Instrument Science Report NICMOS 99-002

Color Dependence of NICMOS Flatfields

A. D. Storrs, L. E. Bggeron, and S..THolfeltz
February 26, 1999

ABSTRACT

We report two methods for obtaining color dependent flat fields for NICMOS data. The
first involves interpolation wer wavelength, to obtain morfoomatic flatfields. The sec-
ond multiplies the instrumentaésponse by a ussupplied sowe spectrum and weights
existing narowband flats by theesult. Pograms to poduce both types of flatfieldsear
describedalongwith thereferencedatanecessaryWe concludewith a discussiorof how

to male and apply these flatfields to cect data with lage color diferences within the
image.

1. Intr oduction

The pipeline flatfield data for NICMOS is made with the use of onboard flatfield
lamps,which have anintrinsically blue color over mostof the NICMOS sensitvity range.
For example, although the mearavelength of the F110W filter is 1.103#n, the pipe-
line flat for this filter is best matched by interpolation to a mearelngth of 1.Qum.
Thepipelineflatswork well for mostcasesbut asdescribedn Chapter7 of theNICMOS
Instrument Handbook, sources witktreme colors doyast, and broadband images of
such sources may require special treatment.

A common image processing technique for images that @ahivell is to use flats
taken through filters of diérent (lut nearby) colonNMe have expanded on this technique
for NICMOS obserations, by producing twroutines and associated calibration files, to
produce linear combinations afisting flatfields. The first techniquevimlves fitting the
colorrespons®f thenarrovbandflatfieldsto producetwo imagespnefor theslopeof the
pixel respons@ndonefor theintercept.Theprogram(seeappendixA) thenmultipliesthe
slope image by the inputawelength and adds the intercept image. The second technique
malkes a weightedveerage of flatfields for agen camera. If the spectrum of the object is
known, the obsemr can then maka flatfield weighted by the spectrum and the response
of the camera and filteThe data can either be reprocessed using either of these flats, or
the calibrated data can be sebesly multiplied by the ratio of the flat to the pipeline flat.



2. Color dependence of NICMOS pixels

Each piel of each camera has afdrent response to @i#rent wavelengths of light.
This is illustrated in Figure 1, where thalwe of the narmwband pipeline flatfields is
shavn asafunctionof wavelengthfor all threecamerasThreepixelsfor eachcameraare
shawvn. It is noticeable that pets with a weaér response (i.e., flatfieldles >1) tend to
have increasing sensiity with wavelength (their flatfield alues tend tward 1 at longer
wavelengthswhile moresensitve pixels (with flatfield values<1) tendbelesssensitve at
longer vavelengths. This is indeping with the obseation in Chapter 7 of the NICMOS
Instrument Handbook, that the flatfieldriations tend to decrease in magnitude, with
increasing \avelength (see Figure 7.3 there).

Figure 1:Color dependence of flatfield for gis (20,20)(solid line), (120,120)(dotted
line), and (220,220)(dashed line). Note that for NIC2, data fromwhamd filters is
shavn separately from medium band filters, whickexoa lager wavelength range.
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It is noticeablen Figurel (aswell asin Figure7.6 of theHandbookthatover mostof
the wavelength range, the color response is lin€ely at the reddestavelengths does
theresponsaéliffer significantlyfrom linear Thusto produceamonochromatiélatswe used



a linear least-squares fit to the narband flatfields for each camera, to determine the
wavelengthdependencef eachpixel. For camerag and3, we did notincludethelongest
wavelength filter flats in our fitting, because of the rapid change in response there. The
narrovbandfiltersin camera only coverasmallpart(1.87to 2.16um) of thewavelength
range coered by the other filters, so the medium band filters were used in the fit as well.
Figure 1b shavs the narravband trend separately from the medium band trend, although
both were used in the final fitting.

Notethatcamera haspredominantlyredfilters-- creatingan*interpolatedflat” in the
1 um region actuallyrequiresextrapolation anderrorsin thelinearfit to thedatacanlead
to lalge uncertainties in the resulteVdlo not recommend the use of interpolated flats for
NIC2 obserations in the Jum region. A similar caeat is necessary foewy red vave-
lengths in NIC3-- for obseations much bgnd about 2.um monochromatic flatfields
will be extrapolated rather than interpolated, and the results will be uncertain.

3. Creation of interpolated flatfields

The linear least squares fitting of the flatfieldswwerformed as described invBeg-
ton (1969). Bbr camera 1, eight flats were used: FO95N, FO97N, F108N, F113N, F164N,
F166N, F187N, and F190NoFcamera 2, elen flats were used: F165M, F171M,
F180M, F187N, F190N, F204M, F207M, F212N, F215N, F216N, and F22@iMcdm-
era 3, ten flats were used: F108N, F113N, F164N, F166N, F187N, F190N, F196N,
F200N,F212N,andF215N.Thecamera F237Mflat, andthecamera3 F240Mflat were
notincludedin thelinearfit dueto their non-linearresponsé¢seediscussiorabove) but are
included in Figure 1.

The linear least-squares fit resulted i twages for each camera: one for the zero-
wavelength intercept of the linear fit, and one for the slopev@mghavelength (in
microns) is multiplied by the slope image and the intercept image is added to it to get an
interpolated flatfield. An STSAS script to do this is described in Appendix A. It should
be emphasized that thioovks best if the flatfield is interpolated-- thewslength desired
should lie within the w&velength range of the flats used in the fit. Otherwise, errors in the
fitting may lead to erroneous flatfields. Obseswvith objects atéremes of the ave-
length rgion may wish to perform a higherder fit to the flatfield response.

Figure 2 shas a comparison between the F110W pipeline flatfields (F160W for
NIC2) andinterpolatedlats createdwith this processFor camerad and3, the bestfitting
interpolatedlatsweremadeatawavelengthof 1.0 um, significantlyshorterthanthemean
wavelengthof the F110Wfilter. For camera2, thebestfitting interpolatediat wasmadeat
a wavelength of 1.54im, only slightly shorter than the meaawelength for the F160W
filter (1.5931um). Thisis becauseheintrinsically bluespectrunof theflatfield lamp(T =
2800 °K has a peakawelength of 1.031m) gets less pronounced at longevalengths,
farther along the Rayleigh-Jeans tail of the spectrum.



Figure 2:Ratio of pipeline flat to interpolated flat: a., NIC1 F11®/NIC2 F160Wc.,
NIC3 F110W Note \ariations on the order of aepercent or less.
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4. Creation of polychromatic flatfields

If thespectrunof theobjectis known, thenacolordependentiatfield canbeproduced
from the weighted sum of the nawioand flats in the bandpass used for the obsierv.
AppendixB describes programthatwill acceptasinputthecamerafilter, andafile con-
taining the desired spectrum. The program usestfitas.synphotask to multiply the
source spectrum by the camera and filter response, and then determines\he relati
responseén eachnarravband(andfor camera, mediumband)filter. The pipelineflat for
that filter is multiplied by the normalized response and the result summed. As with the
monochromatidlats, this procesgproducesaflatfield thatcaneitherbe usedto recalibrate
the entire image, or ratioed to the pipeline flat used for the image and applied to selected
regionsof theimage.A processimilarto this (implementedisingIDL) wassuccessfuin
reducing some of the Hubble Deep Field data.



Some comparisons between polychromatic flats and pipeline F160W flats\are sho
in figure 3. The first panel sivg the spectrum used to generate the flats, a typical late-F
main sequence starhe net three panels are comparisons of flats for an object with this
spectrum, obseed through the F160W filter in each camera, to the pipeline broadband
flat. The deiation is typically only a f& percent, which isx@ected gren the relatiely
flat spectrum in the ggon around 1.¢m.

Figure 3: Comparisorof polychromaticandpipelineflats.a.,theinputspectrum(alate-F

V star), b, ratio of pipeline F160W to polychromatic flat in camera 1, c., ratio of pipeline
F160W to polychromatic flat in camera 2, d., ratio of pipeline F160W to polychromatic
flat in camera 3.
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5. Conclusions
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Obsenersof fieldsof objectswith extremecolorsshouldreprocessheir dataalongthe
lines described in Chapter 7 of the NICMOS Instrument Handbook yifive data on
the crude colors of the objects (e.g. nadvand filter images at longer and shortewev



lengths than the broadband image) these may be used to create a color map. Color
dependentiat fields,madein eithermannerdescribedbore,canberatioedto the pipeline

flat and the broadband image multiplied by theaus ratio flats depending on the color

of theobjects.If noapriori colorinformationis available,the obserer maywishto make
several interpolated flats, and multiply the broadband image by the ratio of these flats to
the pipeline flat, to see which does the best job of minimizing structure that lo®kisdik
flatfield. Railing all this, the obseer may vant to get in touch with their contact scientist

to try to determine he best to analyze their data.

Which method is chosen depends on the signal-to-noise desired. The monochromatic
flats combine information from all namband flats (sze the reddest) and some medium
band flats (for NIC2) and thus should/ba much better gttor of three) SNR than yan
individual flat. In addition, the calibration files for this method (the slope image and the
intercept image, for each camera) are small, and can be useaugta of systems (e.g.

IDL) to produce a good flat. The polychromatic system requires 8%S8lthough there
isanIDL implementatiorthatworksat STScl.Eitherimplementatiorequireshe suiteof
narrav and medium-band flatfields, which may be a problem for obsewith limited
diskspaceAlso, the SNRdepend®nthelinearcombinatiorof only afew flats,leadingto
an increase of attor of two or so.

Calibration files and IRAF scripts areaglable from the NICMOS web pageolfow
the “Instruments” link on http://wwwtsci.edu and click on “NICMOS”. Look under the
“Calibration” catgory. After dovnloading the desired script (and reference data if neces-
sary) install it from within IRAF by typing “task interflat = interflat.cl” for the
monochromatiprogramand“task bandflat= bandflat.cl*for thepolychromatiqgorogram.
Either script can be easily altered by the user to fit your needs<dmple, each script
doesagreatdealof work to producea multigroupFITS file similar to the pipelineflats. If
theobsererjustneedsheflatfield (andnottheerror, DQ, etc.images)muchof thescripts
canbecommenteaut. For example the“interflat.cl” scriptdoesnt usethe pipelinerefer-
ence files xcept to mak the multigroup headers and error files. If those sections of the
script are deleted (and the output line appropriatefiged) the obsenr will need only
the slope and intercept images for the desired camera to generate monochromatic flat
fields.
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7. Appendix A

Thescript“interflat.cl” is anIRAF/STSDAS scriptthatwill accepthe NICMOS cam-
era number (1, 2, or 3), the desiredralength for the interpolated flat (in microns), and
thenameof theoutputfile. It will dothelinearinterpolationby multiplying the slopeNfile
by the vavelength and adding the interceptN file to that product, where N is the camera
number Thesefiles will be availablefrom the STScINICMOS website,or from your CS.

8. Appendix B

The script “bandflat.cl” is an IRAF/ST3{3 script that will tak an input spectrum
and camera and filteand produce arvarage of narneband flats weighted by the
expected contribtion of the source. Note that stsdas and synphot must be implemented,
and the NICMOS flatfields stored in a directory with IRAF alias nref$ and the pipeline
flatfield flenamegnustbe asin the calibrationdatabaseThe scriptwill be availablefrom
the STScl NICMOS web site, or from your CS.



