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ABSTRACT

We conductTinyTim modelingof NICMOScamen 2 PSFsto assesdimits to theaccuracy
of PSF subtaction imposed by color dependen@gA focus beathing and cold mask
wiggling. The esults sugest that dects of both cold mask vgbing and focus k@athing
canbedescribedasa noisein a PSF-subtactedimage, well above 20% of the PSFsignal
in narrow bandfilters, with a spatialscaleof a few pixels.Themainefrectof the PSFcolor
dependence is adding a systemic component to the PSRaalitimge. The efect is
quitelargeif thecolor of thePSFusedfor subtactionis verydifferentfromtheimage PSF
color. It is pronouncedn blue widefilters, like F110W while in filters like F187Wor red-
der/narrower it is essentially mgigible.

1. Intr oduction

Thereareanumberof factorswhich affectthe NICMOS PSFandthuscanimpactthe
results of image analysis relying on PSF subtractigpicél examples of where this may
beimportantarecoronograpit andremoval of bright pointsourcedik e quasar®r central
bright stars to study a surrounding nlsity or to search foafnt companions. Potential
factorsaffectingthe PSFarefocusvariationsdueto OTA breathingandotherfactorscold
maskirregularmotion(“wiggling”) onanorbitaltime scale andPSFcolordependencédn
this study we conductTinyTim PSFmodeling(Krist & Hook 1997a)to assessheimpact
of thesefactorson theresultsof PSFsubtractionusingasinputfor TinyTim Synphotgen-
erated blackbody spectra.

2. Focus breathing

NICMOS focus waries typically by about 0.5 mm iAM space during an orbital
period, causing a correspondingriation in the diraction pattern of the PSF (e.g., Such-



kov & Hershe 1998).Thereforejf the samereferencd?SFis usedfor PSFsubtractiorin

frames takn at diferent times, certain errors will be introduced in the final resudts. T
assess those, weveagenerated a PSF at the best focus position and another at a defocus
of 0.5 mm. In both cases the same 8000 K blackbody spectrwmlweed with the filter
throughputhasbeenused.Thedifferencebetweerthetwo PSFsshouldobviously depend
onthefilter usedwith narrav bandfiltersyielding largerdifference We have modeledhe
situation for tvo filters, F187W and F187N, to illustratevinthe filter bandwidth &écts

the PSFvariationcausedy defocussingTheresultsarepresentedn Figuresl and2, the

case of the broad band filter at the top and that of thewésand filter at the bottom.

Table 1.Mean and standard dation of the PSF subtraction residuals computed as a per-
cent of the PSF pet values (for model parameters see thxé)tdMean is at the top and
standardieviation (sigma)is atthe bottomin eachof thefive rows. Standardieviation can

be interpreted as theerage relatie spatial noisexpressed as a percent of the PSklpix
valueatary givendistancdrom the PSFcenter Meanrepresenta systemiccomponentn

the PSF residuals.

mean/ mean/ mean/ mean/ mean/ mean/
model sigma sigma sigma sigma sigma sigma
(F187W) (F187N) (F160W) (F187N) (F110W) (F187W)

focus \ariation 0.62% 1.86%
6.81% 17.29%
cold mask wiggling 0.10% 3.15%
14.38%  37.67%
color dependence 23.50% 0.58%
(8000K-3000K) 8.91% 1.57%
color dependence -1.52%
(8000K-6000K) 1.32%
color dependence 25.31%
(6000K-3000K) 7.32%

The left panels in Figure 1 slvdhe counts in the central column for the nominal and
defocused PSFs (thin lines) as well as the result of subtraction of these columns (thick
line). The right panels gé the counts diérence for the same columns as a percent of the
respectre pixel value of the in-focus (nominal) PSFHgure 2 displays on the lagthmic
scale the residuals of the PSF subtraction (left panels). The same residuals normalized to
thepixel valuesof thenominalPSFaregivenin theright panelsof thatFigure(alsoonthe
log scale). Inspection of these figures suggests that the rfexhaffocus breathing is
adding a random spatial noise with a typical scale ofvgfeels. As e&pected, the ééct
is morepronouncedn thenarrov bandfilter. In thewingsof the PSF theamplitudeof the
noise is quite significantxeeeding 20% of the PSF signal in the case of a broad band fil-
ter (F187Win Figurel). For thenarrav bandfilter F187N,theamplitudesoarsabore 50%



level. The &erage relatie noise wer the entire PSF geon displayed in Figure 2 isvgn

in Table 1 (see bottom numbers in the firstydor F187N, one mayxpect the gerage
subtractiomoiseassociatevith typical orbitalfocusvariationsto exceed15%of the PSF
signal. For F187W the aerage noise is about three timesdn These numbers are quite
significant,andit is usefulto keepthemin mind whenestimatingthe signal-to-noiseatio
for an image after PSF subtraction.

Figure 1. Effectof focusvariationon PSFsubtractiorfor broadbandandnarrav bandfil-
ters. Left panels: normalized counts in the central column ofitlydim 8000 K black-
body PSF at the best focus and at a defocus of 0.5 mAMmsPace (thin lines). The
thick line is the counts ddrence. Right panels: absolutdwe of counts diérence as a
percent of the counts for the PSF at best focus.

Fffect of Focus Variation on PSF Subtraction
(defocus of 0.5 mm in PAM space)
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Figure 2: Effectof focusvariationon PSFsubtractiorfor broadbandandnarrav bandfil-
ters.Left panelsPSFsubtractiorresidualglog scale)or the TinyTim PSFsgeneratedor
the best focus and a defocus of 0.5 mmAMBpace. Right panels: the same residuals
pattern normalized by the nominal PSF image (log scale).

3. Cold mask “wiggling”

Krist & Hook (1997b) found that the cold mask in camera 2 and TepDpil are
misaligned, producing eloagjon in the difraction rings and asymmetry in their banding
pattern Moreover, the cold maskwasfoundto randomly“wiggle”, probablyonanorbital
time scale with anamplitudeof about0.0050f the pupil radius(Krist etal 1998).Similar
to the efect of focus ariation discussed abe, the resultingariation in the PSF difac-
tion patternshouldproducenoisein the PSFsubtractiorresultsif the samereferencé®?SF

is used for diierent image frames.



Figure 3: Effectof cold maskwiggling on PSFsubtractiorin broadbandandnarrav band
filters. Left panelsnormalizedcounts(log scale)in thecentralcolumnof thetwo TinyTim

PSFswith 0.005differenceof the cold maskoffset(thin lines). Thethick line is the differ-
encebetweerthetwo. Right panelsabsolutevalueof countsdifferenceasapercenof the
counts for the PSF at the “nominal” cold masiset.
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Figure4: Effectof cold maskwiggling on PSFsubtractiorin broadbandandnarrav band

filters. Left panelsPSFsubtractiorresidualdor TinyTim PSFgeneratedvith adifference

in the cold mask dé$et of 0.005 (log scale). Right panels: the same residuals pattern nor-
malized by the nominal PSF image (log scale). Note that the color ramps are the same as
in Figure 2, which allas a direct comparison of thedvirigures.

Figure 3 shw the count numbers in the central column af ®SFs generated in the
F160Wband(upperleft panelthinlines)andF187Nband(lower left panel thin lines)for
the two cold mask déet \alues with the déet diference of 0.005. The thick line is the
differenceof the columncounts.Thatdifferenceis shavn in therespectre right panelsas
a percent of the counts in the central column of the PSF at a “nominal”’ cold stk of
The result is similar to that displayed in Figure 1: the mdacebf the cold mask “wig-
gling” is an additional spatial noise in the PSF subtracted image, the amplitude of the
noiseabove 10%in the caseof the broadbandfilter F160Wandupto 50%or morein the
case of the narvoband filter F187N.



Now, we beli@e that the adopted parameters for the cold mask “wiggling” and focus
variations (0.005 of the cold masKg#t diference and 0.5 mm of the focus shift, respec-
tively) are representa® characteristics of camera 2 P3dfiations on the orbital time
scale. In that case we can assess thevelsignificance of the twfactors by directly
comparing the results of our modeling. As seen frald 1, the @erage relatie noise
caused by cold mask “wiggling” is aboutdwimes lager (in respecte filters) than that
caused by focusaviations. The greater noise in the former case is easily seen from com-
parisonof Figures2 and4: thecolor patternsn Figure4 areon averagemuchbrighterand
less smooth than those in Figure 2, meaning a highelrdé noise and noiseaviation
acrosghe PSFarea.n reality, of coursethenetresultis thecombinednoiseproducedoy
both efects.

4. Color dependence

Onemayaskwhaterrorsareintroducedf a PSFof agivencoloris subtractedrom an
image of a point source Wiag a diferent color To answer this question, weveagener-
atedPSFdor spectraatthe extremesof thecolorrange, 3000K and8000K of blackbody
temperaturepnepair of PSFan the F187Wbandandanotherpairin theF110Wband.As
illustrated in Figure 5, one shoulgpect the result of the PSF subtraction to significantly
depend on the filter band. In F110Whe slope of the 8000 K blackbody spectrumeisyv
different from that of the 3000 K blackbody spectrum, and the bandwidtlyés TEnere-
forethe PSFof the8000K spectrumin thatfilter will bevery differentfrom the PSFof the
3000 K spectrum. In F187\Mdoth spectra va@ about the same slope, besides, the band-
width is about tw times smaller than that for F110¥5 a result, the dérence between
the8000K PSFandthe3000K PSFin thatfilter will bemuchsmaller Thususingfor PSF
subtraction PSFs of inappropriate colors should produgerl@rrors in bluemwider
filters.

Theresultof the PSFsubtractiormodelingis presentedn Figurest through8 aswell
as in Bble 1. Similar to the tavprevious cases, PSF coloanation result in a spatial
noise in the subtracted images, with the noigel lguite lage in F110W while being
essentially ngligible in F187W

A dramaticdifferencefrom the previous casess the presencef alarge systemiccom-
ponentin F110W Its level exceedspn average 20% of the8000K PSFsignal(seemean
in Table 1). In Figures 7 and 8, the systemic component manifests itself as a bright under-
lying color throughout the entire area of the PBR-110W it turns out to be quite Ige
even in the case of a moderate PSF coldedihce represented by 6000 K and 3000 K
blackbodyspectrg~ early G starsvs. M stars) However thedifferencebetweera 8000K
PSF (~ A star) and a 6000 K PSF &ywsmall.



In summarythe systemic component in PSF residuals, if n@rtakto account, may
presentamajorproblemin applicationsof the PSFsubtractiortechnique Sothe effect of
PSF color dependence must be of prime concern jmmantrying to achiee high photo-
metric accurag for PSF subtracted images. The beaywo cope with it is, of course, to
avoid use of PSFs ofery different colors.

Figure 5:lllustration to PSF color dependence irfeliént filters. In F110Wthe slope of
the 8000 K blackbody spectrum isry different from that of the 3000 K blackbody spec-
trum. Therefore the PSF of the 8000 K spectrum in that filter wilkepg different from
thePSFof the3000K spectrumin F187W bothspectrehave aboutthesameslope,sothe
difference between the 8000 K PSF and 3000 K PSF wilebesmall.
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Figure 6: Effectof PSFcolor dependencen PSFsubtractiorin differentfilters. Left pan-
els: normalized counts (log scale) in the central columnrgfTTm 8000 K and 3000 K
blackbody PSFs (thin lines). The thick line is théedénce between the twRight pan-
els: absolutealue of counts diérence as a percent of counts for the 8000 K PSF

Fffect of PSF Color Dependence on PSF Subtraction
(color difference of the 3000 K and 8000 K spectra)
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Figure 7: Effectof PSFcolor dependencen PSFsubtractiorin differentfilters. Left pan-

els: PSF subtraction residuals (log scale) fayTim 8000 K and 3000 K blackbody

PSFs. Right panels: the same residuals patterns normalized by the nominal PSF image
(log scale).Notethatthe colorrampsarethe sameasin Figures2 and3, allowing adirect
comparison of the three Figures.
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Figure 8: Effectof PSFcolordependencen PSFsubtractiorin thesamefilter but for dif-
ferentPSFcolor differenceLeft panelsPSFsubtractiorresidualglog scale)or TinyTim

8000 K and 6000 K blackbody PSFs (top), and 6000 K and 3000 K blackbody PSFs (bot-
tom). Rightpanelsthesameresidualgatternsnormalizedby thenominalPSFimage(log

scale). The color ramps are the same as wique Figures.
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