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CHAPTER 1:

Introduction and
General Considerations

In this chapter...

1.1 Purpose / 2

1.2 Layout /3

1.3 NICMOS Proposal Preparation / 6

1.4 The Help Desk at STScl/ 6

1.5 The NICMOS Instrument Team at STScl /7

1.6 Supporting Information and the NICMOS Web Site / 7
1.7 NICMOS History in Brief/ 7

1.8 Three-Gyro Guiding / 8

1.9 Recommendations for Proposers / 9

1.10 Supported and Unsupported NICMOS Capabilities / 12

The Near Infrared Camera and Multi-Object Spectrometer, NICMOS,
provides HST with infrared imaging and spectroscopic capabilities
between 0.8 and 2.5 microns. Above the earth’s atmosphere, NICMOS
provides access to this complete spectral range without hindrance from
atmospheric emission or absorption at a sensitivity and angular resolution
not possible from the ground. The sky background for NICMOS is much
more stable and 100 to 300 times lower in the J and H bands than for
ground-based telescopes (refer to Figure 4.17). It is a factor of 1.5 to 2
times lower in the K band.

NICMOS, which operated from February 1997 until November 1998
using an onboard exhaustible cryogen, was revived with the installation of
the NICMOS Cooling System (NCS) during the Servicing Mission SM3B,
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in February 2002. The NCS provides active cooling through a series of
closed circuit loops containing cryogenic gas.

This Handbook provides the instrument specific information needed to
propose HST observations (Phase I), design accepted proposals (Phase 1,
in conjunction with the Phase II Proposal Instructions), and understand
NICMOS in detail. The Handbook has been revised from its original
versions to include the performance with the NCS.

This chapter explains the layout of the Handbook and how to get
additional help and information through the Help Desk and STScl World
Wide Web pages. It also lists the supported capabilities of NICMOS and
includes basic recommendations on how to use the instrument.

1.1 Purpose

The NICMOS Instrument Handbook is the basic reference manual for
the Near Infrared Camera and Multi-Object Spectrometer and describes the
instrument’s properties, performance, and operations. A description of the
image reduction and calibration can be found in the NICMOS Data
Handbook. The Handbooks are maintained by the NICMOS Instrument
Group at STScl.

We designed the document to serve three purposes:

» To provide instrument-specific information for preparing observing
proposals with NICMOS.

» To provide instrument-specific information to support the design of
Phase II programs for accepted NICMOS proposals (in conjunction
with the Phase II Proposal Instructions).

» To provide technical information about the current operation and per-
formance of the instrument, which can help in understanding prob-
lems and interpreting data acquired with NICMOS.

This Handbook is not meant to serve as a manual for the reduction and
analysis of data taken with NICMOS. For this, please refer to the HST Data
Handbook


http://www.stsci.edu/hst/HST_overview/documents/datahandbook
http://www.stsci.edu/hst/HST_overview/documents/datahandbook
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Document Conventions

This document follows the usual STScl convention in which terms,
words, and phrases which are to be entered by the user in a literal way on a
proposal are shown in a typewriter font (e.g., SAMP-SEQ=STEP16,
MULTIACCUM). Names of software packages or commands (e.g.,
synphot) are given in bold type.

Wavelength units in this Handbook are in microns (um) and fluxes are
given in Janskys (Jy), unless otherwise noted.

1.2 Layout

NICMOS provides direct imaging in broad, medium, and narrow-band
filters at a range of spatial resolutions in the near infrared from 0.8 to 2.5
microns, together with broad-band imaging polarimetry, coronagraphic
imaging and slitless grism spectroscopy. Figure 1.1 provides a road map to
navigating this document.

The chapters of this Handbook are as follows:

» Chapter 1: Introduction and General Considerations, describes the
Handbook layout, where to find help and additional documentation,
and important advice for preparing NICMOS proposals.

*  Chapter 2: Overview of NICMOS, provides an introduction to the
capabilities of NICMOS under NCS operations, the basic physical
and imaging layout, and a summary of the detectors’ operations.

» Chapter 3: Designing NICMOS Observations, shows in tabular form
the required steps for designing a NICMOS observing program,
guides users through some of the technical details for choosing the
optimal configuration for a given observation, and provides the
reader with a “map” for the subsequent chapters.

» Chapter 4: Imaging, provides a description of NICMOS’s imaging
capabilities including camera resolutions and throughputs, image
quality and effects of cosmic rays. The infrared background seen by
NICMOS is also described here.

»  Chapter 5: Coronagraphy, Polarimetry and Grism Spectroscopy,
provides detailed information on coronagraphic imaging, grism spec-
troscopy, and polarimetry.

* Chapter 6: NICMOS Apertures and Orientation, describes the aper-
ture definitions and the sky-projected orientation of the instrument.
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* Chapter 7: NICMOS Detectors, describes the basic properties of the
detectors used in the three cameras including their physical charac-
teristics, capabilities and limitations. Performance descriptions are
based on calibrations under NCS operations.

» Chapter 8: Detector Readout Modes, explains the data taking modes
which take advantage of the non-destructive readout capabilities of
the NICMOS arrays. While nearly all observers will choose to use
MULTIACCUM mode, we give descriptions of other modes to help
proposers/users choose the most appropriate ones for their observa-
tions.

»  Chapter 9: Exposure Time Calculations, provides information for
performing signal-to-noise calculations, either by using pencil and
paper, or using software tools that are provided on the World Wide
Web (WWW).

*  Chapter 10: Overheads and Orbit Time Determination, provides
information to convert from a series of planned science exposures to
an estimate of the number of orbits, including spacecraft and NIC-
MOS overheads. This chapter applies principally to the planning of
Phase I proposals.

* Appendix A: Imaging Reference Material, provides summary infor-
mation and filter transmission curves for each imaging filter, ordered
by camera and increasing wavelength.

* Appendix B: Flux Units and Line Lists, provides formulae and tables
for the conversion of flux units, and a list of common infrared spec-
tral lines.

» Appendix C: Bright Object Mode, describes the BRIGHTOBJ
read-out mode.

» Appendix D: Techniques for Dithering, Background Measurement
and Mapping, describes the implementation of a pre-defined set of
patterns which accomplish dithering and chopping from the field of
interest, and allow easy generation of large mosaic images.

» Appendix E: The NICMOS Cooling System, describes the system that
has cooled NICMOS since Cycle 11.
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Figure 1.1: Roadmap for Using the NICMOS Instrument Handbook
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1.3 NICMOS Proposal Preparation

The NICMOS Instrument Handbook and the current Call for Proposals
(CP) should be used when assembling NICMOS Phase I Proposals. The CP
provides policy and instructions for proposing. In addition, the HST Primer
provides a basic introduction to the technical aspects of HST and its
instruments and explains how to calculate the appropriate number of orbits
for your Phase I observing time requests. The NICMOS Instrument
Handbook contains detailed technical information about NICMOS,
describing its expected performance, and presenting suggestions for use.

If the Phase I proposal is accepted, the proposer will be asked to submit
a Phase II program in which the exact configurations, exposure times and
sequences of observations that NICMOS and the telescope should perform
are specified. To assemble the Phase II program the observer is referred to
the NICMOS Instrument Handbook and to the Phase II Proposal
Instructions. These instructions describe the rules and syntax that apply to
the planning and scheduling of NICMOS observations and provide
relevant observatory information.

1.4 The Help Desk at STScl

STScl maintains a Help Desk. The Help Desk staff at STScl quickly
provide answers to any HST-related topic, including questions regarding
NICMOS and the proposal process. The Help Desk staff have access to all
of the resources available at the Institute, and they maintain a database of
answers so that frequently asked questions can be immediately answered.
The Help Desk staff also provide STScl documentation, in either hardcopy
or electronic form, including instrument science reports, instrument
handbooks, and the like. Questions sent to the Help Desk are usually
answered within two working days. Commonly, the Help Desk staff will
reply with the answer to a question, but occasionally they will need more
time to investigate the answer. In these cases, they will reply with an
estimate of the time needed to supply a full answer.

We ask proposers to please send all initial inquiries to the Help Desk. If
a question requires a NICMOS Instrument Scientist to answer it, the Help
Desk staff will put a NICMOS Instrument Scientist in contact with the
proposer. By sending requests to the Help Desk, proposers are guaranteed
that someone will provide them with a timely response.
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To contact the Help Desk at STScl:
* Send e-mail (preferred method): help@stsci.edu
* Phone: (410) 338-1082

The Space Telescope European Coordinating Facility (ST-ECF) also
maintains a help desk. European users should generally contact the ST-ECF
for help: all other users should contact STScl. To contact the ST-ECF Help
Desk:

* Send e-mail: stdesk@eso.org

1.5 The NICMOS Instrument Team at STScl

STScl provides a team of Instrument Scientists, Scientific
Programmers, and Research & Data Analysts who support the
development, operation and calibration of NICMOS. The team is also
responsible for supporting NICMOS users, as well as maintaining and
updating the NICMOS Instrument and Data Handbooks.

1.6 Supporting Information and the NICMOS
Web Site

The NICMOS Instrument Team at STScl maintains a World Wide Web
page, as part of the STScl home page. The URL for the STScI NICMOS
page is:

http://www.stsci.edu/hst/nicmos

1.7 NICMOS History in Brief

In order to understand the list of recommendations for proposal
preparation given below, a brief history of the Instrument is presented here.
A more detailed description of the NICMOS chronology, from installation
on HST until its present status, is given in Chapter 2.

During its first operational period, which went from February 1997
(date of installation on HST) to January 1999, NICMOS was passively
cooled by sublimating N, ice. Science observations were obtained from the
beginning of June 1997 until mid-November 1998, during which period the
cryogen kept the detectors’ temperature around 60 K, with a slow upward
trend, from 59.5 K to ~62 K, as the N, was sublimating. On January 3,


mailto:help@stsci.edu
http://www.stsci.edu/hst/nicmos
mailto:stdesk@eso.org

8 [l Chapter 1: Introduction and General Considerations

1999, the cryogen was completely exhausted, marking the official end of
NICMOS operations under this cooling regime. NICMOS was revived in
March 2002 when the NICMOS Cooling System (NCS) was installed.
NCS was activated and NICMOS was cooled down to the current operating
temperature of 77.15 K.

NICMOS offers infrared capabilities in three cameras, NIC1, NIC2, and
NIC3, characterized by three magnification factors (see Chapter 2). The
three cameras had been built to be parfocal and to operate simultaneously.
A few months before launch, however, the NICMOS dewar underwent
thermal stresses, which made the three cameras no longer parfocal
(although they still retain the capability to operate simultaneously). Even
worse, shortly after installation on HST, the NICMOS dewar developed a
deformation which had two consequences: 1. It pushed the NIC3 focus
outside the range of the Pupil Alignment Mechanism (PAM); 2. It created a
“heat sink”, which caused the Nitrogen ice to sublimate at a quicker pace,
thus shortening the lifetime of the instrument (from the expected 4.5 years
down to about 2 years). A couple of months after the start of the short, the
instrument stabilized at the operating configuration which remained during
the duration of its ‘cryogenic lifetime’ with NIC1 and NIC2 in focus and
practically parfocal, NIC3 out of focus relative to the other two cameras
and with its best focus slightly outside the PAM range. During Cycle 7 and
Cycle 7N, two observing campaigns were organized to obtain in-focus
NIC3 observations by moving the HST secondary mirror.

The current NICMOS operating configuration is nearly the same as
Cycle 7 and 7N: NIC1/NIC2 close to being parfocal and in focus, NIC3 is
non-parfocal with the other two cameras with the optimal focus slightly out
of the PAM range. NIC3 is perfectly usable with the best achievable focus.
See Chapter 4 for NIC3 operations in Cycle 11 and beyond.

1.8 Three-Gyro Guiding

We anticipate that all HST observations in Cycle 17 will be undertaken
in the Three-Gyro Science Mode, providing greater scheduling flexibil-
ity and greater sky coverage (at any epoch) than in Cycles 14, 15 and 16.
Proposers should plan their observations accordingly, using the Target
Availability Table in the Primer (Table 6.1) and the visibility tools on the
HST Phase I Proposal Roadmap Web site.
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1.9 Recommendations for Proposers

We give here a summary of general recommendations for both Phase I
and Phase II proposal preparation. Recommendations are based our
experience with NICMOS. However, observers are strongly advised to
read the technical sections that follow in order to develop an optimal
observation strategy based on the demands of their individual scientific
goals. Also the Advisories page maintained on the NICMOS WWW site
should be consulted for updates.

Recommendations for Phase I proposals:

* NICI1 (NIC2) offers diffraction-limited capabilities at J- (H-) band
and longer wavelengths, while NIC3 offers high sensitivity (due to
the lower angular resolution) with the largest field-of-view among
the three cameras (see Section 2.3.2). In particular, NIC3 reaches
fainter magnitudes than the other two cameras (for the same exposure
time) for observations which are not limited by photon noise from
source + background, i.e. where read-out or dark noise are signifi-
cant. This is true for most observations of faint targets. However, the
poor spatial sampling of NIC3 can limit its sensitivity for faint point
sources, and also limits photometric accuracy for point sources.

*  When choosing NIC3, proposers should be aware that this camera is
slightly out-of-focus, with a typical loss of peak flux around 20% and
a loss of encircled energy of about 10%—15% at 0.2" radius. Chapter
4 should be consulted for the detailed performance of the
out-of-focus NIC3.

» The highest sensitivity gain relative to ground-based observations is
at wavelengths shorter than 1.8 um. The background at J and H seen
by HST is a few hundred times smaller than at ground-based obser-
vatories. The background at K is only marginally better on HST, due
to the telescope’s thermal emission. However, observations in the
thermal regime (longward of 1.8 um) may be more advantageous
with NICMOS if high angular resolution is a requirement for the sci-
ence goal. Also, with NICMOS, one gains in stability of the thermal
background.

* Observations of extended sources in the thermal regime (longward of
1.8 um) may need to obtain background observations as well (chop-
ping off the target). Given the stability of the thermal background,
however, it will not be necessary to get background measurements
more frequently than once per orbit. For point sources or extended
sources which do not fill the camera field-of-view, images of the
thermal background can be obtained with dithering (see recommen-
dations below).
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* For the purpose of removing cosmic rays, photon and cosmic-ray
persistence, detector artifacts, and for averaging out flat-field sensi-
tivity variations, observers are strongly advised to dither an observa-
tion as much as possible. This implies dividing single-orbit
observations into at least three exposures and multi-orbit observa-
tions into two exposures per orbit. The general advice of dithering is
generally not applicable to observations of faint sources around/near
bright ones. If the bright source saturates the detector, the saturated
pixels will be affected by persistence; in this case, the observers have
two options: 1. Not dithering, to avoid placing the faint target on the
saturated pixels; 2. Dithering by large amounts (by roughly one full
detector quadrant) to move away from the persistence-affected
region.

* The dithering requirement poses a practical upper limit of ~1,500
seconds to the longest integration time for a single exposure. This is
roughly equivalent to having 2 exposures per orbit. Observers wish-
ing to detect faint targets should work out their S/N requirements by
determining (e.g., with the ETC) the S/N achieved in a single expo-
sure and then co-adding n exposures according to ./n, until the
desired S/N is achieved. The latter is an essential step given the large
read-out noise of the NICMOS detectors.

» In the case of crowded fields, observers are advised to dither their
observations with sub-pixel sampling. In post-processing, the images
should be combined with the MultiDrizzle software (Fruchter, A. and
Sosey, M. et al. 2009, "Multidrizzle Handbook", Version 3.0, (Balti-
more, STScl)), otherwise the limiting sensitivity of NICMOS will
not be reached due to PSF overlap and confusion.

* Proposers who want to use the NIC3 grisms should be aware that the
spectral resolution quoted in the Handbook (R~200) is per pixel; the
actual resolution, calculated over 2 pixels, is R~100.

* Observers proposing to use the NICMOS coronagraphic hole may
want to consider observing the same object twice in the same orbit, or
back-to-back in adjacent orbits, with an in-between roll of the space-
craft for optimal PSF subtraction.

* Observers proposing to use the NICMOS coronagraphic hole may
want to consider adding contemporary flat-field observations.

Recommendations for Phase II proposals:

 For fields containing faint targets only, the linear MULTIACCUM
sequences (SPARS...) should be preferred. They are best suited for
removing instrumental effects from the astronomical data. However,
for fields containing both bright and faint sources, logarithmic


http://www.stsci.edu/hst/HST_overview/documents/multidrizzle/multidrizzle_cover.html
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sequences should be preferred (STEP...), as they offer the largest
dynamic range and allow the calibration software to recover satu-
rated targets.

When designing dithering patterns, observers should take into
account that the sensitivity across each detector changes by as much
as a factor ~2.5 at short wavelengths and by a factor ~2 at long wave-
lengths. The sensitivities used in the ETC and in this Handbook are
average values across each detector. The sensitivity variations will
mostly affect observers interested in the full field-of-view.

The NIC3 PSF is undersampled and intrapixel sensitivity variations
are large in this camera (see Xu, NICMOS ISR-2003-009). Photome-
try on point sources can vary by >0.2 mag inJ and up to 0.2 mag in H
depending on the placement within a pixel. Observers are encouraged
to consider sub-pixel dithering in their NIC3 observations; 4—6 dith-
ering positions minimum are recommended.

The bottom 10—15 rows of the three cameras’ fields of view are
somewhat vignetted and interesting targets should not be placed in
this region.

For coronagraphic observations: coronagraphic hole movements and
HST focus changes (breathing) will result in residual noise during
PSF subtraction. PSF stars should be observed close in time to the
primary target.

HST absolute pointing is only good to about 1 arcsecond

(1o = 0.33"); dithering patterns should be designed to place sci-
ence targets away from the edges of the cameras by at least this
amount.


http://www.stsci.edu/hst/nicmos/documents/isrs/nicmos_isr_2003-009.pdf
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1.10 Supported and Unsupported NICMOS
Capabilities

As was done for all the HST instruments for past Cycles, we have
established a set of core scientific capabilities of NICMOS which will be
supported. These capabilities cover an enormous range of science
applications.

Supported capabilities include:

* NICI, NIC2, and NIC3 observations in any filter or polarizer/grism.
NIC3 comes “as is”, namely slightly out-of-focus (see Chapter 4 for a
detailed explanation of the NIC3 capabilities).

e MULTIACCUM detector readout mode.

- The defined MULTIACCUM SAMP-SEQ exposure time sequences.

- A subset of the ACCUM exposure times as defined in Chapter 8
with NREAD=I only.

» Coronagraphic observations, including on-board target acquisitions.

Three additional capabilities are ‘“‘available”, but not supported for
Cycle 17. The use of these capabilities requires approval from STScl and
detailed support for calibration will not be provided.

The unsupported (“available”) capabilities are:

e BRIGHTOBRJ readout mode.

The use of this capability can be proposed upon consultation with a
NICMOS Instrument Scientist, and is useful only for target acquisition of
extremely bright sources for coronagraphic observations. The use of this
capability is strongly discouraged if the acquisition of a target for
coronagraphic observations can be obtained with any of the supported
capabilities. Proposals which include this unsupported NICMOS capability
must include a justification of why the target acquisition cannot be done
with a supported configuration, and must justify the added risk of using an
unsupported mode in terms of the science payback.

 DEFOCUS mode for de-focused observations.

Starting in Cycle 17 there will be an available observing mode for
de-focused observations. This mode is classified as "available but
unsupported", which means that it is available to observers who request it,
but it is not supported through a full calibration program, other than basic
verification that the mechanism successfully moves to the commanded
de-focused position. When in use, the PAM mechanism will move to a
pre-determined position, leading to a decrease in the count rate. The
amount of decrease depends on the filter in use. The de-focus mode can
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help prevent saturation when short exposures are necessitated by bright
objects, but will suffer from a degraded image quality. To implement this
mode, the observer should contact the Program Coordinator.[3

e ACCUM detector readout mode

See Chapter 8 for a discussion of the problems that can be faced when
using ACCUM mode.
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2.1 Instrument Capabilities

NICMOS, the Near Infrared Camera and Multi-Object Spectrometer, is
an HST axial instrument, containing three cameras designed for
simultaneous operation. The NICMOS optics offer three adjacent but not
spatially contiguous fields-of-view of different image scales. The
instrument covers the wavelength range from 0.8 to 2.5 microns, and
contains a variety of filters, grisms, and polarizers. Each camera carries a
complement of 19 optical elements, selected through independent filter
wheel mechanisms, one per camera. In order to allow operation of the
NICMOS detectors and to minimize the thermal background of the
instrument, NICMOS needs to be cooled to cryogenic temperatures. The
basic capabilities of the instrument are presented in Table 2.1.

IR imaging: NICMOS provides its highest sensitivity from 1.1 to ~2
microns, where it is superior to an 8m class telescope. Chapter 4 discusses
the overall throughput of NICMOS and the optical elements available in
each camera. The low background which HST offers between 0.8 and 2
microns allows deep photometry. Our estimates of limiting sensitivities per
pixel for a 5c detection in a 3,600 second integration, at an operating
temperature of 77.15K, are given in Table 2.2. Users should note that an
integration time of 3600 sec is not practical and is for illustrative purposes.

15
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Table 2.1: Overview NICMOS Capabilities

Mode NIC1 NIC2 NIC3 Comments
Imaging
* FOV (arcsec) 11x11 19.2x19.2 51.2x51.2
* Scale (arcsec/pixel)  0.043 0.075 0.2
« Sensitivity limit (J, ~ 25.2,23.7,— 26.3,24.8,20.1  26.5,25.6,20.7  S/N=35,
H, K)* texp = 3600 s
« Diffraction limit 1.0 1.75 —
(nm)
Grism Spectroscopy
» Type MOS slitless
« R 200 per pixel
e A\ (um) 0.8-1.2 G096
1.1-1.9 G141
1.4-2.5 G206
*  Magnitude limit 20.5,20.4,16.6 A0V, S/N=5,
(Vega H-band)? texp = 3600 s
Polarimetry
+ Filter angles (deg) 0, 120, 240 0, 120, 240
e AL (um) 0.8-1.3 1.9-2.1
Coronagraphy
* hole radius (arcsec) 0.3 cold mask

a. Limiting magnitudes are from the NICMOS ETC (see Chapter 9). Infrared
passbands (J,H,K) are defined by Bessell and Brett (1988, PASP, 100, 1134).

Grism Spectroscopy: Camera 3 has three grisms which provide a
multi-object spectroscopic capability with a resolving power of
R~200 per pixel over the full field of view of the camera. Their
wavelength ranges are 0.8 to 1.2 microns, 1.1 to 1.9 microns, and 1.4
to 2.5 microns. Because the grisms are slitless, the spectra of spatially
resolved objects are confused and multiple objects can overlap.

» Imaging Polarimetry: Three polarizing filters with pass directions of
0, 120, and 240 degrees are provided for the wavebands 0.8—1.2

microns in Camera 1 and 1.9-2.1 microns in Camera 2.

Coronagraphy: A 0.3 arcsec radius occulting hole and cold mask, in
the intermediate resolution Camera 2, provide a coronagraphic imag-

ing capability.
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Chapter 5 discusses these three special capabilities in more detail.

Table 2.2: Limiting Sensitivities in Janskys for S/N = 5 detection of a point source in a
standard aperture of diameter 0.5", 0.5", and 1" for NIC1, NIC2, and NIC3, respectively,
for a 3600 sec exposure.®P.

Limiting Sensitivity

Camera Filter Bandwidth
(microns) Jansky Approx. Mag.
NIC1 F110W 0.8-1.35 1.75 x 1077 J~252
NIC1 F160W 14-18 6.26 x 1077 H~237
NIC2 F110W 0.8-1.35 6.73 x 1078 J~263
NIC2 F160W 1.4-18 221 x 107 H~248
NIC2 F237M 2.3-2.5 1.71 x 107 K ~20.1
NIC3 F110W 0.8-1.35 549 x 1078 J~265
NIC3 F160W 1.4-1.8 4.75x 1078 H=~25.6
NIC3 F240M 23-25 9.83 x 10 K ~20.7

a. S/N calculated for brightest pixel in point source image, using the NIC-
MOS ETC for 77.15K temperature.

b. Limiting magnitudes are from the NICMOS ETC (Chapter 9). Infrared
passbands (J,H,K) are defined by Bessell and Brett (1988, PASP, 100, 1134).
A0V spectrum assumed to convert between NICMOS passband flux (in Jy)
and conventional, Vega-normalized JHK magnitudes.

2.2 Heating, Cooling and Focus

NICMOS was installed onboard the HST during the second Servicing
Mission (SM2) in February 1997. Prior to the SM2 launch, an extensive
ground testing program was executed where the nitrogen temperature was
kept around 40K. Passive heat inputs caused the block of solid nitrogen to
slowly warm up and it was re-cooled every 6-8 weeks. During this process,
nitrogen gas froze onto the cooling coil, reducing the vapor pressure at the
aft end. As the dewar warmed up, the ice at the aft end expanded, causing a
slight deformation of the dewar. It was expected that this small deformation
would disappear after a fraction of the nitrogen had evaporated in orbit.
The internal focus mechanism (the Pupil Alignment Mechanism PAM) was
replaced with a version providing twice the focus range to accommodate
any deviations from parfocality. After NICMOS was installed in HST, the
dewar was planned to warm up to about 57 K (this high a temperature was
never allowed to be reached during ground testing). The ice expansion
caused by this temperature increase resulted in an additional dewar
deformation, to the extent that one of the (cold) optical baffles made
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mechanical contact with the warmer vapor-cooled shield (VCS). The
resulting heat flow caused the ice to warm up even more, to about 60 K,
which in turn deformed the dewar more. The motion history of NICMOS
and the resulting image quality are discussed in Chapter 4 and a more
detailed history of the dewar distortion can be found at:

http://www.stsci.edu/hst/nicmos/design/history/

This unexpectedly large deformation had several undesirable effects, the
most important of which are:

* The three cameras have significantly different foci, hence parallel
observations are degraded. The difference between the NIC1 and
NIC2 foci, however, is sufficiently small that an intermediate focus
yields good quality images in both cameras.

* The NIC3 focus has moved outside of the range of the PAM. In an
attempt to bring it to within the focus range, the secondary mirror
was moved during two brief NIC3 campaigns in Cycle 7. During this
time, HST performed exclusively NIC3 science, since no other HST
instrument was in focus. Because of the extreme impact on all other
instruments, no such campaigns are planned in the future. At the
maximum PAM position, the degradation in terms of encircled
energy at a 0.2" radius is only 5%. This is considered sufficiently
small, and NIC3 will be offered “as is” in Cycle 11 and beyond.

The thermal short increased the heat flux into the inner shell (and
therefore the solid nitrogen) by a factor of ~2.5 and thereby reduced the
lifetime of NICMOS from 4.5 to ~2 years. The cryogen depleted in January
1999, and NICMOS was unavailable for science operation between
January 1999 and June 2002, when the NICMOS cooling system (NCS)
was activated and reached expected operating temperatures. The
installation of the NCS, a mechanical cryocooler, re-enabled NICMOS
operation and restored infrared capability to HST. The NCS is capable of
cooling the NICMOS dewar to temperatures 75-86 K, significantly higher
than during Cycle 7. Therefore, many NICMOS parameters are different
from Cycle 7. Most notably, with the higher operating temperature, the
detector quantum efficiency (DQE) increased by ~30-50%.


http://www.stsci.edu/nicmos/design/history/
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In September 2008 the NICMOS Cooling System failed to restart after
a planned temporary shut-down. The cause is believed to be the accu-
mulation of water ice in the circulator pump housing. Several unsuc-
cessful attempts to restart the NCS, using different procedures, were
\ done in the following months. In December 2008 the circulator was
\, successfully restarted but a problem with the compressor loop forced
the NCS to be shut down once again. In January 2009 it was decided to
defer further NCS restart attempts to the Servicing Mission 4. As of
April 2009, the NCS remains shut-down. Please see the NICMOS web
page for the latest updates on the NCS status.

Each camera can be operated in a de-focused mode, where the PAM is
set to a non-optimal position relative to mechanical zero. The offset
positions are -3mm, -5mm and -0.5mm for NIC1, NIC2 and NIC3,
respectively. This mode can be used in grism and imaging modes and is
useful for increasing the efficiency when observing bright objects. The
photons are spread over a larger area (more pixels), leading to longer
exposure times before saturation is reached. In order to select the de-focus
mode, the observer will need to contact the Program Coordinator.

2.3 NICMOS Instrument Design

2.3.1 Physical Layout

NICMOS is an axial bay instrument which replaced the Faint Object
Spectrograph (FOS) in the HST aft shroud during the Second HST
Servicing Mission in February 1997. Its enclosure contains four major
elements: a graphite epoxy bench, the dewar, the fore-optics bench, and the
electronics boxes. The large bench serves to establish the alignment and
dimensional stability between the HST optics (via the latches or fittings),
the room temperature fore optics bench, and the cryogenic optics and
detectors mounted inside the dewar. The NICMOS dewar was designed to
use solid nitrogen as a cryogen for a design lifetime of approximately 4.5 +
0.5 years. Cold gas vented from the dewar was used to cool the vapor
cooled shield (VCS) which provides a cold environment for both the dewar
and the transmissive optical elements (i.e., the filters, polarizers, and
grisms). The VCS is itself enclosed within two layers of
thermal-electrically cooled shells (TECs).
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Figure 2.1 is an overview of the NICMOS instrument; Figure 2.2 shows
details of the dewar. The external plumbing at the dewar aft end, which was
used for the periodical recooling of the solid nitrogen during ground
testing, now forms the interface to the NCS. During SM3B, the NCS was
connected to the bayonet fittings of the NICMOS interface plate. This
allows the NCS to circulate cryogenic Neon gas through the cooling coils
in the dewar, thus providing the cooling power to bring the instrument into
the temperature range required for operation. The concept and working
principles of the NCS are discussed in Appendix E.

Figure 2.1: Instrument Overview
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Figure 2.2: NICMOS Dewar
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2.3.2 Imaging Layout

The NICMOS fore-optics assembly is designed to correct the
spherically aberrated HST input beam. As shown in the left hand panel of
Figure 2.3 it comprises a number of distinct elements. The Pupil Alignment
Mechanism (PAM) directs light from the telescope onto a re-imaging
mirror, which focuses an image of the Optical Telescope Assembly (OTA)
pupil onto an internal Field-Offset Mechanism (FOM) with a pupil mirror
that provides a small offset capability (26 arcsec). An internal flat field
source is also included in the FOM assembly. In addition, the FOM
provides correction for conic error in the OTA pupil.

After the FOM, the Field Divider Assembly (FDA) provides three
separate but closely-spaced imaging fields, one for each camera (right hand
panel of Figure 2.3). The dewar itself contains a series of cold masks to
eliminate stray IR emission from peripheral warm surfaces.

A series of relay mirrors generate different focal lengths and
magnifications for the three cameras, each of which contains a dedicated
256 x 256 pixel HgCdTe chip that is developed from the NICMOS 3
detector design. NICMOS achieves diffraction limited performance in the
high resolution NIC1 longward of 1.0 microns, and in NIC2 longward of
1.75 microns.
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Figure 2.3: Ray Diagrams of the NICMOS Optical Train. The left panel shows the
fore-optics. The right panel shows the field divider and re-imaging optics for the three
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The operation of each camera is separate from the others which means
that filters, integration times, readout times and readout modes can be
different in each, even when two or three are used simultaneously. The
basic imaging properties of each of the cameras are summarized in Table
2.3.

Table 2.3: Basic Imaging Parameters

Parameter Camera 1 Camera 2 Camera 3
Pixel Size (arcsec) 0.043 0.075 0.2

Field of View (arcsec x arcsec) 11 x 11 19.2x19.2 51.2x51.2
f ratio £/80 f/45.7 f/17.2
Diffraction Limited Wavelength (um) 1.0 1.75 —

2.3.3 Camera NIC1

NICI offers the highest available spatial resolution with an 11 x 11
arcsec field of view and 43 milliarcsec sized pixels (similar to the WFC3
UVIS pixel scale). The filter complement includes broad and medium band
filters covering the spectral range from 0.8 to 1.8 microns and narrow band
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filters for Paschen o, He I, [Fe II] A 1.64um, and [S III] A 0.953 um, both
on and off band. It is equipped with the short wavelength polarizers (0.8 to
1.3 microns).

2.3.4 Camera NIC2

NIC2 provides an intermediate spatial resolution with a 19.2 x 19.2
arcsec field of view and 75 milliarcsec pixels. The filters include broad and
medium band filters covering the spectral range from 0.8 to 2.45 microns.
The filter set also includes filters for CO, Brackett v, Hy S2 (1-0) A 2.122
pum, Paschen o, HCO, + C,, and the long wavelength polarizers (1.9-2.1
microns). Camera 2 also provides a coronagraphic hole with a 0.3 arcsec
radius.

2.3.5 Camera NIC3

NIC3 has the lowest spatial resolution with a large 51.2 x 51.2 arcsec
field of view and 200 milliarcsec pixels. It includes broad band filters
covering the spectral range 0.8 to 2.3 microns, medium band filters for the
CO band (and an adjacent shorter wavelength continuum region), and
narrow band filters for H, S2 (1-0), [Si VI] A 1.962 um, Paschen-a., [Fe II]
A 1.64 um, and He I A 1.083 um. Camera 3 also contains the multi-object
spectroscopic capability of NICMOS with grisms covering the wavelength
ranges 0.8—1.2 microns, 1.1-1.9 microns, and 1.4-2.5 microns.

2.3.6 Location and Orientation of Cameras

The placement and orientation of the NICMOS cameras in the HST
focal plane is shown in Figure 2.4. Notice that the cameras are in a straight
line pointing radially outward from the center of the telescope focal plane.
From the observer’s point of view the layout of NICMOS is most relevant
when trying to plan an observation of an extended source with all three
cameras simultaneously. The user must then bear in mind the relative
positions and orientations of the three cameras. The gaps between the
cameras are large, and therefore getting good positioning for all cameras
may be rather difficult.

The position of the NICMOS cameras relative to the HST focal plane
(i.e., the FGS frame) depends strongly on the focus position of the PAM.
Since independent foci and their associated astrometric solutions are
supported for each camera, this is transparent to the observer. However, the
relative positions of the NICMOS cameras in the focal plane could affect
the planning of coordinated parallels with other instruments.



24 |l Chapter 2: Overview of NICMOS

Figure 2.4: NICMOS Field Arrangement

NIC2 <

NICMOS ~
NIC3

NICT >

NICMOS APERTURES IN

Coronagraphic
Hole
. + Radial

Polarizer . Distance
Orientation , from V1

< FGSIR

N\ (ASTROMETER) \
\

51.2” '
47787
F feeee--T
NICMOS 3
Y RED <€> BLUE
OTA (v1) Axis Grism

Dispersion

HST FOV

NICMOS APERTURE POSITIONS

2.4 Basic Operations

24.1

In this section, we give a brief description of the basic operations of
each NICMOS detector (see Chapter 7 for more details), and compare the
infrared arrays to CCDs. We then discuss the target acquisition modes for
coronagraphy (see Chapter 5 for a more extensive description of
coronagraphy), as well as the simultaneous use of NIC1 and NIC2.

Detectors’ Characteristics and Operations

NICMOS employs three low-noise, high QE, 256x256 pixel HgCdTe
arrays. Active cooling provided by the NCS keeps the detectors’
temperature at ~77.15 K. The detector design is based on the
NICMOS3-type design, described in more detail in Chapter 7. Here we
summarize the basic properties of the NICMOS detectors most relevant to
the planning of observations.

The NICMOS detectors have dark current of about 0.1-0.2 electrons per
second and the effective readout noise for a single exposure is
approximately 30 electrons.

The NICMOS detectors are capable of very high dynamic range
observations and have no count rate limitations in terms of detector safety.
The dynamic range, for a single exposure, is limited by the depth of the full
well, or more correctly by the onset of strong non-linearity, which limits
the total number of electrons which can be accumulated in any individual
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pixel during an exposure. Unlike CCDs, NICMOS detectors do not have a
linear regime for the accumulated signal; the low- and intermediate-count
regime can be described by a quadratic curve and deviations from this
quadratic behavior is what we define as ‘strong non-linearity’. Current
estimates under NCS operations give a value of ~120,000 electrons (NIC1
and NIC2) or 155,000 electrons (NIC3) for the 5% deviation from
quadratic non-linearity. This non-linearity is corrected in the standard
NICMOS pipeline reduction. See Section 4.2.4 for further discussion of the
topic.

There are no bright object limitations for the NICMOS detectors.
However, one must consider the persistence effect. See Section 4.6
Photon and Cosmic Ray Persistence for details.

NICMOS has three detector read-out modes that may be used to take
data (see Chapter 8) plus a target acquisition mode (ACCUM,
MULTIACCUM, BRIGHTOBJ, and ACQ).

Only ACCUM, MULTIACCUM, and ACQ are supported in Cycle 11
and beyond and ACCUM mode observations are strongly discouraged.

The simplest read-out mode is ACCUM which provides a single
integration on a source. A second mode, called MULTIACCUM, provides
intermediate read-outs during an integration that subsequently can be
analyzed on the ground. A third mode, BRIGHTORUJ, has been designed to
observe very bright targets that would otherwise saturate the detector.
BRIGHTOBJ mode reads-out a single pixel at a time. Due to the many
resets and reads required to map the array there are substantial time
penalties involved. BRIGHTOBJ mode may not be used in parallel with the
other NICMOS detectors. BRIGHTOBJ mode appears to have significant
linearity problems and has not been tested, characterized, or calibrated
on-orbit.

Users who require time-resolved images will have to use MULTIACCUM
where the shortest spacing between non-destructive exposures is 0.203
seconds.

MULTIACCUM mode should be used for most observations. It provides
the best dynamic range and correction for cosmic rays, since
post-observation processing of the data can make full use of the multiple
readouts of the accumulating image on the detector. Exposures longer than
about 10 minutes should always opt for the MULTIACCUM read-out mode,
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because of the potentially large impact of cosmic rays. To enhance the
utility of MULTIACCUM mode and to simplify the implementation,
execution, and calibration of MULTIACCUM observations, a set of
MULTIACCUM sequences has been pre-defined (see Chapter 8). The
observer, when filling out the Phase II proposal, needs only to specify the
name of the sequence and the number of samples which should be obtained
(which defines the total duration of the exposure).

2.4.2 Comparison to CCDs

These arrays, while they share some of the same properties as CCDs, are
not CCDs and offer their own set of advantages and difficulties. Users
unfamiliar with IR arrays should therefore not fall into the trap of treating
them like CCDs. For convenience we summarize the main points of
comparison:

* As with CCDs, there is read-noise (time-independent) and dark cur-
rent noise (time-dependent) associated with the process of reading
out the detector. The dark current associated with NICMOS arrays is
quite substantial compared to that produced by the current generation
of CCDs. In addition, there is an effect called shading which is a
time-variable bias from the last read affecting the readout amplifiers.

» Unlike a CCD, the individual pixels of the NICMOS arrays are
strictly independent and can be read non-destructively. Read-out
modes have been designed which take advantage of the non-destruc-
tive read capabilities of the detectors to yield the optimum sig-
nal-to-noise for science observations (see Chapter 7, 8). Because the
array elements are independently addressed, the NICMOS arrays do
not suffer from some of the artifacts which afflict CCDs, such as
charge transfer smearing and bleeding due to filling the wells. If,
however, they are illuminated to saturation for sustained periods they
retain a memory (persistence) of the object in the saturated pixels.
This is only a concern for the photometric integrity of back to back
exposures of very bright targets, as the ghost images take many min-
utes, up to one hour, to be flushed from the detectors.

2.4.3 Target Acquisition Modes

Most target acquisitions can be accomplished by direct pointing of the
telescope. The user should use the Guide Star Catalog-II to ensure accurate
target coordinates. Particular care must be exercised with targets in NICI
due to its small field of view.

However, direct pointing will not be sufficient for coronagraphic
observations since the achieved precision (16 = 0.33") is comparable to
the size of the coronagraphic spot (0.3"). Note that this is the HST pointing
error only. Possible uncertainties in the target coordinates need to be
added to the total uncertainty.
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There are three target acquisition options for coronagraphic
observations, which are extensively discussed in Chapter 5:

* On-board acquisition (Mode-2 Acquisition). This commands
NICMOS to obtain an image of the target and rapidly position the
brightest source in a restricted field of view behind the coronagraphic
hole. This is one of the pre-defined acquisition modes in the Phase II
proposals (ACQ mode).

* The RE-USE TARGET OFFSET special requirement can be used to
accomplish a positioning relative to an early acquisition image.

» A real time acquisition (INT-ACQ) can be obtained, although this is
costly in spacecraft time and is a limited resource.

While ACQ mode is restricted to coronagraphic observations in Camera
2, the last two target acquisition modes may be useful for positioning
targets where higher than normal (1-2 arcsec) accuracy is required (e.g.,
crowded field grism exposures).

2.4.4 Attached Parallels

While the three NICMOS cameras are no longer at a common focus,
under many circumstances it is desirable to obtain data simultaneously in
multiple cameras.

The foci of Cameras 1 and 2 are close enough that they can be used
simultaneously, whereas Camera 3 should be used by itself.

Although some programs by their nature do not require more than one
camera (e.g., studies of isolated compact objects), observers may
nonetheless add exposures from the other camera to their proposals in
order to obtain the maximum amount of NICMOS data consistent with
efficiently accomplishing their primary science program. Internal
NICMOS parallel observations obtained together with primary science
observations will be known as coordinated parallels and will be delivered
to the prime program’s observer and will have the usual proprietary period.
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3.1 Overview of Design Process

In the preceding chapters, we provided an overview of the scientific
capabilities of NICMOS and the basic layout and operation of the
instrument. Subsequent chapters will provide detailed information about
the performance and operation of the instrument. In this chapter, we briefly
describe the conceptual steps which need to be taken when designing a
NICMOS observing proposal. The purpose of this description is to refer
proposers to the relevant Chapters across the Handbook. The basic
sequence of steps in defining a NICMOS observation are shown in a flow
diagram in Figure 3.1, and are:

+ Identify the science requirements and select the basic NICMOS con-
figuration to support those requirements (e.g., imaging, polarimetry,
coronagraphy). Select the appropriate camera, NIC1, NIC2 or NIC3
depending on needs and field of view. Please refer to the detailed
accounts given in Chapter 4 and Chapter 5.

+ Select the wavelength region of interest and determine if the observa-
tions will be Background or Read-Noise limited using the Exposure
Time Calculator, which is available on the STScI NICMOS Web
page (see also Chapter 9 and Appendix A).

29
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» Establish which MULTIACCUM sequence to use. Detailed descrip-
tions of these are provided in Chapter 8. This does not need to be
specified in a Phase I proposal. However, if a readout mode other
than MULTIACCUM is required, this should be justified in the Phase |
proposal.

» Estimate the exposure time to achieve the required signal to noise
ratio and check feasibility (i.e., saturation limits). The Exposure Time
Calculator (ETC) should be used to determine exposure time require-
ments and assess whether the exposure is close to the brightness and
dynamic range limitations of the detectors (see Chapter 9).

» If necessary, a chop and dither pattern should be chosen for better
spatial sampling, to measure the background or to enable mapping,
and to mitigate bad pixels. See Appendix D.

 If coronagraphic observations are proposed, additional target acquisi-
tion exposures will be required to center the target in the aperture to
the accuracy required for the scientific goal (e.g., the proposer may
wish to center the nucleus of a galaxy in a crowded field behind the
coronagraphic spot). The target acquisition overheads must be
included in the accounting of orbits.

 Calculate the total number of orbits required, taking into account the
overheads. In this, the final step, all the exposures (science and
non-science, alike) are combined into orbits, using tabulated over-
heads, and the total number of orbits required are computed. Chapter
10 should be used for performing this step.
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Figure 3.1: Specifying a NICMOS Observation
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3.2 APT and Aladin

The Astronomer’s Proposal Tool (APT) is used to design HST
observations. A new tool based on the Aladin Sky Atlas Interface is
available to visually inspect fields and objects. This tool gives us many
options for future enhancements, and brings a variety of benefits to users
including access to a wide variety of images and catalogs, as well as many
capabilities for displaying and manipulating images. Detailed information
about the Aladin based tool can be found on the APT Web page:

http://apt.stsci.edu.
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In this chapter...

4.1 Filters and Optical Elements / 33

4.2 Photometry / 41
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4.4 Tmage Quality / 50
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4.8 The “Pedestal Effect” / 66

4.1 Filters and Optical Elements

In total, there are 32 different filters, three grisms, and two sets of three
polarizers available for NICMOS. Each camera has 20 filter positions on a
single filter wheel: 19 filters and one blank. As a result, not all filters are
available in all cameras. Moreover, the specialized optical elements, such
as the polarizers and grisms, cannot be crossed with other filters, and can
only be used in fixed bands. In general, the filters have been located in a
way which best utilizes the characteristics of NICMOS. Therefore at
shorter wavelengths, the most important narrow band filters are located in
NICI so that the diffraction limited performance can be maintained
wherever possible, while those in NIC2 have been selected to work
primarily in the longer wavelength range where it will also deliver
diffraction limited imaging.

4.1.1 Nomenclature

Following the traditional HST naming convention, the name of each
optical element starts with a letter or group of letters identifying what kind

33
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of element it is: filters start with an “F”, grisms with a “G”, and polarizers
with “POL”. Following the initial letter(s) is a number which, in the case of
filters, identifies its approximate central wavelength in microns, e.g.,
FO095N implies a central wavelength of 0.95 microns. A trailing letter
identifies the filter width, with “W” for wide, “M” for medium and “N” for
narrow. In the case of grisms, the initial “G” is followed by a number which
gives the center of the free-spectral range of the element, e.g., G206. For
the polarizers, a somewhat different notation is used, with the initial “POL”
being followed by a number which gives the PA of the principal axis of the
polarizer in degrees, and a trailing letter identifying the wavelength range it
can be used in, which is either “S” for short (0.8-1.3 microns) or “L” for
long (1.9-2.1 microns).

Tables 4.1 through 4.3 list the available filters and provide an initial
general description of each, starting with NIC1 and working down in
spatial resolution to NIC3. Figures 4.1 through 4.3 show the effective
throughput curves of all of the NICMOS filters for cameras NIC1, NIC2,
and NIC3, respectively, which include the filter transmission convolved
with the OTA, NICMOS foreoptics, and detector response. Appendix A
provides further details and the individual filter throughput curves.

4.1.2 Out-of-Band Leaks in NICMOS Filters

In order to make use of the high spatial resolution of HST, many
observers expect to use NICMOS to observe very red objects (e.g.,
protostars) at relatively short wavelengths. These objects have very low
effective color temperatures. Thus, the flux of such objects at 2.5 microns
is expected to be orders of magnitude larger than their flux at desired
wavelengths. In such a case, exceptionally good out-of-band blocking is
required from the filter since out-of-band filter leaks could potentially have
a detrimental impact on photometry. We have, therefore, investigated
whether any of the NICMOS filters show evidence for out-of-band levels.
The results indicate that actual red leaks were insignificant or non-existent.
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Table 4.1: NIC 1 Filters.

Name Central Wavelength Comment
Wavelength (um) range (LLm)

Blank N/A N/A Blank

F110W 1.025 0.8-1.4

F140W 1.3 0.8-1.8 Broad Band

F160W 1.55 1.4-1.8

FO9OM 0.9 0.8-1.0

F110M 1.1 1.0-1.2

F145M 1.45 1.35-1.55 Water

F165M 1.6 1.54-1.74

F170M 1.7 1.6-1.8

FO95N 0.953 1% [S 1]

FO097N 0.97 1% [S III] continuum

F108N 1.083 1% Hel

F113N 1.13 1% He I continuum

F164N 1.644 1% [FeII]

F166N 1.66 1% [Fe II] continuum

F187N 1.87 1% Paschen o

F190N 1.90 1% Paschen a continuum

POLOS 1.1 0.8-1.3 Short A Polarizer

POL120S 1.1 0.8-1.3 Short A Polarizer

POL240S 1.1 0.8-1.3 Short A Polarizer
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Figure 4.1: Filters for NIC 1 (at 78 K).
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Table 4.2: NIC 2 Filters.

Name Central Wavelength Comment
Wavelength (um) range (LLm)

Blank N/A N/A Blank

F110W 1.1 0.8-1.4

F160W 1.6 1.4-1.8 Minimum background

F187W 1.875 1.75-2.0 Broad

F205W 1.9 1.75-2.35 Broad Band

F165M 1.7 1.54-1.75 Planetary continuum

F171M 1.715 1.68-1.76 HCO, and C, continuum

F180M 1.80 1.76-1.83 HCO, and C, bands

F204M 2.04 1.98-2.08 Methane imaging

F207™M 2.1 2.01-2.16

F222M 23 2.15-2.29 CO continuum

F237M 2.375 2.29-2.44 CO

F187N 1.87 1% Paschen a

F190N 1.9 1% Paschen o continuum

F212N 2.121 1% H,

F215N 2.15 1% H, and Br y continuum

F216N 2.165 1% Brackett y

POLOL 2.05 1.89-2.1 Long A polarizer

POL120L 2.05 1.89-2.1 Long A polarizer

POL240L 2.05 1.89-2.1 Long A polarizer
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Figure 4.2: Filters for NIC 2 (at 78 K).
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Table 4.3: NIC 3 Filters.

Name Central Wavelength Wavelength Comment

(1om) range (um)
Blank N/A N/A Blank
F110W 1.1 0.8-1.4
F150W 1.5 1.1-1.9 Grism B continuum
F160W 1.6 1.4-1.8 Minimum background
F175W 1.75 1.2-23
F222M 23 2.15-2.28 CO continuum
F240M 24 2.3-2.5 CO band
F108N 1.0830 1% Hel
F113N 1.13 1% He I continuum
F164N 1.644 1% [Fe II]
F166N 1.66 1% [Fe II] continuum
F187N 1.875 1% Paschen a
F190N 1.9 1% Paschen a continuum
F196N 1.962 1% [Si VI]
F200N 2.0 1% [Si VI] continuum
F212N 2.121 1% H,
F215N 2.15 1% H, continuum
G096 0.9673 0.8-1.2 GRISM A
G141 1.414 1.1-1.9 GRISM B

G206 2.067 1.4-2.5 GRISM C
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