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ABSTRACT

This ISR pesents theasults of the analysis of NICMOS pointed thermakgexind data
taken as part of the Servicing Mission Orbita@rNication (SM). Observations in NIC-
MOS Camea 3 are talen at diferent pointings and analysis of the data shows the HST
thermal emission to be fairly stableurthermoeg, data obtained with multiple filter
shows no significant dé@rences with the ba&ground calculated with the NICMOS Expo-
sure Time Calculator

1. Introduction

During obserations with NICMOS, thermal emission from the HSTAOeaches the
instruments focal plane. In order to measure and characterize the HST thermal back-
ground efects on NICMOS, a testas performed as a part of the Servicing Mission
Orbital \erification (SM/) plan. These data were obtained with NICMOS Camera 3 by
observing at aariety of pointings. The obseations are used to: 1) determine at which
wavelength the HST thermal emissiaxceeds the zodiacal background; 2) measure the
stability of the thermal emission from the telescope, by estimating dependencies of the
intensity and structure of the thermal background ayelalevs and obseation time.

2. Analysis and Discussion

The plan for the SM®@ pointed thermal background test consists of taking pointed
obsenations of blank spots of the yskvith NICMOS Camera 3. Three pointings are
selected: ORBIHPOLE, ANTI-SUN and a M-zodiacal-light blank spot. The first ow
obsenations were performed in consegetorbits, to test the dependence of the telescope
thermal background on Ige slevs and obsemtion time. In order to study the thermal
background ariations with respect to obsation time, six sets of obsewons of the



ANTI-SUN were obtained only with the filter F222M. In contrast, at the third pointing the
zodiacal background as obsergd with multiple filters to determine theavelength at
which the HST thermal emissioxaeeds the zodiacal light. The filters used for the last
case are: F110\WW160W F175W F222M, and F240M.

Each obsemtion was performed with a spiral dither pattern that included xj®-e
sures. br each eposure the data were &k using the MULIACCUM readout mode.
The sequence, the totalposure time perxposure and the NSAMPekword setting are
described for each @&t at each filter in the table bel¢Table 1).

Table 1. Characteristics of Obsations

OBSERVATION* FILTER I%I_)I(EAOES(LSJ;)E NSAMP SESQ\JI\F:CE
ORBIT-POLE F222M 63.964 10 STEP32
ANTI-SUN** F222M 63.964 10 STEP32

LOW-BCK F110W 191.959 12 STEP64
LOW-BCK F160W 191.959 12 STEP64
LOW-BCK F175W 63.964 10 STEP32
LOW-BCK F222M 63.964 10 STEP32
LOW-BCK F240M 31.965 9 STEP32

* 16 exposures for each obsation. ** 6 sets of obseations.

In this study of the data, the thermal background measurements are presented as the
average count-rate calculateden the entire chip. But as mentioned in the Cycle 7-NIC-
MOS Handbook, Camera 3 has a vignetting problem whfeletafthe count-rate inwnes
1-100 from column 1 to 256. Theaaage count-rate is therefore computed in the area
included between mw 120 and rar 256. This area is free from vignettindesits.

The analysis of eactxposure shas a peculiar feature. ladt, figure 1 presents an
example where the count-rate is systematicalyeioin the first 50 columns of the image.
More obserations are needed before reaching a conausnderstanding of the
beforementioned feature.

As a consequence of this signature, tverage count-rate of eackp®sure is esti-
mated @er three diferent areas eaclx@uding the vignetting: 1) the chip area fromvro
120 to 256 including all columns from 1 to 256; 2) the area thaishdaver count rate
(rows 120 to 256 including columnsl to 50); and 3) the area with the slightly higher count-
rate (ravs 120 to 256 including columns 60 to 256). Therage count-rate for these three
areas, as is demonstrated in Figure 2, seems todngaint from onegosure to another
The analysis of each of the sixteen dither pattepogures is performed on each of the



obsenation sets. The results of the analysis are similar foxpth®ures of each pointing.
Figure 2 represents arample of this analysisver one obseation set. The fourth cuev
with the higher gerage count-rate is calculateeko the entire chip including the
vignetted area. This stms the dramatic &cts of vignetting in Camera 3.

Since Figure 2, shwes little variability in the thermal background fromposure to the
next, the multiple &posures of the dither pattern are combined for each @igenset.

The comparison of the measurements from e&pbsare of the ANTI-SUN obseav
tions suggests that the thermal background is stable with respect taatibsenne. In
fact, for each data set of these obagons, the multiple dither patterns are combined and
an aerage count-rate is estimated for each oladenv. Figure 3 shes the results to be
constant around arvarage count-rate of 9 ADU/sec.

As mentioned prgously, all three tagets (ORBITPOLE, ANTI-SUN, ZODIACAL
BACKGROUND) are obsemd using the F222M filtell he results of the thermal back-
ground measurements from thegpasures are skm in table 2 and appear to tzerfy
similar for these dferent pointings. This refafms the small déct on the thermal back-
ground of lage telescopes sies.

Table 2. Results from 3 Dierent Trgets aseerage COUNIRATE

TARGET (ADU/sec) (e/pix/sec)
ORBIT POLE 9.068 58.08
ANTI-SUN 9.004 54.02
ZODIACAL BACKGROUND 8.882 53.29

Finally, the zodiacal background is obsswvith five different filters. The data is pro-
cessed in the sameawas the ORBFPOLE and the ANTI-SUN data. Theeaage count-
rate is computedver three difierent areas and the results are compared fromxpuosere
to the nat where thg seem to be stable. The thermal background estimated fromwthe lo
zodiacal pointing is listed for each of thedfifilters in table 3. The background determined
with the Exposure ilme Calculator seems to be quite close to the ohtens.



Table 3. Results from Zodiacal Background Obs#rons aseerage COUNIRATE

FILTER OBSERVED OBSERVED ETC
BACKGROUND BACKGROUND BACKGROUND
(ADU/sec) (e/pix/sec) (e/pix/sec)
F110W 0.1288 0.77 0.71
F160W 0.1246 0.75 0.65
F175W 11.35 68.10 79.58
F222M 8.882 53.29 58.28
F240M 57.69 346.14 362.79

As part of the study of the behar of the thermal background with time, the pointed
thermal background measurement are compared to the measurements obtained during the
NICMOS thermal check before and after the CARRrm deplgment. This test as
used to ascertain that the C@&rarm does not contrilte to the thermal background
seen in NICMOS. The obsetions were performed in thediening of SMQ/ months
before the pointed thermal background obasgowns. The results as st in table 4, sug-
gest a 10%ariation in the thermal background along ateaded period of time. Iratt,
an arerage count-rate is estimated from dat@mtalkefore and after the depioent. The
average is computed in the same method mentionetbpidy for filters F110WF175W
and F240WThe results of these calculations are slightly higher (by ~10%) than the ones
presented in table 3.

The thermal background measured after the GXBBarm deplygment is maginally
higher than that before degloent. Havever, the diference is small enough that it could
easily be due to a change in the Sun angle of the telescope rather than being a result of
COSTAR. The background count-rates obsshafter COSAR deplgyment are ery
close (within a fev percent) to those calculated with the NICMOS ExposureeCalcu-
lator (ETC). Thg imply, when compared with the pointed thermal background
obsenations, that the background count-rate can change by at leasv&0¥dtiple
orbit timescales. Heever, the data presented here do needn indication of the length
of this variation timescale. The pointed background olet@ns suggest that so long as
the pointing remains fed the thermal background is remarkably stable on the timescales
of a fav orbits. The ETC appears torgia good estimate of the maximum thermal back-
ground likely to be obsewrd, and the minimum appears to be only about 10%rlo



Table 4. Results from Obseations aserage COUNIRATE (ADU/sec)

BEFORE AFTER POINTED
FILTER COSTAR COSTAR T;CEKRGMRAI\DL
F110W 0.16 0.16 0.1288
F175W 11.92 12.15 11.35
F240M 61.45 62.57 57.69

As mentioned prgously, one of the goals of thixperiment is to determine at which
wavelength the HST thermal emissiaxceeds the zodiacal background. Thermal back-
ground measurements were therefore obtainedratus points in SM&, including the
pointed thermal background test. Based on these measurements, the approximate emissi
ities of the HST mirrors are determined by fitting a model of the thermal emission to the
obsenations. This model, presented in figure 4 vehavhere the thermal background
emission, which rises with increasingwelength, crossesver the zodiacal background,
which falls with increasing avelength. IBr each camera the crosgeo point is in the
vicinity of 1.6-1.7 microns.

3. Conclusions and Recommendations

In this ISR we hee demonstrated that the HST thermal background seems to be inde-
pendent of lage slevs, and rgardless of the pointing it is estimated to be of about 9ADU/
sec (58.53 (e/pic/sec)) in the F222M filter in Camera 3. Also the aasdrgrmal back-
ground agrees well the background determined fromxpeserre time calculator
However, until an analysis of a much tgar set of parallel thermal background obaerv
tions has been completed, we still recommend obsgte obtain a background
measurement at least once per orbit, as we do not yattkeaimescale or causes of
background changes which can be agdas 10%.



ONE ROW OF ONE EXPOSURE IMGE
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Figure 1: This figure shavs an @ample of onegposure where the COUNRATE is
lower in the first 50 columns of the image. This feature is present in all data sets of each of
the three pointings.



16 DITHER ATTERNS OF 1 OBSEYATION
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Figure 2: This figure shavs an @ample of the results of the analysi®@pbone obseation

set. (ORBITPOLE). The gerage count-rate seems to be generally stable from the first
dither patterngosure to the last. This is true for all data sets of each of the three point-
ings. As well the eerage is within the same COUNRIATE of 9 ADU/sec as sk by

the first three cumes (three dferent areas on the chigauding the vignetted parts). The
fourth cune is the gerage count-rate computeden the entire chip including the

vignetted area. Eaclxjgosure has arxposure time of 64 seconds.



OBSER/ATIONS OF THE ANTI-SUN
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Figure 3: This figure shas the background measurements estimated with the 6 sets of
ANTI-SUN obsenrations takn consecwiely with the F222M filterEach point represents
the combined\aerage count-rate of 16 dither patterns.
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Figure4: This figure, shavs where the thermal background emission, which rises with
increasing avelength, crossesver the zodiacal background, whicll$§ with increasing
wavelength. Ir each camera the crosgeo point is in the vicinity of 1.6-1.7 microns. The
curves from bottom to top represents Cameras 1, 2 and 3.



