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ABSTRACT

IR external flat field exposures from WFC3 thermal-vacuumcanpaign 3 hawe been used
to condruct andddiver aninitial set of IR pixel-to-pixel flat field reference files for the
15imaging filtersin theWFC3 IR channé. Theflats have a mean signalto-noise ratio of
~500, which yields correctionsdown to a level of ~0.2%. Theflats hawe some artifacts
related to their ground-based origin, which will need to be addressed in order to
propely calibrate on-orbit images. These data showthatthe R4 flight detector eadly
meets and exceedsthe applicable IR flat field-related CEI requirements.

Introduction

We have created an initial set of IR pixel-to-pixel flat field (PFL) reference images for
the WFC3 IR-4 flight detector from the calibration data obtained in the third and find
thermal vacuum campagn (TV 3) at Goddad Space Flight Center in February-April
2008.Thereference files have been ddivered to the Calibration Database System
(CDBS), wherethey are available for use in calibration pipdine processing.

Data

TheTV3flat field exposures were obtained usng two versonsof theIR1301 ground
test Science Mission Specification (SMS): IR131A and IR1301B. This SMS obtains
oneflat field expoaure in each of the 15IR channd imagingfilters, usng the WFC3
externd optical stimulus(OS) astheilluminaion source. The OS tunggen lamp was used
with the monodiromator set to GnirrorOmode which produaed a continuousspectrum
ove theentire wavelength rangeof thelR channd for al of thefilters. All exposures
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used the SPARS10 sample sequence for thereadou mode with varying numbers of
readouts (samples) pe exposure. The nunmber of readouts was chosen to obtain asignd
of ~60,000€e/pix in thefind read. The BOversion of the SMS used areduced nurmber of
readsfor afew exposures tha went into saturationin the O\Oversion. The SMS was run
atotal of 4 times throughoutTV 3 (once for the GAOversion and three times for the BO
version), yielding atotal of 4 exposures for combining into areferenceflat for each filter.
Two runswere peformed when WFC3 was opaating on MEB1 and the other two on
MEB2. A detailed list of theimagesis givenin Appendix A.

Note tha flat-fielding of grism observationsis accomplished usng a daa cubeof
monodiromatic flats. The acquisition and processing of groundtest daafor these
reference filesis described in a separate report by Kuntschne et al. (2008)

Data Processing

Theindividud exposures were processed and combined into reference filesusang the
Python scripts described in Bushous (2008) The scripts are a modified version of those
used to create the WFC3 UVIS bias, dak, and flat-field reference files (Martel et al.
2008;Sabbi 2008. The scripts use the standad WFC3 calibration program calwf3  to
first calibrate each indvidud exposure and then use the|IRAF task imcombine to
combinethe expoaures for agiven filter into afind flat field image

Before processing, thereference file keywordsin the headers of theraw FITSfiles
were updded to use themod recent IR bad pixel table (BPIXTAB), detector paameters
table (CCDTAB), dak file (DARKFILE), and nontlinearity correction file (NLINFILE).
The specific reference files tha were used are recorded in the headers of theflat-field
filesddivered to CDBS. Thecalibration stepsapplied by calwf3 induded data qudity
initialization (DQICORR), zeroth read signd correction (ZSIGCORR), reference pixel
bias correction (BLEV CORR), zeroth read subtraction (ZOFFCORR), dark subtraction
(DARKCORR), and non-linearity correction (NLINCORR).

Thecalwf3 IR up-theramp fitting and cosmic-ray rejection step (CRCORR) has
notyet been completely optimized for WFC3 IR data, so rather than usng ramp fitsto
compute thefind valuefor each pixel we chos to smply use thedaafrom an individud
readoutin theIMA file produed by calwf3 asthe find calibrated imagefor each
expoaure. Thefind readoutwas used for mos exposures. For the4 overexposd
sequeances obtained with theIR1301A SM S we used the second-to-last readout, which
gave signds tha were bdow the saturation level. The Pythonscripts allow theuser to
specify which readoutof each IMA fileto use asinputto imcombine .

Thecalibrated images were combined usng imcombine with thergect paameter set
to @eddipOin order to reject pixels contaminaed by cosmic-ray (CR) hits or any other
anondlies. The SCI array in thecombined imagefor each filter was nomrmalized to avaue
of 1.0 over theimage section[101900,101900, which excludes areas of the detector
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known to contain anomelies, such as the Meath StarOand the OVagon Wheal O(see the
next section for adescription of these features). The ERR array in the combined images
was nomalized udgng the same scale factor as for the SCI array. The DQ arrays have
been reset to zero so tha when these flats are used to calibrate other science images usng
calwf3 thebad pixel flagswill come exclusvely fromthe BPIXTAB.

Theresulting flat-field reference files were ddivered to CDBS and are available in
the on-line CDBS WFC3 reference file area Gref Gand can also beretrieved fromthe
HST daaarchive. A list of thereferencefilesisgivenin Table 1. Animage of each of
the15flatsis shown in Appendix B.

Table 1. IR Flat Field Reference Filesin CDBS

Reference File Name IR Filter
sca2025ti_pfl.fits FO98M
sca20260i_pfl.fits F105W
sca20261i_pfl.fits F1i10w
sca20262i_pfl.fits F125W
sca20263i_pfl.fits F126N
sca20264i_pfl.fits F127M
sca20265i_pfl.fits F128N
sca20266i_pfl.fits F130N
sca20267i_pfl.fits F132N
sca20268i_pfl.fits F139M
sca20269i_pfl.fits F140W
sca2026ai_pfl.fits F153M
sca2026bi_pfl.fits F160W
sca2026c¢i_pfl.fits F164N
sca2026di_pfl.fits F167N
Results

Each individud exposure contained 50,000-60,000€/pix, so tha the combined flats have
atotal of 200000to 240000€/pix. For purely Poisson statistics we expect a noise level
of ~0.2% in the combined flats, which is exactly wha imcombine foundfor the
variationin inputpixel values and is subsequently reflected in the ERR arrays of theflats.
Application of acombined flat to oneof theindividud exposures for tha filter yields
RMS residuds across theimage of ~0.5%, which isthelimit of what is expected for an
imagewith an origind signd level of ~55,000¢€/pix.

Figure 1 shows the F140Wflat field image, which demondrates that the quantum
efficiency (QE) of thelR4 flight detector isrelatively condant over alargefraction of the
field. Thereis, however, afamily of QE features that are uniqueto this detector. First,
there are vertical and diagond lines of pixels scattered across thefield tha have 5-15%
lower QE than themean. Second, there are severa large scale, usudly irregularly shaped,
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areas of lower than nomal (or zero) QE. Some of these have come to be known by
familiar names (see Figure 1): the eath StarOis a circular region of unresponsve pixels
near the bottom edgeof the detector that has a diameter of ~45 pixels; the OVagon
Whedl Ois alarge arc-shgped feature in thelower-right comer of the array, getingits
name fromits distinctive rim and spokelike shgpe The QE of pixels within theWagon
Whedl istypicaly 25-35%bdow normal and reaches a minimum of ~50% Two
elongaed features to theleft and uppe left of theWagon Wheel have QE ~2% highe
and ~8% lower than average, respectively. Findly, there are small clumpsof unbondé
pixelsin theuppe left and right corners, as well as near the center of thetop edgeof the
detector. These pixels have norespon.

- U'nb,onded Pixels
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Figure 1. F140Wflat field image shown with a postive stretch and familiar labds for
some of the prominent features.

Theratio of two individud flat field images for the F110Wfilter is shown in Figure
2. Theratio imageis quite featurel ess except for the Death Star and the unbonde pixels
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at thetop corners and edgeof thearray. This showstha the other low-QE features are
very stable and calibrate outvery well. TheRMSresidud in theratio imageis ~0.5%.

Figu 2. Theratio of two F110Wflat fd images |

Thelarge-scale, low QE features show some wavelength dependence. A careful look
at theimagesin Appendix B shows tha the Wagon Wheel feature, for example, appears
deeper in the short-wavelength filters. Thisis confirmed in theratiosof flats for the
differentfilters. Figure 3 shows theratio of the FO98M flat to the F167Nflat, which
spanstheentire wavelength rangeof thelR channd. Thevertical and diagond lines of
pixels, aswell asthelarge-scale features like theWagonWhesl, are lower than average
in theratio, indicating lower QE at shorter wavelengths The WagonWhedl area, in
paticular, is 10-15%]lower at short wavelengths while theremaining featuresin theratio
image are ~5% low.
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Figure 3. Ratio of theFO98Mflat to the F167Nflat.

Theratiosof individud images to thecombined flats, as well astheratiosof various
individud flat field exposures to oneanother, show some residud artifacts. Figure 4
shows an example, which istheratio of theF110W flat field exposure fromthefirst run
of theTV3 SMSto thecombined F110Wflat formed fromthe average of all fourruns
First, there are acouple dozen small features (10-20 pixelsin size) scattered aboutthe
images tha are dueto particles located onthe Channd Select Mechanism (CSM) mirror,
which isin thebeam and nearly in focusfor IR channd images. These features have
peak-to-peak resduds of upto ~10%

Second, thereis alarge, diffuse OXOpatern with residuds of afew tenthsof a percent
in theratio images. The OXOpattern is dueto thefact tha the obscurationsof the optical
stimulus which supplied the externd flat field illuminaion, are notin a conjugéae plane
to the cold mask in the WFC3 IR detector housng (R. Telfer, private communication).
The stimulus structures and WFC3 cold mask structures, notably the spiders, thusmove
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relative to each other as afundion of field postion, causng variationsin theilluminaion
pdatern.

>
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Figure 4. Theratio of an individua F110Wflat to thecombined F110Wflat.

The CSM particulate and stimulus OXOpattern features appear as residudsin the
combined IR flats because the IR corrector mechanism optic was moved - as part of the
WFC3 alignment procedures - between runs2 and 3 of thelR flat field procedure.
Motion of this optic moves thelR beam within the WFC3 optical train, which resultsin
movement of these featuresin IR images. Taking ratios of images with thefeaturesin
different postionsnaturally resultsin pairs of lightand dark QyhogOresiduds, as seen in
Figure 4. Comparison of these QyhogsOwith the combined flats shows that the effects of
the CSM particles can be seen in theflats themselves, clearly produang small regionsof
reduced QE.

Because the OXOpattern is caused by the stimulusused for groundtesting and will not
appear in on-orbit WFC3 images, its presence in the IR flat field images will notbe
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appropriate for calibrating on-orbit data and will therefore need to beremoved or dedlt
with in some other way, possibly throughthe use of QldtaOflats, which can serve as a
correction to the pixel-to-pixel flats. Similarly, the CSM particulate features will appear
in on-orbit images, but thar location in thefield islikely to be shifted by a small amount
relative to thegroundbased flats dueto adjugments of thelR channd optical aignment
tha will take place after WFC3 isindalled in HST. Hence some type of correctionto the
existing flats, created fromthese groundbased data, will beneeded in order to correctly
calibrate on-orbit images.

CEI Verifications

Theseflat field daa can beused to verify compliance with several WFC3 Contract End
Item (CEI) specifications Thefollowing sectionsaddress the specificationsoneat atime.

IR Detector Flat Field Uniformity

CEl specification 4.8.11.1 paragraph 1 requires tha the IR detector be correctable to a
uniform gain pe pixel to <2% at al useable wavelengthsand <1% between 10001800
nm, with agod of <0.5% over tha wavelength range Aswas stated previoudy, theRMS
resdudsin asingle flatfielded imagefromthis set of daais ~0.5%, which easily meets
therequirements andis close to meeting thegod.

Paragraph 2 of this specification requires tha no more than 5% of all pixels have
respons outside therangeof 50-200%o0f the mean respons, with agod to have <1% of
all pixels outsdetherangeof 95105% Theshort-wavelength FO98M flat field image,
which hasthelargest variationin QE, has 0.2% of al pixels outsidethe 50-200%
response range but 19%outside of the 95-105%range This detector therefore easily
meets the requirement, but nat the god.

IR Detector Low Spatial Frequency Flat Field Structure

CEl specification 4.8.11.2 requires tha large-scaleflat field nonruniformities shdl be
correctable to <2%. Aswas shown earlier, all large-scale QE features, such asthe Wagon
Whedl, are correctable to afew tenths of a percent, which easily meets this requirement.
Theonly unarrectable features are the Death Star and theunbonde pixels.

IR Detector Non-Functional Pixels

CEl specification 4.8.11.3 requires tha no more than 2% (with agod of 0.5%) of the
pixels may benonfundiond, where nonfundiona indudes dead pixels, hotpixels
(exceeding 100times the median dark current), and pixels with uncorrected QES less than
25% or more than 400%o0f the mean QE. Pixels that fall into thefirst andlast categories
amountto ~0.27%, induding theregion of the Death Star. Hot pixels amountto ~0.1%.
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So thetotal amountof nonfundiond pixelsis ~0.37%, which meets both the
requirement and thegod.

Summary

IR pixel-to-pixel flat field reference files have been created for the WFC3 IR4 flight
detector uang externd flat field exposures obtained during TV 3 groundtesting. Flats for
each of the 151R channd imagingfilters have been created and ingested into CDBS for
use in the WFC3 calibration pipdine Thereference flats have RM S noise levels of
~0.2%. Both small- and large-scale regionsof lower than nomal QE in the deector are
very stable and therefore calibrate well when theflats are applied to science images. The
regionsof lower than average QE are wavelength dependent, having lower respon at
shorter wavelengths

There are certain artifacts in theddivered flat field reference files tha will need to be
corrected in order to propealy calibrate on-orbit data. A large-scale, low-level OXOpatern
appearsin theflats, which comes from theoptical stimulusused to obtain theground
flats. Furthermore, particulates onthe CSM mirror appear as small regionsof decreased
QE in theflats. These will be present in on-orbit images, butare likely to appear at
different locationsonce the on-orbit optical alignment has been performed. Movement of
these features within theflats will need to betaken into account

These data show tha theIR4 detector meets all of the applicable flat field-related CEI
requirements and several of thegods.
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Appendix A: Exposure Catalog

Table 2 liststheindividud TV3 IR1301 exposaures tha were used to congruct thelR
pixel-to-pixel flat field images. Columnsindudetheroot name of the OPUS imagefile,
grouncttest image database ID number (OF'VNUMOQ, filter name, number of IR samples
in the exposure, and the WFC3 ingrument electronics side (OMEB 1DQ in use.

Table 2. Catalog of TV3 expoaures used in the R pixel-to-pixe flats.

OPUS File Name TVNUM | Filter Nsamp | MEB ID
i 131a01r_ 08074153434 51618 FO98M 8 MB1
i 130101r_ 08076234134 52177 FO98M 8 MB1
i 130101r_ 08096041532 56153 FO98M 8 MBB2
i 130101r_08101043431 57160 FO98M 8 MBB2
i 131a04r_ 08074154503 51620 F105W 4 MB1
i 130104r_08076235153 52179 F105W 4 MB1
i 130104r_08096042551 56155 F105W 4 MBB2
i 130104r_08101044450 57162 F105W 4 MBB2
i 131a06r_ 08074154503 51622 F110W 10 MB1
i 130106r_ 08076235153 52181 F110W 9 MB1
i 130106r_ 08096042551 56157 F110W 9 MBB2
i 130106r_ 08101044450 57164 F110W 9 MBB2
i 131a09r_ 08074155957 51624 F125W 10 MB1
i 130109r_ 08077000638 52183 F125W 11 MB1
i 130109r_ 08096044037 56159 F125W 11 MBB2
i 130109r_ 08101045936 57166 F125W 11 MBB2
i 131a0cr_ 08074161200 51626 F140W 8 MB1
i 13010cr_ 08077001900 52185 F140W 8 MB1
i 13010cr_ 08096045259 56161 F140W 8 MBB2
i 13010cr_08101051158 57168 F140W 8 MBB2
i 131a0f r_ 08074162046 51628 F160W 9 MB1
i 13010f r_ 08077002826 52187 F160W 11 MB1
i 13010f r_ 08096050225 56163 F160W 11 MBB2
i 13010f r_ 08101052124 57170 F160W 11 MBB2
i 131a0i r_ 08074163142 51630 F127M 9 MB1
i 13010i r_ 08077004017 52189 F127M 7 MB1
i 13010i r_ 08096051416 56165 F127M 7 MBB2
i 13010i r_ 08101053315 57172 F127M 7 MBB2
i 131a0l r_ 08074164246 51632 F139M 9 MB1
i 13010l r_ 08077005044 52191 F139M 9 MB1
i 13010l r_ 08096052443 56167 F139M 9 MBB2
i 13010l r_ 08101054342 57174 F139M 9 MBB2
i 131a0nr_ 08074164246 51634 F153M 6 MB1
i 13010nr_ 08077005044 52193 F153M 8 MB1
i 13010nr_ 08096052443 56169 F153M 8 MBB2
i 13010nr_ 08101054342 57176 F153M 8 MBB2
i 131a0qr_ 08074170105 51636 F126N 7 MB1
i 13010qr_ 08077010854 52195 F126N 6 MB1

10
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i 13010qr_ 08096054252 56171 F126N 6 MBB2
i 13010qr_ 08101060151 57178 F126N 6 MBB2
i 131a0sr_ 08074170105 51638 F128N 6 MB1
i 13010sr_ 08077010854 52197 F128N 5 MB1
i 13010sr_ 08096054252 56173 F128N 5 MBB2
i 13010sr_08101060151 57180 F128N 5 MBB2
i 131a0vr_08074171504 51640 F130N 5 MB1
i 13010vr_ 08077012225 52199 F130N 5 MB1
i 13010vr_ 08096055623 56175 F130N 5 MBB2
i 13010vr_08101061522 57182 F130N 5 MBB2
i 131a0xr_ 08074171504 51642 F132N 5 MB1
i 13010xr_ 08077012225 52201 F132N 5 MB1
i 13010xr_ 08096055623 56177 F132N 5 MBB2
i 13010xr_08101061522 57184 F132N 5 MBB2
i 131al10r_ 08074172813 51644 F164N 4 MB1
i 130110r_ 08077013635 52203 F164N 6 MB1
i 130110r_ 08096061034 56179 F164N 6 MBB2
i 130110r_ 08101062933 57186 F164N 6 MBB2
i 131al2r_ 08074172813 51646 F167N 4 MB1
i 130112r_ 08077013635 52205 F167N 6 MB1
i 130112r_ 08096061034 56181 F167N 6 MBB2
i 130112r_ 08101062933 57188 F167N 6 MBB2

11




WEFC3 Ingrument Science Report 200828

Appendix B: Flat Field Image Atlas

Images of the IR channd pixel-to-pixelsflatsfor each of the 15filters are shown in
Figures 5-19. Theimages are shown with a postive trandorm (lighter areas have highe
flat-field values).

| P bt 4 : | S idad : 4
Figure 5. FO98Mflat field image Figure 6. F105Wflat field image
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Figure 7. F110Wflat field image Figure 8. F125Wflat field image
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Figure 10. F127MTlat field image.
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Figure 9. F126Nflat field image.
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Figure 12. F130Nflat field image

Y # % o ; 3
L“: I e
| SRR Sacd .

Figure 11. F128Nflat field image
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Figure 16. F153Mflal fiedld image

Figure 15. FL40WTlat fidd image
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Figure 18. F164Nfla field image.

Figure 17. F160Wflat field image
r

o .
Figure 19. F167Nflat field image
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