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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 galaxySEDs
derivedfrom thecurrentlyavailableempiricalandmodeltemplatesandon plausiblestandard
filter-sets.

In orderto correctlyidentify starforminggalaxiesin theredshiftrange5 � z � 9 andearly-
typegalaxiesabove z � 2 andavoid confusionwith otherSEDsit is mandatoryto have pho-
tometricinformationin opticalbands,besidesa standardIR filter-setlike F110F160K L M.
In particularby addingtheV606� I814and z � Gunnfilters a gooddiscriminationis obtained
abovez � 5 for starforminggalaxiesandz � 1 for early-types.Thecasefor anextensionof the
NGSTwavelengthdomainto theopticalrangeis thereforestronglysupportedby thisanalysis.

The effectsof leaksin the filter blocking have alsobeeninvestigated.In spiteof rather
pessimisticassumptions(a constantleak at a level of 10� 4 of the peaktransmissionover the
wholespectralrangeor aleakof Gaussianshapeplacedat1.5timestheeffectivewavelengthof
thefilter with anamplitudeof 10� 3 of thepeaktransmissionanda width of 5% of thecentral
wavelength)the effects are not dramatic: the accuracy of the determinationof photometric
redshiftswith astandardV606I814z � GunnF110F160K L M filter setdoesnotsignificantly
deterioratefor asamplelimited to MAB � 30. In therange5 � 5 � z � 12� 5 aratherhighaccuracy
with a typicalerror � zsim � zphot �	� 0 � 2 is achieved.

With thefilter blockingachievedby thepresentstandardtechnology, extendedandcontinu-
ousspectralcoverageappearsto bethedriving factorto maximizethescientificoutput.



– 2 –

1. Intr oduction

TheNGSTDesignReferenceMission(DRM) is a representative scienceprogramelaboratedin suffi-
cientdetail to aid in thedevelopmentof functionalrequirementsfor theNGSTmission. Oneof themain
resultsof the DRM hasbeenthe identificationof a large fraction of subprograms(8 out of 12) requiring
observationsatopticalwavelengths.Suchanextensionposessignificanttechnicalchallenges.In particular
it requiresanefficient blockingof photonsat undesiredwavelengthsover a rangecoveringmorethanthree
octaves. In the following we examinetheconsequencesof leaksin the transmissionof filters for a typical
programmeof determinationof photometricredshiftsof high-redshiftgalaxies.

2. Baselineof the Instrument

Table1 showsthemaincharacteristicsof theVisible-NIRcameraasconceivedby theVisibleandNIR
cameraSubcommitteeof the “Ad Hoc ScienceWorking Group” (ASWG). Two optionsareenvisaged:an
optimalanda barebonesversion.Moredetailscanbefoundat theURL
http://www.stecf.org/ngst/instruments.html.

3. Band-passesof the filters

Wehaveassumedasreferencebandpassesfor thefiltersof theoptical-NIRcamerathestandardV606I814z �
GunnF110F160K L M setcommonlyusedonHSTwith WFPC2(V606I814)or NICMOS(F110F160)
andfrom theground(Fig. 1). Detailsaboutthefilter propertiesaregivenin Table2

The actualchoiceof the filters to be usedin spacewith NGST may be differentbut the arguments
developedin thefollowing donotdependcritically on thisdetail.

Table1. Visible-NIRCamera

Optimal BareBones

λ range 0 � 6 � 5µm 1 � 0 � 5 � 0µm
Sampling 0 � 03
 
 0 � 03
 

FOV 4
�� 4
 2

� 2

λ � ∆λ � 10 � 10
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Table2. Propertiesof theassumedfilter set

Name � λ � FWHM AB� Vega
(Å) (Å) 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.— Thereferencefilter setusedfor thesimulations.



– 4 –

4. Typical SEDsof the sourcesand the locusof galaxiesin multicolor space

To simulatea rangeof galaxySEDswe have adoptedthe templatesof Colemanet al. (1980) for a
typical elliptical, Sbc,Scdandirregulargalaxyplusa GISSEL(BruzualandCharlot 2001)templatefor a
very bluegalaxy(with a constantstarformationrateandanageof 0.1Gyr). TheSEDsareshown in Fig. 2
andin thefollowing will bereferredto asextendedCWW templates.

Fig. 3 showstheevolutionof theapparentmagnitudeof typicalgalaxiesof 1011M � in theF606andL
bandsandgivesaroughideaof themagnitudesof interest.It canbeappreciatedhow anelliptical fadesaway
relatively quickly in theF606band,while otherstar-forming galaxiesremain- asobserved- significantly
brighter.

Theupperpanelof Fig. 4 shows the evolution of thecolorsof thegalaxiesdescribedin the previous
sectionin a � F606 � F814� vs. � F110 � K � plane.Thecolor tracksarelimited to z � 3 � 5 for anelliptical
SEDandto z

� 5 for Sbcgalaxies.With thiscombinationof bandpassesit is straightforwardto identify star-
forminggalaxieswith z � 5 andellipticalsatz � 1. Thelowerpanelshowsthesamein a � F110 � F160� vs.� F160 � K � planeanddemonstrateshow, without opticalbands,it becomesdifficult to isolatestar-forming
galaxiesatz � 9.

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

In orderto quantifythedifferentperformanceof differentsetsof filtersandtheeffectsof “red-leaks”in
afilter configurationextendingfrom thevisibleto theinfraredwehavecarriedoutsimulationsof theassign-
mentof photometricredshiftstoasampleof faintgalaxies.To thisend,wehavetriedto generateasimulated
photometriccatalogcovering a very large rangeof galaxyspectralpropertiesandto estimatephotometric
redshiftsfrom an economicandindependenta setof templatesaspossible.Galaxiesweresimulatedin a
redshiftinterval 0 � z � 20 accordingto GISSELlibrary. This spectralsynthesismodelis controlledby a
numberof freeparameters.Thestarformationratefor a galaxyat a givenageis governedby theassumed
e � f olding star formationtime-scaleτ. Several valuesof τ andgalaxyagesarenecessaryto reproduce
thedifferentobservedspectraltypes.For theshapeof the initial massfunction (IMF) we have assumeda
Salpeterlaw, which turnsout not to bea critical choice. In additionto the GISSELparameterization,we
haveaddedtheinternalreddeningof eachgalaxyby applyingtheobservedattenuationlaw for localstarburst
galaxiesby Calzettiet al. (1997),with the EB � V normalizationvaryingbetween0 and0.2 mag. We have
alsoincludedtheLymanabsorptionproducedby the intergalacticmediumasa functionof redshift. More
detailson this typeof simulationscanbefoundin Arnoutset al. (1999).Fig. 5 showsthegalaxycountsas
a functionof theapparentmagnitude,theageandredshiftdistribution,thez � magplanecharacterizingthe
simulation.

Magnitudesandcolorshavebeenderivedfrom thesimulatedSEDsby convolutionwith thefilter pass-
bandsdescribedin Sect.3.Measurementerrorshave beenadded,accordingto theNGSTmissionsimulator
(http://www.ngst.stsci.edu/nms/main/),
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Fig. 2.— Thespectralenergy distributionof five templategalaxies.
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Fig. 3.— Evolutionof theapparentmagnitudeof typicalgalaxiesof 1011M � .
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Fig. 4.— Redshiftevolutionof thecolorsof galaxies.Upperpanel: � F606 � F818� vs. � F110 � K � . Lower
panel: � F110 � F160� vs. � F160 � K � .
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Fig. 5.—Characteristicdistributionsof thesimulationof galaxiesderivedfromGISSELmodels:differential
countsasa functionof theapparentmagnitude(upperleft), redshiftdistribution(upperandlowerright), the
z � magplane(lower left). In theupperleft panelthecontinuousanddashedlinesrefer to thedifferential
distribution in M andI magnitude,respectively. In theupperright panelthedashedline refersto galaxies
with ageslargerthan1 Gyr, thecontinuousline to agesbetween108 and109 yr. Thecolorsof thedotsin the
lower left panel(in theelectronicversion)correspondto differentgalaxytypeswith thesamecolor coding
of Fig. 4.
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assuminganexposuretimeof 104s.

From this setof “simulatedobservedcolors” photometricredshiftshave beenderivedusinga stand-
ardprocedureof χ2 optimization,comparingtheobservedfluxeswith errorsto theextendedCWW setof
templatesdescribedin Sect.4.

Theχ2 hasbeencomputedas:

χ2 � ∑
i

�
Fobserved� i � A � Ftemplate� i

σi � 2

(1)

whereFobserved� i is theflux observedin agivenfilter i, σi is its uncertainty,Ftemplate� i is theflux of thetemplate
in thesamefilter andthesumis over thevariousfilters. Thetemplatefluxeshave beennormalizedto the
observedoneswith thefactorA minimizing theχ2 value:

A � ∑
i

�
Fobserved� i � Ftemplate� i

σ2
i � � ∑

i � F2
template� i

σ2
i � (2)

Fig. 6 shows thecomparisonbetweenphotometricredshiftestimatesobtainedwith aV606 I814 z �
GunnF110F160K L M filter setanda filter setlimited to theinfraredbands.As suggestedin theprevious
sectionin orderto correctlyidentifystarforminggalaxiesin theredshiftrange5 � z � 9 andavoid confusion
with otherSEDsit appearsmandatoryto have,besidestheIR filters,photometricinformationin theoptical
bands.In thefollowing wewill adoptthesetV606 I814z � GunnF110F160K L M asstandard.

In orderto exploretheeffectsof filter leaksthefollowing approachwasadopted:

1. two typesof leakshavebeenforeseen:aconstantleakata level of 10� 4 of thepeaktransmissionover
the wholespectralrangeanda leak of Gaussianshapeplacedat 1.5 timesthe effective wavelength
of the filter with an amplitudeof 10� 3 of the peaktransmissionanda width of 5% of the central
wavelength.Theeffectof Gaussianleakson thefilter transmissionis shown in Fig. 9

2. The leakshave beenincludedin the systemspectralresponseandnew magnitudesandcolorshave
beenproducedwith theGISSELmodels.

3. Thenew colorshave beenusedto producephotometricredshiftswith theextendedCWW templates.
No knowledgeof the leakswasusedin this step,i.e. the systemresponsesassumedin the z-phot
estimationarethoseof Fig. 1, without leaks.

The typical errorsderiving from photometricuncertaintiesand unaccountedleaksare illustratedin
Fig. 7-8 and10-11. Thedot-dashed,long-dashed,short-dashedandcontinuouslinescorrespondto the95,
90, 68 and50 percentileof theabsolutedeviation � zsim � zphot � , respectively. It canbeseenthaterrorsare
in all casesrelatively largeatz � 5. This is anobviouseffect dueto thelackof bandpassesbluerthanV606,
andthe consequentdifficulty to identify the Lymanbreakat relatively low redshiftanddistinguish it, for
example,from the4000Å breakat lowerredshift.
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Fig. 6.— Comparisonbetweentheaccuracy of thephotometricredshiftestimateswith a filter setincluding
IR andopticalbands(upperpanelV606I814 z � GunnF110� J � F160� H � K L M) andafilter setlimited to
infraredbands(lower panel). Thedot-dashed,long-dashed,short-dashedandcontinuouslinescorrespond
to the95,90,68and50percentileof theabsolutedeviation � zsim � zphot � , respectively. Thegalaxysampleis
limited to MAB

� 29.
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Fig. 7.— Typical errorsof thephotometricredshiftswith aV606 I814z � GunnF110� J � F160� H � K L M
filter set.Theupperpanelshowstheresultobtainedassumingonly thestandardphotometricerror, thelower
panelincludesthe effectsof a constantleak at a level of 10� 4 of the peaktransmissionover the whole
spectralrange.Thedot-dashed,long-dashed,short-dashedandcontinuouslinescorrespondto the 95, 90,
68 and50 percentileof the absolutedeviation � zsim � zphot � , respectively. The galaxysampleis limited to
MAB

� 28.
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Fig. 8.— SameasFig. 7, but down to MAB
� 30.
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Fig. 9.— Theresponseof theV606 I814z � GunnF110F160K L M filter with theadditionof a leakof
Gaussianshapeplacedat 1.5 timestheeffective wavelengthof thefilter with anamplitudeof 10� 3 of the
peaktransmissionanda width of 5%of thecentralwavelength.
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Fig. 10.—Typical errorsof thephotometricredshiftswith aV606 I814z � GunnF110F160K L M filter
set. The upperpanelshows the resultobtainedassumingonly the standardphotometricerror, the lower
panelincludesthe effectsof a leak of Gaussianshapeplacedat 1.5 timesthe effective wavelengthof the
filter with anamplitudeof 10� 3 of thepeaktransmissionanda width of 5% of thecentralwavelength.The
dot-dashed,long-dashed,short-dashedandcontinuouslinescorrespondto the95, 90, 68 and50 percentile
of theabsolutedeviation � zsim � zphot � , respectively. Thegalaxysampleis limited to MAB

� 28.
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Fig. 11.—SameasFig. 10but down to MAB
� 30.
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Theeffect of theleaks,despitetheratherpessimisticassumptions,is in generala moderateincreaseof
theerrorlevel. For examplefor z � 11 andMAB

� 30 the68 percentilecorrespondsto � zsim � zphot � � 0 � 23
with thestandardphotometricerrors,while it increasesat � zsim � zphot � � 0 � 25with theunaccountedconstant
leak at a level of 10� 4 of the peaktransmissionover the whole spectralrange. No qualitative changeof
the accuracy is observedwhenthe leaksareintroduced.No relevantdifferenceis alsofoundbetweenthe
continuousandtheGaussianleakcases.Again for z � 11 andMAB

� 30 the68 percentilecorrespondsto� zsim � zphot � � 0 � 27 whenthe leakof Gaussianshapeis added.In the range5 � 5 � z � 12� 5 a rathergood
accuracy is achievedwith a typical error � zsim � zphot ��� 0 � 2 in all casesdown to MAB � 30. Thesituation
deterioratesslightly aroundz � 15, but the result is duemainly to the insufficient samplingof the SEDs
betweentheKs andtheM filters, in particularto the“hole” at 2.9µm.

The importanceof the leaks,relative to theuncertaintydueto photometricerrors,decreaseswith de-
creasingflux. At MAB

� 30 andz � 11 � zsim � zphot � � 0 � 18� 0 � 23� 0 � 23 for the no-leak,constant-leakand
Gaussianleakcase,respectively.

6. Conclusions

A detailedanalysisof NGSTmultibandphotometryappliedto thereferencecaseof thestudyof high-
redshiftgalaxieshasbeencarriedout with simulationsbasedon galaxySEDsderived from the currently
availableempiricalandmodeltemplatesandonplausiblestandardfilter-sets.

In ordertocorrectlyidentifystarforminggalaxiesin theredshiftrange5 � z � 9 andearly-typegalaxies
abovez � 2 andavoid confusionwith otherSEDsit is mandatoryto havephotometricinformationin optical
bands,besidesa standardIR set like F110 F160 K L M. In particularby addingthe V606� I814 and
z � Gunnfiltersagooddiscriminationis obtainedabove z � 5 for starforminggalaxiesandz � 1 for early-
types.Thecasefor anextensionof theNGSTwavelengthdomainto theopticalrangeis thereforestrongly
supportedby thisanalysis.

The effectsof leaksin the filter blocking have alsobeeninvestigated.In spiteof ratherpessimistic
assumptions(a constantleakat a level of 10� 4 of thepeaktransmissionover thewholespectralrangeor a
leakof Gaussianshapeplacedat1.5timestheeffectivewavelengthof thefilter with anamplitudeof 10� 3 of
thepeaktransmissionandawidth of 5%of thecentralwavelength)theeffectsarenotdramatic:theaccuracy
of thedeterminationof photometricredshiftswith a standardV606 I814z � GunnF110F160K L M filter
setis not significantlydeterioratedfor a samplelimited to MAB

� 28. In therange5 � 5 � z � 12� 5 a rather
goodaccuracy a typicalerror � zsim � zphot ��� 0 � 2 is achieved.

As standardspecificationsfor leaksare � 10� 4 andasany larger leakscould be measuredoncethe
filters areproduced,it doesnot look asthoughleaksconstitutea seriousproblem,at leastfor theparticular
applicationdescribedhere. The interpretationof fieldscontaininghighly reddenedsourcesmay, however,
bemoreseriouslycompromised.Extendedandcontinuousspectralcoverageappearsto bethedriving factor
to maximizethescientificoutputof theNGSTcamera.
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