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ABSTRACT

We present the characterization of the on-orbit sensitivity of the ACS CCDs cameras.
Observations of spectrophotometric standard stars have been used to improve the pre-
launch sensitivityanddetectorquantumefÞciency. Thenew valueshavebeenimplemented
in SYNPHOT which is now able to reproduce the observed count rates to within 0.5% in
all broad band Þlters. For all narrow band Þlters and two broadband Þlters (F474W and
F606W) a correction factor has been applied to the original Þlter transmission curve to
bring the predicted count rates in agreement with observations. Finally, we calculate the
photometric zero points for the WFC and HRC in all three photometric systems used by
Synphot, namely VEGAmag, STmag and ABmag.

 1. Introduction

The purposeof the work describedhereis to improve the pre-launchcharacterizationof
the sensitivity anddetectorquantumefÞciency (DQE) of the ACS, in orderto allow the
HST syntheticphotometrysoftwareSynphotto morereliably computephotometricdata
suchasthezeropoints.Sincethespectro-photometricstandardstarsusedherearewhite
dwarfs, theupdateto thephotometriccomponentsof Synphotdoesnot take into account
thecolour termsthatcouldarisewhenobjectswith very differentspectraltypesarecon-
sidered.Theseissuesareaddressedelsewhere(Sirianni et al. 2004).In the future,when
data from more calibration standardsbecomeavailable, the valuesof the DQE, Þlter
responsecurves and photometriczero points given here will most likely need to be
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revised.However, any revisionsareexpectedto besmall,at the level of few percentlevel
or less.Thedatausedin this work have beencollectedduring the initial calibrationphase
of the ACS, lastingfrom 2002April throughto 2003February. More recentdatawill be
presented in future ISRs.

2. Observations

Two spectro-photometricstandardstarshavebeenusedfor thisprogramme,namelyGD71
(Bohlin et al. 1995)andGRW+705824(Oke 1990;in thefollowing, calledfor simplicity
GRW70). Of these,only GD71 is a primary spectrophotometricstandard(Bohlin et al.
1995).For GD71,observationswerecollectedin 2002May, during the SMOV phase,in
all ®lterswith both theWFC andHRC cameras.GRW70 wasobservedfour times,in the
summerandfall of 2002andearly2003(seeAppendix),throughmostof the®lterswith
bothcameras.Additional observationsareavailablewith theHRC in UV broadband®l-
ters.In all cases,observationswith theWFC wereconductedwith bothchannels(WFC1
andWFC2),by readingout a sub-arrayof 512pixel squarearoundthetarget,whereasfor
theHRC thedetectorwasreadout in full. Thedefault gainvaluesof 1 and2, respectively,
wereusedfor theWFC andHRC observations.A full list of theobservationsis given in
Table4 in theAppendix.In orderto removecosmicrayhits,apairof imageswasobtained
for each combination of camera and ®lter (CR-SPLIT=2).

3. Data Reduction

Thedatawereprocessedvia theautomatedpipeline,uponretrieval from theHST archive
(Õontheßy re-calibrationÕ),which took careof biasandßat®eldingcorrectionaswell as
correctionfor thegeometricaldistortion.Theanalysiswascarriedout on the "_drz" data
products(drizzle®les),but thedata-quality®lesproducedfor eachindividual frameby the
pipeline(containedin the"_ßt " ®les)werealsoinspected,asexplainedbelow. Theexact
pixel position of the standard star in each frame was obtained with the centering
algorithmprovidedin theIRAF versionof DAOphot(center)by usingthecentroidoption.
Thesestarsaretheonly objectdetectablein their frames.Thereferenceßat®eld®lesused
to process these images are listed in Table 4.

We note here that the ACS pipeline procedureapplies to sub-arrayframesbias ®les
derived by selectingfrom the full-frame bias the region correspondingto the sub-array.
Sinceno over-scanis availablein sub-arrayframes,their actualbiaslevel and,to a lesser
extent,biasshapemaydiffer from thatof thefull-frame bias®le.Althoughsub-arraybias
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framesweresecuredin thecourseof thesecalibrationobservations,thepipelinesoftware
availableat the time whenthis reductiontook placedid not yet allow their use.On the
otherhand,aswe explain in the following, photometricmeasurementsweredoneusing
aperturephotometry, which is insensitive to anerror in thebiaslevel. As regardsthebias
shape,the available data (Sirianni et al. 2002a)suggestthat the bias varies relatively
smoothlyover theregionsof 512x 512squarepixel coveredby theWFC sub-arraysnear
thecentreof theWFC1andWFC2detectors.For thesereasons,we do not expectthelack
of reference sub-array bias frames to have affected the accuracy of our investigation.
Aperturephotometrywascarriedout to measurethe ¯ux of eachobject.For the WFC a
radiusof 20 pixel (1 arcsec)wasselected,with a backgroundannulusrangingfrom 120
throughto 160pixel (6 - 8 arcsec).For theHRC a radiuswasselectedof 40 pixel (1 arc-
sec), with a backgroundannulusfrom 225 through to 260 pixel (5.6 - 6.5 arcsec).
Encircledenergy curves,built by plotting the measuredcount rateswithin aperturesof
increasingradius(Sirianniet al. 2004),show thata radiusof 1 arcsecdoesnot encompass
the totality of the stellar ¯ux and, more importantly, that the fraction there enclosed
dependson wavelength.Therefore,we decidedto de®nea nominalin®niteapertureat 5.5
arcsecradiusandwe assumethat within suchan aperturewe measurethe totality of the
¯ux. It is, however, impracticalto usesucha largeaperture,sincein somecasesthestars
fall too closeto theedgeof theframeor to theHRC coronographic®ngersto permit their
use.For this reason,we have decidedto measurethe ¯ux within the aperturesindicated
above and to apply the needed aperture correction to bring it to 5.5 arcsec (see Table 1).

Sincebothstandardstarsareratherbright (V=13.03for GD71andV=12.77for GRW70),
relatively shortexposureswereusedfor thebroadband®lters(seeTable4). As a further
checkthatno saturationor deviation from linearity hadoccurrednearthestellarpeak,the
dataquality ®les,generatedby the pipeline,were carefully analyzed.Only in one case
(GD71 observed with WFC1/F435W)is the central stellar pixel marked as saturated.
However, this is causedby the numberof electronsexceedingthe limit setby the 16 bit
dynamic range of the analogue-to-digital converter rather than to the saturation of the full
well. Although this fact hasno effect on the neighboringpixel, this particularimagehas
not beenconsideredin the analysisthat follows. The dataquality ®leshave also been
checkedfor possibledegradationdueto cosmicray hits or defective pixelsin theimmedi-
ate surrounding of the stellar peak, but these effects have been found to be negligible.
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Table 1. Measured count rates (e-/sec), after correction to'in®nity' based on the
valueof theencircledenergy (EE)correspondingto theselectedaperture.Notethe
trend of the encircled energy 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 2309 +/-   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

Thecountratesmeasuredfor eachcombinationof detector/®lter/targetareshown in Table
1. They werecomparedwith thepredictionsobtainedby runningthesyntheticphotometry
packageSynphotwith the available reference®lesdescribingthe variousHST compo-
nents(mirror re¯ectivity, detectorquantumef®ciency, ®lterthroughput,etc.),sothatthese
latter could be updated.The DQE reference®lesusedfor this comparisonare,however,
not thosederived from the groundtestingbut thoseupdatedon the basisof the ®rstfew
monthsof on orbit operationof theACS,asdetailedin Sirianniet al. (2002b).Regardless
of theadoptedstartingconditions,however, the®nalproductof thisanalysisis intendedto
replace all previous reference ®les.

In orderto reducethestatisticaluncertaintyassociatedwith themeasurementprocess,the
datafor the samecombinationof detectorand®lterwereaveragedtogether. Indeed,the
four epochsof observation availablefor GRW70 (six for UV ®lters)show no systematic
trends,thusimplying thattheWFCis photometricallystable.As ameasureof theobserva-
tional uncertainty(seeTable1) we summedin quadraturethe standarddeviation of the
variousepochs,treatingobservationsof thesamestarand®lterwith theWFC1andWFC2
for thesameepochasindependentquantitiesandtheerroron theaperturecorrectionfrom
theEEcurves.For GD71only oneepochis availablesofor thatstartheuncertaintyshown
in Table1 simply re¯ects the photometricerror (Poissonstatistics)combinedin quadra-
ture with the aperture correction uncertainty.
The purposeof this projectwasto updatethe photometriczeropoint of eachobserving
mode(camera/detector/®lter)and,in turn, theDQE andtransmissioncurvesof all the®l-
ters. It was, however, not possible to perform these updates in isolation, one ®lter or
wavelengthat a time, sincemost ®lterscover a broadwavelengthrangeand the same
wavelengthrangeis oftencoveredby morethanone®lter. Thus,it wasnecessaryto simul-
taneouslycompareobservedandpredictedcountratesover thewholewavelengthdomain
of eachdetectorandderive incrementalsensitivity updatesto beappliedsimultaneouslyto
all modes,so that new predictionscould be derived andthe procedurestartedover until
convergence.In practice,it wasdecidedto deal initially with broadband®ltersaloneto
obtainamorerealisticdescriptionof theDQE(undertheassumptionthattheavailable®l-
ter transmissioncurveswerecorrect),leaving updatesto mediumandnarrow band®lters
to a later stage.

This iterative approach used consists of the following steps:

1. The ratio of observed to predicted count rates for any given ®lter is plotted as a
function of the pivot wavelength of the corresponding observing mode, de®ned as
indicated in the ACS instrument handbook (Pavlovsky et al. 2003, Section 6.2).
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2. A smoothcurve is ®ttedto thesepointsandis re-sampledat thesamewavelengths
as the DQE.

3. The DQE is multiplied by the smooth curve so obtained and the result is fed to
Synphot in order to calculate a new series of the    expected count rates for the
modes in use.

4. Theprocedureresumesfrom step1 until theratioof observedandpredictedcount
rate agrees with unity to within 0.5% for all ®lters.

Figures1 and2 show, for theWFC andHRC respectively, theinitial valuesof theratio of
observedandpredictedcountratesfor all ®lters.Squaresreferto theGD71data,whereas
crossescorrespondto the GRW70 measurements.It shouldbe notedherethat the WFC
datapoints correspondingto GD71 appearsystematicallya few percentabove thoseof
GRW70. SinceGRW70 is not a primary spectro-photometricstandard,this discrepancy
could in principle suggestthat the spectrumof GRW70 that Synphotusesfor predicting
the count ratesmight be affected by systematicaluncertainties.However, this would
requireit to be systematically~1% brighter than the actualstar, an amountthat would
havenotgoneunnoticed.Furthermore,thesituationis notsoclear-cut for theHRC,where
no systematictrendis seen.So,insteadof attemptinga correctionfor this discrepancy we
take theobserveddifferencesasanestimateof theuncertaintyof ourcalibration.Observa-
tionsof otherspectro-photometricstandardstars,plannedfor the forthcomingcalibration
cycles, will considerably reduce this uncertainty.

Figure 1:  Initial observed/predicted count rates for the WFC. As indicated,
squares correspond to GD71 whilst crosses mark the GRW70 data. Error bars
are from Table 1.
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5. Flat Field Uniformity And Filter T ransmission Curves

Althoughadjacentbroadband®lterscanconsiderablyoverlapeachother, theadoptedpro-
cedureshouldensurerapid convergenceif knowledgeof the ¯at ®eldandof the ®lter's
responseis accurate.An initial test of this type, conductedon the SMOV data alone
(GD71)in 2002August,revealedsomediscrepanciesin the¯at ®eldof broadband®lters,
which weresubsequentlycorrectedasexplainedin thereportby Mack et al. (2002;ACS/
ISR02-08).With theaimof furtherminimisingtheeffectsof ¯at ®eldinguncertainties,all
observations of GRW70 were designedto have the star at the samedetectorlocation
(within a few pixels).Thoseof GD71,althoughdisplacedby about100pixel in X and100
in Y dueto the initial pointing uncertaintyin the early phasesof SMOV, still fall in the
regionof thedetectorwherethe¯at ®eldis mostreliable.Weestimatethatthecorrespond-
ing uncertaintyon theACSsensitivity causedby ¯at ®elduncertaintiesshouldamountto
less than 0.5% for all broad band ®lters.

Figure 2: Initial observed/predicted count rates for the HRC. As indicated,
squares correspond to GD71 whilst crosses mark the GRW70 data. Error bars
are from Table 1.
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As regardsthe accuracy of the available ®lter transmissioncurves,we have discovered
somediscrepancieswhich might be dueto measurementuncertaintiesduring the ground
testingof the ACS. In particular, it appearsthat the available transmissioncurve 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 ~450nm throughto ~730nm, the ratio of the observed countsandthose
predictedby Synphotfor F606Wis systematically~ 2% smallerthanthe corresponding
ratios for the F555W and F625W ®lters. This discrepancy applies to both the WFC and
HRCandsuggeststhatat leastoneof thesethree®lterresponsecurves,asmeasuredonthe
ground,doesnot matchthepropertiesof thecorresponding®lter. TheF555WandF625W
®lters, however, appear fully consistent with the other broad band ®lters with which they
overlap,thussuggestingthat the uncertaintylies in the F606Wband.A similar discrep-
ancy was found for F475W. We have, therefore,decidedto exclude the F606W and
F475Wdatafrom the iterative approachde®nedabove andto correctthese®lters' trans-
missioncurve at a later stage,togetherwith the mediumand narrow band®lters,after
having established the broad properties of the DQE.

6. Results and Discussion

Figures3 and4 show theratio of observedandpredictedcountsat theendof theiterative
process,namelyafter 5 iterationsfor WFC and7 for HRC, whendiscrepanciesare less
than0.5%for all ®lters.Crossesindicatetheaverageratio for each®lterat theendof the
process,whereasthesquarescorrespondto thesamevaluesat thebeginningof it. For each
®lter, thesquarescorrespond,in practice,to theaverageof themeasurementsasplottedin
Figures1 and2. Errorbars,asgivenin Table1, areonly shown for the®nalratiosbut they
would apply identically to the initial valuesaswell. The®nalDQE curvesresultingfrom
the iterative processareshown asa dashedline in Figures5 and6, respectively for the
WFC andHRC, wherethey canbedirectly comparedwith the initial values(solid lines;
from Sirianni et al. 2002b).
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Figure 3:  Comparison of observed/predicted ratios at the beginning(squares)
andend(crosses)of theiterativeprocessfor theWFC.Errorbars,from Table1,
are only shown for the ®nal values.

Figure 4:  Comparison of observed/predicted ratios at the beginning (squares)
andend(crosses)of theiterativeprocessfor theHRC.Errorbars,from Table1,
are only shown for the ®nal values.
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Figure 5:  Comparison of initial (solid line) and ®nal (dashed line) DQE for the
WFC.

Figure6: Comparisonof initial (solid line) and®nal(dashedline) DQEfor the
HRC.
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Therathersmoothappearanceof theDQE curvesis theresultof theregularizingeffect of
thesmoothingappliedin thesecondstepof theiterativeprocedureindicatedabove.In par-
ticular, thedatapointscorrespondingto theratioof observedandpredictedcountratesare
®rstconnectedwith a segmentedline, which is thensampledat the wavelengthscorre-
spondingto the DQE data points. This line is then smoothed,by replacingthe value
correspondingto eachwavelengthwith theaveragevalueover a rangeof 80 nm aroundit.
Thegoalof thissmoothingis to preventmeasurementuncertaintiesfrom causingunphysi-
cal featuresin theDQE,suchasbumpsor spikes.For this reason,extendingthenumberof
iterationspastthe limits givenabove, at which convergenceis reached,would not appre-
ciably change the shape of the DQE.

With theDQEcurvesshown in Figures5 and6, Synphotis ableto reproducetheobserved
count ratesto within 0.5% in all broadband®lters,with the exceptionof F606W and
F475W(which werespeci®callyexcludedfrom the procedure,as indicatedabove). For
theselatter ®ltersandfor the narrow andmediumbandones,Figures7 and8 show the
ratio of observedandpredictedcountswhenSynphotusestheDQE curvesderivedabove,
respectively for theWFC andHRC. As both®guresshow, the ratio of observedandpre-
dictedcountsfor narrow andmediumband®ltersdeviatesfrom unity by asmuchas~ 5%,
but with values around 1% being more typical.

Figure 7:  Observed/predicted count rates ratios for ®lters not part of the WFC
iteration process before ®lter transmission correction. Squares refer to GD71,
whilst crosses mark the GRW70 data.
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TheDQE hasbeendeterminedover thewholewavelengthrangecoveredby thetwo CCD
camerason the basisof broad-band®lterobservations.Sinceit is reasonableto assume
that over such a range the DQE should vary smoothly, one must conclude that the
transmissioncurves of the narrow and mediumband®ltersand of F606W and F475W
mustbeupdatedto bring theratio of observedandpredictedcountsascloseaspossibleto
unity. Westressherethat,althoughgroundmeasurementsof thetransmissioncurvecanbe
affectedby someuncertainty, thedecisionof updatingthecorrespondingreference®lesin
Synphotstemsexclusively from our implicit assumptionthat the transmissioncurvesof
broad band ®lters are well characterised(with the notable exception of F606W and
F475W, for thereasonsexplainedabove). In otherwords,theavailabledataonly allow us
in generalto characterisethe combinedphotometricresponseof an observingmode,
namelythe combinationof a detectorand ®lter, ratherthan the individual components.
However, asindicatedin the Introduction,our adoptedapproachis satisfactorysinceour
presentgoal is thatof providing thephotometriczero-pointfor themostcommonobserv-
ing modes.

Figure 8:  Observed/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 GRW70 data.
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As regardstheupdateof the®ltertransmissioncurves,wehaveelectedto simply multiply
themby ascaleconstantsuchthattheratioof observedandpredictedcountsis ascloseas
possibleto unity. Becausethecorrectionappliedto a®lteraffectstheratioof observedand
predictedcountsfor bothcamerassimultaneously, the®lterbeingphysically thesame,the
scalefactorhasbeenselectedso that the ratio of observed andpredictedcountsis 1 on
averagefor WFC andHRC for eachof the ®ltersaffected.In general,no singlevalueof
the scalefactor would bring the predictedWFC and HRC count ratesin simultaneous
agreementwith theobservations.So thescalefactorhasbeendeterminedto equallysplit
betweenthe WFC andHRC the departureof the ratio from unity. This is shown graphi-
cally in Figure9, wheretheratioof observedandpredictedcountsis shown separatelyfor
WFC(squares)andHRC(crosses)afterthecorrectionto the®ltertransmissioncurve.The
scale factors for each ®lter are tabulated in Table 2.

Figure9: Observed/predictedcountratesfor narrow band®ltersfor bothWFC
(squares) and HRC (crosses), after correction.
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Although,asmentionedabove, theWFC andHRC sharethesame®ltercomplement(see
theACSinstrumenthandbookfor details;Pavlovsky etal. 2003),onemustrealisethatdif-
ferentportionsof the same®lter illuminate the two CCDs,owing to the locationof the
ACSaperturesin theHST focal plane.In particular, thelight thatreachestheHRC travels
throughasectionof the®ltermuchsmallerthanthataffectingtheWFCandit is, in princi-
ple, possiblethat the manufacturingof the ®lter(particularlyof the narrow andmedium
bandones)might have left patchesof uneventhroughputacrossits face.Thus,by impos-
ing theconditionthatthetransmissioncurveof each®lterbethesamefor bothcameras,as
is presentlyrequiredby Synphot,wehavemadetheimplicit assumptionthatthe®ltersare
homogeneous across their face.

For broadband®lters,sincetheir ¯at ®eldhasbeendeterminedusingobservationsof a
calibrationstellar®eld(47 Tuc) ditheredacrosstheFOV of theCCDs(Mack et al. 2002),
any lackof uniformity of thebandpassaveragetransmissionacrossthe®lterfacehasbeen
correctedby design.The¯at ®eldof narrow andmediumband®ltersthattheACSpipeline
currentlyusesis basedon an interpolationof the ¯at ®eldof theneighboringbroadband
®lters.However, wedonotpresentlyknow whetherthethroughputof narrow andmedium
band®ltersvariesacrossthefaceof the®lterand,if so,whetherit variesin a way similar
to thatof broadband®lters,aswehave implicitly assumed.Thisassumptioncanbetested
with availabledata,sincerepeatedobservationsnow exist of the samecalibrationstellar
®eld(47 Tuc),at randomorientationandin all narrow andmediumband®lters,with both
cameras.Thiswill permita reliablemeasurementof the¯at ®eldin asimilarwayasit was
done for broad band ®lters.

Table 2. Correction factors applied to the ®lter transmission
curves previously used in Synphot to bring the predicted count
rates in agreement with observations. Newly delivered ®lter
transmission curves were multiplied by these coef®cients.

FILTER Corr ection Factor

F475W 1.0085

F502N 0.9920

F550M 0.9700

F606W 0.9810

F658N 0.9845

F660N 0.9865

F892N 0.9975
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7. Conclusions: the Photometric Zero Points

With the informationderived asexplainedin the sectionsabove, we canderive the pres-
entlymostreliablephotometriczeropointsfor theWFCandHRCin all threephotometric
systemsusedby Synphot,namelyVEGAmag,STmagandABmag. The zeropointsare
given in Table 3.

Brie¯y, VEGAmagis Synphot's standardmagnitudesystem,for which Vega by de®nition
hasmagnitude0 atall wavelengths.TheVEGAmagmagnitudeof astarwith ¯ux F is -2.5
Log10 (F/Fvega) whereFvega is the calibratedspectrumof Vega in Synphot.STmagand

ABmagaresystemswhichde®neanequivalent¯ux densityfor asource,correspondingto
the¯ux densityof a sourceof prede®nedspectralshapethatwould producetheobserved
countrate,andconvert this equivalent¯ux to a magnitude.The conversionis chosenso
that themagnitudein V correspondsroughlyto that in theJohnsonsystem.In theSTmag
system,the ¯ux densityis expressedper unit wavelength,andthe referencespectrumis
¯at in Fl , whilst in theABmagsystemthe¯ux densityis expressedperunit frequency and

the reference spectrum is ¯at in Fn. The de®nitions are:

    STmag = -2.5 Log10Fl , -21.10

    ABmag = -2.5 Log10Fn - 48.6

where Fn is expressed in erg cm-2 Hz-1 s-1 and Fl , in erg cm-2 A-1 s-1.

Anotherway to expressthesezero-pointsis to saythatanobjectwith Fl , = 3.63x 10-20

erg cm-2 Hz-1 s-1 will havemagnitudeABmag=0in every®lter, andanobjectwith Fl ,

= 3.63x 10-9 erg cm-2 A-1 s-1 will have magnitudeSTmag=0in every ®lter. Finally, and
morepractically, onecanthink of thephotometriczeropointsin Table3 asthemagnitude
of an object that would generatea count-rateof 1 count/sin the speci®edobservational
con®guration (i.e. combination of detector and ®lter).

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

+ PHOTFLAM: inverse sensitivity of the con®guration (erg cm-2 A-1 s-1).
+ PHOTBW: rms bandwidth of ®lter plus detector con®guration;
+ STmag, ABmag, VEGAmag: the zero points in the respective systems

The header keywords PHOTFLAM and PHOTPLAM relate to the STmag and ABmag
zero-points through the formulae:
     STmagZP = -2.5 Log10 (PHOTFLAM) - PHOTZPT

                       = -2.5 Log10 (PHOTFLAM) - 21.10

      ABmagZP = -2.5 Log10 (PHOTFLAM) - 21.10 - 5 Log10 (PHOTPLAM) + 18.6921
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As a ®nalremark,we shouldlike to note that the photometriczeropoints in the VEG-
Amagmagnitudesystemgivenherearelinkedto thespectrumof 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 the newly derived DQE and
®lter transmission curves, 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

F660N 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 24.575 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



Instrument Science Report ACS 2004-08

17

References

Bohlin, R. 1995,in CalibratingHubbleSpaceTelescope,EdsA. Koratkar, C. Leitherer
(Baltimore: STScI), 49

Bohlin, R. & Gilliland, R. 2004, AJ in press.

Mack, J., Bohlin, R., Gilliland, R., van der Marel, R., De Marchi, G. 2002,in 2002
HST CalibrationWorkshop,Eds.S.Arribas,A. Koekemoer, B. Whitmore(Balti-
more: STScI), 23

Gilliland, R., Riess,A. 2002,in 2002HST CalibrationWorkshop,Eds.S.Arribas,A.
Koekemoer, B. Whitmore (Baltimore: STScI), 61

Oke, J.B. 1990, AJ, 99, 1621.

Pavlovsky et al. 2003 ACS Instrument Handbook, STScI.

Sirianni,M., De Marchi, G., Gilliland, R., Bohlin, R., Pavlovsky, C., Mack, J. 2002a,
in 2002HST CalibrationWorkshop,Eds.S.Arribas,A. Koekemoer, B. Whitmore
(Baltimore: STScI), 31

Sirianni,M., Martel, A., Jee,M., Van Orsow, D., Sparks,W. 2002b,in 2002HST
CalibrationWorkshop,Eds.S.Arribas,A. Koekemoer, B. Whitmore(Baltimore:
STScI), 82

Sirianni, M., et al. 2004. PASP in preparation

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

Table4. List of ACSdatasetsthatwereusedin this investigation.Thecolumnsarethe
target name, the rootname of the data ®le, the date of the observation, the exposure
time, the ®lter name, the camera and the ¯at ®eld used.

Target Dataset Date Time EXP
time

FILTER Camera Flat Field
(.Þts)

GD7 j8c107010 2002-04-12 09:14:54 am 10 F475W HRC mag13035j_p¯

 GD71 j8c107020 2002-04-12 09:17:10 am 360  F502N  HRC m9b1221oj_p¯

 GD71 j8c107030 2002-04-12 09:25:29 am 40  F550M  HRC m9b1221pj_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 09:33:20 am 20  F625W  HRC mag13036j_p¯

 GD71 j8c107070 2002-04-12 09:35:52 am 480  F658N  HRC m9b1221tj_p¯

 GD71 j8c107080 2002-04-12 09:45:57 am 50  F775W  HRC m9b12221j_p¯

 GD71 j8c107090 2002-04-12 09:48:55 am 100 F850LP  HRC mag13037j_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 mag13034j_p¯

 GD71 j8c1070c0 2002-04-12 10:54:34 am 1200  F660N  HRC m9b12220j_p¯

 GD71 j8c1070d0 2002-04-12 11:16:28 am 40  F814W  HRC m9b12222j_p¯

 GD71 j8c1070e0 2002-04-12 11:19:27 am 12  F220W  HRC n4t15308j_p¯

 GD71 j8c1070f0 2002-04-12 11:21:43 am 12  F250W  HRC n4t1530aj_p¯

 GD71 j8c1070g0 2002-04-12 12:16:03 pm 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  F475W  HRC mag13035j_p¯

GRW+70 j8eg07020 2002-07-13 03:58:13 am 300  F502N  HRC m9b1221oj_p¯

GRW+70 j8eg07030 2002-07-13 04:05:32 am 40  F550M  HRC m9b1221pj_p¯

GRW+70 j8eg07040 2002-07-13 04:08:19 am 18  F555W  HRC m9b1221qj_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 mag13036j_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 m9b12224j_p¯

GRW+70 j8eg070b0 2002-07-13 05:26:42 am 12  F435W  HRC mag13034j_p¯



Instrument Science Report ACS 2004-08

19

GRW+70 j8eg070c0 2002-07-13 05:28:59 am 1200  F660N  HRC m9b12220j_p¯

GRW+70 j8eg070d0 2002-07-13 05:50:53 am 35  F814W  HRC m9b12222j_p¯

GRW+70 j8eg070e0 2002-07-13 05:53:48 am 12  F220W  HRC m9b1222ej_p¯

GRW+70 j8eg070f0 2002-07-13 05:56:04 am 16  F250W  HRC m9b1222aj_p¯

GRW+70 j8eg070g0 2002-07-13 05:58:20 am 17  F330W  HRC m9b12225j_p¯

GRW+70 j8eg070h0 2002-07-13 06:00:43 am 190  F344N  HRC m9b12226j_p¯

GRW+70 j8eg08010 2002-08-10 08:41:28 am 10  F475W  HRC mag13035j_p¯

GRW+70 j8eg08020 2002-08-10 08:43:44 am 300  F502N  HRC m9b1221oj_p¯

GRW+70 j8eg08030 2002-08-10 08:51:03 am 40  F550M  HRC m9b1221pj_p¯

GRW+70 j8eg08040 2002-08-10 08:53:50 am 18  F555W  HRC m9b1221qj_p¯

GRW+70 j8eg08050 2002-08-10 08:56:25 am 10  F606W  HRC m9b1221rj_p¯

GRW+70 j8eg08060 2002-08-10 08:58:54 am 18  F625W  HRC mag13036j_p¯

GRW+70 j8eg08070 2002-08-10 09:01:24 am 430  F658N  HRC m9b1221tj_p¯

GRW+70 j8eg08080 2002-08-10 09:10:39 am 40  F775W  HRC m9b12221j_p¯

GRW+70 j8eg08090 2002-08-10 09:13:27 am 110 F850LP   HRC mag13037j_p¯

GRW+70 j8eg080a0 2002-08-10 09:17:23 am 600  F892N  HRC m9b12224j_p¯

GRW+70 j8eg080b0 2002-08-10 10:12:17 am 12  F435W  HRC mag13034j_p¯

GRW+70 j8eg080c0 2002-08-10 10:14:34 am 1200  F660N  HRC m9b12220j_p¯

GRW+70 j8eg080d0 2002-08-10 10:36:28 am 35  F814W  HRC m9b12222j_p¯

GRW+70 j8eg080e0 2002-08-10 10:39:23 am 12  F220W  HRC m9b1222ej_p¯

GRW+70 j8eg080f0 2002-08-10 10:41:39 am 16  F250W  HRC m9b1222aj_p¯

GRW+70 j8eg080g0 2002-08-10 10:43:55 am 17  F330W  HRC m9b12225j_p¯

GRW+70 j8eg09010 2002-09-14 10:03:08 pm 10  F475W  HRC mag13035j_p¯

GRW+70 j8eg09020 2002-09-14 10:05:24 pm 300  F502N  HRC m9b1221oj_p¯

GRW+70 j8eg09030 2002-09-14 10:12:42 pm 40  F550M  HRC m9b1221pj_p¯

GRW+70 j8eg09040 2002-09-14 10:15:29 pm 18  F555W  HRC m9b1221qj_p¯

GRW+70 j8eg09050 2002-09-14 10:18:05 pm 10  F606W  HRC m9b1221rj_p¯

GRW+70 j8eg09060 2002-09-14 10:20:33 pm 18  F625W  HRC mag13036j_p¯

GRW+70 j8eg09070 2002-09-14 10:23:04 pm 430  F658N  HRC m9b1221tj_p¯

GRW+70 j8eg09080 2002-09-14 10:32:18 pm 40  F775W  HRC m9b12221j_p¯

GRW+70 j8eg09090 2002-09-14 10:35:06 pm 110  F850LP HRC mag13037j_p¯

GRW+70 j8eg090a0 2002-09-14 10:39:02 pm 600  F892N  HRC m9b12224j_p¯

GRW+70 j8eg090b0 2002-09-14 11:25:13 pm 12  F435W  HRC mag13034j_p¯

GRW+70 j8eg090c0 2002-09-14 11:27:29 pm 1200  F660N  HRC m9b12220j_p¯
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GRW+70 j8eg090d0 2002-09-14 11:49:24 pm 35  F814W  HRC m9b12222j_p¯

GRW+70 j8eg090e0 2002-09-14 11:52:18 pm 12  F220W  HRC m9b1222ej_p¯

GRW+70 j8eg090f0 2002-09-14 11:54:34 pm 16  F250W  HRC m9b1222aj_p¯

GRW+70 j8eg090g0 2002-09-14 11:56:50 pm 17  F330W  HRC m9b12225j_p¯

GRW+70 j8eg090h0 2002-09-14 11:59:13 pm 190  F344N  HRC m9b12226j_p¯

GRW+70 j8hv03010 2002-12-13 06:27:04 pm 60  F220W  HRC m9b1222ej_p¯

GRW+70 j8hv03020 2002-12-13 06:30:08 pm 60  F250W  HRC m9b1222aj_p¯

GRW+70 j8hv03030 2002-12-13 06:33:08 pm 50  F330W  HRC m9b12225j_p¯

GRW+70 j8hv03040 2002-12-13 06:36:45 pm 60  F220W  HRC m9b1222ej_p¯

GRW+70 j8hv03050 2002-12-13 06:39:49 pm 60  F250W  HRC m9b1222aj_p¯

GRW+70 j8hv03060 2002-12-13 06:42:49 pm 50  F330W  HRC m9b12225j_p¯

GRW+70 j8hv03070 2002-12-13 06:50:45 pm 60  F220W  HRC m9b1222ej_p¯

GRW+70 j8hv03080 2002-12-13 06:53:49 pm 60  F250W  HRC m9b1222aj_p¯

GRW+70 j8hv03090 2002-12-13 06:56:49 pm 50  F330W  HRC m9b12225j_p¯

GRW+70 j8hv04010 2003-01-12 12:24:03 am 60  F220W  HRC m9b1222ej_p¯

GRW+70 j8hv04020 2003-01-12 12:27:07 am 60  F250W  HRC m9b1222aj_p¯

GRW+70 j8hv04030 2003-01-12 12:30:07 am 50  F330W  HRC m9b12225j_p¯

GRW+70 j8hv04040 2003-01-12 12:33:24 am 60  F220W  HRC m9b1222ej_p¯

GRW+70 j8hv04050 2003-01-12 12:36:28 am 60  F250W  HRC m9b1222aj_p¯

GRW+70 j8hv04060 2003-01-12 12:39:28 am 50  F330W  HRC m9b12225j_p¯

GRW+70 j8hv04070 2003-01-12 12:47:04 am 60  F220W  HRC m9b1222ej_p¯

GRW+70 j8hv04080 2003-01-12 12:50:08 am 60  F250W  HRC m9b1222aj_p¯

GRW+70 j8hv04090 2003-01-12 12:53:08 am 50  F330W  HRC m9b12225j_p¯

GRW+70 j8jq02010 2003-02-26 10:04:29 am 10  F475W  HRC mag13035j_p¯

GRW+70 j8jq02020 2003-02-26 10:06:45 am 300  F502N  HRC m9b1221oj_p¯

GRW+70 j8jq02030 2003-02-26 10:14:04 am 40  F550M  HRC m9b1221pj_p¯

GRW+70 j8jq02040 2003-02-26 10:16:51 am 18  F555W  HRC m9b1221qj_p¯

GRW+70 j8jq02050 2003-02-26 10:19:26 am 10  F606W  HRC m9b1221rj_p¯

GRW+70 j8jq02060 2003-02-26 10:21:55 am 18  F625W  HRC mag13036j_p¯

GRW+70 j8jq02070 2003-02-26 10:24:25 am 430  F658N  HRC m9b1221tj_p¯

GRW+70 j8jq02080 2003-02-26 10:33:40 am 40  F775W  HRC m9b12221j_p¯

GRW+70 j8jq02090 2003-02-26 10:36:28 am 110  F850LP HRC mag13037j_p¯

GRW+70 j8jq020a0 2003-02-26 10:40:24 am 600  F892N  HRC m9b12224j_p¯

GRW+70 j8jq020b0 2003-02-26 11:34:05 am 12  F435W  HRC mag13034j_p¯
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GRW+70 j8jq020c0 2003-02-26 11:36:22 am 1200  F660N  HRC m9b12220j_p¯

GRW+70 j8jq020d0 2003-02-26 11:58:16 am 35  F814W  HRC m9b12222j_p¯

GRW+70 j8jq020e0 2003-02-26 12:01:11 pm 12  F220W  HRC m9b1222ej_p¯

GRW+70  j8jq020f0 2003-02-26 12:03:27 pm 16  F250W  HRC m9b1222aj_p¯

GRW+70 j8jq020g0 2003-02-26 12:05:44 pm 190  F344N  HRC m9b12226j_p¯

GRW+70 j8jq020q0 2003-02-26 01:36:07 pm 17  F330W  HRC m9b12225j_p¯

 GD71 j8c103010 2002-04-24 11:26:04 am 3  F475W  WFC m820832fj_p¯

 GD71 j8c103020 2002-04-24 11:28:49 am 90  F502N  WFC m820832gj_p¯

 GD71 j8c103030 2002-04-24 11:33:10 am 10  F550M  WFC m820832hj_p¯

 GD71 j8c103040 2002-04-24 11:36:01 am 4.6  F555W  WFC m820832ij_p¯

 GD71 j8c103050 2002-04-24 11:39:00 am 2.6  F606W  WFC m820832jj_p¯

 GD71 j8c103060 2002-04-24 11:41:55 am 5  F625W  WFC m820832kj_p¯

 GD71 j8c103070 2002-04-24 11:44:50 am 120  F658N  WFC m820832lj_p¯

 GD71 j8c103080 2002-04-24 11:49:36 am 9  F775W  WFC m820832nj_p¯

 GD71 j8c103090 2002-04-24 11:52:28 am 24  F850LP  WFC m820832pj_p¯

 GD71 j8c1030a0 2002-04-24 11:56:41 am 220  F892N  WFC m820832qj_p¯

 GD71 j8c1030g0 2002-04-24 01:11:09 pm 4  F435W  WFC m820832ej_p¯

 GD71 j8c1030h0 2002-04-24 01:13:55 pm 300  F660N  WFC m820832mj_p¯

 GD71 j8c1030i0 2002-04-24 01:21:29 pm 8  F814W  WFC m820832oj_p¯

 GD71 j8c1030j0 2002-04-24 01:25:15 pm 8  F814W  WFC m820832oj_p¯

 GD71 j8c104010 2002-04-16 02:52:04 am 3  F475W  WFC m820832fj_p¯

 GD71 j8c104020 2002-04-16 02:54:49 am 90  F502N  WFC m820832gj_p¯

 GD71 j8c104030 2002-04-16 02:59:10 am 10  F550M  WFC m820832hj_p¯

 GD71 j8c104040 2002-04-16 03:02:01 am 4.6  F555W  WFC m820832ij_p¯

 GD71 j8c104050 2002-04-16 03:05:00 am 2.6  F606W  WFC m820832jj_p¯

 GD71 j8c104060 2002-04-16 03:07:55 am 5  F625W  WFC m820832kj_p¯

 GD71 j8c104070 2002-04-16 03:10:50 am 120  F658N  WFC m820832lj_p¯

 GD71 j8c104080 2002-04-16 03:15:36 am 9  F775W  WFC m820832nj_p¯

 GD71 j8c104090 2002-04-16 03:18:28 am 24  F850LP  WFC m820832pj_p¯

 GD71 j8c1040a0 2002-04-16 03:22:10 am 4  F435W  WFC m820832ej_p¯

 GD71 j8c1040b0 2002-04-16 03:24:56 am 300  F660N  WFC m820832mj_p¯

GRW+70 j8eg04010 2002-07-11 04:08:46 am 2  F475W  WFC m820832fj_p¯

GRW+70 j8eg04020 2002-07-11 04:11:29 am 52  F502N  WFC m820832gj_p¯

GRW+70 j8eg04030 2002-07-11 04:15:11 am 2.8  F555W  WFC m820832ij_p¯
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GRW+70 j8eg04040 2002-07-11 04:18:08 am 1.6  F606W  WFC m820832jj_p¯

GRW+70 j8eg04050 2002-07-11 04:21:01 am 3.2  F625W  WFC m820832kj_p¯

GRW+70 j8eg04060 2002-07-11 04:23:54 am 72  F658N  WFC m820832lj_p¯

GRW+70 j8eg04070 2002-07-11 04:27:52 am 5  F775W  WFC m820832nj_p¯

GRW+70 j8eg04080 2002-07-11 04:30:40 am 16  F850LP    WFC m820832pj_p¯

GRW+70 j8eg04090 2002-07-11 05:18:19 am 140  F892N  WFC m820832qj_p¯

GRW+70 j8eg040a0 2002-07-11 05:29:13 am 2.6  F435W  WFC m820832ej_p¯

GRW+70 j8eg040b0 2002-07-11 05:31:55 am 4.4  F814W  WFC m820832oj_p¯

GRW+70 j8eg040c0 2002-07-11 05:36:18 am 2  F475W  WFC m820832fj_p¯

GRW+70 j8eg040d0 2002-07-11 06:54:24 am 52  F502N  WFC m820832gj_p¯

GRW+70 j8eg040e0 2002-07-11 06:58:06 am 2.8  F555W  WFC m820832ij_p¯

GRW+70 j8eg040f0 2002-07-11 07:01:03 am 1.6  F606W  WFC m820832jj_p¯

GRW+70 j8eg040g0 2002-07-11 07:03:56 am 3.2  F625W  WFC m820832kj_p¯

GRW+70 j8eg040h0 2002-07-11 07:06:49 am 72  F658N  WFC m820832lj_p¯

GRW+70 j8eg040i0 2002-07-11 07:10:47 am 5  F775W  WFC m820832nj_p¯

GRW+70 j8eg040j0 2002-07-11 07:13:35 am 16  F850LP  WFC m820832pj_p¯

GRW+70 j8eg040k0 2002-07-11 07:17:09 am 2.6  F435W  WFC m820832ej_p¯

GRW+70 j8eg040l0 2002-07-11 07:19:51 am 4.4  F814W  WFC m820832oj_p¯

GRW+70 j8eg05010 2002-08-18 12:45:02 am 2  F475W  WFC m820832fj_p¯

GRW+70 j8eg05020 2002-08-18 12:47:45 am 52  F502N  WFC m820832gj_p¯

GRW+70 j8eg05030 2002-08-18 12:51:27 am 2.8  F555W  WFC m820832ij_p¯

GRW+70 j8eg05040 2002-08-18 12:54:24 am 1.6  F606W  WFC m820832jj_p¯

GRW+70 j8eg05050 2002-08-18 12:57:17 am 3.2  F625W  WFC m820832kj_p¯

GRW+70 j8eg05060 2002-08-18 01:00:10 am 72  F658N  WFC m820832lj_p¯

GRW+70 j8eg05070 2002-08-18 01:04:08 am 5  F775W  WFC m820832nj_p¯

GRW+70 j8eg05080 2002-08-18 01:06:56 am 16  F850LP   WFC m820832pj_p¯

GRW+70 j8eg05090 2002-08-18 01:11:01 am 140  F892N  WFC m820832qj_p¯

GRW+70 j8eg050a0 2002-08-18 01:21:55 am 2.6  F435W  WFC m820832ej_p¯

GRW+70 j8eg050b0 2002-08-18 01:24:37 am 4.4  F814W  WFC m820832oj_p¯

GRW+70 j8eg050c0 2002-08-18 01:29:00 am 2  F475W  WFC m820832fj_p¯

GRW+70 j8eg050d0 2002-08-18 02:16:17 am 52  F502N  WFC m820832gj_p¯

GRW+70 j8eg050e0 2002-08-18 02:19:59 am 2.8  F555W  WFC m820832ij_p¯

GRW+70 j8eg050f0 2002-08-18 02:22:56 am 1.6  F606W  WFC m820832jj_p¯

GRW+70 j8eg050g0 2002-08-18 02:25:49 am 3.2  F625W  WFC m820832kj_p¯
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GRW+70 j8eg050h0 2002-08-18 02:28:42 am 72  F658N  WFC m820832lj_p¯

GRW+70 j8eg050i0 2002-08-18 02:32:40 am 5  F775W  WFC m820832nj_p¯

GRW+70 j8eg050j0 2002-08-18 02:35:28 am 16  F850LP  WFC m820832pj_p¯

GRW+70 j8eg050k0 2002-08-18 02:39:02 am 2.6  F435W  WFC m820832ej_p¯

GRW+70 j8eg050l0 2002-08-18 02:41:44 am 4.4  F814W  WFC m820832oj_p¯

GRW+70 j8eg06010 2002-09-13 06:45:52 pm 2  F475W  WFC m820832fj_p¯

GRW+70 j8eg06020 2002-09-13 06:48:35 pm 52  F502N  WFC m820832gj_p¯

GRW+70 j8eg06030 2002-09-13 06:52:16 pm 2.8  F555W  WFC m820832ij_p¯

GRW+70 j8eg06040 2002-09-13 06:55:13 pm 1.6  F606W  WFC m820832jj_p¯

GRW+70 j8eg06050 2002-09-13 06:58:07 pm 3.2  F625W  WFC m820832kj_p¯

GRW+70 j8eg06060 2002-09-13 07:01:00 pm 72  F658N  WFC m820832lj_p¯

GRW+70 j8eg06070 2002-09-13 07:04:57 pm 5  F775W  WFC m820832nj_p¯

GRW+70 j8eg06080 2002-09-13 07:07:45 pm 16 F850LP  WFC m820832pj_p¯

GRW+70 j8eg06090 2002-09-13 07:11:51 pm 140  F892N  WFC m820832qj_p¯

GRW+70 j8eg060a0 2002-09-13 07:22:44 pm 2.6  F435W  WFC m820832ej_p¯

GRW+70 j8eg060b0 2002-09-13 07:25:27 pm 4.4  F814W  WFC m820832oj_p¯

GRW+70 j8eg060c0 2002-09-13 08:09:59 pm 2  F475W  WFC m820832fj_p¯

GRW+70 j8eg060d0 2002-09-13 08:40:01 pm 52  F502N  WFC m820832gj_p¯

GRW+70 j8eg060e0 2002-09-13 08:43:44 pm 2.8  F555W  WFC m820832ij_p¯

GRW+70 j8eg060f0 2002-09-13 08:46:40 pm 1.6  F606W  WFC m820832jj_p¯

GRW+70 j8eg060g0 2002-09-13 08:49:33 pm 3.2  F625W  WFC m820832kj_p¯

GRW+70 j8eg060h0 2002-09-13 08:52:27 pm 72  F658N  WFC m820832lj_p¯

GRW+70 j8eg060i0 2002-09-13 08:56:24 pm 5  F775W  WFC m820832nj_p¯

GRW+70 j8eg060j0 2002-09-13 08:59:12 pm 16  F850LP  WFC m820832pj_p¯

GRW+70 j8eg060k0 2002-09-13 09:02:47 pm 2.6  F435W  WFC m820832ej_p¯

GRW+70 j8eg060l0 2002-09-13 09:05:28 pm 4.4  F814W  WFC m820832oj_p¯

GRW+70 j8jq03060 2003-01-16 03:30:16 am 2  F475W  WFC m820832fj_p¯

GRW+70 j8jq03070 2003-01-16 03:32:59 am 52  F502N  WFC m820832gj_p¯

GRW+70 j8jq03080 2003-01-16 03:36:42 am 5.2  F550M  WFC m820832hj_p¯

GRW+70 j8jq03090 2003-01-16 03:39:29 am 2.8  F555W  WFC m820832ij_p¯

GRW+70 j8jq030a0 2003-01-16 03:42:26 am 1.6  F606W  WFC m820832jj_p¯

GRW+70 j8jq030b0 2003-01-16 03:45:19 am 3.2  F625W  WFC m820832kj_p¯

GRW+70 j8jq030c0 2003-01-16 03:48:12 am 72  F658N  WFC m820832lj_p¯

GRW+70 j8jq030d0 2003-01-16 03:52:20 am 200  F660N  WFC m820832mj_p¯
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GRW+70 j8jq030e0 2003-01-16 03:58:36 am 5  F775W  WFC m820832nj_p¯

GRW+70 j8jq04010 2003-01-15 02:11:21 am 16 F850LP  WFC m820832pj_p¯

GRW+70 j8jq04020 2003-01-15 02:14:55 am 2.6  F435W  WFC m820832ej_p¯

GRW+70 j8jq04030 2003-01-15 02:17:37 am 4.4  F814W  WFC m820832oj_p¯

GRW+70 j8jq04040 2003-01-15 02:21:45 am 140  F892N  WFC m820832qj_p¯

GRW+70 j8jq040a0 2003-01-15 02:48:31 am 2  F475W  WFC m820832fj_p¯

GRW+70 j8jq040b0 2003-01-15 02:51:14 am 52  F502N  WFC m820832gj_p¯

GRW+70 j8jq040c0 2003-01-15 02:54:56 am 2.8  F555W  WFC m820832ij_p¯

GRW+70 j8jq040d0 2003-01-15 02:57:53 am 1.6  F606W  WFC m820832jj_p¯

GRW+70 j8jq05010 2003-01-15 04:17:00 am 3.2  F625W  WFC m820832kj_p¯

GRW+70 j8jq05020 2003-01-15 04:19:53 am 72  F658N  WFC m820832lj_p¯

GRW+70 j8jq05030 2003-01-15 04:24:01 am 100  F660N  WFC m820832mj_p¯

GRW+70 j8jq05040 2003-01-15 04:28:37 am 5  F775W  WFC m820832nj_p¯

GRW+70 j8jq05050 2003-01-15 04:31:25 am 16  F850LP  WFC m820832pj_p¯

GRW+70 j8jq05060 2003-01-15 04:34:59 am 2.6  F435W  WFC m820832ej_p¯

GRW+70 j8jq05070 2003-01-15 04:37:41 am 4.4  F814W  WFC m820832oj_p¯


