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TinyTim modeling of NICMOS PSF
subtraction: effects of focus breathing,
cold mask wiggling, and color variations

A. Suchkov & J. Krist
November 11, 1998

ABSTRACT

WeconductTinyTim modelingof NICMOScamera 2 PSFsto assesslimits to theaccuracy
of PSF subtraction imposed by color dependence, OTA focus breathing, and cold mask
wiggling. The results suggest that effects of both cold mask wiggling and focus breathing
canbedescribedasa noisein a PSF-subtractedimage, well above20%of thePSFsignal
in narrowbandfilters,with a spatialscaleof a few pixels.Themaineffectof thePSFcolor
dependence is adding a systemic component to the PSF subtracted image. The effect is
quitelargeif thecolor of thePSFusedfor subtractionis verydifferentfromtheimagePSF
color. It is pronouncedin blue, widefilters, likeF110W, while in filters likeF187Wor red-
der/narrower it is essentially negligible.

1. Intr oduction

Thereareanumberof factorswhichaffect theNICMOSPSFandthuscanimpactthe
results of image analysis relying on PSF subtraction. Typical examples of where this may
beimportantarecoronography andremoval of brightpointsourceslikequasarsor central
bright stars to study a surrounding nebulosity or to search for faint companions. Potential
factorsaffectingthePSFarefocusvariationsdueto OTA breathingandotherfactors,cold
maskirregularmotion(“wiggling”) onanorbital timescale,andPSFcolordependence.In
thisstudy, weconductTinyTim PSFmodeling(Krist & Hook1997a)to assesstheimpact
of thesefactorson theresultsof PSFsubtraction,usingasinput for TinyTim Synphotgen-
erated blackbody spectra.

2. Focus breathing

NICMOS focus varies typically by about 0.5 mm in PAM space during an orbital
period, causing a corresponding variation in the diffraction pattern of the PSF (e.g., Such-
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kov & Hershey 1998).Therefore,if thesamereferencePSFis usedfor PSFsubtractionin
frames taken at different times, certain errors will be introduced in the final results. To
assess those, we have generated a PSF at the best focus position and another at a defocus
of 0.5 mm. In both cases the same 8000 K blackbody spectrum convolved with the filter
throughputhasbeenused.Thedifferencebetweenthetwo PSFsshouldobviouslydepend
onthefilter used,with narrow bandfiltersyieldinglargerdifference.Wehavemodeledthe
situation for two filters, F187W and F187N, to illustrate how the filter bandwidth affects
thePSFvariationcausedby defocussing.Theresultsarepresentedin Figures1 and2, the
case of the broad band filter at the top and that of the narrow band filter at the bottom.

Table 1.Mean and standard deviation of the PSF subtraction residuals computed as a per-
cent of the PSF pixel values (for model parameters see the text). Mean is at the top and
standarddeviation(sigma)is at thebottomin eachof thefiverows.Standarddeviationcan
be interpreted as the average relative spatial noise expressed as a percent of the PSF pixel
valueatany givendistancefrom thePSFcenter. Meanrepresentsasystemiccomponentin
the PSF residuals.

The left panels in Figure 1 show the 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 give the counts difference for the same columns as a percent of the
respective pixel value of the in-focus (nominal) PSF. Figure 2 displays on the logarithmic
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 main effect of focus breathing is
adding a random spatial noise with a typical scale of a few pixels. As expected, the effect
is morepronouncedin thenarrow bandfilter. In thewingsof thePSF, theamplitudeof the
noise is quite significant, exceeding 20% of the PSF signal in the case of a broad band fil-
ter(F187Win Figure1).For thenarrow bandfilter F187N,theamplitudesoarsabove50%
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level. The average relative noise over the entire PSF region displayed in Figure 2 is given
in Table 1 (see bottom numbers in the first row). For F187N, one may expect the average
subtractionnoiseassociatedwith typicalorbital focusvariationsto exceed15%of thePSF
signal. For F187W, the average noise is about three times lower. These numbers are quite
significant,andit is usefulto keepthemin mindwhenestimatingthesignal-to-noiseratio
for an image after PSF subtraction.

Figure1: Effectof focusvariationonPSFsubtractionfor broadbandandnarrow bandfil-
ters. Left panels: normalized counts in the central column of the TinyTim 8000 K black-
body PSF at the best focus and at a defocus of 0.5 mm in PAM space (thin lines). The
thick line is the counts difference. Right panels: absolute value of counts difference as a
percent of the counts for the PSF at best focus.
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Figure2: Effectof focusvariationonPSFsubtractionfor broadbandandnarrow bandfil-
ters.Left panels:PSFsubtractionresiduals(log scale)for theTinyTim PSFsgeneratedfor
the best focus and a defocus of 0.5 mm in PAM space. 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 the OTA pupil are
misaligned, producing elongation in the diffraction rings and asymmetry in their banding
pattern.Moreover, thecoldmaskwasfoundto randomly“wiggle”, probablyonanorbital
timescale,with anamplitudeof about0.005of thepupil radius(Krist etal 1998).Similar
to the effect of focus variation discussed above, the resulting variation in the PSF diffrac-
tion patternshouldproducenoisein thePSFsubtractionresultsif thesamereferencePSF
is used for different image frames.
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Figure3: Effectof coldmaskwiggling onPSFsubtractionin broadbandandnarrow band
filters.Left panels:normalizedcounts(log scale)in thecentralcolumnof thetwo TinyTim
PSFswith 0.005differenceof thecoldmaskoffset(thin lines).Thethick line is thediffer-
encebetweenthetwo. Rightpanels:absolutevalueof countsdifferenceasapercentof the
counts for the PSF at the “nominal” cold mask offset.
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Figure4: Effectof coldmaskwiggling onPSFsubtractionin broadbandandnarrow band
filters.Left panels:PSFsubtractionresidualsfor TinyTim PSFgeneratedwith adifference
in the cold mask offset 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 allows a direct comparison of the two Figures.

Figure 3 show the count numbers in the central column of two PSFs generated in the
F160Wband(upperleft panel,thin lines)andF187Nband(lower left panel,thin lines)for
the two cold mask offset values with the offset difference of 0.005. The thick line is the
differenceof thecolumncounts.Thatdifferenceis shown in therespective right panelsas
a percent of the counts in the central column of the PSF at a “nominal” cold mask offset.
The result is similar to that displayed in Figure 1: the main effect of the cold mask “wig-
gling” is an additional spatial noise in the PSF subtracted image, the amplitude of the
noiseabove10%in thecaseof thebroadbandfilter F160Wandup to 50%or morein the
case of the narrow band filter F187N.
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Now, we believe that the adopted parameters for the cold mask “wiggling” and focus
variations (0.005 of the cold mask offset difference and 0.5 mm of the focus shift, respec-
tively) are representative characteristics of camera 2 PSF variations on the orbital time
scale. In that case we can assess the relative significance of the two factors by directly
comparing the results of our modeling. As seen from Table 1, the average relative noise
caused by cold mask “wiggling” is about two times larger (in respective filters) than that
caused by focus variations. The greater noise in the former case is easily seen from com-
parisonof Figures2 and4: thecolorpatternsin Figure4 areonaveragemuchbrighterand
less smooth than those in Figure 2, meaning a higher level of noise and noise variation
acrossthePSFarea.In reality, of course,thenetresultis thecombinednoiseproducedby
both effects.

4. Color dependence

Onemayaskwhaterrorsareintroducedif aPSFof agivencolor is subtractedfrom an
image of a point source having a different color. To answer this question, we have gener-
atedPSFsfor spectraat theextremesof thecolor range,3000K and8000K of blackbody
temperature,onepairof PSFsin theF187Wbandandanotherpair in theF110Wband.As
illustrated in Figure 5, one should expect the result of the PSF subtraction to significantly
depend on the filter band. In F110W, the slope of the 8000 K blackbody spectrum is very
different from that of the 3000 K blackbody spectrum, and the bandwidth is large. There-
forethePSFof the8000K spectrumin thatfilter will beverydifferentfrom thePSFof the
3000 K spectrum. In F187W, both spectra have about the same slope, besides, the band-
width is about two times smaller than that for F110W. As a result, the difference between
the8000K PSFandthe3000K PSFin thatfilter will bemuchsmaller. Thususingfor PSF
subtraction PSFs of inappropriate colors should produce larger errors in bluer, wider
filters.

Theresultof thePSFsubtractionmodelingis presentedin Figures6 through8 aswell
as in Table 1. Similar to the two previous cases, PSF color variation result in a spatial
noise in the subtracted images, with the noise level quite large in F110W while being
essentially negligible in F187W.

A dramaticdifferencefrom thepreviouscasesis thepresenceof a largesystemiccom-
ponentin F110W. Its level exceeds,onaverage,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 PSF. In F110W, it turns out to be quite large
even in the case of a moderate PSF color difference represented by 6000 K and 3000 K
blackbodyspectra(~ earlyG starsvs.M stars).However thedifferencebetweena8000K
PSF (~ A star) and a 6000 K PSF is very small.
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In summary, the systemic component in PSF residuals, if not taken into account, may
presentamajorproblemin applicationsof thePSFsubtractiontechnique.Sotheeffectof
PSF color dependence must be of prime concern for anyone trying to achieve high photo-
metric accuracy for PSF subtracted images. The best way to cope with it is, of course, to
avoid use of PSFs of very different colors.

Figure 5: Illustration to PSF color dependence in different filters. In F110W, the slope of
the 8000 K blackbody spectrum is very different from that of the 3000 K blackbody spec-
trum. Therefore the PSF of the 8000 K spectrum in that filter will be very different from
thePSFof the3000K spectrum.In F187W, bothspectrahaveaboutthesameslope,sothe
difference between the 8000 K PSF and 3000 K PSF will be very small.
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Figure6: Effectof PSFcolordependenceonPSFsubtractionin differentfilters.Left pan-
els: normalized counts (log scale) in the central column of TinyTim 8000 K and 3000 K
blackbody PSFs (thin lines). The thick line is the difference between the two. Right pan-
els: absolute value of counts difference as a percent of counts for the 8000 K PSF.
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Figure7: Effectof PSFcolordependenceonPSFsubtractionin differentfilters.Left pan-
els: PSF subtraction residuals (log scale) for TinyTim 8000 K and 3000 K blackbody
PSFs. Right panels: the same residuals patterns normalized by the nominal PSF image
(log scale).Notethatthecolor rampsarethesameasin Figures2 and3, allowing adirect
comparison of the three Figures.
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Figure8: Effectof PSFcolordependenceonPSFsubtractionin thesamefilter but for dif-
ferentPSFcolordifference.Left panels:PSFsubtractionresiduals(log scale)for TinyTim
8000 K and 6000 K blackbody PSFs (top), and 6000 K and 3000 K blackbody PSFs (bot-
tom).Rightpanels:thesameresidualspatternsnormalizedby thenominalPSFimage(log
scale). The color ramps are the same as in previous Figures.
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