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NICMOS SAA Contour Test:
Results from SMOV data.

Doris Daou and Daniela Calzetti
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ABSTRACT

This Instrument Science Report presents the results of the analysis of the South Atlantic
Anomaly(SAA)contourtestexecutedin June1997duringSMOV. Thegoalof thetestis to
determine the optimal SAA limits for the NICMOS detectors operations, and the orbital
radiation effects on the NICMOS dark current during passages and when coming out of
the SAA. The data show that the most external SAA contour (Model 5) is the most appro-
priate for NICMOS science operations; inside the contour there is a steep increase in the
numberof pixelsaffectedbycosmicrays(CRs),by factors in therange5 to 40.CRcounts
goback to nominalwithin 4 minutesof leavingthecontourdefinedbyModel5. If theNIC-
MOSdetectorsarekeptonandreadingduringSAAcrossings,theaveragedarkcountsdo
notshowvariationsbeforeandafter thecrossing. However, in oneSAApassage thedetec-
torswereswitchedoff, andin thiscasetheaveragedarkcountsmeasuredafter leavingthe
SAAshowthepost-SAApedestaleffect,namelytheexponentiallydecreasingtrendalready
observed in other NICMOS dark frames. These results suggest to: 1. keep the NICMOS
detectors on as much as possible; 2. determine a new SAA contour intermediate between
Model 5 and the inner Model 2, for the purpose of reducing the effects of the post-SAA
pedestal. NICMOS science operations should still be performed only outside the current
SAA Model 5.

1. Introduction

The Hubble Space Telescope traverses the South Atlantic Anomaly (SAA) every 8-9
orbits, implying 5-6 passages a day. During these passages, the NICMOS detectors have
beenfoundto befloodedwith cosmicrayhits:arateof about10cosmicrayspersecond,a
factor of 5 or higher above the standard rate of 1.2-1.6 events/Camera/second, (ISR NIC-
MOS-97-022,equivalentto anumberof CR-affectedpixelsof 2-3pixels/Camera/second).
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During the early days of the instrument’s on-orbit life, NICMOS has incurred a few
SEUs (Single Event Upsets) while crossing the innermost regions of the SAA (Model 2,
cf. http://www.sesd.stsci.edu/et/seu/seu.html.), whichhave led to thesuspendof theinstru-
ment. In order to avoid 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 group have uncovered a link between the
NICMOS DC pedestal and the “switching off/on” of the instrument in connection with
SAA crossings. In particular, one of the two components of the DC Pedestal is a function
of the time since the detector was switched on following a SAA-OPER mode. This com-
ponent shows up as elevated dark counts, has large amplitude (up to ~100 DN), a long
decayingtime(~ 20-30minutes).For comparison,theothercomponentis a transientwith
short timescale (decaying time of ~ 2 minutes), small amplitude (~ 3-10 DN), and which
shows up at the beginning of each orbit (C.J. Skinner and L.E. Bergeron 1997). The phys-
ical cause of the long timescale transient is still under investigation, the two possibilities
being thermal instability induced by the SAA-OPER switch-off, or persistence from CRs
due to the flooding the switched-off detectors receive while in the SAA. Whichever the
physical interpretation, we will see below that switching off the detectors is the main cul-
prit of the post-SAA pedestal.

Thus, the full characterization of the radiation effects on the NICMOS detectors dur-
ing SAA crossings has become a pressing issue. For this purpose, data from the SMOV
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
objectiveof thisstudyis to investigatethepossibilityto maximizethe“detector-on” status
for NICMOS to mitigate the post-SAA pedestal effect.

2. Analysis

The data

This test(prop-id7036)wasexecutedin June1997,aspart of the ServicingMission
Orbital Verification(SMOV). Thedataaremultiple, contiguousdarkframesof 2 minutes
each,taken in 3 stagesduring3 independentpassesthroughtheSAA at differentcontour
positions (Figures 1 and 2).

Thefirst two passeswereinsidetheSAA outercontourModel 5, but outsidetheinner
contourModel 2 (“diamonds”and“plus” symbolsin Figures1 and2). The two contours
identify roughly two levels of CR intensity, with Models2 having the highestlevel. 19
contiguousdark frameswereobtainedwith NICMOS Camera3 during eachof the two
passages.Each exposurewas performedwith the MULTIACCUM mode, the samp-
sequencesetto STEP8,NSAMP=20andanexposuretime of about2 minutes.EachSAA
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passagelastedabout20 minutes,andanadditional20 minutes(10 beforeand10 afterthe
SAA contour 5) was accounted for reference exposures outside contour Model 5.

Thethird passwasdesignedto haveNICMOScomingoutof Model2 andoutof SAA-
OPER.Thedark frameswereobtainedassoonasthedetectorwasbackon again, which
happenedwhenthetelescopewasalreadyoutsideModel5 (“square”symbolsin Figures1
and2). 12 contiguousdark framesof 2 minuteseachweretaken with MULTIACCUM,
STEP8 and NSAMP=20.

The Method

Thedetectionof CR eventswasperformedwith theNICMOS datareductionsoftware
CALNICA. Therejectionthresholdfor countingCR-affectedpixelswassetto two differ-
ent values: Tσ=5σ and Tσ=8σ. The first frame of each set was discardedfrom the

computationof themeandarkcounts,becauseit is affectedby the“short time scale”ped-
estaleffect,which impliesanincreaseddarkrateof about15-20%relative to theaverage.
Results for both thresholds are analyzed and compared in the following section.

CALNICA implementsa very straightforward CR rejection routine. First, a mean
countratefor eachpixel is calculatedby fitting astraightline to a list of countsvsexposure
timedatapairsusingasimplelinearregression.Datapairsarecomprisedof a list of expo-
suretimescorrespondingto eachreadoutandthenumberof counts(DN) recordedat each
of thoseexposuretimes.The error estimatesfor eachcount value is usedin the linear
regressionroutineto applyrelative weightsfor eachpoint, andto estimateanuncertainty
in thecomputedcountrate.It is worthmentioningthatbadpixels(e.g.hot/coldpixels,sat-
urated)arenotusedin thefit. Oncetheinitial fit is performed,thedistance(sigma)of each
input countvaluefrom thefit is computed.Thesesigmasareanalyzedto identify cosmic
ray hits. This process is then iterated until no new samples are rejected.

Figure3 shows examplesof two dark frames:oneobtainedoutsideModel 5 andthe
other inside Model 5. The difference in the number of CR-affected pixels is striking.



4

Figure 1: (Below) The positions of the dark frames with respect to the SAA contour
Model 5 are shown. For each passage, the frames are ordered from West to East. DIA-
MONDs represents the first pass, PLUS symbols the second and SQUAREs the third. All
exposures were obtained with NICMOS Camera 3, MULTIACCUM mode, STEP8 samp
sequenceandNSAMP=20.Theexposuretimeof eachis 120seconds.All exposureswere
consecutive with no break in continuity.

Figure 2: (Above)Thesameasfigure1, showing thedarkframepositionswith respectto
the SAA contour Model 2.
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Figure 3: A NIC3 dark frame exposed for 120 seconds is shown for an exposure outside
(left) contour 5 and inside (right) contour 5. There are about 10000 CR affected pixels in
the right panel. In the dark outside (left panel), there are about a 100 CR affected pixels.

3. Results and Discussion

Cosmic Rays inside the SAA

Figures 4 and 5 plot of the number of pixels affected by CR hits as a function of the
exposure number, for the two different thresholds, 5σ and 8σ. For each of the three SAA
passes, the exposures are ordered from West 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
thecrossingsthroughModel5 andthe“square”symbolsidentify thepassageoutof Model
2.

The two rejection thresholds exhibit similar patterns and the number of CR-affected
pixels does not show a major increase by lowering the threshold from 8σ to 5σ. The max-
imum increase in the number of CR-affected pixels as a function of threshold is about
10%.

The two passes inside Model 5 show the expected increase in the number of CR
affectedpixelsrelative to nominalvalues.More in detail:for eachpassage,thenumberof
CR-affected pixels is nominal for the first 5-6 frames (while the telescope is still outside
Model 5), increases by a factor 5 to 40, depending on the orbital position, for the subse-
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quent8-10frames(whenthetelescopeis insideModel5), anddecreasesagain in thefinal
4-5 frames (when the telescope exits Model 5). In the worst case, i.e. the middle of the
passageoverSouthAmerica,wherethetelescopeis well insideModel5 andtheclosestto
Model2 (seethe‘‘diamond’’ symbolsin figures4 and5), about1/6of thechip is covered
with hits. In bothpassesthenumberof CR-affectedpixelsgoesdown backto nominalval-
ues (about 300 pixels, equivalent to a rate of 2.5 pixels/second) WITHIN 4 minutes of
leaving Model5.Thetwo passes,while qualitatively similar, arequantitatively differentin
theirbehavior insidetheSAA; weattributethisdifferenceto thetemporalvariationsof the
position of the SAA contour Model 5.

The third orbit, the one which lies totally outside the SAA, shows a relatively small
number of pixels affected by cosmic ray hits (about 2-3 pixels/second), well within the
standards already established, and with no measurable variations as a function of orbital
position.

Effects on the Dark Counts

Figure 6 shows the average dark counts of each frame as a function of exposure num-
ber. Thefirst framehasbeenremovedfrom eachset,becauseof theelevatedcountsdueto
the short timescale pedestal.

Again, the two passes inside Model 5 exhibit similar behavior. Variations in the aver-
age dark counts are observed only while the instrument is well inside the SAA; no
variations are observed before and after the SAA crossing. Normal (pre-crossing) dark
count levels are recovered upon exiting the contour Model 5. Thus, passages inside the
SAA Model 5 do not leave CR persistence (in the form of elevated dark counts) on the
NICMOS detectors if the latter are ON and reading.

Thethird pass,outof Model2, exhibits thetypicalbehavior of thepost-SAApedestal,
with elevatedaveragedarkcountswhichareundergoingexponentialdecrease.It shouldbe
rememberedthatthispasswastheonly oneof thethreewheretheNICMOSdetectorshad
been switched OFF during the SAA crossing. This was also the only pass through Model
2.

4. Conclusions

Thepassagesinto theSAA areclearlyregisteredasanincreaseby many factors(many
tens) of the CR-affected pixels. This implies that:

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

CR hits during SAA (Model 5) crossings do not leave residuals in the NICMOS dark
counts and the number of CR-affected pixels goes back to nominal within 4-5 minutes of
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Figure 4: This figure shows the number of pixels affected by CR hits with rejection
threshold set to 5σ. Symbols are as in Figure 1: DIAMONDs represents the first pass,
PLUS symbols the second and SQUAREs the third.

Figure 5: This figure shows the number of pixels affected by CR hits with rejection
threshold set to 8σ. Symbols are as in Figure 4.
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Figure 6: Behavior of the mean dark counts as a function of exposure number for the
three SAA passages. Again, the open SQUARES indicate the exposures obtained out of
Model 2.

exiting the SAA Model 5, if the detectors are kept ON and reading. Switching off the
detectors during the SAA passage (or, possibly, a combination of the switch-off and the
deep SAA crossing into Model 2) leaves an exponetially decreasing residual, namely the
post-SAA pedestal. These results suggest to:

keep the NICMOS detectors on as much as possible, to reduce the post-SAA pedestal;

this could be achieved by having a SAA-triggered (rather than observation-triggered)
SAA-OPER mode. In addition, since the NICMOS detectors do not appear susceptible to
dark current variations during passages into Model 5, and since all the SEUs happened
inside Model 2, the determination of a new SAA contour intermediate between Model 5
and the inner Model 2 deserves further investigation. In those cases where the detectors
need to be switched off (e.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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