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ABSTRACT

ThisISRpresentsthefirstsetof on-orbit flat-fieldimagesobtainedfor NICMOS.Thedata
wereobtainedduring theScienceMissionOn-orbitVerification(SMOV) to investigatedif-
ferences between the flat-fields obtained on the ground during SLTV and the on-orbit flat-
fields,andto testtheon-orbitstability. Data for twoto threebroador mediumbandfilters
were obtained in each Camera. Results indicate variations of about 3% between ground
and on-orbit flat-fields in Cameras 2 and 3, and up to 4% in Camera 1. The vignetting
which affectsthethreeCamerasis moreevidentin theseearlyflatsthanin later flat-fields,
as the former were obtained close to the period of maximum expansion of the dewar after
thestartof thethermalshort.Thevignettingis dueto lateral shiftsof theNICMOSdewar
imparted by the expansion. The on-orbit flat-fields showed variations of less than 0.5%
beyondthefirst30rowsof thevignettedregion for datataken25daysapart.However, the
instrument was still experiencing instabilities due to the thermal short.

1. The Observing Program and Its Scope

The SMOV program 7046 was designed to investigate variations between NICMOS flat-
fields obtained on the ground and on orbit, and to check the stability with time of the on-
orbit flat-fields. The initial scope of the program was to bootstrap the SLTV flat-fields
using a subset of on-orbit flat-fields. However, because of the thermal short experienced
by the instrument during the first month of its on-orbit life, NICMOS is operating at a
slightly higher temperature than was predicted (~60 K instead of 57 K). The response of
thedetectorsis temperature-dependent,sosomechangeswereexpectedat thispoint in the
on-orbit flat-fields relative to the SLTV results. The SMOV data were thus used to assess
the degree of such variations and to establish the stability of the on-orbit flats.

As part of the Cycle 7 calibration plan, a full set of internal flat-fields for all filters are
being obtained. To date, on-orbit flats for medium and broad band filters (program 7690)
have been delivered to the calibration database.
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2. The Data and the Analysis

Internal flat-fields for all three Cameras were obtained on two occasions separated by 25
days (April 19-20, 1997 and May 15, 1997). Table 1 summarizes the available data for
program 7046 for each of the two epochs of observation.

Table 1: Data in Program 7046 (for each epoch)

Since NICMOS does not have a shutter and light from astronomical sources can poten-
tially contaminate the flat-fields, each observation was dithered and coupled to
backgroundimagesobtainedwith thesameditherpattern(a16-pointspiralpattern)asthe
internal lamp image. At the time of the observations, the best focus position of NIC3 was
at ~ -17 mm in PAM space for the April observations and at ~ -15 mm for the May obser-
vations. Being out-of-focus should have a negligible effect on the NIC3 flat-fields, if the
illumination from the lamp is uniform.

Each MULTIACCUM exposure was recalibrated usingcalnica and the best available on-
orbit dark frames. Contamination from external astronomical sources in the flat-field
frames were removed by co-adding with a median filter the unregistered images. The
backgroundframes(takenwith theinternallampswitchedoff) wereusedto subtractfrom
the flat-field images the thermal emission of the telescope+instrument in the long wave-
length filters (NIC1 F170M, NIC2 F205W, NIC3 F222M).

3. Results

Comparison Between SLTV and SMOV Flats

Figure 1 shows a collage of the 7 flat-field images obtained for the three Cameras during
the April observations. Figure 2 shows the ratio between the on-orbit and the ground-
based data for the same set of images. Typical low and high-frequency fluctuations are
around3%(r.m.s.)in NIC2 andNIC3, with themostdeviantbeingtheNIC3 F110Wfilter
with 3.5%r.m.s.;in NIC1 thedeviationsbetweenon-orbitandground-basedflat-fieldsare
~4% in the F140W filter and 2.3% in the F170M filter.

Camera Filter Sequence Number of images Total Exposure Time (sec)

NIC1 F140W STEP64 48 384

NIC1 F170M STEP64 16 1024

NIC2 F110W MCAMRR 48 72.7

NIC2 F165M STEP2 48 480

NIC2 F205W STEP64 48 384

NIC3 F110W MCAMRR 48 43.6

NIC3 F222M STEP2 48 288
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Figure 1:  Collage of the 7 on-orbit flat-
fields. From top to bottom and from left to
right: NIC1 F140W; NIC1 F170M; NIC2
F110W; NIC2 F165M, NIC2 F205W; NIC3
F110W; NIC3 F222M.

The ratio on-orbit/ground flat-fields of Figure 2 also show some detailed features. The
black and white spots in the NIC2 flat-field ratios show the relative positions of the coro-
nographicspotin thetwo setsof images.Thecoronographicholehasbeenmoving relative
to its original position (white spot) because of lateral shifts of the dewar. These shifts,
which,aswewill seebelow, arevariablein time,aredueto theexpansionimpartedby the
thermal short. The NIC1 flat-field ratios show different characteristics in the upper-left
quadrantfor differentfilters. In particular, theregionaroundthegroupof badpixels(grot,
see below) in this quadrant is 5-6% above the average (bright area) in the F140W ratio,
while it is ~0.3%below theaverage(darkarea)in theF170Mratio.Theverticalline in the
middleof theNIC2 arrayandthehorizontalline in themiddleof theNIC1 arrayin Figure
2 are residual shading effects in the on-orbit flats due to the fact that we were using
preliminary dark frames in the data reduction.

Vignetting

Thelateralshiftsof thedewarhave resultedin vignettingin all threeCameras.In thecase
of NIC1 andNIC2, thesourceof thevignettingis mostlikely theFieldDividerAssembly
(FDA) mask.TheFDA producesanin-focus,hard-edgevignetting.Thelossesin through-
put are relatively small (~ 5-8%) and affect only the first ~30-40 rows of the arrays (see
Figures 3 and 4). In NIC3, the vignetting has two components: the FDA and fore-optics.
The FDA vignetting affects only the first ~20 rows of NIC3, while the fore-optics pro-
ducesanout-of-focus,“warm” vignettingextendingfor thefirst ~80rowsof thearray. The
part of the NIC3 vignetting due to foreoptics has been subsequently corrected by moving
theFieldOffsetMirror (FOM) to anoptimalposition.At thetimeof thiswriting, only the
first ~30 rows of NIC3 are still noticeably vignetted.
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Figure 2: Ratio of the on-orbit to the
ground-based flat-fields. The order is the
same as Figure 1. In addition to large scale
variations, small clusters of dark pixels can
be seen in the ratios. These dark pixels are
the grot in the on-orbit flat-fields. For NIC2,
the ratios also show the magnitude of the
variationof thecoronographicholeposition,
due to the lateral shifts of the NICMOS
dewar.

Figure 3: Theratioon-orbit/ground-basedNIC1 F140Wflat-field.Theplot is theaverage
of 20 columns and is shown as a function of row number. The columns containing the
majorgrot featurein thedetectorhavebeenchosen(cf. Figure2), to highlight theeffectof
this type of feature. The first ~30 rows are vignetted at the 7-8% level.
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Figure 4: Theratioon-orbit/ground-basedNIC2 F165Mflat-field.As in Figure3, theplot
is theaverageof 20columnsandis shown asa functionof row number. NIC2, likeNIC1,
has the first ~30 rows vignetted at the ~7% level.

Figure 5: Theratioon-orbit/ground-basedNIC3 F110Wflat-field.As in Figure3, theplot
the plot is the average of 20 columns and is shown as a function of row number. The first
~30 columns of NIC3 are markedly more vignetted than the analogous region in NIC1 or
NIC2, with asharpdropin quantumefficiency by about65%relative to theground-based
flat-field. In addition,agradientis visibleacrosstheentiredetector, showing thecombina-
tion of theFDA andfore-opticsvignettingis affectingamajorportionof theNIC3 arrayat
the epoch of these observations.
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Grot

Another characteristic of the on-orbit flat-fields is the presence of several low quantum
efficiency (QE< 20%) pixels, which often appear clustered in small groups of 20-40 (cf.
the NICMOS Instrument Handbook, 2nd edition, and the NICMOS section in the HST
DataHandbook).Thesepixelshavebeencalled‘grot’, andthemostnoticeableis theclus-
ter in the top-left quadrant of NIC1. Since the grot is not present in the ground-based flat-
fields, the ratio on-orbit/ground flats (Figure 2) shows clearly the position of the grot in
eachCamera.Thecausefor thelow QEpixelsis probablydebrislying ontopof thedetec-
tors; one possible source are paint flakes from the optical baffles.

Stability of the On-orbit Flat-fields

The comparison between on-orbit flats taken 25 days apart is shown in Figures 6 and 7.
Flats from May were divided by the April flats for each of the filters. An example of such
ratios is shown in Figure 6 (left panel) for the NIC1 F140W case. After removing grossly
discrepant pixel values affected by grot, we have plotted the average column vector (Fig-
ure 6, right panel, and Figure 7). Typically the ratio is very flat over most of the frame,
with variations around 0.5% (r.m.s.). An exception are the regions affected by vignetting.
The lateral movement of the dewar has continued during the 25 days separating the May
andApril observations,andthiscanbeseenin anumberof features.Themagnitudeof the
FDA vignettinghasbeenreducedby ~5%in NIC1 andNIC2 andby ~15%in NIC3 during
the 25 days period. The thermal filter F222M shows a gradient opposite to the one of the
vignetting within the first 80 rows of the detector (Figure 7, right panel). NIC2 shows a
large fluctuation near row 220 because of the movement of the coronographic hole, again
due to the lateral shifts.

Pixelsaffectedby grothavetypically shiftedby 1-2pixelsin eachfilter. In addition,NIC1
and NIC2 flat-field ratios show several pairs of diffuse bright/dark spots, fainter than the
grot. These are thought to be dust particles located on the foreoptics, which have shifted
by 6-7 pixels in the vertical direction over the 25 day period (see Figure 6, left panel).
They do not appear in the NIC3 images because of the degraded focus in that camera.
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Figure 6: (left) The ratio between the May and April on-orbit flat-fields for the NIC1
F140W filter. A reduction in the vignetting can be already seen within the 25 days which
separate the two sets of observations (light region at the bottom of the Figure). Also, the
grothasbeenslightly changingposition,by abouttwo pixels,in thetwo setsof flat-fields.
(right) Plot of the average of all columns for the same ratio. The variation (~ 5%) in the
intensity of the vignetting affecting the bottom ~30 rows of the detector is evident from
this plot.

4. Conclusions

The thermal instability experienced by NICMOS has caused flat-field variations at the
level of 3%onbothsmallandlargescalesrelative to theground-baseddata.Variationsof
~0.5% have been observed in on-orbit flat-fields obtained 25 days apart, which is a rela-
tively large change. However, the instrument was still relatively unstable at the time in
which the two sets of on-orbit flat-fields were obtained. The major change between the
two sets of flats has been in the vignetting, which showed a reduced effect by ~5% in
NIC1 and NIC2, and by about 15% in NIC3. The two sets of on-orbit flat-fields have also
clearly shown that the NICMOS dewar was still being subject to lateral motion 3 months
after the installation on HST.

Although the intrinsic fluctuations between on-orbit and ground-based flat-fields can
appear small, they are comparatively large for the purpose of obtaining accurate relative
photometry. Therefore, as part of the Cycle 7 NICMOS calibration plan, on-orbit flat-
fieldsfor thefull setof filters in eachof thethreecamerasarebeingobtainedto achievean
accuracy of ~1-2%.
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Figure 7: (left) Plot of the average of all columns of the ratio between the May and April
on-orbit flat-fields for the NIC2 F110W (solid line), F165M (dotted line), and F205W
(dashedline) filters.Thevariationin vignettingis ~4%in thisCamera.Thesharpdisconti-
nuity nearrow 220is dueto thechangein positionof thecoronographicholebetweenthe
two setsof flat-fields(May andApril), asthedetectorscontinuedto move laterally. (right)
Thesameplot asbefore,for theNIC3 F110W(solid line), andF222M(dottedline) filters.
In this Camera, the change in the FDA vignetting is more dramatic than in the other two
Cameras, with a ~15% variation. However, the warm (fore-optics) vignetting has
increased from the April to the May flat-fields.
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