m820832¢gj_p
m820832hj_p
m820832ij_p~
m820832jj_p~
m820832kj_p
m820832lj_p
m820832nj_p
m820832pj_p~
m820832ej_p
m820832mj_p
m820832fi_p~
m820832¢gj_p
m820832ij_p
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GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70
GRW+70

GRW+70

j8eg04040
j8eg04050
j8eg04060
j8eg04070
j8eg04080
j8eg04090
j8eg040a0
j8eg040b0
j8eg040c0
j8eg040d0
j8eg040e0
j8eg040f0
j8eg040g0
j8eg040h0
j8eg040i0
j8eg040j0
j8eg040k0
j8eg04010
j8eg05010
j8eg05020
j8eg05030
j8eg05040
j8eg05050
j8eg05060
j8eg05070
j8eg05080
j8eg05090
j8eg050a0
j8eg050b0
j8eg050c0
j8eg050d0
j8eg050e0
j8eg050f0
j8eg050g0

2002-07-11
2002-07-11
2002-07-11
2002-07-11
2002-07-11
2002-07-11
2002-07-11
2002-07-11
2002-07-11
2002-07-11
2002-07-11
2002-07-11
2002-07-11
2002-07-11
2002-07-11
2002-07-11
2002-07-11
2002-07-11
2002-08-18
2002-08-18
2002-08-18
2002-08-18
2002-08-18
2002-08-18
2002-08-18
2002-08-18
2002-08-18
2002-08-18
2002-08-18
2002-08-18
2002-08-18
2002-08-18
2002-08-18
2002-08-18

04:18:08 am
04:21:01 am
04:23:54 am
04:27:52 am
04:30:40 am
05:18:19 am
05:29:13 am
05:31:55 am
05:36:18 am
06:54:24 am
06:58:06 am
07:01:03 am
07:03:56 am
07:06:49 am
07:10:47 am
07:13:35 am
07:17:09 am
07:19:51 am
12:45:02 am
12:47:45 am
12:51:27 am
12:54:24 am
12:57:17 am
01:00:10 am
01:04:08 am
01:06:56 am
01:11:01 am
01:21:55 am
01:24:37 am
01:29:00 am
02:16:17 am
02:19:59 am
02:22:56 am
02:25:49 am

22

1.6
3.2
72

16
140
2.6
4.4

52
2.8
1.6
3.2
72

16
2.6
4.4

52
2.8
1.6
3.2
72

16
140
2.6
4.4

52
2.8
1.6
3.2

F606W
F625W
F658N

F775W
F850LP
F892N

F435W
F814W
F475W
F502N

F555W
F606W
F625W
F658N

F775W
F850LP
F435W
F814W
F475W
F502N

F555W
F606W
F625W
F658N

F775W
F850LP
F892N

F435W
F814W
F475W
F502N

F555W
F606W
F625W

WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC
WFC

m820832jj_p~
m820832kj_p
m820832lj_p
m820832nj_p
m820832pj_p~
m820832qj_p
m820832ej_p
m8208320j_p
m820832fi_p—
m820832¢gj_p
m820832ij_p
m820832jj_p~
m820832kj_p~
m820832lj_p
m820832nj_p
m820832pj_p
m820832ej_p
m8208320j_p
m820832fi_p~
m820832¢gj_p
m820832ij_p
m820832ji_p
m820832kj_p
m820832lj_p~
m820832nj_p
m820832pj_p
m820832qj_p
m820832¢ej_p
m8208320j_p
m820832fi_p~
m820832¢gj_p
m820832ij_p
m820832ji_p
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