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ABSTRACT

This Instrument Science Reporepents theasults of the analysis of the South Atlantic
Anomaly(SAA)contourtestexecutedn June1997during SMOV. Thegoal of thetestis to
determine the optimal SAA limits for the NICMOS detsatpeations, and the orbital
radiation efects on the NICMOS dark cemt during passges and when coming out of
the SAA. The data show that the magtmal SAA contour (Model 5) is the most appr
priate for NICMOS science opaions; inside the contour thelis a steep inease in the
numberof pixelsaffectedby cosmicrays(CRs),byfactorsin therange 5 to 40. CRcounts
go badk to nominalwithin 4 minutesof leavingthe contourdefinedoy Model5. If theNIC-
MOSdetectos are kepton andreadingduring SAAcrossingstheaverage dark countsdo
not showvariationsbefore andafter the crossing However, in oneSAApass@e thedetec-
torswere switdhedoff, andin this casetheaverage dark countsmeasuedatfterleavingthe
SAAshowthe post-SA/Apedestakffect,namelythe exponentiallydecreasingtrendalready
observed in other NICMOS darlafnes. Theseesults sugest to: 1. kep the NICMOS
detectos on as mutas possible; 2. determine am&AA contour intermediate between
Model 5 and the inner Model 2, for the purposeeafucing the éécts of the post-SAA
pedestal. NICMOS science opgons should still be performed only outside the extr
SAA Model 5.

1. Introduction

The Hubble Spaceelescope tneerses the South Atlantic Anomaly (SAA)ezy 8-9
orbits, implying 5-6 passages a dByiring these passages, the NICMOS detectors ha
beenfoundto befloodedwith cosmicray hits: arateof aboutl0cosmicraysperseconda
factor of 5 or higher alve the standard rate of 1.2-1\&ats/Camera/second, (ISR NIC-
MOS-97-022egquvalentto anumberof CR-afectedpixelsof 2-3 pixels/Camera/second).



During the early days of the instrumentn-orbit life, NICMOS has incurred axfe
SEUs (Single Eent Upsets) while crossing the innermosgjioas of the SAA (Model 2,
cf. http://wwwsesd.stsci.edu/et/seu/seu.hymihich have led to the suspenaf theinstru-
ment. In order toaid the repeat of such suspends, the current operational procedure
(called SAA-OPER) requires to turn OFF the NICMOS detectors during the SAA
passages.

However, recent studies in the NICMOS grouprbainceered a link between the
NICMOS DC pedestal and the “switching/oh” of the instrument in connection with
SAA crossings. In particulaone of the tw components of the DC Pedestal is a function
of the time since the detectoawswitched on follwing a SAA-OPER mode. This com-
ponent shars up as elated dark counts, has dgramplitude (up to ~100 DN), a long
decayingime (~ 20-30minutes) For comparisonthe othercomponents atransientwith
short timescale (decaying time of ~ 2 minutes), small amplitude (~ 3-10 DN), and which
shavs up at the lgnning of each orbit (C.J. Skinner and L.E. gg=on 1997). The pis-
ical cause of the long timescale transient is still undessiingation, the two possibilities
being thermal instability induced by the SAA-OPER switch-@f persistence from CRs
due to the flooding the switchedradetectors recee while in the SAA. Whicheer the
physical interpretation, we will see batldhat switching dfthe detectors is the main cul-
prit of the post-SAA pedestal.

Thus, the full characterization of the radiatiofeefs on the NICMOS detectors dur-
ing SAA crossings has become a pressing issuethis purpose, data from the SMO
program 7036, which were obtained during SAA crossings, are here analyzed to under-
stand the impact of CRs on the NICMOS dark current and science operations. The
objectie of this studyis to investigatethe possibilityto maximizethe“detectoron” status
for NICMOS to mitigate the post-SAA pedestafest.

2. Analysis
The data

This test(prop-id 7036) was executedin Junel997,aspart of the ServicingMission
Orbital Verification(SMOV). The dataaremultiple, contiguousdark framesof 2 minutes
each takenin 3 stagesduring 3 independenpasseshroughthe SAA at differentcontour
positions (Figures 1 and 2).

Thefirst two passesvereinsidethe SAA outercontourModel 5, but outsidetheinner
contourModel 2 (“diamonds”and“plus” symbolsin Figuresl and?2). Thetwo contours
identify roughly two levels of CR intensity with Models 2 having the highestlevel. 19
contiguousdark frameswere obtainedwith NICMOS Camera3 during eachof the two
passagesEach exposurewas performedwith the MULTIACCUM mode, the samp-
sequencaetto STEP8NSAMP=20andanexposuretime of about2 minutes. EachSAA



passag¢astedabout20 minutes,andanadditional20 minutes(10 beforeand 10 afterthe
SAA contour 5) vas accounted for referencepesures outside contour Model 5.

Thethird passvasdesignedo have NICMOS comingout of Model 2 andout of SAA-
OPER.The dark frameswere obtainedas soonasthe detectorwasbackon again, which
happenedavhenthetelescopeavasalreadyoutsideModel 5 (“square”’symbolsin Figuresl
and2). 12 contiguousdark framesof 2 minuteseachwere taken with MULTIACCUM,
STEP8 and NSAMP=20.

The Method

Thedetectionof CR eventswasperformedwith the NICMOS datareductionsoftware
CALNICA. Therejectionthresholdfor countingCR-afectedpixelswassetto two differ-
ent values: T;=50 and T5;=8c. The first frame of each set was discardedfrom the

computatiorof the meandark counts becausét is affectedby the“shorttime scale”ped-
estaleffect, which impliesanincreasedlark rateof about15-20%relative to the average.
Results for both thresholds are analyzed and compared in theifgjleection.

CALNICA implementsa very straightforvard CR rejection routine. First, a mean
countratdor eachpixel is calculatedoy fitting a straightline to alist of countsvs exposure
time datapairsusinga simplelinearregressionDatapairsarecomprisecf alist of expo-
suretimescorrespondingo eachreadoutandthe numberof counts(DN) recordedat each
of thoseexposuretimes. The error estimatedor eachcountvalue is usedin the linear
regressiorroutineto apply relatve weightsfor eachpoint, andto estimatean uncertainty
in thecomputedcountratelt is worth mentioningthatbadpixels (e.g.hot/coldpixels, sat-
urated)arenotusedin thefit. Oncetheinitial fit is performedthedistancgsigma)of each
input countvaluefrom thefit is computed.Thesesigmasareanalyzedo identify cosmic
ray hits. This process is then iterated until ne samples are rejected.

Figure 3 shavs examplesof two dark frames:one obtainedoutsideModel 5 andthe
other inside Model 5. The d&rence in the number of CRfafted piels is striking.



Figure 1: (Below) The positions of the dark frames with respect to the SAA contour
Model 5 are shen. For each passage, the frames are ordered frest W East. DIA-
MONDSs represents the first pass, PLUS symbols the second &ARE3 the third. All
exposures were obtained with NICMOS Camera 3, NIACCUM mode, STEP8 samp
sequencandNSAMP=20.Theexposuretime of eachis 120secondsAll exposuresvere
consecutre with no break in continuity

Figure 2: (Above) Thesameasfigure 1, shaving thedarkframepositionswith respecto
the SAA contour Model 2.



Figure 3: A NIC3 dark frame ®posed for 120 seconds is shofor an gposure outside
(left) contour 5 and inside (right) contour 5. There are about 10000f€¢Reaf pixels in
the right panel. In the dark outside (left panel), there are about a 100eCiR@pixls.

3. Results and Discussion

Cosmic Raysinside the SAA

Figures 4 and 5 plot of the number ofgdixafected by CR hits as a function of the
exposure numbefor the two different thresholds,dband &. For each of the three SAA
passes, thexposures are ordered fromedt to East (cf. Figure 1). The symbols used in
Figures 4 and 5 and the same as Figure 1, where “diamond” and “plus” symbols identify
thecrossinggshroughModel5 andthe“square”symbolsidentify the passageutof Model
2.

The two rejection thresholdschibit similar patterns and the number of CReafed
pixels does not shwa major increase byweering the threshold fromadto 50. The max-
imum increase in the number of CRe&tted pixels as a function of threshold is about
10%.

The two passes inside Model 5 sithe expected increase in the number of CR
affectedpixelsrelative to nominalvalues.More in detail:for eachpassagethe numberof
CR-afected pixls is nominal for the first 5-6 frames (while the telescope is still outside
Model 5), increases by adtor 5 to 40, depending on the orbital position, for the subse-



guent8-10frames(whenthetelescopes insideModel 5), anddecreaseagainin thefinal
4-5 frames (when the telescopate Model 5). In the wrst case, i.e. the middle of the
passagever SouthAmerica,wherethetelescopes well insideModel 5 andtheclosesto
Model 2 (seethe*‘diamond’ symbolsin figures4 and5), about1/6 of thechipis covered
with hits. In bothpasseshe numberof CR-afectedpixelsgoesdown backto nominalval-
ues (about 300 peéts, equialent to a rate of 2.5 paks/second) WITHIN 4 minutes of
leaving Model 5. Thetwo passeswhile qualitatvely similar, arequantitatvely differentin
theirbehaior insidethe SAA; we attributethis differenceto thetemporablariationsof the
position of the SAA contour Model 5.

The third orbit, the one which lies totally outside the SAAwsha relatrely small
number of piels afected by cosmic ray hits (about 2-3 gs/second), well within the
standards already established, and with no measuratégions as a function of orbital
position.

Effects on the Dark Counts

Figure 6 shws the &erage dark counts of each frame as a functiompdsire num-
ber Thefirst framehasbeenremovedfrom eachset,becaus®f theelevatedcountsdueto
the short timescale pedestal.

Again, the tvo passes inside Model %tebit similar behaior. Variations in the \eer-
age dark counts are obsedvonly while the instrument is well inside the SAA; no
variations are obseed before and after the SAA crossing. Normal (pre-crossing) dark
count levels are receered uponting the contour Model 5. Thus, passages inside the
SAA Model 5 do not leze CR persistence (in the form ofwdéed dark counts) on the
NICMOS detectors if the latter are ON and reading.

Thethird passputof Model 2, exhibits thetypical behaior of the post-SAApedestal,
with elevatedaveragedarkcountswhichareundegoingexponentialdecreasdt shouldbe
rememberethatthis passwvasthe only oneof thethreewherethe NICMOS detectordiad
been switched OFF during the SAA crossing. Thas &lso the only pass through Model
2.

4. Conclusions

Thepassagemto the SAA areclearlyregisteredasanincreaseoy mary factors(mary
tens) of the CR-&tcted pixls. This implies that:

science opeations can be performed only when NICMOS is outside the SAA Model 5.

CR hits during SAA (Model 5) crossings do noteaesiduals in the NICMOS dark
counts and the number of CRreadted pixels goes back to nominal within 4-5 minutes of



Figure 4: This figure shars the number of pels afected by CR hits with rejection
threshold set todd Symbols are as in Figure 1: DIAMONDS represents the first pass,
PLUS symbols the second and\$&REs the third.
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Figure5: This figure shas the number of pels afected by CR hits with rejection
threshold set to® Symbols are as in Figure 4.
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Figure 6: Behavior of the mean dark counts as a functionxgfasure number for the
three SAA passages. Am, the open SQARES indicate thex@osures obtained out of
Model 2.
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exiting the SAA Model 5, if the detectors aregt ON and reading. Switchingfaohe
detectors during the SAA passage (mssibly a combination of the switch{fadnd the
deep SAA crossing into Model 2) kess an gponetially decreasing residual, namely the
post-SAA pedestal. These results suggest to:

keep the NICMOS detectoon as mut as possibleto reduce the post-SAA pedestal;

this could be achieed by haing a SAA-triggered (rather than obsation-triggered)
SAA-OPER mode. In addition, since the NICMOS detectors do not appear susceptible to
dark current a&riations during passages into Model 5, and since all the SEUs happened
inside Model 2, the determination of am8AA contour intermediate between Model 5
and the inner Model 2 desew/further imestigation. In those cases where the detectors
need to be switchedfdfe.g., deep passages into the SAA), a stabilizing period of about
15-20 minutes after switch-on is advisable before resuming science operations.
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