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ABSTRACT

We present information on the camt optical performance of NICMOS camé& (NIC3)

at J H, and K, obtained without mimg the HST secondary nmom i.e. the performance
obtainable todayoutside a NIC3 “campaign”. Walso assess the performance that can
be pected if the HST secondary édacused to bring NIC3 into focus. Obsesvetith
programs that use NIC3 should use this information to determine whether their observa-
tions must be done in a NIC3 “campaign” with the secondaryaniefocused, or the
can poceed outside the campaign. If agram can beecuted outside a campaign, it
becomes considably easier to dredule and thexfore the lilelihood that it can be com-
pleted within the NICMOS lifetime ireases. Note that thedtrNIC3 campaign is bed-
uled for the end ofahuary 1998, with a second to follow later that y&s# also mak
additional ecommendations for obsergen section 5.

1. Introduction

The NICMOS devar anomaly has pushed all three detecteaasydrom parfocality
Camera 3 (NIC3) has been pushedasdliat the ideal focus is y@nd the reach of the
pupil alignment mechanismARI). This mechanism has arfeftive range from -9.5 mm
to +9.5 mm. Camera 1 currently focuses aflIPosition of +2.4 mm, and camera 2 at
+0.6mm. Extrapolation of the camera 3 focus places it at approximately -13.5 mm. Up to
date focus measurements can be found on the NICMOS/STScl web site.

Some of the éécts of NIC3 being 4 mm lpend the adjustable focus position are tab-
ulated belar. Obserers can use these numbers to determine whether the loss o¥ggnsiti
is suficient to warrant requesting that their obsatiens be carried out as part of a NIC3
campaign. Whilexeecution during a campaign will impre the NIC3 data, the other HST
instruments will be well out of focus, thereby eliminating the possibility of useful parallel
obsenations. The NIC3 campaigns will only beeeuted during ery limited time inter-
val. Taigets that are in solav@idance during these periods cannot be oleskerVhe first
campaign is currently planned for the last three weeks of January 199&pantite hae
a second campaign later in 1998.



2. Expected performance

The following tables she the performancexpected if the HST secondary is refo-
cused so that NIC3 focuses at theegi point in RM units. Note that the plan for the first
campaign is to refocus HST to bring the NIC3 focus to -9.5 mm. The numbers in these
tables were determined usinmyf Tim point spread functions. Thesevhaiven an &cel-
lent match to the obsesd performance.

The Full-Wdth at Half Maximum (FWHM) of the PSF\gn in the ngt two tables is
that for a single image--fettively it is the theoretical PSF cavlved with the 0.2 arcsec
pixel. This plains wty there is little change of the FWHM with focus-- most of the
FWHM given in the ngt two tables is due to the gikundersampling the PS&nd not to
intrinsic changes in the PSF itseléble 3 summarizes the fildction-limited perfor-
mance. Obserrs should note that these lattatues may only be attained by dithering
and image reconstruction, on images with high signal-to-noise ratios.

The enggies in the peak pet, and to the first minimum, in the PSF are re¢ato the
in-focus \alue (-9.5 mm in AM units). For 1.1um, the first minimum is a half a @k
from the peak so the numbers in these columns are the same,, B2HIpf the engy
falls in the peak ped at 1.1um, and 48% at 1.gm. 55% of the engy is within the first
minimum at 1.6um.

The spatial resolution is determined by the separationmé&tjal point sources in a
single image necessary to satisfy the Rayleigh criterion, that is, the minimum in between
the two sources is 81% of the peakdwe. A more liberal criterion (e.g. Spam's criterion
of having no minimum between the dapeaks) may also be used. &atf if a series of
images each with adequate signal-to-noise are made with telescope motions (dithering)
between each image, the image brightness disinib can be reconstructed at imyped
spatial resolution. (Note that NIC3 is nominallyf@ittion limited at K lnt is substantially
undersampling H and J). The firstawables gie the performance for a single non-dith-
ered image, and the thirdvgs the theoretical limits if NIC3as critically sampled. It may
be possible to impke resolution sonwehat by dithering and drizzlingubit is not possi-
ble to reach the difaction-limited case. The best one can hope to do with dithering is to
achieve the resolution of a critically sampled PSFwaved with a lernel the size of a
real NIC3 piel.

The spectral resolving peer is the ratio of the gen reference awelength to the prod-
uct of the spatial resolution (in @bs, assuming 0.206”/pix) and the GRISM dispersion
(slope) gven in table 5.2 of the NICMOS Instrument Handbook for the G141. This is an
upper limit, because it assumes that the GRISM line spread functiagligille com-
pared to the point spread function. Thdeat#nt on-orbit thermal emronment will cause
the GRISM resolution to be somkat diferent than the handbooklue.



Table 1. NICMOS camera 3, J band (Juin). Note that engfes are relate to the in-
focus \alue at -9.5 mm. Resolutions satisfy Raylesgtriterion.

Focus: FWHM: Energy Energy Spatial Spectral
PAM (mm) (arcsec) in peak pix.: inside 1st min.: m(io::st;g)n: r:?ll\/eirr:g
-13.4 0.246 73% 73% 0.41 75
-12.5 0.242 75% 75% 0.36 84
-11.5 0.238 90% 90% 0.35 89
-10.5 0.234 100% 100% 0.34 90
-9.5 0.234 100% 100% 0.33 92

Table 2. NICMOS camera 3, H band (1.6n). Note that engres are relate to the in-
focus \alue at -9.5 mm.

Focus: FWHM: Energy Energy Spatial Spectral
PAM (mm) (arcsec) in peak pix.: inside 1st min.: re(?:;s)n: r;i?,l\,\;rjg
-13.4 0.228 67% 74% 0.45 100
-12.5 0.234 86% 84% 0.41 108
-11.5 0.234 96% 93% 0.36 124
-10.5 0.234 100% 98% 0.34 131
-9.5 0.222 100% 100% 0.33 136

Table 3. NICMOS camera 3, theoretical limitsvgn critical pixel sampling with NIC3 in-
focus at -9.5 mm. The FWHMag measured directly from subsampléd/Tim PSFs, the
enegies are the same as those presented in the plots, lagld the spatial resolution is
defined as the measured radius of the first Airy minimum (Spar@iterion)

Band: FWHM: Energy Energy Spatial

(central % of total in % of total resolution
wavelength) (arcsec) pesk pixd:  inside 1st min.: (ar csec):

J(1.1) 0.10 52% 52% 0.11

H (1.6) 0.15 48% 55% 0.17

K (2.2) 0.18 40% 53% 0.22




3. Current vs. Expected Performance

Presented here are characteristics of the current NIC3 configuration as compared with an
optimally in-focus NIC3. Figure 1 shws the measured FWHM in arcseconds as measured
from 4x subsamplediiy Tim PSFs vs. filter centralavelength, for both the current NIC3
focus (~-13.3 mmAM) and NIC3 in-focus at -9.5 mm. This is the theoretically acbé
FWHM if the PSF were critically sampled in NIC3. SexblEs 1 and 2 for a listing of fet-
tive” FWHM in NIC3. The loss of focus in a fidiction limited image does not change the
FWHM much. It primarily causes a redisuition of enegy from the inner core of the PSF to
the outer rings.

NIC3 FWHM From Critdcally Sampled Tinytim PSF
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Figure 1. Theoretical NICMOS FWHM assuming criticalgdisampling.
Dashed line is defocused by 3.8 mm (i.e. current), solid line is in focus

Figure 2 shws the peak pid enegy vs. wavelength, and figure 3 siwg the core engy
vs. wavelength. The PSF core is defined by the first Airy minimum, whickesioutvard (i.e.
gets bigger) twards longer w&velengths.



NIC3 Peak Pixel Energy
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Figure 2. NIC3 peak piel enegy vs. vavelength. Dashed line is current (-13.3
mm) focus, solid line is in focus at -9.5 mm.
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Figure 3. NIC3 core enagy vs. vavelength. Dashed line is current (-13.3 mm)
focus, solid line is in focus at -9.5 mm. The core is defined to be the area inside the first
Airy minimum, which gets layer tavards longer avelengths.



4. Energy Tables

Here we present a set of tables of fractionalggnir a 5x5 piel box centered on the
J, H, and K PSFs at both the current -13.3 mm focus setting, and for an in-focus “cam-
paign mode” focus at -9.5 mm. All of these are assuming FOMYPOS=16 (see section 5
belav). The PSF has a slightly tefent shape at FOMYPOS=0 (used in the preceding
sections).

Table 4. At -13.3 mm focus (percent of total egeg):

J(1.1) H (1.6) K (2.2)
02(03)|04| 03|02 02(03)| 06| 05|02 02|10 12| 10| 0.6
04| 24| 45| 47| 0.7 08 29|36 | 43| 12 12| 23| 45| 31| 16
201 95| 3 | 11 | 14 20 64| 34 | 73| 18 20 (54| 3 62|19
13| 63| 61| 31| 05 16 | 56| 40| 3.7 | 0.8 20| 38| 38| 29| 14
04] 07| 12| 05| 0.2 05 09| 11| 06| 0.2 06| 14| 16| 12| 0.2

Table 5. At -9.5 mm focus “Campaign mode” (percent of total gger

J(1DY H (1.6) K (2.2)
02(02)|02)| 03|02 02(03)|03|01]|02 0210|211 05|01
03|17 |45 11| 04 02] 27| 49| 19| 0.2 07] 26| 59| 21| 09
05| 79| 49 | 48| 03 05| 58| 46 | 46| 03 17| 50| 37 | 53| 13
06| 27| 10 | 28 | 0.3 04| 47|67 | 45| 01 12| 39| 50| 36| 1.0
03|04 08| 05|02 03(03|10| 06|01 0111 20| 13| 0.2

5. Additional Considerations

Obseners who vant their NIC3 obseations done outside of a campaign showdk
in mind a fev more potential problems. Here we discuss “bars”, vignetting, and calibra-
tion problems and hoto overcome them.



Obseners should note that images obtained when one or more NICMOS cameras are

in “autoflush” mode are prone to arfesft called “bars”. These bars arevsoor columns

of 2-3 pixels width that hee increased noise. While thidexft can be partially compen-

sated in data reduction, thdegit can be eliminated by running all three camerasnEv
though thg may be out of focus, obse&mns should include NIC1 and NIC2 in parallel to

their NIC3 primary images. ®@recommend using a SRS sequence to minimize data

buffer dumps, and use of the F237M filter on NIC2 tovalfor continued monitoring of

HST’s thermal emission.

~Here is anxample of a NIC3 obseation with parallel NIC1 and NIC2 obsaitions.
1c1aT:Reqair%mEHt5:
Comments:

Exposure_Number:
Target_MName:
Config:

Opmode

aperture:
Sp_Element:
Wavelength:

tional _Farameters:
ber_of_Iterations:
Time_Per_Exposure:

wcial _Requirements

15
THETAQCT
MIC3
MULTIACCLUM
MIC3-FIX
Fzezz2m

SAMP-SEQ=MCAMRER ,N=AMP=5
2
DEF

PAR 16-17 WITH 15
Comments:

Exposure_MNumber:
Target_Mame:
Config:

Opmode :

Aparture:
Sb_Element:
Wavelength:

tional _Parameters:
ber_of_Iterations:
Time_Fer_Exposure:
cial_Requirements:
Comments:

Exposure_Number
Target_MName:
Config:

Opmode:

Aperture:
Sp_Element:
Wavelength:
tional_Parameters:
ber_of_Iterations:
Time_Per_Exposure:
wcial_Requirements:
Comments:

Ll = = e Bl awale =

it

16

Ay

MICZ
MULTIACCUM
MICZ-FIR
Fz3vm

SAMP-SEQ=MCAMRR ,NSAMP=5
Z
DEF

17

AN

MIC1
MULTIACCUM
MIC1-FIX
F170m

SAMP-SEQ=MCAMRER ,N=AMP=5
Z
DEF



The folloving image shws horizontal “bars” in each NIC3 quadrant, as well as the
different bias leel in each quadrant caused by either the “pededeaitebr a bad dark
rame (good dark souldbeaéile b pgn).

1y

“bars”

“cold” vignetting

Another consideration for obsems before the campaign is the correction foariw’
vignetting (see NICMOS Handbook). This is done byimg the Field Ofset Mechanism
(FOM) using the xposure lgel optional parameter FOMYPOS=1I&his correction will
be done automatically for obserations for which NIC3 is prime (or the first NICMOS
parallel with another instrument prime) after Dec. 29, 1997. Before this time, etsserv
must state the parameters belexplicitly and hence, cannot use “canned” dither/chop
patterns on these obsatns. See program 7806 for aample.

A final minor consideration is that camera 3 calibrations will be fine-tuned for the
campaign(s) as well. Obsemng may wish to discuss the impact xéeuting their obsea+
tions outside of a campaign with their CS.



