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ABSTRACT

Wehavecreateda setof 8 NIC1narrow-bandflatsbycombiningimagesof streakedEarth
flats from calibration program 7775. For each filter, we have selected images free of satu-
rationandapparentanomaliesandcombinedthemusingMSSTREAKFLAT in STSDASto
form one set of flatfield reference files. The same images were also combined with a
weighted average using MSCOMBINE to make another set of flats. Those created with
MSSTREAKFLAT yielded similar photometric results to the lamp flats and fewer streaks
than the mscombine flats. The processing of the flats, preliminary image analysis of the
combinedflats,andphotometricanalysisusinga solaranalog (P330E)anda whitedwarf
(G191) are discussed in this instrument report. We also discuss several new anomalies
foundin theEarthflat data.TheNICMOSteamis currentlyobtaininga full complementof
narrow-bandlampflatsfor all of theNIC1filters.TheEarthflatsareavailablebycontact-
ing D. Gilmore.

1. Intr oduction

TheEarthflat calibrationprogram7775producedstreakedEarthflat imagesin several
filtersof eachNICMOScamera.Thedataweretakenoveraone-monthperiodstartingin
mid-Julyof 1997.ThoughtheEarth’s IR flux is notdistributeduniformly in theNICMOS
aperture, it’s rotation helps to create more smoothed, but streaked, flats. High signal-to-
noise images are produced in very short exposure times since the Earth’s flux is typically
severalthousandcountspersecondin theseIR filters.Lampflatshavesubstantiallylower
count rates and require larger amounts of observing time, and are poorer models of the
true flat because of the uneven illumination angle of the wavefront at the detector. The
Earthflatsapproximatethetrueflat betterin this respect.Observationsmadeatseveraldif-
ferent streak angles, were combined to create more uniformly-illuminated flats.
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Saturation:

Earth’s IR flux is very variable (we noted count rates varying by almost 2 orders of
magnitude during a given multiaccum, and about 3 orders of magnitude between images
taken over a month in the same filter). Saturation in the medium and wide bands made it
impossibleto producegoodEarthflatsfrom thesedata.Wehaveattemptedto analyzeand
processonly thenarrow-bandflats(Table1). In addition,a few flatswererejectedbecause
of very low count rates and a few because of large amplitude streaks.

Some medium and wide-band images were unusable because of saturation in the first
or even zeroeth read.  Only the narrow-band filter images had enough good reads free of
saturationto warrantmakingflatfieldrefererncefilesfrom them. ThisISRwill addressthe
NIC1 narrow-band frames alone, of which there are 8 observed filters, all using exposure
time sequence STEP16.  The 5 narrow-bands from NIC2 will be discussed in a later ISR.
All but a few of theNIC3 flatswereaffectedby saturationbecauseof thelargerpixel size
(NIC3 pixels are a factor of 25 larger in area than NIC1 pixels), even with the faster sam-
pling rates used (SCAMRR).

Calibrationprogram7775consistedof 8 NIC1 narrow-bandfilters (Table1) whichwe
will discuss in this report.  Other filters observed in program 7775 include:

• 3 NIC1 Medium and Wide band filters { F110M, F110W, F160W }

• 8 NIC2 filters { F187N, F190N, F212N, F215N, F216N, F110W, F160W, F222M }

• 6 NIC3 filters { F110W, F160W, F164N, F166N, F187N, F190N }

Comparisons with in-flight lamp flats from proposal 7689 were made where possible,
and with in-flight and ground lamp flats that were produced from earlier calibration pro-
grams.  The comparison files are listed in Table 1.

Table 1..Prop 7775 NIC1 Narrow-Band Earth Flats

FILTER
Comparison
Ground Flat

Comparison
Inflight Flat

Comparison
prop7689 flat

Final
Number

of Images

Average
Nread

Mean S/N
Streak
Angles

F095N ha911520n ha91153sn ------- 11 5.8 91 5

F097N ha911521n ha91153tn i350934cn 8 5.9 82 4

F108N ha911522n ha911540n ------- 6 6.7 89 4

F113N ha911525n ------- ------- 5 6.0 76 3

F164N ha911529n ha911541n i350934dn 3 5.7 87 2

F166N ha91152bn ------- i350934en 4 6.8 98 4

F187N ha91152dn ------- i350934fn 9 10.0 34 5

F190N ha91152en ------- i350934gn 10 9.1 45 6
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"Super-shading":

This is ananomalywhichpredominantlyoccursin thefirst severalreadoutsof anindi-
vidual multiaccum dataset (IMA). IMAs with super-shading have a ramp in intensity in
the slow readout direction which repeats midway through the image. In NIC1 images
super-shadingis manifestedasarampin they direction.An exampleis shown in Figure1.
Thecauseis notknown at this time,but maybetriggeredby exposureof thedetectorsto a
bright event just prior to observation of the flats (perhaps even by previous Earth flats).
Theeffecthasonly beenseenin theEarthflats,andnot in any otherscienceor calibration
data at this time.  In the Earth flats super-shading occurs in about 40% of the NIC1 nar-
row-band multiaccum datasets.  It has been seen in all observed filters and in all 3
cameras.

In constructing the flatfield reference files, we selected those free of super-shading in
the following way: The average column was plotted for each final IMA unaffected by sat-
uration.  Those IMAs with a 2% drop or less across rows 128-129 (Figure 1) in the
average column were accepted.  In the case of F187N however we relaxed the cutoff to
5%, since the only 3 images unaffected by saturation had larger drops. The numbers of
images that were combined to make each filter flat are listed in Table 1.  Column 5 of
Table 1 shows the final numbers of unsaturated images with enough flux that passed the
super-shading criterion out of 12 to 14 images observed for each filter. Column 6 in the
tablelists theaveragenumberof readsfrom imagesin eachfilter thatwentinto makingthe
flat in that filter. Assuming Poissonian statistics, the signal-to-noise of each image that is
coadded to make a given reference flat can be calculated as the square root of the total
number of counts from the final IMA read. The mean S/N for the final flat is listed in col-
umn7 of Table1. Finally, column8 showsthenumberof differentstreakanglesthatwent
into each combined flat.
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Figure 1: NIC1 Super-Shading.

The top image shows one readout of a NIC1 flat field in F108N affected by “super-shading”. The bottom
image is the same flat after dividing by a recent in-flight lamp flat in the same filter. The plot to the right
shows the average column of this flattened flat.

2. Image Processing and Flatfield Reference File Construction

CALNICA processing:

CALNICA waspartiallyexecutedon theEarthflatsto produceindividualmultiaccum
(IMA) images in count rates. Dark subtraction using the best available model darks was
included in this step. The last good readout of each multiaccum prior to saturation was
then selected  for further processing.

Most of the pixels of the data quality file are flagged as cosmic rays in the current ver-
sionof CALNICA becauseof fluctuatingcountrateduringthemultiaccum,renderingthe
CAL files produced by CALNICB unusable.  The CR data quality bit was therefore cor-
rected before combining images to create the final flats. To accomplish this, we flattened
all of the Earth flats using the best available lamp flat and marked as cosmic rays those
pixels which exceeded a 2.5 sigma threshold from the mean value.
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Combining flats:

Thefinal IMAs selectedto befreeof shadingandsaturationwerecombinedusingtwo
different methods:

1. MSCOMBINE. The IMAs were normalized to the same mean count rate in the
region [*,35:256]. This is the standard region used when normalizing reference
flats. An average of input images weighted by the square root of their total counts
was then computed using MSCOMBINE. Sigma clipping was performed during
the average to further reduce real CRs (high and low pixels were clipped at 2.5
sigma). A few CRs survived this process, however.

2. MSSTREAKFLAT. MsstreakflatdivideseachEarthflat imageby themeanimage
and normalizes the resultant images by their mean value. A median flat is then
computed. The ratio of the Earth flats to the median flat is used to estimate the
streak pattern. The Earth flats are then divided by the streak flats smoothed along
the streak direction to form a new set of working Earth flats. The streak angle is
computed from support file header (spt) values giving the direction of the Earth’s
motion relative to the telescope coordinate frame. The entire process is repeated
using the newly constructed flats. After several iterations using successively nar-
rowerboxwidthsduringsmoothingto removestreaksata rangeof spatialfrequen-
cies, a final median flat is produced.

Regardless of the method used to combine flats, the final combined images were sub-
sequently normalized to 1 in the region [1:256,35:256] and inverted to create the final
flats.
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3. Analysis

Comparisons with previous flats:

Grossflat-fielddifferencesareseenin ratiosof Earthflatswith groundflats(Figure2).
The differences between mounting cup temperatures of flats observed on the ground
(T=58 K) and on orbit (T=61.3 K) account for the largest differences seen. The lowest
intensity features seen in Figure 2 are about 20% below the mean, and the brightest fea-
turesareabout8 percentabove it. A similarstretchis appliedto all imagesin Figure2 for
direct comparison with one another.

Figure 2:Comparison with Ground Flats.
Significant differences are seen in ratios of Earth flats to ground flats.

The temperature differences between in-flight flats is less significant, so smaller
effects become apparent in ratios between Earth and in-flight lamp flats.

We divided flats made with MSSTREAKFLAT by flats made using MSCOMBINE.
Theseareshown in Figure3 below. “Streaks”,“fringes” andglobaldifferencesareseenin
flats produced by the two methods. They are described below.

Streaks:

Streaks at a level of a few percent are apparent in Figure 3 in the ratios of filters
F113N, F164N and F166N, and in Figure 4 at F166N. Streaks occur when the number of
differentstreakanglesis small.Thehopewasto scheduleobservationsin suchaway that

F095N F108N F164N F187N

F097N F113N F166N F190N
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alargenumberof streakanglesweresampledsothatthefinal averageflat wouldbeasfree
from streaks as possible. Flats observed in consecutive orbits, for example, have similar
telescoperoll angle,andsimilarstreakangles.Thelastcolumnof Table1 lists thenumber
of different streak angles obtained for each of the filters. Though proposal 7775 was
planned to observe many flats over the period of a month, files unaffected by saturation
andsuper-shadinghaveahighprobabilityof having beenobservedcloselyspacedin time,
and therefor at similar roll angle.

Figure 3:Comparison of Flats Made With MSSTREAKFLA T and MSCOMBINE .
Fringesandstreaksareapparentin theseratiosof MSSTREAKFLAT flatsto MSCOMBINEflats.Thesame
intensity stretch has been applied to all ratios.

Fringes:

"Fringes" are seen particularly in the blue filters (F095N and F097N, Figure 3) and
possibly at red wavelengths (F187N and F190N, Figure 4).  The fringes appear to be at a
different spatial frequency in the bluer and redder flats. These may result from illumina-
tion differences. The fringes are more apparent in the msstreakflats than the mscombine
flats and are seen best when dividing msstreakflat-produced flats by in-flight lamp flats.
Figure 4 shows ratios of Earth flats made with MSSTREAKFLAT to in-flight lamp flats.
Thesizeof thiseffect is 3%or so.If theamplitudeof thefringesis notconstant,they may
become washed out in the average flat since we first normalize each flat over the entire
image region from row 35 to row 256. In general, this phenomenon is not presently well
understood

F095N F108N F164N F187N

F097N F113N F166N F190N
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Global differences:

In some cases, there are regions showing differences between flats combined with
these two methods.  The F187N ratio in Figure 3 shows a region around the largest piece
of “grot” which is different in the two flats at a level of about 3%. This may be due to the
differentalgorithmsused.In theonecase,MSSTREAKFLAT combinesimagesusingthe
median, while MSCOMBINE uses an average. Apparently, there are regions of the array
that are systematically different on the average from the median. This is not currently
understood.

Figure 4:Streak Flats Ratioed with Lamp Flats.
In addition to the blue filters, fringing at a lower spatial frequency in filters F187N and F190N is apparent.
The intensity stretch is the same in all images.

"Wrinkles".

These dark hair-like features are most obvious in blue filters (but can be seen up to
F166N). They are best seen in Earth flats ratioed with in-flight lamp flats.  The wrinkles
are about 5-8% different from the surrounding background flat. They occur at repeatable
locations in various filters, hence they appear to be associated with the NICMOS detector
or optics and not the filters.

4. Photometry tests.

We did aperture photometry on stellar images calibrated using the final flats produced
by bothmethodsandcomparedtheresultsto thoseusingearlierlampflats.Two starswere

F095N

F097N

F108N

F113N

F164N F187N

F190NF166N
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used: a solar analog, P330E, and a white dwarf, G191. The stars were imaged at 3 posi-
tions on the NIC1 array, and were pedestal-fixed using PEDMED.PRO and calibrated
using the latest version of CALNICA. Aperture photometry was done with PHOT in the
NOAO.DIGIPHOT.APPHOT package with an aperture radius of 11.63 pixels after cen-
troiding thestar. Thesky modewasmeasuredin anannulusfrom 40-45pixelsaroundthe
star.

Theweightedmeanresultsfrom aperturephotometryat the3 starpositionsareplotted
in Figure 5 relative to “predicted” fluxes determined from our most curent filter transmis-
sion curves which have themselves been determined from the most recently available on-
orbit lamp flats (Table 1, columns 4 and 3) in most cases, and a ground flat in the case of
F113N(Table1, column2). Theerrorbarsreflectthevariationin photometryat the3 posi-
tions, which would be zero in the case of perfect flats.

The top panel of Figure 5 shows the photometry obtained after calibrating stellar
imageswith themostrecentlyavailablein-flight lampflatsfrom proposal7689for F097N
and the 4 red filters. Stellar images in two of the blue filters, F095N and F108N were cali-
brated using early in-flight lamp flats from 5/2/97, and the images in F113N were
calibrated using the only lamp flat available - one from thermal-vac. These were the very
same flats used to determine the filter transmission curves, thus the mean “observed” val-
ues are the same as the “predicted” values. The middle and bottom panels show the
photometry in the same filters for stellar images reduced using the MSCOMBINE flats
(middle panel) and the MSSTREAKFLAT flats (bottom panel).

The MSSTREAKFLATs and the lamp flats yielded very similar photometric results.
Even the scatter between photometry at the three different array positions is similar in
magnitude. The MSCOMBINE flats show more scatter indicating that they are probably
doing a poorer job of flat-fielding pixels relative to one another, perhaps a results of the
residual streaks. Also, the photometry using these Earth flats is systematically lower by
1% to 2% in the blue filters. This is not yet understood.

The set of MSSREAKFLAT-produced Earth flats is now ready for use by general
observers. At this time, a decision has not been reached whether they will be installed in
CDBS. Users may obtain them by contacting Diane Gilmore of the NICMOS group at
STScI.
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Figure 5:Photometry Results Comparing Various Flats.

Thetoppanelshowsresultsof photometryusingflatsfrom program7689for F097Nandredfilters,andear-
lier thermal-vac or in-flight lamp flats for the rest of the filters. In this case, synphot tables were updated so
that the “predicted” value is normalized to the mean of the observed values for the two stars. The middle
panel shows photometric results after calibrating images with the MSCOMBINE average flats. The pre-
dicted value is just the synphot value in all panels. The lower panel shows photometry using the
MSSTREAKFLAT median flats. The filters are, from left to right: F095N, F097N, F108N, F113N, F164N,
F166N, F187N, and F190N.


