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Parasitic Light in NGST instruments:
the accuracyof photometric redshiftsand the effectof filter leaksin the visible and near IR
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ABSTRACT

A detailedanalysisof NGST multibandphotometryappliedto the referencecaseof the
studyof high-redshiftgalaxieshasbeencarriedout with simulationsbasedon galaxy SEDs
derived from the currentlyavailableempiricaland modeltemplatesandon plausiblestandard
filter-sets.

In orderto correctlyidentify starforming galaxiesn theredshiftrange5 < z < 9 andearly-
type galaxiesabove z > 2 andavoid confusionwith other SEDsit is mandatoryto have pho-
tometricinformationin opticalbands besidesa standardR filter-setlike F110F160K L M.
In particularby addingthe V606, 1814 and z— Gunnfilters a gooddiscriminationis obtained
abovez > 5for starforming galaxiesandz > 1 for early-types.Thecasefor anextensionof the
NGSTwavelengthdomainto the opticalrangeis thereforestronglysupportedy this analysis.

The effects of leaksin the filter blocking have alsobeeninvestigated.In spite of rather
pessimisticassumptionga constantieak at a level of 10-# of the peaktransmissiorover the
wholespectrarangeor aleakof Gaussiashapeplacedat 1.5timestheeffective wavelengthof
thefilter with anamplitudeof 10-2 of the peaktransmissioranda width of 5% of the central
wavelength)the effects are not dramatic: the accurag of the determinationof photometric
redshiftswith astandard/6061814z— GunnF110F 160K L M filter setdoesnotsignificantly
deterioratdor asampldimited to Mag ~ 30. In therangeb.5 < z < 12.5 aratherhighaccurayg
with atypical error|zsim— Zpne| < 0.2 is achieved.

With thefilter blockingachievedby the presenstandardechnologyextendedandcontinu-
ousspectrakoverageappears$o bethedriving factorto maximizethe scientificoutput.
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1. Intr oduction

The NGST DesignReferenceMission (DRM) is a representatie scienceprogramelaboratedn suffi-
cientdetail to aid in the developmentof functionalrequirementgor the NGST mission. Oneof the main
resultsof the DRM hasbeenthe identificationof a large fraction of subprogram¢8 out of 12) requiring
obsenationsat opticalwavelengths Suchan extensionposessignificanttechnicalchallengesin particular
it requiresanefficient blockingof photonsat undesiredvavelengthsover arangecoveringmorethanthree

octaves. In the following we examinethe consequencest leaksin the transmissiorof filters for a typical
programmedof determinatiorof photometricredshiftsof high-redshiftgalaxies.

2. Baselineof the Instrument

Table1 shovsthe maincharacteristicsf the Visible-NIR cameraasconcevedby theVisible andNIR

cameraSubcommitteef the “Ad Hoc ScienceWorking Group” (ASWG). Two optionsareervisaged:an
optimalanda bare bonesversion.More detailscanbefoundatthe URL

http://wm stecf.org/ ngst/instrunents. htn.

3. Band-passe®f thefilters

We have assumeadsreferencdandpassdsr thefiltersof theoptical-NIRcamerahestandard/6061814z—

GunnF110F160K L M setcommonlyusedon HST with WFPC2(V6061814)or NICMOS (F110F160)
andfrom theground(Fig. 1). Detailsaboutthefilter propertiesaregivenin Table2

The actualchoiceof thefilters to be usedin spacewith NGST may be differentbut the aguments
developedin thefollowing do notdepenctritically on this detail.

Tablel. Visible-NIR Camera

Optimal BareBones

Arange 0.6—5um 1.0—5.0um
Sampling  0.03' 0.03’
FOV 4 x4 2'x2
A/AN <10 <10




Table2. Propertieof theassumedilter set

Name <A> FWHM AB-Vega
A) (A)  correction
F606 6031 2050 0.096
F814 8011 1400 0.417
z-Gunn 9125 1200 0.527
F110 11288 5239 0.698
F160 16096 3750 1.313
Ks 21640 2750 1.841
L 37789 5800 2.917
M 47657 6400 3.380
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Fig. 1.— Thereferencdilter setusedfor thesimulations.
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4. Typical SEDsof the sourcesand the locusof galaxiesin multicolor space

To simulatea rangeof galaxy SEDswe have adoptedthe templatesof Colemanet al. (1980) for a
typical elliptical, Sbc,Scdandirregular galaxyplusa GISSEL (Bruzualand Charlot 2001)templatefor a
very blue galaxy(with a constanstarformationrateandanageof 0.1 Gyr). The SEDsareshavn in Fig. 2
andin thefollowing will bereferredto asextendedCWW templates.

Fig. 3 shavsthe evolution of the apparentmagnitudeof typical galaxiesof 101'M, in the F606andL
bandsaandgivesaroughideaof themagnitude®f interest.It canbeappreciatethow anelliptical fadesaway
relatively quickly in the F606 band,while otherstarforming galaxiesremain- asobsenred - significantly
brighter

Theupperpanelof Fig. 4 shaws the evolution of the colorsof the galaxiesdescribedn the previous
sectionin a (F606— F814) vs. (F110— K) plane. The color tracksarelimited to z < 3.5 for anelliptical
SEDandto z < 5 for Sbcgalaxies With this combinatiorof bandpassesis straightforwardo identify star
forming galaxieswith z > 5 andellipticalsatz > 1. Thelower panelshovsthesamen a(F110— F160) vs.
(F160— K) planeanddemonstratelRow, without opticalbandsjt becomedlifficult to isolatestarforming
galaxiesatz < 9.

5. Photometric redshiftsand the effectsof “(r ed) leaks”

In orderto quantifythedifferentperformancef differentsetsof filters andthe effectsof “red-leaks”in
afilter configuratiorextendingfrom thevisibleto theinfraredwe have carriedout simulationsof theassign-
mentof photometriaedshiftsto a sampleof faintgalaxies.To thisend,we have triedto generatesimulated
photometriccatalogcovering a very large rangeof galaxyspectralpropertiesandto estimatephotometric
redshiftsfrom an economicandindependena setof templatesaspossible. Galaxiesweresimulatedin a
redshiftinterval 0 < z < 20 accordingto GISSEL library. This spectrakynthesignodelis controlledby a
numberof free parametersThe starformationratefor a galaxyat a givenageis governedby the assumed
e— folding starformationtime-scalet. Several valuesof 1 and galaxy agesare necessaryo reproduce
the differentobsened spectraltypes. For the shapeof theinitial massfunction (IMF) we have assumea
Salpetedaw, which turnsout not to be a critical choice. In additionto the GISSEL parameterizationye
have addedheinternalreddeningf eachgalaxyby applyingtheobseredattenuationaw for local starlurst
galaxiesby Calzettietal. (1997),with the Eg_y normalizationvarying betweer0 and0.2 mag. We have
alsoincludedthe Lymanabsorptiorproducedoy the intergalacticmediumasa function of redshift. More
detailsonthis type of simulationscanbe foundin Arnoutsetal. (1999).Fig. 5 shavsthegalaxycountsas
afunctionof theapparenmagnitudethe ageandredshiftdistribution,the z— magplanecharacterizinghe
simulation.

Magnitudesandcolorshave beenderivedfrom the simulatedSEDsby cornvolution with thefilter pass-
bandsdescribedn Sect.3.Measuremengrrorshave beenaddedaccordingo the NGST missionsimulator
(http:// wwmw. ngst . stsci . edu/ nms/ mai n/),
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Fig. 2.— Thespectraknegy distribution of five templategalaxies.
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Fig. 3.— Evolution of the apparenmagnitudeof typical galaxiesof 101M.
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Fig. 4.— Redshiftevolution of the colorsof galaxies.Upperpanel:(F606— F818) vs. (F110— K). Lower
panel:(F110— F160) vs. (F160—K).
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Fig. 5.— Characteristidistributionsof thesimulationof galaxiederivedfrom GISSELmodels:differential
countsasafunctionof theapparenmagnitudgupperleft), redshiftdistribution (upperandlowerright), the
z— magplane(lower left). In the upperleft panelthe continuousanddashedinesreferto the differential
distributionin M andl magnituderespectiely. In the upperright panelthe dashedine refersto galaxies
with agedargerthan1 Gyr, thecontinuoudine to agesbetweerl0? and10° yr. Thecolorsof thedotsin the
lower left panel(in the electronicversion)correspondo differentgalaxytypeswith the samecolor coding
of Fig. 4.



assuminganexposuretime of 10%s.

Fromthis setof “simulatedobsered colors” photometricredshiftshave beenderived usinga stand-
ard procedureof x? optimization,comparingthe obsenred fluxeswith errorsto the extendedCWW setof
templateslescribedn Sect.4.

Thex? hasbeencomputedas:

2
= A Ft .
2 obsewved,i enplate,i
=3 | ] W
2

whereFopsered; IS theflux obsenedin agivenfilter i, o; isits uncertaintyRenpiate, IS theflux of thetemplate
in the samefilter andthe sumis over the variousfilters. Thetemplatefluxeshave beennormalizedto the

obseredoneswith thefactorA minimizing thex? value:

2
A IZ |:Fobsewed,ic‘i2|:terrpla1e,i] /IZ [Fterrplale,i] 2

of

Fig. 6 shavsthe comparisorbetweerphotometriaedshiftestimate®btainedwith aV6061814 z—
GunnF110F 160K L M filter setandafilter setlimited to theinfraredbands.As suggesteéh the previous
sectionin orderto correctlyidentify starforming galaxiesn theredshiftrangeb < z < 9 andavoid confusion
with otherSEDsit appearsnandatoryto have, besideghelR filters, photometrianformationin the optical
bands.In thefollowing we will adoptthesetV6061814z— GunnF110F160K L M asstandard.

In orderto explorethe effectsof filter leaksthe following approactwasadopted:

1. two typesof leakshave beenforeseenaconstanteakatalevel of 10~ of the peaktransmissiorover
the whole spectralrangeanda leak of Gaussiarshapeplacedat 1.5 timesthe effective wavelength
of the filter with an amplitudeof 10~3 of the peaktransmissiorand a width of 5% of the central
wavelength.Theeffect of Gaussiaeakson thefilter transmissiors shavnin Fig. 9

2. Theleakshave beenincludedin the systemspectralresponseand nev magnitudesandcolorshave
beenproducedwith the GISSELmodels.

3. Thenew colorshave beenusedto producephotometriaedshiftswith the extendedCWW templates.
No knowledgeof the leakswasusedin this step,i.e. the systemresponsesssumedn the z-phot
estimatiornarethoseof Fig. 1, withoutleaks.

The typical errorsderiving from photometricuncertaintiesand unaccountedeaksare illustratedin
Fig. 7-8 and10-11. The dot-dashedlong-dashedshort-dashedndcontinuoudines correspondo the 95,
90, 68 and50 percentileof the absolutedeviation |zsim— Zpna|, respectiely. It canbe seenthaterrorsare
in all casegelatively largeatz < 5. Thisis anobviouseffect dueto thelack of bandpassesluerthanVsgs,
andthe consequendlifficulty to identify the Lymanbreakat relatively low redshiftand distinguidh it, for
example from the 40004 breakat lower redshift.
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Fig. 6.— Comparisorbetweertheaccurag of the photometriaedshiftestimatesvith afilter setincluding
IR andopticalbandqupperpaneNV 6061814 z— GunnF110(J) F160(H) K L M) andafilter setlimited to
infraredbands(lower panel). The dot-dashedlong-dashedshort-dashednd continuoudines correspond
to the 95,90, 68 and50 percentileof theabsolutedeviation | Zsim— Zpha|, respectiely. Thegalaxysampleis
limited to Mpg < 29.
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Fig. 7.— Typical errorsof the photometricredshiftswith aV6061814z— GunnF110(J) F160(H) K L M
filter set. Theupperpanelshovstheresultobtainedassumingnly thestandarghotometricerror, thelower
panelincludesthe effects of a constantieak at a level of 10~ of the peaktransmissiorover the whole
spectralrange. The dot-dashedlong-dashedshort-dashednd continuoudines correspondo the 95, 90,
68 and 50 percentileof the absolutedeviation |zsim— Zpha |, respectiely. The galaxy sampleis limited to
Mag < 28.
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Fig. 9.— Therespons®f theV6061814z— GunnF110F160K L M filter with the additionof aleak of
Gaussiarshapeplacedat 1.5 timesthe effective wavelengthof the filter with an amplitudeof 102 of the
peaktransmissioranda width of 5% of the centralwavelength.
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Fig. 10.— Typical errorsof the photometricredshiftswith aV6061814z— GunnF110F160K L M filter

set. The upperpanelshows the resultobtainedassumingonly the standardphotometricerror, the lower
panelincludesthe effects of a leak of Gaussiarshapeplacedat 1.5 timesthe effective wavelengthof the
filter with anamplitudeof 10~3 of the peaktransmissioranda width of 5% of the centralwavelength.The
dot-dashedlong-dashedshort-dashedndcontinuoudines correspondo the 95, 90, 68 and50 percentile
of theabsolutedeviation | zsim— Zpna |, respectiely. Thegalaxysampleis limited to Mag < 28.
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Theeffect of theleaks,despitetheratherpessimisti@assumptionss in generab moderaténcreaseof
theerrorlevel. For examplefor z= 11 andMag < 30 the 68 percentilecorrespond$o | Zsim— Zpha| = 0.23
with thestandargohotometrierrors while it increasesit | Zsim— Zpha| = 0.25with theunaccountedonstant
leak at a level of 10~* of the peaktransmissiorover the whole spectralrange. No qualitative changeof
the accuray is obseredwhenthe leaksareintroduced.No relevantdifferenceis alsofound betweenthe
continuousandthe Gaussiarieak cases.Again for z= 11 andMag < 30 the 68 percentilecorrespondso
|Zsim— Zpha| = 0.27 whenthe leak of Gaussiarshapeis added.In therange5.5 < z < 12.5 arathergood
accurayg is achieved with a typical error | Zsim — Zpne| < 0.2 in all casesiown to Mag ~ 30. The situation
deteriorateslightly aroundz ~ 15, but the resultis due mainly to the insufficient samplingof the SEDs
betweertheKs andthe M filters, in particularto the“hole” at2.9 pm.

The importanceof the leaks,relative to the uncertaintydueto photometricerrors,decreasewith de-
creasingflux. At Mag < 30 andz = 11 |Zsim— Zpha| = 0.18,0.23,0.23 for the no-leak,constant-lealand
Gaussianeak caserespectiely.

6. Conclusions

A detailedanalysisof NGST multibandphotometryappliedto the referencecaseof the studyof high-
redshiftgalaxieshasbeencarriedout with simulationsbasedon galaxy SEDsderved from the currently
availableempiricalandmodeltemplatesandon plausiblestandardilter-sets.

In orderto correctlyidentify starforming galaxiesn theredshiftrangeb < z < 9 andearly-typegalaxies
aborez> 2 andavoid confusiorwith otherSEDsit is mandatoryto have photometridnformationin optical
bands,besidesa standardR setlike F110F160K L M. In particularby addingthe V606, 1814 and
z— Gunnfilters agooddiscriminationis obtainedabove z > 5 for starforming galaxiesandz > 1 for early-
types. Thecasefor anextensionof the NGST wavelengthdomainto the opticalrangeis thereforestrongly
supportedy this analysis.

The effects of leaksin the filter blocking have also beeninvestigated.In spite of ratherpessimistic
assumptionga constanteak at a level of 10~# of the peaktransmissiorover the whole spectrakangeor a
leakof Gaussiarshapeplacedat 1.5timesthe effective wavelengthof thefilter with anamplitudeof 10-3 of
thepeaktransmissiormndawidth of 5% of thecentralwavelength}heeffectsarenotdramatic:theaccurag
of thedeterminatiorof photometriaedshiftswith a standard/6061814z— GunnF110F160K L M filter
setis not significantlydeterioratedor a samplelimited to Mag = 28. In therange5.5 < z< 12.5 arather
goodaccurayg atypical error|zsim— zpha| < 0.2 is achieved.

As standardspecificationdor leaksare < 10-* andasary larger leakscould be measuredncethe
filters areproducedijt doesnotlook asthoughleaksconstitutea seriousproblem,at leastfor the particular
applicationdescribechere. The interpretationof fields containinghighly reddenedsourcesmay, however,
bemoreseriouslycompromisedExtendedandcontinuousspectratoverageappearso bethedriving factor
to maximizethe scientificoutputof theNGST camera.
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