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ABSTRACT

The analysis of NICMOS data obtained during the Systerl Tdermal ¥cuum €st in
August 1996 has yielded some information on the sensitivity of the NICMOS detiector
cosmic ay hits. The number of cosmayrevents (50 detections) during thexperiments
was 0.067 eents/Camet/sec in NIC3, 0.095vents/Camex/sec in NIC2, and 0.090
events/Camear/sec in NIC1, with an inease of 35-40%dm NIC3 to NIC1/NIC2. &/
tentatively attrilute this incease to secondary emissioarfr the aluminum susunding
the detectas. The mean size of thesosmic ay hits is 1.65 pixels, with no significant
variations fom one Camexto the otherThe number of &dcted pixels deeases for
increasing DN values. If the on-orbit performance orsrthis situation, information in
the afected pixels may becovered in some cases with an appriate use of the MUL-
ACCUM readout mode

1. Introduction

The characterization of the sengty of the NICMOS detectors to cosmic ray (CR) hits is
an important issue, since the results may determine observingisisatss we will see in
the net sections, erapolations of the results from ground-basepegiments to the on-
orbit performance are bound tovedaige uncertainties, and only after launch will a clear
determination of the CR-sensity of NICMOS be achieed. Havever, the results from

the System Leel Thermal \Mcuum (SILV) tests already suggest higher seungitito CR
events than praously beliered, and the consequences on observing gtestare briefly
discussed in the Conclusion section.



2. The Analysis

The Data

Sets of 9 darks of 2089 seconds each were obtained duringTikieeiits in August 1996

for each of the 3 NICMOS detectors, using tieCAJM readout mode and NREAD=1.

The data from each Camera were analyzed independently to check for systematics. The
first image of each set sied higher gerage counts than the others by about 20 DN, and
was discarded from the analysis. Therefore, 8 dark images were used for each Camera for
a total of 16,712 seconds of darpesure.

The Method

The detection of CRvents vas performed using the CRREJ routine in the SASPack-
age of IRAFE The routine \as deeloped to remee CR @ents in WFPC2 images andhsv
improved during the analysis of the Hubble Deep Field images. CRRE3 tife possi-
bility to iterate the rejection procedure usindgeatiént thresholds at each iteration and to
reject the pirls surrounding an identified CRemt. The outputs from CRREJ are a “CR-
free” image and mask images of the rejecteelpjxn the same number as the input
images.

For the specific case of the NICMOS darks, only the central 176x176vpie analyzed
in each frame, tovmid edge dects and the biases in the statistics introduced by the ampli-
fier glov. The smallest rejection thresholdsvset to §g= 50 in CRREJ, namely all the

pixels which are abe 50 are flagged asfacted by CR eents. The radius of thegien
around an identified & deviation and subject to further scrutimas set to 1.5 pels, and
the rejection threshold for this areasvset to tw different \alues: =50 and Ts=3 ©.

The two thresholds reject surrounding eig as deiant as, and 1.67 times less/dat
than, the primary “CR hit”.

Hot pixels in the NICMOS detectors should not appear in the masks of rejeatsdipix
there are not Ige \ariations in their intensity from one dark frame to thetniedeed, an
investication of the “CR-free” imagesvealed that the detectsrhot piels were still
present in these images, and, therefore, were not counted agseCteehpiels.

Since NICMOS has a small dark current (about Uske) and a lgie readout noise (about
30 €), the latter is the single most important parameter which determinesltieeof the

rejection threshold. dt the present analysis, alue of 30 ehas been assumed for the
readout noise in each Camera. As other analysesdievn, the readout noise is not
expected to hee lage \ariations among the Cameras. It should be notedares, that if

the readout noise is 45, enstead of 30 ethe number of CR-&dcted pixels decreases by
about 13%. Thean was assumed to be 6 e



Examples of the spatial distution of the CR eents onto the detectors argej in Figure
1 below.

Figure 1: The distrilution of CR @ents onto the NICMOS detectors is wimofor one of the 2089 secs darks in NIC1
(left) and NIC3 (right), for the threshold-k=5 0 and Ts=5 0.

The enegy distritution of the CR-décted piels was determined by subtracting the “CR-
free” image from the sum of the 8 darks, for the cagg=% 0 and Ts=5 0. The distrilu-
tion of the enagies of the dected pixels for Cameras NIC1 and NIC3 is shoin Figure

2 belaw.
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Figure 2. The enegy distrikution of the CR-décted piels in NIC1 (left) and NIC3 (right), for the casggF5 o and
Ts=50. The abscissa isxpressed in DN, while theevtical axis shars the cumulatie number of CR-&cted pixels

from the sum of 8 dark frames. Thertical dashed line marks the position of the saturatiei {@bout 32700 DN).
Most of the piels are characterized bywicenegy values.



Results

The number ofweents detected, the mean size of the @G&hts, and the number ofadted
pixels, gven in units of Camera and seconds, are reportedadleT bela, for the tw
values of F considered. Although only the central portion of each fram®amnalyzed,

the numbers reported are normalized to the entire area of each Camera.

Table 1: CR Event Statistics

Camera Threshold Number Events | Size qf Events | Affected Pixels

(#/Camer a/sec) (pixels) (#/Camer a/sec)
NIC1 Tcr=50, Ts=50 | 0.090 1.65 0.148
NIC1 Tcr=50, Ts=30 | 0.090 2.30 0.207
NIC2 Tcr=50, Ts=50 | 0.095 1.65 0.156
NIC2 Tcr=50, Ts=30 | 0.095 2.05 0.195
NIC3 Tcr=50, Ts=50 | 0.067 1.65 0.110
NIC3 Tcr=50, Ts<=30 | 0.067 1.90 0.127

NIC1 and NIC2 shw a lager number of &cted piels relatve to NIC3, by about 40-

50%, with some ariation which depends on the chosen threshold. NIC1 is the innermost
detector inside the NICMOS ColdalV} NIC2 occupies an intermediate position, while
NIC3 is the closest to the sade of the dear. The rough increase offatted pixls with

depth of the detector inside the Col@N\¢ould be interpreted as arfesdt of the second-

ary emission produced by the aluminum surrounding the detectors. This interpretation is
supported by the number distitibn of the CR-dected piels (Figure 2), which is a
decreasing function of the eggrdeposited in the pet.

3. Conclusions: Extrapolation to On-Orbit Performance

The trapolation of the results obtained from thel'Sldata to on-orbit performance is
haunted by our lack of kmdedge of the responasty of the NICMOS dear+detectors to
high altitude CRs (namelprotons) relatiely to the ground-kel CRs (mostly muons).
The number ofvents could increase bgdtors ranging from roughly 10 to about 90 (the
latter being the increasadtor eperienced by WFPC2).

For a ten-fold increasattor there vould be on gerage 2 décted pixels/camera/sec at
the 50 level, implying that 2% of the pels in a detector arefatted by CR hits\ery 660
seconds (this number decreases to 73 seconds for an inaetas®f 90). Haever, most
of the CRs will deposit a relagly small amount of engy onto the pirls, if the results
from SLTV still hold on-orbit. The use of the MULACCUM readout mode should

enable the rea@ry of the information in most of thedhit cases. The use of multiple
non-destructie reads during arxposure, with each couple of readouts spaceddyy



500 seconds or less, could be a viable solution to the handling of mediugy-Eifer
events. In designing their obsations, users should bevare that the amplifier glo
increases with the number of non-destrectULTIACCUM readouts, and that in man
situations theirxgposures will be read-noise dominatedr Fastance, in the F160W filter
NIC1 is read-noise dominated formosures up to 4000 seconds, NIC2 up to 1900 sec-
onds, and NIC3 up to 330 seconds. The traflbaifveen these ddrent factors should be
considered when implementing obssrons.

More comple will be the handling of ery lov-enegy CR-afected piels: from Figure 2,
it is clear that there is no wious maximum to the engy distritution of the CR-décted
pixels, and the peak of the distitibn shifts tevards laver enegy values as the detection
threshold R decreases.df instance, the rate of rejectedgiiis 0.47 /Camera/sec with

Tcr=30 and Ts=3 0 in NIC1. Figure 3 shws the distrilntion of the rejected péts for a 3

o threshold in one of NIC1 darks. Thesand laver CR &ents are hard to detect, since
they get confused with the noisevéd of the image. If the on-orbit emggrdistritution of
the CR-affected pixls reproduce the one obsedwduring SV, and if we &perience a
large increasedictor from ground to orbit, the nefet may be some loss in the sengiyi
of the instrument.

: Figure 3: The rejected pids in one of the NIC1 2089 secs darks,

- % . . % forthresholds Ex=30 and =3 0. On average, there are 988

. . : rejected pigls. Under the assumption that eaclkepis an indepen-

- =L@ 2 dent realization of the same statistical distin, we vould expect

S | only 177 rejected pils/Camera. Therefore, CR hits conti82%
& . [.=| ofthe rejected pils in a 2089 sec ground-based dark.




