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PART 1

Introduction

The chapters in this part explain how to use this handbook, where to go for
help, and describe special considerations for using STIS in Cycle 7.
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CHAPTER 1

Introduction

In This Chapter...

Purpose / 3

Handbook Layout / 5

Preparing and Observing with STIS / 8

The Help Desk at STScl /9

Supporting Information and the STIS Web Site / 10

The Space Telescope Imaging Spectrograph, STIS, is a second-generation
instrument to be installed on the Hubble Space Telescope (HST) during the
Second Servicing Mission in February 1997. STIS was designed to replace the
major capabilities of the Faint Object Spectrograph (FOS) and Goddard High
Resolution Spectrograph (GHRS) and to provide a major improvement in HST’s
spectroscopic capability through the use of two-dimensional detectors. This
Handbook provides instrument specific information you need to propose for HST
observations (Phase 1), design accepted proposals (Phase Il), and understand STIS
in detail.

This chapter explains the layout of the handbook and describes how to use the
Help Desk at STSchelp@stsci.edu ) and the STScl STIS World Wide Web
site to get help and further information. Instrument and operating updates will be
posted on the STIS web page.

Purpose

The STIS Instrument Handbod& the basic reference manual for the Space
Telescope Imaging Spectrograph, and describes the instrument’'s properties,
expected performance, operations, and calibration. The Handbook is maintained
by scientists at STScl. Dr. B.E. Woodgate, the Principal Investigator for the STIS,
and scientific staff at GSFC and Ball Aerospace kindly provided information and
test data in support of this handbook.
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We have designed the document to serve three purposes:

» To provide instrument-specific information for preparing Cycle 7 Phase |
STIS observing proposals.

« To provide instrument-specific information to support the design of Phase Il
proposals for accepted STIS proposals in Cycle 7.

« To provide technical information about the operation and performance of
the instrument which can help in the understanding of problems and in the
interpretation of data acquired with STIS.

This Handbook is not meant to serve as a manual for the reduction and analysis
of data taken with STIS. Near the start of the STIS GO observing era, we will
publish an addition to tHdST Data Handbookescribing how to work with STIS
data.

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 an HST proposal
are shown in a typewriter font (e.&TIS/CCD,SHADOW. Names of software
packages or commands (egalstis) are given in bold type.

Wavelength units in this handbook are in Angstroms (A).

Examples Used in this Handbook

The Handbook uses five observational examples as illustration throughout the
text. These same examples form the basis of the Phase | and Phase Il templates
and will eventually form the basis of tutorial information in tHST Data
Handbook.The examples are:

* Long slit optical spectroscopy of the nearby galaxy, NGC 4406 (M86).

« Long slit optical and ultraviolet spectroscopy and optical imaging of NGC
6543, the Cat's Eye planetary nebulae.

« First order low resolution spectroscopy covering STIS's full wavelength
range from 1150 A in the UV to 11000 A in the near-IR of the continuous
viewing zone (CVZ) solar analog star P041-C.

« Echelle spectroscopy of the O-type star, Sk 69-215, in the Large Magellanic
Cloud (LMC), a target in the CVZ.

« Deep optical imaging of a random field.
< Time resolved ultraviolet spectroscopy of the flare star, AU-MIC.

In addition, we use stellar spectra throughout the handbook to illustrate
signal-to-noise ratio calculations and derive limiting magnitudes. Figure 1.1
below shows the normalized spectra of O, A, G, and M stars that we use.
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Figure 1.1: Normalized spectra of O5V, A0V, GOV, and MOV stars used
throughout the handbook. Note the dramatic differences in the UV properties.
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STIS is a versatile imaging spectrograph. The instrument provides
spatially-resolved spectroscopy from 1150 to 11,000 A at low to medium spectral
resolution, echelle spectroscopy in the ultraviolet, solar-blind imaging in the
ultraviolet, time tagging of photons in the ultraviolet for high time resolution, and
direct and coronographic imaging in the optical. To guide you through STIS’s
capabilities and help optimize your scientific use of the instrument we have
divided this handbook into four parts:

» Part | - Introduction.

e Partll - User's Guide.

e Part lll - Supporting Material.
o Part IV - Calibration.

Figure 1.2 provides a roadmap to the use of this handbook.
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Figure 1.2: Handbook Roadmap
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The Supporting Material and Calibration sections contain technical
information which supports the material found in the User's Guide; readers are
referred to the information at appropriate points in the User’s Guide.

The chapters of this handbook are as follows:

Part | - Introduction

Chapter 1ntroductionon page 3. Includes information about getting
help and additional information about STIS.

Chapter 2Special Considerations for Cycleoh page 11 describes spe-
cial considerations for using STIS during Cycle 7.

Part Il - Users Guide

Chapter 3,Introduction to STISon page 19 provides an overview of
STIS’s full capabilities. A discussion is provided to help guide you
through the technical details you need to consider in choosing the opti-
mum STIS configuration and in determining the number of orbits to
request.

Chapter 4Spectroscoppn page 33 provides a detailed, grating-by-grat-
ing description of STIS’s spectroscopic capabilities, including spectral
resolutions, throughputs, and descriptions of the slits and apertures.
Chapter 5,Imaging on page 47, provides a detailed, filter-by-filter
description of STIS'’s imaging capabilities.

Chapter 6,Exposure Time Calculationsn page 65, describes how to
perform signal-to-noise calculations, either by using pencil and paper, or
by using software tools that are provided on the World Wide Web.

Chapter 7Feasibility and Detector Performanacm page 87, provides a
description of the three detectors, their physical characteristics, capabili-
ties, and limitations, including saturation, linearity, and bright object
limits.

Chapter 8Target Acquisitioron page 103, helps you select the optimum
target acquisition sequence needed to place the target in the desired sci-
ence aperture.

Chapter 90verheads and Orbit Time Determination page 123, pro-
vides information to convert from a series of planned science exposures
to an estimate of the number of orbits, including spacecraft and STIS
overheads. This chapter applies principally to the planning of Phase |
proposals.

Chapter 10Summary and Checklisin page 137, presents a summary
and a checklist that you should use to assure there are ho major omis-
sions in your Phase | and Phase Il proposals.

Part Il - Supporting Material

Chapter 11Pata Takingon page 141, describes data taking with STIS,
including the instrument operating mod&<CCUM,TIMETAGthe vari-
ous “associated” types of observatioG@RSPLIT, REPEATOBSPAT-
TERNS andWAVECAL and the use of subarrays and binning. This
chapter also discusses how to orient the long slits.
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- Chapter 12 Special Uses of STI& page 161, provides information on
special science uses of STIS, covering slitless spectroscopy and long slit
echelle spectroscopy, time resolved spectroscopy and imaging, observa-
tions of very bright targets, coronographic spectroscopy and imaging, pos-
sible techniques for obtaining higher signal-to-noise and spectral
sampling, observations of planetary objects, and parallel observing.

- Chapter 13Spectroscopic Reference Mater@ page 175, contains the
detailed plots of sensitivity, signal-to-noise and saturation times, predicted
line spread functions, and tables of bright object limits referred to in
Chapter 4.

- Chapter 14,Imaging Reference Materiabn page 257, contains the
detailed plots of sensitivities, signal-to-noise and saturation times, and
tables of bright object limits referred to in Chapter 5.

* Part IV - Calibration

- Chapter 150verview of Pipeline Productsn page 311, briefly describes
the processing of STIS data by the STScl pipeline and the data that are
sent to observers.

- Chapter 16Expected Accuraciesn page 319, summarizes the accuracies
expected for STIS data calibrated by the STScl pipeline in Cycle 7.

- Chapter 17Calibration Planson page 323, provides an overview of the
planned thermal vacuum (ground), SMOV (commissioning phase) and
Cycle 7 calibration and verification plans.

Preparing and Observing with STIS

Use theSTIS Instrument Handboaknd theCycle 7 Call for Proposals and
Phase | Proposal Instruction€P) when assembling your STIS Phase | Proposal.
The CP provides policy and instructions for proposing; 8¥S Instrument
Handbook contains technical information about STIS, describing its expected
performance, and presenting suggestions for use. The next chapter in the handbook
describes special considerations for Cycle 7.

If your Phase | proposal is accepted, you will be asked to submit a Phase I
proposal in which you specify the exact configurations, exposures times and
sequences of observations that STIS and the telescope should perform. To assemble
your Phase Il proposal, you should use t®€&IS Instrument Handbooin
conjunction with thé’hase Il Proposal Instruction3 hese instructions describe the
exact rules and syntax that apply to the planning and scheduling of STIS
observations and provide relevant observatory information.

Our current understanding of STIS as an instrument is in its formative stages as
the flight detectors have yet to be fully calibrated. We are in the midst of developing
the ground system to support STIS operations.
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v At this time, predictions of the performance of STIS should be treated as provi-
sional, and users should adopt conservative expectations for the performance of
the instrument in Cycle 7.

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 STIS and the
Cycle 7 proposal process. The Help Desk staff has 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,
includingInstrument Science Reports, Instrument Handhostks Questions sent
to the Help Desk during normal business hours are answered within one hour.
Questions received outside normal business hours will be answered within the
first two hours of the next business day. Usually, 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 reply with the full answer.

We ask that you please seall initial inquiries to the Help Desk. If your
guestion requires a STIS Instrument Scientist to answer it, the Help Desk staff
will put a STIS Instrument Scientist in contact with you. By sending your request
to the Help Desk, you are guaranteed that someone will provide you a timely
response.

To contact the Help Desk at STScl:
« Send e-maif help@stsci.edu

* Phone 1-410-338-1082
Toll-free in the U.S.: 1-800-544-8125

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

The STIS Instrument Team at STScl

STScl maintains a team of Instrument Scientists, Scientific Programmers and
Data Analysts who support the development, operation and calibration of STIS.
The team is also responsible for supporting STIS users.
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Supporting Information and the STIS Web Site

The STIS Instrument Team at STScl maintains a World Wide Web (WWW)
page, as part of the STScl's home page. The URL (uniform resource locator) for
the STScl STIS web page is:

http://www.stsci.edu/ftp/instrument_news/STIS/topstis.html
The STScl STIS web site includes:

Documentatiort An electronic version of this handbook will be maintained
on the WWW site. In addition, more detailed technical information (not
needed to propose for Cycle 7) concerning the development, performance,
ground testing, operation and calibration of STIS itself are contained in a
series ofSTIS Instrument Science Repaatgl other related reports. They
can be downloaded from the WWW or requested from the Help Desk.

Software: Some software can be retrieved or run directly over the web,
including an exposure time calculator.

Advisories: This is where we will post updates to instrument performance
as information is learned from ground testing and on-orbit investigations.

Calibration related information : A description of the Servicing Mission
Orbital Verification (SMOV) plan and the Cycle 7 STIS calibration plan
will be posted here, as they become available.

Frequently Asked Questions A list of frequently asked questions and
answers about STIS, ranging from proposal preparation to data analysis.
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HST's second servicing mission will put in place two second-generation
scientific instruments, NICMOS (the Near Infrared Camera and Multi-Object
Spectrometer) and STIS, while removing the FOS (Faint Object Spectrograph)
and GHRS (Goddard High Resolution Spectrograph). In addition, a Fine
Guidance Sensor will be replaced and a solid state data recorder will be installed.
The increased data capacity of the new recorder, exploited through a series of
changes to the ground system, considerably increases the capacity of HST to take
simultaneous data from multiple instruments running in parallel. Cycle 7 should
mark an exciting new phase in HST science. On the other hand, observers must
understand that it will take time for us to understand, calibrate, and optimize the
uses of these new instruments.

STIS is a New Instrument

While planning your Cycle 7 observations, keep in mind that STIS will be a
newinstrument. As of the writing of this handbook, two of the three STIS flight
detectors have not yet been selected and the instrument has not yet been fully
integrated. Sensitivities, brightness limits, optical performance, software and
hardware execution times, and other characteristics contained in this handbook
represent our best estimates at this time. In many cases they are based on
component testing of either flight or flight-candidate optics and detectors.
Integrated testing of STIS in a thermal vacuum chamber is currently scheduled for

11
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August 1996, integrated operations with the ground system is scheduled for
November 1996, and on-orbit verification of STIS (SMOV) for March through
June 1997.

We note that the present design of the Multi Anode Microchannel Array
(MAMA) detector which STIS uses in the ultraviolet has not been flown before on
an astronomical satellite; nor are MAMAs commonly used at ground-based
observatories. As our current knowledge of the STIS MAMA detector
performance is limited, predictions of the ultraviolet performance of STIS should
be treated as provisional, and users should adopt conservative expectations in
planning their Cycle 7 science.

We note also that the final CCD detector properties, including the read noise,
dark current, and full well depth, are also uncertain at this time, and could deviate
from the values quoted in this handbook by as much as a factor of two (in the
sense of poorer performance).

Updates to Instrument Performance for Cycle 7

We are planning for two major updates to the instrument performances
presented in this Handbook, as needed. The first update, to be available by
mid-August, will contain new information about instrument performance obtained
during ground testing which may affect your Phase | Proposal. This update will be
distributed to all who requested a STIS Instrument Handbook from STScl, and
will also be available upon request from the Help Desk and for direct
downloading from the STScl STIS WWW site (see “The Help Desk at STScl” on
page 9 and “Supporting Information and the STIS Web Site” on page 10). Your
STIS HST proposal for Cycle 7 must be based on the sensitivities, performance,
and capabilities publisheat that time

A second major update is planned for late 1996. This update will be applicable
to Phase Il planning, and will be distributed in association with the Cycle 7
proposal acceptance letters.

Support of STIS Capabilities for Cycle 7

We have established a set of core scientific capabilities of STIS which will be
supported for Cycle 7 science and which are described in this handbook. These
capabilities cover an enormous range of science applications and bring dramatic
new capabilities to HST. In practice, the supported capabilities will be phased in
during Cycle 7, as our understanding of the instrument and on-orbit performance
grows. This gradual phasing-in will increase the likelihood that observations are
successfully executed and assure that necessary calibration observations are
obtained.
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STIS has additional capabilities that are not described in this handbook, and
which are not supported for Cycle 7. These capabilities include additional slits,
additionalredirected (backup redundant) grating modes, additional data taking
formats and increased flexibility in specification of target acquisitions. These
capabilities are “available”, upon consultation with a STIS Instrument Scientist. If
you find that your scienagannotbe performed with the capabilities described in
this handbook, you may wish to consider use of an unsupported capability. The
most relevant of these available capabilities are described or referenced within this
handbook (e.g., see “Observing Too-Bright Objects with STIS” on page 165, or
“High Signal-to-Noise Ratio Observations” on page 167, or “Improving the
Sampling of the Line Spread Function” on page 168 or “Considerations for
Observing Planetary Targets” on page 168). A full list of STIS’s available and
Engineering-only capabilities is being compiled in the form of an appendix to this
handbook and will be available from STScl upon request from the Help Desk.

Use of unsupported modes comes at a price, and they should be used only if
the need and scientific justification are particularly compelling. Proposers should
be aware of the following caveats in the use of unsupported modes:

e Calibrations for unsupported capabilities will not be provided by STScl.
Users must either determine that they can create calibration files from data
in the HST Archive or they must obtain calibrations as part of their observa-
tions. The STScl pipeline will not calibrate data taken in unsupported
modes but will deliver uncalibrated FITS files (or in some cases partially
calibrated FITS files) to the observer and the HST Archive.

e STScl adopts a policy of shared risk with the observer for the use of unsup-
ported capabilities. Requests to repeat failed observations taken using
unsupported capabilities will not be honored if the failure is related to the
use of the unsupported capability.

» User support from STScl for the reduction and analysis of data taken using
unsupported capabilities will be limited and provided at a low priority.
Users taking data with unsupported capabilities should be prepared to
shoulder the increased burden of calibration, reduction and analysis of these
data.

Cycle 7 Proposals which include use of unsupported STIS capabilities must
include a justification of why the science cannot be done with a supported
configuration, must include a request for any observing time needed to perform
calibrations, must justify the added risk of using an unsupported mode in terms of
the science payback, and must include a demonstration that the observers are able
to shoulder the increased burden of calibration reduction and analysis of their
data.
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Constraints on STIS Observing in Cycle 7

Time Critical Observations

Commissioning of the prime capabilities of STIS (and NICMOS) will be the
first priority for these instruments in Cycle 7. Therefore, time critical observations
using STIS (and NICMOS), for example Target of Opportunity programs or
programs with very tight orientation constraints, will not be allowed until January
1, 1998, the midpoint of Cycle 7, except on a shared risk basis. If approved, they
will be executed on a no-interference basis with ongoing efforts to bring full
capabilities on-line for the new instruments as first priority. Should an early STIS
target of opportunity observation fail, it will not be a candidate for repeat or later
scheduling. Common sense should apply. See the CP/Phase | Proposal
Instructions for more details.

Policy for Prime and Parallel Observing with the STIS
MAMA Detectors

As explained in greater detail in “MAMA Bright Object Limits” on page 97,
the MAMA detectors STIS utilizes in the ultraviolet are subject to damage at high
illumination rates. To protect the health and safety of the instrument, we have
established limits on the maximum count rate at which the detectors may be
illuminated. These count rate limits translate into a set of configuration dependent
bright object limits. The bright object limits are summarized in Table 13.24,
“MAMA Spectroscopic Bright Object Limits - V Mags and cgs units.,” on
page 255 and Table 14.16, “MAMA Imaging Bright Object Limits, V Magnitudes
and CGS as indicated.,” on page 308.

STScl will perform screening of all MAMA exposures prior to scheduling.
Targets which cannot be established to be safe in the configuration in which they
are being observed will not be scheduled. Observations which pass screening but
are lost on orbit due to a bright object violation will not be rescheduled. The
observer is responsible for assuring that their observations do not violate the
MAMA count rate limits. A detailed description of the MAMA bright object
limits, and the observer's responsibility are presented in “MAMA Bright Object
Limits” on page 97; we refer MAMA observers there.

In addition, to assure STScl can adequately screen observations, special
constraints are imposed on parallel observing with the MAMASs:

* No pure parallels are allowed using the MAMA detectors.

e Coordinated parallels are allowed with the MAMA detectors only if an
exact spacecraft orientation (ORIENT) is requested and the RA and Dec of
the parallel field determined. Note that the specification of an exact orient
limits the scheduability of observations to a ~4-8 week period each year.



Constraints on STIS Observing in Cycle 7 Il 15

The observer is responsible for assuring that their observations do not vio-
late the MAMA count rate limits both for coordinated parallel MAMA
observations and for primes.

Table 2.1 below summarizes the policy with respect to MAMA observing in
Cycle 7.

Table 2.1: Bright Object Protection Policy for MAMA Observations

Type of Observing Spectroscopy 2 Imaging b

Prime Allowed if target passes screening  Allowed if target passes screening

Coordinated parallel Allowed only if ORIENT is Allowed only if ORIENT is exactly
exactly specified and field passes specified and field passes screening
screening

Pure parallel Not allowed Not allowed

a. Targets which are 1 magnitude or more fainter than the limits in the screening tables will
automatically pass screening. For targets which are within one magnitude of the screening lim-
its after correction for extinction and slit losses, observers must provide a spectrum of the
source at the intended observing wavelength. If such a spectrum is not available, the GO must
request an orbit for a pre-qualification exposure, during which the target spectrum must be
determined by observing in an allowed configuration (see “MAMA Bright Object Limits” on
page 97 for more details).

b. For imaging observations, screening cannot be automatically performed due to the faintness
of the safe limits and the observer must provide either a pre-existing UV image of the intended
field of view or an optical image with a list of the magnitudes of all sources in that field. If
those magnitudes exceed the O star safe limits, the observer must provide B-V colors or spec-
tral types for all sources (see “MAMA Bright Object Limits” on page 97 for more details).

Policy for CCD Clear Pure Parallels

No pure parallels will be allowed in Cycle 7 using 8 CDclear aperture.
This restriction is imposed to guard against accidental illumination of the CCD by
a strong source of ultraviolet photons, which can cause a residual elevation in dark
current which would impact subsequent observations (see “UV Light and the
STIS CCD” on page 91).

Planetary Acquisitions in the First Part of Cycle 7

As described in “Acquisitions of Bright (V>5.4 arcg@&Extended Objects” on

page 116, targets which are extended on scales of 0.5 arcseconds or more and
have surface brightness exceeding V=5.4 per square arcsecond will not be able to
be acquired autonomously using on-board acquisitions during the first 6 months
of Cycle 7. The only targets affected are some planetary targets, such as the Jovian
moons or very bright comets. As needed, if the ~1 arcsecond of point and shoot
accuracy is insufficient, they can be acquired using interactive acquisitions or the
re-use offset capability during the early part of Cycle 7. Requests for interactive
acquisitions should be justified in your Phase | proposal and an extra 30 minutes
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in addition to the time for the science exposure should be added to your orbit time
request. See the CP/Phase | Proposal Instructions for more details.



PART 2

User’s Guide

The chapters in this part describe the basics of observing with STIS.
Included are: a description of the instrumental layout and basic operation;
the spectroscopic and imaging capabilities of STIS; the performance and
limitations of its detectors; exposure time calculations; target
acquisitions, and overhead and orbit request determination.

This part of the handbook is all you need to read to plan your Phase |
STIS Proposal.

17
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CHAPTER 3
Introduction to STIS

In This Chapter...

Instrument Capabilities / 19
Instrument Design / 20

Basic Instrument Operations / 24
Designing STIS Observations / 27

In this chapter we provide an overview of the capabilities and science
applications of STIS. We describe the opto-mechanical layout and basic operation
of the instrument and provide a flow chart and discussion to help you design a
technically-feasible and scientifically-optimized STIS observing proposal.

Instrument Capabilities

STIS, the Space Telescope Imaging Spectrograph, uses two-dimensional
detectors operating from the ultraviolet to the near-infrared (1150-11,000 A).
STIS has first order gratings covering this spectral range, which are designed for
spatially resolved spectroscopy using a long slit, and echelle gratings, available
only in the ultraviolet, and designed to maximize the free spectral range covered
in a single spectrum for observations of point sources. The STIS Flight Software
supports on-board target acquisitions and peakups to place science targets on slits
and coronagraphic bars. The optics and detectors have been designed to exploit
HST’s high spatial resolution.

STIS can be used to obtain:

» Spatially resolved, long slit (or slitless) spectroscopy from the ultraviolet to
the near infrared (1150-11,000 A) at low to medium spectral resolution (R
~ 400-14000) in first order.

e Echelle spectroscopy at medium to high spectral resolution (R
~ 23,500-100,000), covering a broad instantaneous spectral @hge (
800 or 250 A, respectively) in the ultraviolet (1150-3100 A).

19



20 W Chapter 3: Introduction to STIS

In addition to the these two prime capabilities, STIS also provides:

* A modest imaging capability using the solar-blind far ultraviolet MAMA
detector (1150-1700 A); using the solar-insensitive near ultraviolet MAMA
detector (1700-3100 A), and the optical CCD (2000-11,000 A) through a
small complement of narrow band and broad band filters.

» Objective prism spectroscopy (R ~1000-26) in the vacuum ultraviolet
(1200-3100 A).

« High time resolution&t = 125 microseconds) imaging and spectroscopy in
the ultraviolet (1150-3100 A) and moderate time resolutim 410
seconds) CCD imaging and spectroscopy in the optical and near IR
(2000-11,000 A).

« Coronagraphic imaging in the optical and near IR (2000-11,000 A) and
bar-occulted spectroscopy over the entire spectral range (1150—-11,000 A).

See Table 4.1, “STIS Spectroscopic Capabilities,” on page 34 and Table 5.1,
“STIS Imaging Capabilities,” on page 48 for a full list of grating and filters,
respectively.

STIS is a versatile instrument which will be able to address a broad range of
scientific programs. For instance, the combination of high spectral resolution
covering a large instantaneous wavelength range and low per pixel background
will dramatically improve the efficiency of programs such as QSO (quasi-stellar
object) and interstellar absorption line studies, where STIS’s wavelength coverage
in a single exposure is 15 to 35 times that of GHRS. Studies of the dynamics of
galactic nuclei and the kinematics of the emission line regions of active galaxies
and diffuse Galactic nebulae will benefit from the ability to obtain spatially
resolved spectra over a 50 arcsecond slit and from the high quantum efficiency in
the optical provided by the charge-coupled device (CCD). The wide wavelength
coverage of STIS will facilitate line ratios studies; for instance, use of the low
resolution first order gratings spans the range 1150-11,000 A in just four
exposures. Slitless spectroscopy can provide emission line images of astronomical
objects, and coronagraphic imaging and spectroscopy can reveal the nature of
extended gaseous regions surrounding bright continuum sources.

Instrument Design

In this section we provide a high-level summary of the basic design and
operation of STIS, concentrating on the information most relevant to the design of
your HST observing proposal. Subsequent chapters provide more detailed
information.

Detectors

STIS uses three large format (1024 x 1024 pixel) detectors (see Chapter 7 for
more detail). STIS’s three detectors are:
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* A Scientific Image Technologies (SITe) CCD, called $1¢S/CCD, with
0.05 arcsecond square pixels, covering a nominal 51 x 51 arcsecond square
field of view (FOV), operating from ~2000 to 11,000 A.

* A Cs,Te Multi-Anode Microchannel Array (MAMA) detector, called the
STIS/NUV-MAMA, with 0.024 arcsecond square pixels, and a nominal
25 x 25 arcsecond square field of view (FOV), operating in the near ultravi-
olet from 1650 to 3100 A.

e A solar blind Csl MAMA, theSTIS/FUV-MAMA, with 0.024 arcsec
pixels, and a nominal 25 x 25 arcsecond square FOV, operating in the ultra-
violet from 1150-1700 A,

The CCD

The CCD provides high quantum efficiency and good dynamic range in the
near-ultraviolet through near-infrared. The CCD produces a time integrated image
in the so-calledACCUMlata taking mode. As with all CCDs, there is noisadq
nois§ and time fead timg associated with reading out the detector. Time
resolved work with this detector is done by taking a series of multiple short
exposures. The minimum exposure time is 0.1 sec, and the minimum time
between successive identical exposures is 37 seconds for full frame and 11
seconds for subarray readouts. CCD detectors are capable of high dynamic range
observations. The dynamic range, for a single exposure, ultimately is limited by
the depth of the CCD full well (which in this case is ~120,000 to 170,000 e
which limits the total amount of charge (or counts) that can accumulate in any one
pixel during any one exposure, without saturation. Cosmic rays will affect all
CCD exposures; CCD observations should be broken into multiple exposures
whenever possible, to allow removal of cosmic rays in post-observation data
processing.

The MAMAS

The two MAMA detectors arg@hoton countingdetectors which provide a
two-dimensional ultraviolet capability. They can be operated eith&yGEUM
mode, to produce a time integrated image, ofFIMETAG mode to produce an
event stream with fast (12sec) time resolution. Doppler correction for the
spacecraft motion is applied automatically on-board for data take@@UMigh
spectral resolution modes. The shortest time between identical MARBGUM
mode exposures for Cycle 7 will be ~1.0 minute.

The STIS MAMA detectors are subject to bahientific and absolute
brightness limits. At high local (>50 count sepixel!) and global (>300,000
counts sed) illumination rates counting becomes nonlinear in a way that is not
correctable. At only slightly higher illumination rates, the MAMA detectors are
subject to damage. We have therefore defined local and global count rate limits,
which translate to a set of configuration-dependent bright object limits. Sources
brighter than these limitsannot be observed in those configurations

The STIS IDT is working to enable better than 100:1 per resolution element (2
X 2 pixel) signal-to-noise ratio science with the MAMA detectors, and indeed
MAMA detectors have achieved such signal-to-noise ratios in ground based
studies. Ultimately, the signal-to-noise ratios possible in flight with the MAMAs
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will be dependent on the time and wavelength dependence of their flat field
performance and our ability to track that evolution with on-orbit calibrations. At
the start of Cycle 7, signal-to-noise ratios much greater than ~30:1 per resolution
element may not be routinely achieved with the MAMASs and observers requiring
high signal-to-noise ratio MAMA observations may wish to consider employing
special observing techniques (see also “High Signal-to-Noise Ratio Observations”
on page 167). As we gain familiarity with the MAMA detectors and their in flight
performance, we will work to devise techniques to provide the highest possible
signal-to-noise ratios, within the constraints of the calibration program (see also
“Summary of Expected Accuracies” on page 319).

STIS Physical Configuration

The STIS optical design includes corrective optics to compensate for HST's
spherical aberration, a focal plane slit wheel assembly, collimating optics, a
grating selection mechanism, fixed optics and focal plane detectors. An
independent calibration lamp assembly can illuminate the focal plane with a range
of continuum and emission line lamps. A simplified schematic showing major
detectors and mechanisms, and a medium echelle mode light path, is shown
in Figure 3.1.



Instrument Design Il 23

Figure 3.1: Simplified STIS Optical Design
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Slit and Grating Wheels

The slit wheelcontains apertures and slits for spectroscopic use and the clear,
filtered, and coronagraphic apertures for imaging. The slit wheel positioning is
repeatable to very high precision; +/- 7.5 and 2.5 milli-arcseconds in the spatial
and spectral directions, respectively.

The grating wheel or so called Mode Selection Mechanism (MSM), contains
the first order gratings, the cross disperser gratings used with the echelles, the
prism, and the mirrors used for imaging. The MSM is a nutating wheel which can
orient optical elements in three dimensions. It permits the selection of one of its
21 optics as well as adjustment of the tip and tilt angles of the selected grating or
mirror. As described in “Routine Wavecals” on page 24, the grating wheel
exhibits non-repeatability which is corrected for in post-observation data
processing using contemporaneously obtained comparison lamp exposures.

For some gratings, only a portion of the spectral range of the grating falls on
the detector in any one exposure. These gratings can be scanned (tilted by the
MSM) so that different segments of the spectral format are moved onto the
detector for different exposures. For these gratings a set of pre-specified central
wavelengths, corresponding to specific MSM positions, i.e., grating tilts, have
been defined.
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Calibration Lamp Systems

STIS has two independent calibration subsystems, the so-called HITM (Hole
in the Mirror) system and the IM (Insert Mechanism) system. The HITM system
contains two Pt-Cr/Ne line lamps, used to obtain wavelength comparison
exposures and to illuminate the slit during target acquisitions. Light from the
HITM lamps is projected through a hole in the second correction mirror (CM2),
thus when the HITM lamps are used light from the external sky still falls on the
detector. The IM system contains flat fielding lamps and a single Pt-Cr/Ne line
comparison lamp. When the IM lamps are used, the Calibration Insert Mechanism
(CIM) is inserted into the light path and all external light is blocked. Observers
will be relieved to know that the ground system \ailitomaticallychoose the
right subsystem (see next section) and provide the necessary calibration
exposures.

Basic Instrument Operations

Target Acquisitions and Peakups

Once the telescope acquires its guide stars, your target will be within ~1-2
arcseconds of the aperture center. For science observations taken through slits
which are less than 3 arcseconds in either dimension, and for science observation
taken using the coronagraphic bars, you will need to specify a target acquisition
exposure to center the target in your chosen science aperture followed by one or
more peakup exposures to refine the target centering of point or point-like
sources. Acquisition exposures always use the CCD, one of the filtered or
unfiltered apertures for CCD imaging, and a mirror as the optical element in the
grating wheel. Peakup exposures use a science slit or coronagraphic aperture and
can be taken with either the CCD or one of the MAMASs, and with either a mirror
or a spectroscopic element in the grating wheel. Target acquisitions and
acquisition peakups are described in detail in Chapter 8.

Routine Wavecals

Each time the MSM is moved to select a new optical element or to tilt a
grating, the resulting spectrum is projected onto the detector with an error (lack of
repeatability) of roughly plus or minus ~4-6 pixels. An internal calibration lamp
observation (WVAVECALwill automatically be taken following each use of a new
grating element or new scan position (grating tilt) in order to allow calibration of
the zero point of the wavelength (dispersion) and spatial (cross dispersion) axes in
the spectroscopic science data during post observation data processing. These
routine, automatically-occurring, wavecal observations are expected to provide
sufficient wavelength zeropoint accuracy for the vast majority of GO science; only
if your science requires particularly accurate tracking of the wavelength
zeropoints do you need to insert additional wavecal observations in your exposure
sequence (see also “Wavecals” on page 151).
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Data Storage and Transfer

At the conclusion of each exposure, the science data is read out from the
detector in use and placed in STIS’s internal buffer memory, where it is stored
until it can be transferred to the HST data recorder (and thereafter to the ground).
This design makes for more efficient use of the instrument, as up to 7 CCD or 4
MAMA full frame images can be stored in the internal buffer at any time. The
frames can be transferred out of the internal buffer to the data recorder during
subsequent exposures, so long as those exposures are longer than 3 minutes in
duration.

STIS’s internal buffer stores the data in a 16 bit per pixel format. This imposes
a maximum of 65,536 data numbers per pixel. For the MAMA detectors this is
equivalent to a limit on the total number plfotonsper pixel which can be
accumulated in a single exposure. For the CCD, operating at a default gain of 4
€ /data number, the CCD full well (and not the 16 bit buffer format) limits the
photons per pixel which can be accumulated without saturating in a single
exposure. See Chapter 11 for a detailed description of data taking with STIS.

Parallel Operations

STIS’s three detectors dwot operate in parallel to one another—only one
detector can be used at any one time. Exposures with different STIS detectors can,
however, be freely interleaved in an observing sequence, and there is no extra
setup time or overhead in moving from one detector to another. The three
detectors, sharing the bulk of their optical paths, also share a common field of
view of the sky.

STIScanbe used in parallel with any of the other three science instruments on
HST. The figure below shows the HST field of view following the second
servicing mission, with STIS and NICMOS installed. Policy for applying for
parallel observing is described in the CP. We provide suggestions for designing
parallel observations with STIS in “Parallel Observing with STIS” on page 169.
While the STIS CCD can be used in parallel with another instrument, there are
restrictions on the use of the MAMA detectors in parallel, as described in
“Constraints on STIS Observing in Cycle 7” on page 14.
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Typical STIS Observing Sequence

In the optical, STIS is expected to be used principally to observe extended
objects, so long observations are expected to be the norm. The combination of
high spatial resolution, spectral resolution, and low read noise from the CCD wiill
encourage the taking of multiple (~20 minute) exposures; multiple to allow
cosmic ray rejection. Observations with the MAMA detectors do not suffer from
cosmic rays or read noise, but long integration times will often be needed to
obtain sufficient signal-to-noise in the photon starved ultraviolet.

A typical STIS observing sequence is expected to consist of an initial target
acquisition and acquisition peakup to center the target in a long or echelle slit,
followed by a series of long (~10-40 minute) exposures with a single optical
element at a given wavelength setting; it may also include a series of multiple long
exposures taken with different gratings or with a single grating at a number of
tilts. Observers will generally not take their own wavecal exposures; routine
automatic wavecals will allow wavelength and spatial zero-points to be
determined in post-observation data processing, requiring no input from the user.
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Designing STIS Observations

In this section, we describe the sequence of steps you will need to take when
designing your STIS observing proposal. The process is an iterative one, as you
trade off between maximum spatial and spectral resolution, signal-to-noise, and
the limitations of the instrument itself. The basic sequence of steps in defining a
STIS observation (see Figure 3.3, below) are:

 Identify science requirements and select base STIS configuration to support
those requirements.

» Estimate exposure time to achieve required signal-to-noise ratio and check
feasibility, including saturation and bright object limits.

< lIdentify any additional non-science (target acquisition, peakup, and
calibration) exposures needed.

» Calculate total number of orbits required, taking into account the overhead.

Identify Science Requirements and Define STIS
Configuration

First and foremost, of course, you must identify the science you wish to
achieve with STIS. Basic decisions you will need to make are:

» Spectroscopy or Imaging?
« Wavelength region(s) of interest?
« Spectral resolution and spectral coverage required?

« Nature of target—extended source (long slit or full aperture) or point
source?

In addition you will need to establish whether you require:
» High signal-to-noise ratio.

e Time resolution.

« Coronagraphy.

» High photometric accuracy.

As you choose your science requirements and work to match them to the
instrument’s capabilities, it is important to keep in mind that those capabilities
differ greatly depending on whether you are observing in the optical with the
CCD, or in the ultraviolet, using the MAMA detectors. Tradeoffs are described in
Table 3.1.

Spectroscopy

For spectroscopic observations, the base configuration you need is: grating
(SP_ELEMENY, detector CONFIQ, central wavelength WAVELENGTH
operating modeMODEACCUMr TIMETAG, and slit APERTURE In Chapter
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Figure 3.3: Defining a STIS Observation
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Table 3.1: Science Decision Guide

Decision

Wavelength regime

Spectral resolution
Free spectral range
Extended or

point source

Time resolution

High signal-to-noise

Coronagraphy

Affects Tradeoffs

detector 2500-11000 AGED
1650-3100 A —NUV-MAMA
1150-1700 A —FUV-MAMA

gratings R < 10,000 (first order) wit€CD NUVor FUV-MAMA,
and detector  or R > 10,000 (echelle) withUVor FUV-MAMAonly

gratings Spectral range covered in a single exposure differs radically for different gratings.
gratings First order gratings designed for spatially resolved and point source observations.

Echelle gratings designed for point source observations (long slit echelle
spectroscopy will suffer order overlap).

detector If time resolution <10 seconds required mubtuiger FUV-MAMA.

detector If high signal-to-noise required (S/N>30);G&eor consider employing special
techniques for MAMA observations (see page 167).

detector Bright object coronagraphy available withCDonly.
Coronagraphic imaging available wi@CDonly.
Barred coronagraphic spectroscopy available with all detectors.

a. The bright object limits for MAMA observations apply to coronagraphic observations as well, i.e.,
coronagraphic observations of targets which are too bright for the MAMA detectors are not allowed.

4, we provide detailed information about each of the spectroscopic grating modes
of STIS.

Imaging
For imaging observations, the base configuration is detd€CONFEIQG, filter

(APERTURE and operating modeM(ODEACCUMor TIMETAG. Chapter 5,
presents detailed information about each of STIS’s imaging modes.

Special Uses

We refer you to Chapter 12 if you are interested in any of the following special
uses of STIS: time resolved work, planetary studies, coronagraphy, high
signal-to-noise ratio or bright object observations, parallel observations, and
slitless spectroscopy or extended source echelle observations.

Determine Exposure Time and Check Feasibility
Once you have selected your base STIS configuration, the next steps are to:

» Estimate the exposure time needed to achieve your required signal-to-noise
ratio, given your source brightness.

* For observations using the MAMA detectors, assure that your observations
do not exceed brightness (count rate) limits.

» For observations using the MAMA detectors, assure that for pixels of inter-
est, your observations do not exceed the 65,536 accumulated counts per
pixel per exposure limit imposed by the STIS 16 bit buffer.
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» For observations using the CCD detector, assure that for pixels of interest,
you do not exceed the per pixel saturation count limit of the CCD full well
(for CCD observations with gamde /ADU, the full well limit supersedes
the STIS buffer limit on counts per pixel).

To determine your exposure time requirements consult Chapter 6 where an
explanation of how to calculate signal-to-noise and a description of the sky
backgrounds are provided. To assess whether you are close to the brightness,
signal-to-noise and dynamic range limitations of the detectors, refer to Chapter 7.

If you find that the exposure time needed to meet your signal-to-noise
requirements is too great, or that you are constrained by the detector’s brightness
or dynamic range limitations, you will need to adjust your base STIS
configuration. Table 3.2 below, summarizes the options available to you and steps
you may wish to take as you iterate to select a STIS configuration which is both
suited to your science and technically feasible.

Table 3.2: Feasibility Guide

Action Qutcome

Estimate exposure If too long ->

time re-evaluate instrument
configuration.

Check full well limit If full well exceeded and you wish
for CCD observations to avoid saturation-> reduce time

per exposure.

Check bright object If source is too bright ->
limits for MAMA re-evaluate instrument
observations configuration.

Check 65536 counts  If limit exceeded -> reduce time

per pixel limit for
MAMA observations

per exposure.

Recourse

Reduce resolving power, or use wider slit,
or change detectors and wavelength
regime.

Divide total exposure time into multiple,
short, exposured®

Increase spectral resolution, or choose
narrower slit, or use neutral density filter,
or change detectors and wavelength
regime.

Divide total exposure time into multiple,
short exposuredP

a. Splitting CCD exposures affects the exposure time needed to achieve a given sig-
nal-to-noise ratio because of the read noise. Splitting MAMA exposures has no effect

since there is no read noise with the MAMAS.

b. Splitting an exposure into multiple exposures increases the overheads, slightly reducing

on-source time.

Identify Need for Non-Science Exposures

Having identified your desired sequencesofenceexposures, you need to
determine whahon-sciencexposures you may require to achieve your scientific

goals. Specifically, you need to:
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» Determine which (if any) target acquisition and acquisition peakup expo-
sures will be needed to center your target in your aperture to the accuracy
required for your scientific aims (e.g., you may wish to center the nucleus
of a galaxy in the 52 x 0.1 arcsecond slit and orient the long axis of the slit
along the major axis of the galaxy to some accuracy).

« If you require more accurate wavelength zeropoints than the routine cali-
brations expect to provide, you can insert additional comparison lamp expo-
sures TARGET=WAVEt shorter intervals or of longer duration than the
routine, automati®VAVECAIlbbservations.

To assess your acquisition needs, refer to Chapter 8. To determine how to
specify a specific orientation for the STIS long slit, refer to “Fixing Orientation on
the Sky” on page 157. To determine your internal calibration exposure needs,
refer to “GO Wavecals” on page 152.

Determine Total Orbit Request

In this, the final step, you lay all your exposures (science and non-science,
alike) into orbits, using tabulated overheads, and determine the total number of
orbits you require. Refer to “Orbit Use Determination Examples” on page 127
when performing this step. If you are observing a point source and find your total
time request is significantly affected by data transfer overheads (which will be the
caseonly if you are taking many separate exposures under 3 minutes), you should
consider the use of subarrays to lessen the data volume impacts. Subarrays are
described on page 148.

At this point, if you are happy with the total number of orbits required, you're
done! If you are unhappy with the total number of orbits required, you can, of
course, re-iterate, adjusting your instrument configuration, lessening your
acquisition requirements, changing your signal-to-noise or wavelength
requirements, until you find a scenario which allows you to achieve (and convince
the Telescope Allocation Committee (TAC) of the merits of) your science goals
with STIS.
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CHAPTER 4
Spectroscopy

In This Chapter...

Overview / 33

First Order Long Slit Spectroscopy / 41
Echelle Spectroscopy in the Ultraviolet / 43
Objective Prism Spectroscopy / 45

In this chapter, we provide information to help you choose the most
appropriate spectroscopic configuration for your science application. We briefly
describe the properties of each grating mode and their counterpart slits, and
provide an overview of their scientific uses. Curves of sensitivity, exposure time
as a function of source brightness to achieve a given signal-to-noise ratio and
avoid saturation are referenced in this chapter, but presented in Chapter 13, as are
the central wavelengths and wavelength ranges for the scanned gratings and the
detailed aperture throughputs and line spread functions.

For MAMA spectroscopy there are bright object limits. We describe these
limits here, and again in detail in Chapter 7. Tables of the MAMA spectroscopic
bright object limits are presented in Chapter 13.

Overview

There are 15 spectroscopic modes, summarized in Table 4.1. These include
low and intermediate resolution first order modes designed to be used with a
complement of long slits covering the entire wavelength range, and intermediate
and high resolution echelle modes which have been optimized for point source
observations through short echelle slits and are available only in the ultraviolet
(see Figure 4.1).

33
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Figure 4.1: Sample Uncalibrated Spectra (distortion is exaggerated)
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Throughputs

To illustrate the broad wavelength coverage provided by STIS, and the relative
throughputs achievable across STIS’s wavelength regime, we show, in Figure 4.2,
the system throughput of the four low resolution first order modes on a single plot
(where the throughput is defined as the end to end effective area divided by the
geometric area of a filled, unobstructed, 2.4 meter aperture). To allow you to judge
the relative throughputs of different spectroscopic configurations, we plot, in
Figure 4.3, the efficiency of all grating modes for the four primary wavelength
regimes on a common plot. These plots allow you to gauge the relative efficiencies
of STIS in different configurations.

Figure 4.2: System Throughput of STIS’s First Order Low Resolution Grating
Modes
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Figure 4.3: System Throughput of STIS’s Grating Modes
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Limiting Magnitudes

In Table 4.2 below, we give the (anticipated) A type star V magnitude reached
during a 1 hour integration which produces a signal-to-noise ratio of 10 in the
continuum per spectral resolution element at the peak of the grating response,
where we have integrated over the PSF in the cross dispersion direction, and
assumed a wide slit which transmits 80% of the light from the source.

Table 4.2: Limiting A Star V Magnitude Achieved in a One Hour, signal-to-noise
ratio =10 integration

Grating Magnitude Grating Magnitude
G750L 21.0 G140L 17.9
G750M 18.6 G140M 14.5
G430L 21.6 E230M 13.7
G430M 18.8 E230H 11.8
G230LB 17.7 E140M 12.3

G230MB 14.8 E140H 11.2
G230L 18.9 PRISM 21.2 @ = 2300
G230M 14.9

Signal-to-Noise Ratios

In Chapter 13 on page 175, we present, for each grating mode, plots of
exposure time versus flux (and magnitude) to achieve a signal-to-noise ratio of 10
at several wavelengths. These plots are very useful for getting an idea of the
exposure time you need to perform your science.

Saturation

Both CCD and MAMA imaging observations are subject to saturation at high
total accumulated counts per pixel, the CCD due to the depth of the full well, and
the MAMA, due to the 16-bit format of the MAMA buffer memory. The nature of
the saturation for CCD and MAMA spectroscopic observations is described in
“CCD Saturation; the CCD Full Well’ on page90 and “MAMA
Saturation—Overflowing the 16 Bit Buffer” on page 95, respectively. Chapter 13
contains plots of the time to saturation as a function of source brightness for each
grating mode. For the CCD, these plots also show where the signal plus
background exceeds twice the read noise squared (i.e., where the observations are
no longer read noise limited).
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MAMA Bright Object Limits
The MAMA detectors are subject to:
« Absolute bright object limits, above which targets cannot be observed.

» Science limits, above which the MAMA response becomes non-linear and
photometric information is lost.

We direct MAMA observers to the discussion presented in “MAMA Bright
Object Limits” on page 97. For summary tables of absolute bright object limits for
all spectroscopic modes, see “MAMA Spectroscopic Bright Object Limits” on
page 254. It is the observer’s responsibility to be sure they do not exceed the
MAMA bright object limits.

Scanned Gratings: Prime and Secondary Positions

For the intermediate resolution gratings only a portion of the full spectral range
of the grating falls on the detector in any one exposure and the gratings must be
scanned (tilted), with a separate exposure taken at each tilt, in order to cover the
full spectral range (see Figures 4.4 and 4.5 below). Accordingly, for these scanned
gratings, a single exposure at a given wavelength or a series of exposures at
different wavelengths to cover a larger wavelength range, can be selected by the
user. You must choose either prime or secondary settings. The prime settings
cover the full spectral range with 10% overlap between spectra taken at adjacent
settings. The secondary settings cover selected absorption or emission lines and
may be more convenient to use in some applications. We expect the photometric
and spectral calibration accuracy to be higher for the prime settings than the
intermediate settings, as calibrations for intermediate settings will be inferred
from those taken at prime settings. The central wavelengths, and corresponding
minimum and maximum wavelengths, are presented in the individual grating
sections in Chapter 13.
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Figure 4.4: Scanned First Order Gratings
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Cross-Over Regions

In the near UV, where the CCD has comparable sensitivity to the
NUV-MAMA, you may want to consider using the G230LB or G230MB gratings
with the CCD instead of the more standard G230L and G230M gratings. You will
get improved throughput out to ~2,500 A, a large slit length, and use of the CCD
rather than the MAMA (see pages 197 and 202).

First Order Long Slit Spectroscopy

Gratings for First Order Spectroscopy

There are 10 first order gratings available for long slit spectroscopy, covering
resolving powers from ~500-14000 from the UV at 1150 A through the near-IR at
~ 11,000 A. The wavelength coverage and kinematic resolution of the first order
gratings are summarized in Figure 4.6. Briefly:

 For resolutions of ~500 km séwse:

- G140L from ~1150-1700A.

- G230L (MAMA) or G230LB (CCD) from ~1650-3100 A.
- G430L from ~3050-5550A.

- G750L from ~5500—11000A.

« For resolutions of ~50 km séase:

- G140M from ~1150—-1700A.

- G230M (MAMA) or G230MB (CCD) from ~1650-3100A.
- G430M from ~3050-5550 A.

- G750M from ~5500—11000A.
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Figure 4.6: Wavelength Coverage Versus Kinematic Resolution of First Order
Modes. The hatches indicate the wavelength coverage at a single scan setting.
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Slits for First Order Spectroscopy

Supported for use with the first order gratings are long slits of width 0.1, 0.2,
0.5, and 2.0 arcseconds (in dispersion) and 51 arcsecond length (as projected on
the CCD detector) or 25 arcsecond length (projected on the MAMA detectors) for
the MAMA low resolution first order gratings (G230L and G140L) and 28
arcseconds for the MAMA intermediate resolution first order gratings (G230M
and G140M). The narrow 0.1 arcsecond wide slit provides the maximum spectral
and spatial resolution. The 0.2 arcsecond wide slit is the general utility slit we
expect to be used most often; it provides a good compromise between resolution
and throughput. Finally, we expect the wider 0.5 and 2.0 arcsecond wide slits to
be used predominantly in photon-starved ultraviolet observations of extended
sources, but provide them for use in the optical as well to assure that line ratios
studies with coverage from the ultraviolet to the optical can sample the same
physical region on the sky.

1. The MAMA first order modes have varying spatial plate scales; see page 248.
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The first order gratings can also be used “slitless” to obtain two-dimensional
emission line images. Slitless spectroscopic data will not be fully calibrated by the
STScl pipeline, and will require extensive post-observation data processing by the
user as ambiguous overlap of wavelengths from different parts of sources can
occur in the image (see “Slitless First Order Spectroscopy” on page 161).

Detailed First Order Spectroscopic Information

The properties of each of the first order gratings are described in detail, grating
by grating, in Chapter 13; see the second to last column of Table 4.1 on page 34
for easy reference to the appropriate page for each grating.

The detailed properties of the long slits (e.g., throughputs as a function of
wavelengths, line spread functions as a function of wavelength), plate scales and
encircled energies for the first order gratings are presented in “First Order Slits,
LSFs, Scales and Encircled Energies” on page 242.

Echelle Spectroscopy in the Ultraviolet

Echelle Gratings

There are four echelle grating modes, providing spectroscopic coverage from
1150 A to 3100 A at resolutions from R~25,000 to R~110,000. Through
simultaneous observation of multiple orders, they are designed to maximize the
spectral coverage achieved in a single exposure of a point source. Figure 4.7
summarizes the wavelength coverage and kinematic resolutions of the echelle
gratings. In short:

« For ~10 km set resolution use:

- E140M from 1150-1700A.
- E230M from 1650-3100A.

« For ~2.5 km sé€¢é resolution use:

- E140H from 1150-1700A.
- E230H from 1650-3100A.
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Figure 4.7: Echelle Wavelength Coverage Versus Kinematic Resolution. Hatches
indicate wavelength coverage at a single scan setting.
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Slits for Echelle Spectroscopy

Short echelle slits, which ensure order separation, are available for use with the
echelle gratings. Since the magnification and order separation varies across the
echelle gratings, the echelle slits are matched explicitly to the grating mode. For
each echelle grating mode a short slit of width 0.2 arcseconds is provided, along
with a slit whose width matches two pixels in the dispersion direction, either 0.09
or 0.06 arcseconds, depending on the echelle grating.

Although we don’t recommend routine use, the echelle gratings can be used
with a long slit (6 x 0.2 arcseconds) to obtain echelle spectroscopy of extended
objects. Long slit echelle spectroscopy is more complicated, as order overlap will
occur. Long slit echelle data will not be calibrated by the STScl pipeline, and will
require more extensive post-observation data processing by the user since
ambiguous overlap of wavelengths from different parts of sources will occur in
the image (see “Long Slit Echelle Spectroscopy” on page 163 if you are
considering such observations).
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Detailed Echelle Information

The properties of each of the echelle gratings are described in detail, grating by
grating, in Chapter 13; see the second to last column of Table 4.1 on page 34 for
easy reference to the appropriate page for each grating.

The detailed properties of the echelle slits (e.g., throughputs as a function of
wavelengths and line spread functions as a function of wavelength), the plate
scales and the encircled energies for the echelle modes are presented in “Echelle
Slits, LSFs, Scales, and Encircled Energies” on page 248.

Objective Prism Spectroscopy

The STISPRISM is used with theSTIS/INUV-MAMA and provides spectra
from 1150-3100 A at resolving powers of ~1000 in the ultraviolet declining to
~25 in the optical. A highly idealized schematic of a STIS objective prism
observation of a star cluster is shown in Figure 4.8. This illustrates the power of
the prism mode to simultaneously provide spectra covering a wide wavelength
range of many objects in single field of view.

Figure 4.8: Schematic Example of a PRISM Image of a Star Cluster
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>
Dispersion Direction

The PRISM can be used with the clear MAMA apertugsiMAMA or with
either of the two longpass ultraviolet filtered apertuFSESRF2 or F25QT2) to
provide a 25 x 25 arcsecond field of view (see also “F25SRF2 - NUV-MAMA -
longpass” on page 278 and “F25QTZ - NUV-MAMA - longpass” on page 275).
The longpass filteF25SRF2 blocks Geocoronal Lyman 1216 A and the
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F25QTAlongpass filter blocks both geocoronal Lynesaand geocoronal Ol 1301

A, thereby significantly reducing the background from these lines (which is
otherwise spread throughout the image), at the price of losing the short
wavelength range of the spectrum.

Observers will generally want to obtain iamageof the field they are taking a
prism spectrum of, to allow them to post-facto determine the centering of the
objects in their prism data. Because the prism and the mirrors used for imaging
are both in the Mode Select Mechanism, zero point shifts will occur between the
prism and image data (see “Slit and Grating Wheels” on page 23). These can be
taken out by taking a wavecal image of a short slit with the mirror in place. For
Phase | planning purposes, GOs should allot the additional time for the image plus
an additional 5 minutes overhead for this extra zero-point wavecal image. The
Phase Il proposal instructions will contain information about how to assure the
proper calibration is taken in these cases.

Note that PRISM spectroscopy produces images in which, a priori, the
wavelength at a given pixel is not known, and in which source-dependent overlap
of spectra can occur. For these reas®®lSM spectroscopic data will not be
calibrated automatically by the STScl pipeline. Instead, users will have to reduce
and analyze their data off-line.
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Imaging

In This Chapter...
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Ultraviolet Imaging with the MAMA Detectors / 57
Neutral Density Filters / 63

In this chapter we describe the imaging capabilities of STIS. Each imaging
mode is described, and plots of throughput and comparisons to the capabilities of
WFPC2 and FOC are provided. Curves of sensitivity, exposure time as a function
of source brightness to achieve a given signal-to-noise ratio and time to saturate
are referenced in this chapter, but presented in Chapter 14. We note the existence
of bright object observing limits for MAMA imaging modes; these are described
in detail in Chapter 7 and tables of the MAMA imaging bright object limits are
presented in Chapter 14.

Imaging Overview

STIS can be used to obtain images in undispersed light in the optical and
ultraviolet. When STIS is used in imaging mode, the appropriate clear or filtered
aperture is rotated into position on the slit wheel, and a mirror is moved into
position on the Mode Select Mechanism (see Figure 3.1 on page 23).

Table 5.1, below, provides a complete summary of the clear and filtered
apertures available for imaging with each detector. In Figures 5.1 through 5.5 we
show the integrated system throughputs.

47
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Table 5.1: STIS Imaging Capabilities

Central

reference

Qg&z;ure Filter Wavelength (AF;\A{: '\A/I) Fle(lsr(c:);g{:l)e w Detector material
()\c in A) page
Visible - plate scale ~0.05 arcseconds per pixel
50CCD clear 51x51 STIS/CCD 260
F28X50LP optical longpass A>5500 A 28x51 STIS/CCD 263
F28X500IlII [om 5007 5 28x51 STIS/CCD 266
F28X500II [om 3740 80 28x51 STIS/CCD 269
50CORON clear + coronagraphic fingers 51x51 CCD 271
Ultraviolet - plate scale ~0.024 arcseconds per pixel
25MAMA clear ~1750-3100 A 25x25 STIS/INUV-MAMA 272
~1150-1700 A STIS/FUV-MAMA 293
F25QTz UV near longpass A> 1450 A 25x25 STIS/NUV-MAMA 275
STIS/FUV-MAMA 296
F25SRF2 UV far longpass A>1280 A 25x25 STIS/INUV-MAMA 278
STIS/FUV-MAMA 299
F25MGlI Mgll 2800 70 25x25 STIS/INUV-MAMA 281
F25CN270 continuum near 2700A 2700 350 25x25 STIS/INUV-MAMA 284
F25ClII Cll 1909 70 25x25 STIS/INUV-MAMA 287
F25CN182 continuum near 1800A 1820 350 25x25 STIS/NUV-MAMA 290
F25LYA Lyman alpha 1216 85 25x25 STIS/FUV-MAMA 302
Neutral Density Filtered Imaging
F25NDQ1 neutral density filter, ND=18 1150-11000 A 12x12
F25NDQ2 neutral density filter, ND=18 12x12
F25NDQ3 neutral density filter, ND=18 12x12 cch
F25NDQ4 neutral density filter, ND=16 12x1 NUV-MAMA 63
F25ND5 neutral density filter, ND=18 1150-11000 A 25x25 FUV-MAMA
F25ND6 neutral density filter, ND=16 1150-11000 A 25x25
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Why Image With STIS?

Despite its very limited complement of filters, STIS brings three new imaging
capabilities to HST:

e The STIS CCD detector, although it covers a much smaller field of view
(51 x 51 arcsec) than the WFPC2, has higher throughput over a much wider
range of the spectrum (2000-11000 A) than does WFPC2. The STIS CCD
also has a low read noise and dark current, thus STIS CCD observations
using the clear aperture have significantly higher sensitivity to faint sources
than WFPC2 (see Figure 5.6 on page 55). The STIS CCD clear imaging
mode is scientifically useful when no color information is needed, for
example, for finding faint variable sources, or imaging the faintest possible
sources in a given integration time.

e The STIS MAMA detectors enable true solar blind imaging from
1150-1700 A using the FUV-MAMA with a considerably higher through-
put than WFPC2 or FOC. The NUV-MAMA is also relatively insensitive to
red light. Both provide near critical sampling of the PSF (0.024 arcsecond
per pixel). See “Unfiltered (Clear) MAMA Imaging” on page 58.

e« The STIS MAMA detectors enable very high time resolution~{125
microsecond) imaging in the ultraviolet, usindME-TAG mode.

Caveats For STIS Imaging

There are several important points about imaging with STIS which should be
kept in mind:

» The filters are housed in the slit wheel, and while they are displaced from
the focal plane, they are not far out of focus. This means that imperfections
(e.g., scratches, pin holes, etc.) in the filters may cause artifacts in the
images. These features will not directly flat field out because the projection
of the focal plane on the detector shifts from image to image due to the
non-repeatability of the Mode Select Mechanism’s placement of the mirror
(careful post processing may be able to account for registration errors).

* Accurate across-the-detector photometric calibration of the imaging modes
requires mapping of the two-dimensional illumination pattern of the sky;
for the MAMASs this is likely to be a time-intensive process, and may limit
the photometric accuracy obtained in Cycle 7 (see “Summary of Expected
Accuracies” on page 319).

» The focus varies across the field of view for imaging modes, with the opti-
cal performance degrading by ~30% at the edges of the field of view.

Throughputs and Limiting Magnitudes

In Figure 5.1, below, we show the throughput (where the throughput is defined
as the end to end effective area divided by the geometric area of a filled
(unobstructed) 2.4 meter aperture) of the three STIS clear imaging modes (with
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the CCD, the NUV-MAMA, and the FUV-MAMA). Superposed on this plot, we
show the broad band WFPC2 throughputs. In Figure 5.3, 5.4 and 5.5, below, we
show the throughputs of the full set of available filters, for the CCD, the
NUV-MAMA and the FUV-MAMA, respectively. In the near-UV, FOC has
comparable throughput to STIS, as can be see in Figufe 5.2.

Figure 5.1: STIS’s Clear Imaging Throughputs Versus WFPC2
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1. Although the FOC ultraviolet imaging capability is not solar blind, FOC does pro-
vide the best sampling of the UV or optical PSF of any HST instrument, over a limited
field of view and with limited dynamic range. The F@€arUV medium and narrow
band imaging throughput and red rejection is similar to STIS’s and the FOC has a good
choice of filters for NUV imaging (see the FOC Instrument Handbook for more details).
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Figure 5.2: STIS’s NUV Filtered Imaging Modes Versus FOC
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Figure 5.3: STIS’s Clear and CCD Filtered Imaging Mode Throughputs
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Figure 5.4: STIS’'s NUV-MAMA Filtered Imaging Mode Throughputs
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Figure 5.5: STIS’'s FUV-MAMA Clear and Filtered Imaging Mode Throughputs
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Limiting Magnitudes

In Table 5.2, below, we give the (anticipated) A star V magnitude reached
during a one hour integration which produces a signal-to-noise ratio of 10 in the
continuum, integrated over the bandpass and the PSF.

Table 5.2: Anticipated Limiting AOV star V Magnitude and Flux Achieved in a One
Hour Signal-to-Noise Ratio = 10 Integration.

Detector Filter Magnitude Filter Magnitude
CCD Clear 28.0 oll 23.0
CCD LongPass 27.3 olll 20.8
NUV-MAMA Clear 25.8

NUV-MAMA LongPass QTZ 25.9 Longpass SrF 25.8
NUV-MAMA Clll 21.8 CN182 23.9
NUV-MAMA Mall 21.9 CN270 23.6
FUV-MAMA Clear 23.1 Lymana (F25LYA) 19.1
FUV-MAMA Longpass QTZ 235 Longpass SrF 23.8

Signal-To-Noise Ratios

In Chapter 14 we present, for each imaging mode, plots of exposure time
versus flux (and magnitude) to achieve a signal-to-noise ratio of 10. These plots,
which are referenced in the individual imaging mode sections below, are very
useful for getting an idea of the exposure time you need to perform your science.

Saturation

Both CCD and MAMA imaging observations are subject to saturation at high
total accumulated counts per pixel; the CCD due to the depth of the full well, and
the MAMA, due to the 16-bit format of the buffer memory (see “CCD Saturation:
the CCD Full Well” on page 90 and“MAMA Saturation—Overflowing the 16 Bit
Buffer” on page 95). In Chapter 14, plots of time to saturate as a function of
source brightness are presented for each imaging mode. For the CCD, these plots
also show when the source and background exceeds twice the read noise (i.e.,
when the observations are no longer read noise limited).

MAMA Bright Object Limits
See “Bright Object Limits” on page 57.
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Optical CCD Imaging

The CCD imaging capability of STIS was designed primarily for target
acquisitions, and, therefore, only a small number of filters are available.
Nevertheless, STIS CCD imaging has scientific utility of its own, due to the high
throughput and relatively low read noise of the CCD detector. STIS CCD imaging
can be obtained as prime science or in parallel with other instruments. In each
filter section below, we include comparisons to the existing WFPC2 imaging
capabilities (you should keep in mind, of course, that the WFPC2 field of view
covers roughly eight times more sky area than the STIS CCD).

The optical performance of the CCD in image mode is expected to be good and
the plate scale of the CCD is ~0.05 arcsecond per pixel, providing a good
compromise between sampling of the PSF and field of view. There will be some
degradation of the image quality towards the edge of the field. Observers can
assume that ~30 percent of the light from a point source falls in a single STIS
CCD pixel and that ~80 percent of the light from a point source is contained
within a 2 x 2 pixel region. See Figure 14.61 on page 306 for plots of encircled
energies as a function of observing wavelength.

Unfiltered (Clear) CCD Imaging - 50CCD

The50CCDaperture is a clear, unvignetted aperture which provides maximum
sensitivity over the full 50 x 50 arcsecond field of view. The shape of the bandpass
is governed by the detector, which has sensitivity from ~2000-11000 A. Figure
5.1 on page 50 shows the throughput as a function of wavelength for this imaging
mode (see also page 260 for sensitivities, signal-to-noise and saturation plots).

Figure 5.6 shows a plot of time to achieve signal-to-noise ratio of 5 for this
aperture, with results for the WFPC2 broad band filter modes superposed,
assuming a A star spectrum for the source. If color information and a wide field of
view are not required, then there is an advantage in using this imaging mode over
the WFPC2.

No pure parallel observing is permitted with the clear (50CCD) aperture. In
addition 50CCD exposures cannot be shorter than 15 minutes in duration, and if
they include UV bright sources will have to be dithered (i.e., positional offsets
applied between read outs) to assure that the target flux is moved on the detector.
These rules are imposed to ensure that the UV tail from bright objects does not
cause a residual elevation in dark current which could negatively impact
subsequent science observations (see “UV Light and the STIS CCD” on page 91).
The single exposure time limit has no practical scientific implications, since the
sky background plus detector background equals twice the read noise in a ~13
minute clear CCD image even under low sky background conditions.
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Figure 5.6: Signal-to-Noise Ratio Comparison of STIS 50CCD Imaging Versus
WEFPC. Plot shows the limiting V magnitude at a signal-to-noise ratio of 5 versus
exposure time.
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Optical Longpass-F28X50LP

STIS’s longpass filter cuts off at< 5500 A. It images a 28 x 50 arcsecond
field of view. TheF28X50LP filter is the principal target acquisition aperture,
(see “Imaging Apertures for Use in Target Acquisitions” on page 111). The
integrated system throughput for this filter is given in Figure 5.3 on page 51 (see
also page 263 for sensitivities, signal-to-noise, and saturation plots).

[OI11] - F28X500IlI

This filter images a 28 x 50 arcsecond field of view and can be used in target
acquisitions or for direct science, to obtain images of Galactic objects in the light
of [OIlll]. The [OIlll] filter integrated system throughput and a signal-to-noise
comparison with the WFPC2 [Olll] filter is shown in Figure 5.7 (see also page
266 for sensitivities, signal-to-noise, and saturation plots). The STIS [Olll] filter
is very narrow; only 5 A wide, compared to the WFPC2 [Olll] filter which is
roughly 30 A wide.
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Figure 5.7: F28X500llIl (a) Integrated System Throughput and (b) Flux vs. expo-
sure time to achieve a signal-to-noise=5 versus WFPC2 for a FWHM=1 A line,.
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Figure 5.8: F28X500Il (a) Integrated System Throughput and (b) Flux vs. expo-
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[Ol1] - F28X500lI

The [Ol] filter images a 28 x 50 arcsecond field of view and can be used in
target acquisitions or for direct science, to obtain images in the light of [Oll]. The
[Oll] filter integrated system throughput and a signal-to-noise ratio comparison
with WFPC2's [Oll] filter are shown in Figure 5.8 (see also page 269 for
sensitivities, signal-to-noise and saturation plots).

Coronagraphic Imaging - 50CORON

The coronagraphic mask (see Figure 12.3 on page 172) comprises a pair of
crossed wedges and one finger at the edge of the field of view. The mask resides in
the slit wheel and provides a clear (unfiltered) coronagraphic imaging capability.
See “Unfiltered (Clear) CCD Imaging - 50CCD” on page 54 for the spectral
properties of the images obtained. A number of locations on the occulting masks
have been specified, to correspond to widths of 2.75, 2.5, 2.0, 1.75 and 1.5
arseconds on each wedge. See “Coronagraphic Imaging and Spectroscopy” on
page 170 for more information about the use of the coronagraphic aperture.

Ultraviolet Imaging with the MAMA Detectors

The filtered and clear apertures available for ultraviolet imaging are
summarized in Table 5.1 on page 48. Although there are only a small number of
filters available, the solar blind and solar insensitive properties of the
FUV-MAMA and NUV-MAMA detector, respectively, coupled with their 25 x 25
arcsecond field of view, good spatial sampling, and their ability to detect rapid
variability, makes the STIS ultraviolet imaging capability unique to HST.

Bright Object Limits

The MAMA detectors are subject to absolute bright object limits, above which
targets cannot be observed. These are particularly stringent for the MAMA
imaging modes (being V=20.5 for the clear modes), and apply to all sources
illuminating the field of view.

We direct MAMA observers to “MAMA Bright Object Limits” on page 97.
For summary tables of absolute bright object limits for the imaging modes, see
“MAMA Imaging Bright Object Limits” on page 307.

It is the observer’'s responsibility to ensure that their observations do not
exceed the MAMA bright object limits.
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Optical Performance

The MAMA plate scale is ~0.024 arcsecond pixel image mode, providing
a good compromise between sampling of the PSF in the ultraviolet and field of
view. Figure 14.61 on page 306 shows encircled energies as a function of
wavelength for MAMA imaging. The MAMA detector PSF’s exhibit broad
wings, with the wings being substantially higher in thgV-MAMAthan the
FUV-MAMAFigure 7.3 on page 95 shows sample detector PSFs for the MAMAs.

Unfiltered (Clear) MAMA Imaging

Each MAMA can be used with tlB5MAMAclear aperture to image a 25 x 25
arcsecond field of view of the sky, providing the maximum throughput and
wavelength coverage in the NUV and FUV as shown in Figure 5.1 on page 50.
The FUV-MAMA quantum efficiency drops dramatically longward of ~3000 A
making it effectively solar blind, while the NUV-MAMA also has a reduced
response in the red, longward of ~3500A (see Figure 5.9 on page 59 below).
Tables 5.3 and 5.4 give the percent of detected photons arising in the UV versus
optical for observations of different stellar types with the clear MAMA imaging
modes. The red rejection of the MAMA detectors make them well suited to UV
imaging of red objects.

Table 5.3: Visible Light Rejection of the FUV-MAMA Clear Imaging Mode

% of all Detected % of all Detected

S.F;gir Photons which Photons which
have A<1800 A have A<3000 A
= o %4 10
B1V 99.3 100
A0V 98.5 100
Gov 76.0 100
KoV 70.8 99.8

Table 5.4: Visible Light Rejection of the NUV-MAMA Clear Imaging Mode

% of all Detected % of Detected
Stellar Type Photons which Photons which
have A<3000 A have A<5000 A
. _________________________________________________________________________________|]

05 96.7 100
BIV 96.4 100
A0V 90.6 99.9
Gov 70.8 99.2

Kov 60.3 98.6
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Figure 5.9: Out of Band Spectral Response of FUV and NUV MAMA Clear
Imaging modes.
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Longpass Filtered MAMA Imaging -
F25SRF2 and F25QTZ

The integrated system throughputs of the two UV longpass filters when used
with the NUV-MAMA and FUV-MAMAs are shown in Figure 5.5 on page 52
(see also Chapter 14 for sensitivities, signal-to-noise and saturation plots). The
filter (only) throughputs of these two filters are shown in Figure 5.10. These filters
image a 25 x 25 arcsecond field of view. Their cutoff wavelengths were chosen to
exclude Geocoronal Lyman1216 A and OI 1302 + 1356 A, respectively; use of
these filters significantly reduces the total sky background in the ultraviolet. These
filters can be used individually in imaging mode, or with the prism or any
first-order UV grating in slitless spectroscopic observations, to reduce the
background due to Geocoronal emission (see “Objective Prism Spectroscopy” on
page 45 and “Slitless First Order Spectroscopy” on page 161)FZ&8RF2
filter, with images taken in series with tB8BMAMA FUV-MAM@&ear, can also be
used to obtain Lymana images (see “Lyman Alpha - F25LYA and
Clear-minus-SRF2” on page 62).
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Figure 5.10: F25SRF2 and F25QTZ Filter Only Transmissions
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MAMA Filtered Imaging
The filters for MAMA imaging include:

* A narrow band filter£25MGlI ) which images the magnesium doublet at
2798/2802 A, and a matched medium band continuum fF@SGN270)
centered at 2700 A.

e A narrow band filter E25CIIl ) which images the semi-forbidden CllI]
lines at 1906/1909 A, the strongest nebular (low-density) lines in the UV,
and a matched medium band continuum fillE25CN182) centered at
1800 A.

* A narrow band filter which images Lyman this filter has an unusually
poor throughput, and we recommend that you consider, instead, obtaining
two FUV-MAMA images, one through ttBsMAMAunfiltered aperture and
a second with the SRF2 longpass filter. The difference of these two images
will isolate Lymana with much higher throughput than tR85LYA filter.

Mgll- F25MGlI

TheF25MGiI!I filter images a 25 x 25 arcsecond field of view in the light of the
doublet lines of Mgll (2798 and 2802 A). Figure 5.11 shows the integrated system
throughput (see also page 281 for sensitivities, signal-to-noise and saturation
plots).



Ultraviolet Imaging with the MAMA Detectors [l 61

Figure 5.11: F25MGII and F25CN270 Integrated System Throughputs
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2700A continuum - F25CN270

The 2700 A continuum filter images a 25 x 25 arcsecond field of view and can
be used to measure the continuum for Mgll emission line images. The

F25CN270 filter integrated system throughput is shown in Figure 5.11, above
(see also page 284 for sensitivities, signal-to-noise and saturation plots).

CllI - F25Cll

The F25CIII  filter images a 25 x 25 arcsecond field of view in the light of
Clll]. The F25CIII  integrated system throughput is shown in Figure 5.12 (see
also page 287 for sensitivities, signal-to-noise, and saturation plots).
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Figure 5.12: F25CIIl and F25CN182 Integrated System Throughputs

1

CN182 (F25CN182)

% Throughput
T

CII (F25CIII)

o . . . . i . . . . . . . .
1000 1500 2000 2500 3000
Wavelength (&)

1800A continuum - F25CN182

The 1800 A continuum filter images a 25 x 25 arcsecond field of view, and can
be used to measure the continuum for CIIl] emission line images. The
F25CN182 filter integrated system throughput is shown in Figure 5.12, above
(see also page 290 for sensitivities, signal-to-noise and saturation plots).

Lyman Alpha - F25LYA and Clear-minus-SRF2

TheF25LYA filter images a 25 x 25 arcsecond field of view and can be used to
obtain emission line images in the light of the LynanThe F25LYA filter
integrated system throughput is shown in Figure 5.13 (see also page 302 for
sensitivities, signal-to-noise and saturation plots).

At the price of a slightly wider bandpass, and the need to take two exposures,
Lymana can isolated by taking one image using the cl2aM@MA aperture and
a second using the longpad®2%SRF2) filter and differencing the two. The
integrated system throughput for this imaging sequence is appreciably higher than
for the narrow ban&25LYA filter, as shown Figure 5.13
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Figure 5.13: Lyman a Imaging Integrated System Throughputs
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Neutral Density Filters

STIS has a complement of neutral density (ND) filters. spanning from ND1
(attenuation of 18) to ND6 (attenuation of 18 or 15 magnitudes) which can be
used with the CCD, the NUV-MAMA and the FUV-MAMA.

F25ND1, F25ND2, F25ND3, and F25ND4 are physically four separate
qguadrants of a single 25 x 25 arcsecond filter occupying a single slot on the slit
wheel. The target is centered in the appropriate quadrant when one of these
apertures is requested. However, it should be noted that all four quadrants project
onto the detector, and the full detector domain must be considered for bright
object limits.

F25ND5 and F25ND6 are each individual 25 x 25 arcsecond filtered
apertures, occupying unique locations on the slit wheel.

As of the writing of this handbook, the wavelength dependence of the
transmissions for the ND filters have not yet been measured; proposers should
assume attenuations of 2@r ND1, 102 for ND2, 103, for ND3, 10* for ND4,

10 for ND5 and 1@ for ND6 at all wavelengths.



64 | Chapter 5: Imaging



CHAPTER 6
Exposure Time
Calculations

In This Chapter...

Overview / 65

Determining Count Rates from Sensitivities / 66
Computing Exposure Times / 70

Detector and Sky Backgrounds / 72

Extinction Correction / 76

Exposure Time Examples / 77

Tabular Sky Backgrounds / 84

Overview

In this chapter we explain how to use sensitivities to determine the expected
count rate from your source and how to calculate exposure times to achieve a
given signal-to-noise ratio for your STIS observations. At the end of the chapter,
in “Exposure Time Examples” on page 77, you will find examples to guide you
through specific cases.

The WWW STIS Exposure Time Calculator

A World Wide Web STIS exposure time calculator will be available to aid you
in planning your STIS observations. The STIS exposure calculator provides count
rates for given source parameters (spectral type and magnitude or flux at a given
wavelength) and will calculate signal-to-noise ratios for a given exposure time, or
count-rates and exposure time for a given signal-to-noise ratio. If you have a
calibrated UV spectrum of your source, you can pass that spectrum as input
directly to the exposure time calculator. The task will also determine peak
per-pixel count rates and total (integrated over the detector) count rates to aid you
in your feasibility assessment and will warn you if your observations exceed the
local or global brightness limits for MAMA observations (see Chapter 7). Lastly,
the task will be able to produce one-dimensional spectra for a given STIS
configuration and source. A graphical interface will allow WWW browsers to plot

65
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the output spectra or write the spectrum out as an ASCII text file to the user’s local
disk. The tool can be found via the STScl STIS home page.

We suggest that you utilize the STIS World Wide Web exposure time
calculator when designing your Phase | proposals.

Determining Count Rates from Sensitivities

In the most simple terms, the instrumental sensiti@gng times the flux
from your object of interest gives the counts %@ expected from your source:

C, = Sens< Flux

Sensitivities are presented in graphical and tabular form as a function of
wavelength for the spectroscopic modes in Chapter 13 “Spectroscopic Reference
Material” on page 175 and for the imaging modes in Chapter 14 “Imaging
Reference Material” on page 257. Given your source characteristics and the
sensitivity of your STIS configuration, calculating the expected count rate over a
given number of pixels is straight forward. The additional information you will
need for spectroscopic observations is the aperture transmission tGe
encircled energy fractioned) in the direction perpendicular to dispersion, the
number of pixels per spectral resolution element (or line spread function
FWHMs) and the plate scale. For imaging observations you need only the
encircled energies. The location of this information is summarized in Table 6.1,
below.

Table 6.1: Location of Information Needed to Compute Expected Counts

Spectroscopic Sensitivities Slit o Line S_pread Plate Encirc_led

Mode Transmission Function FWHM Scales Energies

CCD first order page 179 page 243 page 243 page 247 page 247
MAMA first order page 206 page 243 page 243 page 248 page 248
MAMA echelle page 222 page 250 page 250 page 253 page 253
PRISM page 238 N/A N/A page 238 page 242
CCD imaging page 260 N/A N/A page 305 page 305
MAMA imaging page 272 N/A N/A page 305 page 305

a. Numbers for G230M and G140M can be used for PRISM.

Below, we describe how to determine two quantities:

1. The counts set (Cy from your source over some selected area gf N
pixels.
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2. The peak counts séqixel* (P from your source—useful for avoiding
saturated exposures and for assuring that MAMA observations do not
exceed the bright object limits.

We consider the cases of point sources and diffuse sources separately.

Spectroscopy
Sensitivity Units and Conversions
Thespectroscopic point source sensitivity, §anas the unit:
counts se¢ pix, ! per incident erg cifi sect A, where:
* pix, = a pixel in the dispersion direction.

e counts refer to the total counts from the point source integrated over the
PSF in the direction perpendicular to the dispersion (along the slit).

Thespectroscopic diffuse source sensitivity, g)gr‘nas the unit:

counts set pix, ! pixg® per incident dimensional erg ¢hsect At arcse®
Where:

* pix,= a pixel in the dispersion direction.

* pixg= a pixel in the spatial direction.

SenEA andSeng)\ are related through the relation:

Sen§| D(Sen§ x mg x W)

Where:

* mgis the plate-scale in arcsec per pixel in the direction perpendicular to the
dispersion.

* Wis the slit width in arcseconds.

Here, we have assumed that the diffuse source has a uniform brightness over
the area of interest.

Point Source

For a point source, the count ratg, ffom the source integrated over an area
of Npix = Napix X Nspix Pixels can be expressed as:

C,=F, ><Sen§'?><TA><sf X NApiX

Where:
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* F, = the flux from the astronomical source, in ergs’sem® AL,
» T, = the aperture transmission (a fractional number less than 1).

* & = the fraction of the point source energy contained withig, pixels in
the spatial direction.

¢ Njpix = the number of wavelength pixels integrated over. For an unresolved
emission line, Ny is just the number of pixels per spectral resolution ele-
ment and,, is S|mply the total flux in the line in ergs secm? divided by
the dispersion in A per pixel times, p.

The peak counts ségixel from the point source, is given by:

Por = €;(1) X F,y, ><Sen§><TA

cr

where,
* ¢&(1) is the fraction of energy contained within the peak pixel, and

« F,, Sen§ ,andT, are as above.

Diffuse Source

For a diffuse source, the count rate; due to the astronomical source
integrated over B, = Njpix X NgpixCan be expressed as:

C, = IAXSen§><N)\piX><N

5 Spix
Where:
« 1, = the surface brightness of the astronomical source, in efgssecA?
arcse

* Njpix = the number of wavelength pixels integrated over in dispersion. For
an unresolved emission IineMM is just the number of pixels per spectral
resolutlon element anig is simply the total flux in the line in ergs
cm? arcse divided by the dispersion in A per pixel timegi.

Nspix = the number of pixels integrated over in the spatial direction.

For a diffuse continuum source the peak counts sl P Pcr IS given by:

P = IAXSen§I

cr

For a diffusespectrally unresolved emission liseurce the peak count sec
pixelt P.r is essentially independent of slit size and is given by:

P xSengxmA+(W><d)

cr ~ IIine

Where:
liine is the intensity in ergs séxm? arcse in the line.

« dis the dispersion, in A per pixel.
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* my is the plate scale in the dispersion direction.
*  Wis the slit width in arcseconds.

Imaging
Sensitivity Units and Conversions
Theimaging point source sensitivity, SBnshas the units:
counts se¢ A per incident erg cifisect A1
Where:

« counts refer to the total counts from the point source integrated over the
PSF.

Theimaging diffuse source sensitivity, S‘é\nﬂnas the unit:

-1

counts sed A pixel! per incident dimensional erg csect A1 arcsed.

ThusSen§), andSen§A are related through the relation:
d P 2
Seng I(Seng xm,")

wheremy is the plate-scale in arcsec per pixel.

Point Source

For a point source, the count rate, Gver an area dfl,;, pixels due to the
astronomical source can be expressed as:

C, = IFA xSengxsfd)\

Where:

« F, = the flux from the astronomical source, in ergs’sem? AL,

* g =the fraction of the point source energy encircled witip pixels.
» the integral is over the bandpass.

The peak counts ségixel™ from the point source, is given by:
P = [F,x Sen§ x g (1)dA

Where:
* &(1) is the fraction of energy encircled within the peak pixel.
+ F, and Sen§ are as above.

 the integral is over the bandpass.
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Diffuse Source

For a diffuse source, the count raf},due to the astronomical source can be
expressed as:

Co = [Iyx Sen§ x N, dA
Where:
« 1, = the surface brightness of the astronomical source, in efgssecA
arcsed.

* Npix = the number of pixels integrated over.
» the integral is over the bandpass.

For a diffuse source the peak counts’spixef!, P, is given trivially by:

P = ‘[IA X Sengd)\

Computing Exposure Times

To derive the exposure time to achieve a given signal-to-noise ratios, or to
derive the signal-to-noise ratio you will achieve in a given exposure time for your
source, there are four principal ingredients:

» Expected counts from your source over some arga (C
* The area (in pixels) over which those counts are receivge) (N
» Sky background (§y) in counts pixef sec®.

« The detector background, or dark4{Bin counts pixel sec! and the read
noise (RN) in counts for the CCD.

“Detector and Sky Backgrounds” on page 72 provides the information you
need to determine the sky plus detector background for your observation.

Calculating Exposure Times for a Given
Signal-to-Noise
The signal-to-noise rati@toNis given by

C xt
StoN =

2
«/Csx t+ I\Ipix X (Bsky+ Bdet)t + ((Npix/Nbin) X I\Ireadx RNY)
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Where:

« C,= the signal from the astronomical source in countd.sec

* Npix = the total number of detector pixels integrated over to aclleve
» Bgyy= the sky background in counts Sguixel™,

* Byet= the detector dark current in counts $eixel ™.

* Nyin = the total number of on-chip binned pixels for the CQR; (=
BINAXIS1 x BINAXIS2 (see “Binning” on page 143).

* RN=the read noise in counts; = 0 for MAMA observations.
*  Nieaq = the number of CCD readouts.
« t=the integration time in seconds.

Observers using the CCD normally take sufficiently long integrations that the
CCD read noise is not important. This condition is met when:

2

Csxt+Npix(B +Bged Xt > 2(Npiy/ Npin) X Nigaq* RN

sky pix

If you are observing with the CCD and are in the regime where read noise is
not important, and for all MAMA observations, the integration time to reach a
signal-to-noise rati®toN is given by:

2
t = (StON) (Cs+ Npix X [Bsky+ Bdet])
= o >

S

If your source count rate is much brighter than the sky plus detector
backgrounds, then this expression reduces further to:

. (StoN)?
C

S

More generally, the required integration time to reach a signal to noise ratio
StoN is given by:

2 4 2 2.2 2
— (StoN) (Cs+ ’\lpix[Bsky+ Bdet]) + A/(SION) (Cs+ Npix[Bsky+ Bdet]) +4(StoN) Cs ((Npix/Nbin) x Nread>< RN)
2
2C

S

t

Special Case—Spectroscopic CCD Observations at ~ A<2500 A

In the optical, each photon generates a single electron (i.e., a count is
equivalent to an electron). However, in the near-UV, shortward of ~3200 A there is
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a finite probability of creating more than one electron per UV photon (see
Christensen, O, 1976, J. App. Phys. 47, 689). Theoretically, the quantuntyield (

or the mean number of electrons generated per photon) is given by the energy of
the photon divided by 3.65 eV, and ranges fiQnal.06 electrons for every UV
photon at 3200 A, t®@=1.89 electrons for every photon at 1800 A. The actual
electron yield of the STIS CCD has not been measured in the near-UV.

The sensitivity plots correctly predict the number of counts (electrons)
generated per UV photon. However, since multiple electrons are generated from a
single photon, the signal-to-noise achieved in a given integration time is affected.
The explicit expression is given by:

-1
xC_xt
StoN = Q 2

-1 2
A/Q X(C3+Npixstky)xt+Npixdeetxt"'((N /Nbin)xl\I x RN")

pix read
For observations which are not in the read noise or dark current limited regime,

the effective signal-to-noise you should expect to achieve is then ~Qjsmriés

the signal-to-noise ratio calculated directly from the sensitivities given in Chapter

13 if you ignore this effect. This is negligible at 3000 A but is a 40% effect at

1800 A.

Detector and Sky Backgrounds

When calculating expected signal-to-noise ratios or exposure times, the
background from the sky and the background from the detector must be taken into
account.

Detector Backgrounds
Table 6.2 shows the read noise and dark current characteristics of the detectors.

Table 6.2: Detector Backgrounds

CCD NUV-MAMA FUV-MAMA
Read noise 4 electrons/pixel 0 0
Dark current 0.007 ~1.25x10% ~6.25x10°

(counts set pix1)

Sky Background

The sources of sky background which will affect STIS observations include:
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» Earth-shine (ES).
» Zodiacal light (ZL).
» Geocoronal emission (GC).

The continuum background in counts pikelsec! for spectroscopic
observations can be computed as:

By = I X Seng
Where:
o 1y iszthe surface brightness of the sky background, in ergscseéA 1 arc-
sec”.

. Seng)\ is the diffuse source sensitivity for the grating mode.

The background in counts pixelsec! for imaging observations can be
computed as:

Bsky = J’IA X Sengd)\

Where:
« 1, is the surface brightness of the sky background, in ergs aed Al
arcsed.

. Sen§>\ is the diffuse source sensitivity for the imaging mode.
* The integral is over the bandpass.

In Figure 6.1 we plot the total and the individual contributions to the sky
background. These are typidaigh valuesof the background computed for a
helio-ecliptic latitude and longitude of 30 and 180 degrees, respectively, and for a
target which is roughly 25 degrees from the sunlit earth. The information in this
figure is presented in tabular form in Table 6.5 on page 84. These are the values
for the background you should use for your calculations if you do not request
special observing conditions, suchL&3W-SKYor SHADOWsee below).
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Figure 6.1: Typical High Sky Background Intensity as a Function of Wavelength
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Background Variations and Low-Sky

In the ultra-violet, at wavelengths shortward of ~3500 A, the background is
dominated by the zodiacal light. The contribution of zodiacal light, does not vary
dramatically with time, and is constant within a factor of about three throughout
most of the sky. Table 6.3 gives the variation of the background as a function of
helio-ecliptic latitude and longitude.

Earth-shine, on the other hand, varies strongly depending on the earth-target
angle and the fraction of the sun-lit earth. For observations taken longward of
3500 A the earth-shine dominates the background when observing at small
earth-target angles. However, at earth-target angles of 40 degrees or more,
earth-shine drops by roughly 80%, and the zodiacal light dominates.

If your observations are background limited, you may wish to consider
requesting that the special requiremie@W-SKYbe applied to your observation.
LOW-SKYobservations are obtained when the total background light is no more
than 30% greater than the yearly minimum value of the zodiacal background for
the target. The exposures are also taken when the target is at least 40 degrees from
the bright earth to reduce earth-shine. This limits visibility time to about 48
minutes per orbit. The values of the background wW@w-SKYis requested can
be assumed to be ~15% of the typical high values in Figure 6.1 on page 74 and
Table 6.5 on page 84. See “Imaging a Faint Stellar Source” on page 83 for an
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example of a background limited observation which is greatly helped by
requesting OW-SKY

Table 6.3: Approximate Sky Background at V as a Function of Helio-ecliptic
Latitude and Helio-ecliptic Longitude, in V magnitudes per square arcsecond.

Helio-ecliptic

Helio-ecliptic Latitude

Longitude 0 30 60 90
180 22.1 22.7 23.2 23.3
145 224 229 23.3 23.3
110 22.3 229 23.3 23.3
50 20.9 22.2 22.9 23.3

Geocoronal Emission and Shadow

Background due to geocoronal emission originates mainly from hydrogen and
oxygen atoms in the exosphere of the earth. The emission is concentrated in a very
few lines. The brightest line is Lymanat 1216A. The only other detectable line
is the Ol line at 1302 A, which rarely exceeds 10% of Lyma®! 1356 A and
Ol 2470 A lines may appear while observing on the daylight side of the orbit, but
these lines are much weaker still. We have assumed the strength of geocoronal
Lymana to be 1.1 x 182 erg cni? sec! arcse® (=50 kiloRayleighs, where 1
Rayleigh = 18 photons se&¢ per cnf per 4m steradians).

The geocoronal emission lines are essentially unresolved at the resolution of
STIS but the emission covers the sky in the spatial dimension. Using a wider slit
or observing slitless does not increase the background counts per pixel from
geocoronal emission, but does increase the area (range of wavelengths or pixels in
the dispersion direction) over which that background is received. Observations
using a slit which is\ pixels wide in dispersion will be affected by geocoronal
emission in a roughli¥ pixel region centered on the relevant geocoronal emission
line wavelength. For slitless spectroscopy in the UV, the effects of geocoronal
emission must be taken into account at all pixels, unless a long pass filter is
employed to block off the short wavelength emission (see also “Longpass Filtered
MAMA Imaging - F25SRF2 and F25QTZ” on page 59 and “Slitless First Order
Spectroscopy” on page 161).

It is possible to request that exposures be taken when HST is in the umbral
shadow of the earth to minimize geocoronal emission (e.g., if you are observing
weak lines at 1216 or 1304 A) using the special requireBIdADOVEXposures
using this special requirement are limited to roughly 32 minutes per orbit,
exclusive of the guide star acquisition (or reacquisition) and can be scheduled
only during a small percentage of the y&tADOWeduces the contribution from
the geocoronal emission lines by roughly a factor of ten. If you re§uADOW
you should request it in your Phase | proposal (see the Cycle 7 CP).
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Extinction Correction

AJE(B-V)

12

10

Extinction can dramatically alter the counts expected from your source,
particularly in the ultraviolet. Figure 6.2 on page 76 shows A/E(B-V) values
applicable to our galaxy, taken from SeathtNRAS 187, 73p, 1979).

Extinction curves, however, have strong metallicity dependence, particularly in
the UV wavelengths. Sample extinction curves can be seen from Koorneef and
Code, 1981, ApJ, 247, 860 (LMC), Bouchet et al. 198%A, 149, 330 (SMC),
and Calzetti, Kinney and Storchi-Bergmann, 198dJ, 429, 582, and references
therein. At lower metallicities, the 2200 A bump which is so prominent in the
galactic extinction curve disappears, and A/E(B-V) increases at UV wavelengths.

The easiest way to understand how to determine the extinction correction for
your source is to work through an example; see “Echelle Spectroscopy of a Bright
Star with Large Extinction (Sk 69 -215)” on page 81.

Figure 6.2: Extinction versus Wavelength
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Seaton (1979)
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Exposure Time Examples

Here are a few simple examples to illustrate how an integration time may be
computed for point sources and diffuse sources. The flux values given here are for
illustrative purposes only, you would need to check the flux values if you are
planning your own observations of one of these targets.

Spectroscopy of Diffuse Source (M86)

We want to observe M86, an elliptical galaxy in Virgo, using @#¥0M
grating at central wavelength settinghE6768, the CCD detector and the 52 x
0.2 arcsec slit. Our aim is to calculate the count rate in the central region of M86
and the expected signal to noise ratio per resolution element in an exposure time
of 1 hour. M86 has an inhomogeneous surface brightness distributicn &mdH
the line is well resolved with this grating. Let us consider a region witlhi a H
surface brightness of £ 101° erg cm? sec¢! AL arcse® (note the unit - it is not
the entire H flux but the flux per unit wavelength interval). To derive the count
rate from the source we use:

« Sen$) = 1.2 x 18° counts se¢ pix,~* pixs* per incident erg cif
sec¢lA 1 taken from Table 13.2 on page 185.
* Njpix = Nspix = 2 (1 resolution element, see page 242).
Using the equation given on the bottom of page 70, we get the countrate C
0.048 counts sétat Ho.

The sky background is negligible in comparison, but the dark current (0.007
count sed pixel * 4 pixels = 0.028 count s&3 and the read noise squared (16
electrons * 4 pixels * 3 reads = 192 counts,@RSPLIT=3) are important here.
Substituting the numbers into the equation for signal-to-noise on page 70, we get:

0.048x 3600
J/0.048x 3600+ 4 0.00¥ 3600 » >3 16

StoN =8 =

To increase our signal-to-noise or decrease our exposure time, we can consider
using on-chip binning. We bin 2 pixels in the spatial direction soNfgt2. To
allow adequate sampling of our new binned pixels, we legyg N 2, but set
Ngpix = 4, so Nj=8 and (=0.096. To compute the time to achieve a
signal-to-noise of 8 using this configuration, we use the full expression for
exposure time given on page 71 and determine that roughly 30 minutes are needed
in this configuration:

64 (0.096+ 8 0.00)+ J4096% (0.096+ & 0.00F +4 x 64 0.096 x (8/2) x 3 16

t = 1800 =
2% 0.096
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Spectroscopy of Solar Analog Star P041-C

We wish to study the shape of the continuum spectrum of the solar analog star,
P041-C, from the near-IR to the near-UV. P041-C is a solar analog having V =
12.0. We wish to obtain spectroscopy with the CCD detector covering the entire
useful spectral range from 2000 A to 11000 A with gratiBg@80LB, G430L,
andG750L. Since we require accurate photometry, we utilize the B/&0.5
slit. The goal is to reach a signal-to-noise ratio of 25 in the near-UV (at 2300 A)
and 100 from the visible through the near-IR.

The fluxes of P041-C at the desired wavelengths are obtained from a spectrum
of the Sun (available via html://www.stsci.edu/ftp/cdbs/cdbs2/calspec filename
Sun_REFERENCE), scaled from V=-26.75 to V=12.0.

G230LB

We illustrate the calculation of the exposure time calculation foG220LB
grating. P041-C is found to have a flux of 1.7e-15 erg} sec? A at 2300 A.

We take forG230LB:

e SPo300 2 = 1.6 x 16% counts sed pix, ‘per incident erg cfh sect Al
taken from Table 13.5 on page 198, and

» T, = 0.8 for the aperture throughput, taken from Table 13.17 on page 243.
¢ &= 0.8.

* Ngpi=2, since 80% of the point source light is encircled with 2 pixels (see
Table 13.19 on page 247).

* Njpix= 2, since two pixels resolves the LSF (see Table 13.17 on page 243).

Using the equation on page 67, we calculate a point source count rate of
Cs=0.34 counts setover Ny=4 pixels.

The source count rates can be compared with the background and detector
rates. Both background and detector rates are negligibly small for all four
wavelength positions. Therefore we can neglect their contributions. Since we are
aiming for a signal-to-noise ratio of 25, we can estimate that we must obtain 625
counts minimum, and setting CRSPLIT=3 each exposure will have ~200 counts
and the read noise squared (~64 over 4 pixels) will not be important and we can
use the simplified expression for exposure time on page 71. Finally, since we are
observing with the CCD in the near-UV, we must correct for the affect on the
signal-to-noise calculation of the multiple-electron process (see page 71). We
therefore scale the derived required exposure tim@,lwhereQ is ~1.5 at 2300
A. Therefore we have:

252 % 1.5

t = 2757 = 034
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G750L and G430L

Exposure times for the three remaining wavelength settings can be calculated
directly as time = signal-to-noi%/é:s. The results are summarized in the table
below.

Table 6.4: Low Resolution Spectroscopy of Solar Analog Star

Grating G230LB G430L 52775%1 )\fzgg'?‘S
Wavelength (Angstroms) 2300 5000 7800 11000
Flux 1.7x10%° 6.0x10%4 3.8x10%4 2.0 x10%4
(ergs set cniZ A

Point Source Sensitivity 1.6x104 4.3x10° 8.9x10° ~2x10"
(counts se¢ pix, ™! per ergs sétcm? A1)

aperture throughput (TA) 80% 85% 85% 85%
Napix 2 2 2 2
Ngpixto encircle 80% of PSF 2 2 2 2
C,(counts set from source over Mh=4) 0.34 350 459 5.4
signal-to-noise ratio desired 25 100 100 100
total exposure time 2757 seconds 29 seconds 23 seconds 1852 3econds

A\e perform a quick rough check to assure we are not filling the CCD full well during these exposures at
~7000 A at the peak of the G750L sensitivity where it is ~50 times more sensitive than at 11000 A. The solar
spectrum is roughly a factor 2.0 stronger as well there. The predicted peak per pixel count rate at 7000 A is
then ~135 counts séixel ™, assuming 25% of the point source flux falls in the peak pixel (see Table 13.19
on page 247). In each 1852/3 = 617 second exposure (recall CRSPLIT=3), the peak pixel has accumulated
~84,000 electrons, and we are safely below the full well limit.

Extended Source, with Flux in cgs units (NGC 6543):
Imaging and Spectroscopy

Let us consider NGC 6543, the ‘cats eye’ planetary nebula, where the aim is to
use the CCD to image using the [Olll] filter, and to obtain spectra both in the
visible and in the UV.

Imaging

The aim is to get a signal-to-noise ratio of 100 using the [OllI] filter. We know
that NGC 6543 is about 6.5 times stronger in [Olll] thani &hd its total flux at
[O11] 5007 A is ~1.7 x 10 erg cm? sec! contained within 1 A. Since the radius
of the object is about 10 arcsec, the average [Olll] surface brightness is about 5.4
x 1012 erg cm® sec! arcsed AL,

We take:

« Sen$) = 3.8x1G?counts set pix* A-lper incident erg cih sect At arc-
sec?as given in Table 14.3 on page 266.
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* We take N = 2x2=4, since two pixels is a resolution element (see
Figure 14.61 on page 306).

To calculate the count rate we use the equation on page 70 for diffuse sources
and determine a per pixel count rate of 20 counts pe@l or a count rate &
80 counts sebover four pixels. The background and the dark current can be
safely neglected. To get a signal-to-noise of 100 we netddlts, so the read
noise can also be safely neglected and we can use the simplified expression to
calculate exposure time (see page 71). We obtdirdints in ~125 seconds. To
allow robust post-observation removal of cosmic rays weQRSPLIT=4. We
note that in each ~30 second exposure we predict a mean of ~600 (=80*30/4
pixels) counts pixel, and thus we are safely within the limits of the CCD full
well so long as there are not local [Olll] brightness peaks which exceed the mean
by more than a factor of ~200.

Diffuse Source Spectroscopy in the Visible and UV Regions

In the visible, the aim is to get a signal-to-noise of about 100=a4861 A,
using theG430Mgrating at a central wavelength setting\gf4961 A. the CCD
detector and the 52X0.1 arcsec slit. In the UV, the aim is to get a signal-to-noise
ratio of about 10 at the CIV ~1550 A line using ta&40Mgrating at a central
wavelength setting ok.=1550 and the FUV-MAMA detector. To increase our
signal-to-noise ratio in the UV, we utilize tb2X0.2 arcsec slit for the G140M
spectroscopic observations.

Visible Region
NGC 6543 has an averagd ldurface brightness of(8B) ~ 8.37 x 10 erg
cm? sect Al arcse® at 4861 A and has a radius of about 10 arcsec.

We take:

« Sen$, = 1.4 x 182 counts se¢ pix, L pixs ! per incident erg cif sec?At

arcse® from Table 13.4 on page 193 f6#30Mand

* Njpix = Ngpix =2 since 2 pixels resolves the LSF and PSF (see Table 13.17
on page 243 and Table 13.19 on page 247).

Using the equation for diffuse sources on page 68, we derive a per pixel count
rate of 1.2 counts sécpixel'l and a count rate integrated over the four pixels of
Cs = 4.7 counts sét at 4861 A from the astronomical source. The sky
background and the detector background are much lower. To allow cosmic ray
removal in post observation data processing, weQlR8PLIT=3. To achieve a
signal-to-noise of 100, we require a total of roughly 10,000 counts, so read noise
should be negligible, even over 4 pixels and with nread=3. We calculate the time
required to achieve signal-to-noise of 100, using the simplified equation on page
71, and determine that we require roughly 35 minutes.

10000
= 2127 = ———
t 4.7

At a count rate of ~1 count s&gixel! for 700 seconds per CR-SPLIT
exposure, we are in no danger of hitting the CCD full well limit.
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UV Region

The CIV flux of NGC 6543 is ~ 2.5 x T8 erg cnmi? sec! arcse® spread over
~1 A. The line, with a FWHM ~ 0.4 A, will be well resolved in t8440M
configuration using th62X0.2 slit.

We take:

« Sen$, = 5.8 x18 counts se¢ pix,* pixs?! per incident erg ciA sec?A
arcsed from Table 13.10 on page 219 for G140\atl550A using the 0.2
arcsecond wide slit.

*  We take Npix = Nspix = 8, since the line emission is spread over the ~8 pix-
els of the slit width in dispersion, and we are willing to integrate flux along
the slit to improve the signal-to-noise ratio.

Using the equation for diffuse sources on page 68, we determine a per pixel
peak count rate of ~0.015 counts $eixel! and a count rate over the 64 pixels
of Cs = 0.93 counts sétat 1515 A from the astronomical source. The sky and
detector backgrounds are still negligible, and the read noise is zero for the MAMA
detector so we can use the simplified equation for exposure time on page 71
directly. We determine that we require ~ 7 minutes.

We are well below the MAMA local science linearity limit of 50 counts’sec
pixel'L. Even assuming the nebula evenly illuminates the full 28 arcseconds of the
long slit, we are well below the global absolute and science linearity limits, since
the flux from the nebula is concentrated in the CIV emission line. Then the global
count rate, if the source fully fills the slit in the spatial direction, is given roughly
by 0.015 * 8 * 1024 << 200,000 counts Sedinally, we are well below the
MAMA 16 bit buffer limit of a maximum of 65536 counts piXehtegrated over
the exposure duration.

Echelle Spectroscopy of a Bright Star with Large
Extinction (Sk 69 -215)

The aim here is to do high-resolution Echelle spectroscopy of an O5 star in the
LMC (such as Sk 69-215) at 2500 A, using #230H grating at a central
wavelength ofA,=2513 and using the 0.1X0.09 arcsec slit. The aim is to get a
signal-to-noise ratio of about 50 from photon statistics. We will assume that the
exact UV flux of the star is unknown and we need to estimate it from the optical
data.

This calculation of the stellar flux at 2500 A involves 2 steps: (i) calculation of
the dereddened magnitude flux at 5500 A, and (i) calculation of predicted flux at
2500 A taking reddening and standard extinction and stellar models into account.
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Dereddened Magnitude and Prediction 2500 A Flux

We assume that it is an O5 star with V = 11.6 (Its exact spectral type is slightly
uncertain). The expected B-V value from such a star is -0.35, whereas the
observed B-V is -0.09; we thus get E(B-V) = 0.26 mag for the star.

We assume all the extinction to be due to LMC, and use the appropriate
extinction law (Koorneef and Code, 1981, ApJ, 247, 860). The total visual
extinction is then R x E(B-V) = 3.1 x 0.26 = 0.82, leading to a intrinsic magnitude
of V(=10.78. The corresponding flux at 5500 A (using the standard zero point
where V=0 corresponds to F5500 = 3.55 °Hlg sett cm? A) is F5500 =
1.73 x 102 erg sect cn? AL,

The model atmosphere of Kurucz predicts F2500A/F5500A = 17.2 for a O5
star. This leads to a flux of F2500 A = 2.98 x!4@rg sed cmi? A at 2500 A
for the unreddened star. Reddening will diminish this by a factor & 14§2500)
where the absorption at 2500 A can be determined from the extinction curve; the
result in this case is A(2500 A) = 1.3. Thus the predicted flux of this star at 2500 A
is 9.0 x 103 erg sett cm? AL,

Exposure Time Calculation
We take:

« SPosg0 4= 3.2 x 18 counts sed pix, per incident erg crf sect At
from Table 13.12 on page 227 i8230H, and

» T, = 0.6 for the aperture throughput, taken from Table 13.22 on page 250.
» &= 0.8 for the encircled energy, taken from Table 13.23 on page 253.
* Njpix= 2, since two pixels resolves the LSF (see Table 13.22 on page 250).

* Ngpi=4, since 80% of the point source light is encircled with 4 pixels (see
Table 13.23 on page 253).

Using the equation for point sources on page 67, we determine a total count
rate from the star of C= 0.3 counts sét over 8 pixels. From Table 13.23 on
page 253 we see that ~22 percent of the point source flux will be contained within
the peak pixel. Thus the peak per pixel count rate will be ~0.3x0.22/(0.8x2)=0.045
counts se¢ pixel! and well within the local linear counting regime. We can use
the information that we register ~0.3 counts séar every two pixels in the
dispersion direction to estimate the global count rate (over the entire detector) as
follows. Each order contains ~1024 pixels, and the E230H grating at the central
wavelength setting of 2513 covers 33 orders (see Figure 13.55 on page 226). A
rough estimate of the global count rate is thus ~33 x 512 x 0.3/ 0.8 ~6400 count
sect and we are well within the linear range.

To calculate the integration time, we can ignore both the sky background and
the detector dark current which are several orders of magnitude fainter than the
source. To achieve a signhal-to-noise ratio of 50 we then require ~2500 counts
which would take a total of ~3 hours. Fortunately, this is a CVZ target!
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Imaging a Faint Stellar Source

Consider a case where the aim is to image a faint (V=29), A-type star, using
the clear filter and the CCD detector. We want to calculate the integration time
required to achieve a signal-to-noise ratio of 5. The count rate from the source is
0.07 counts setdistributed over about 4 pixels. If we assume the background to
be “typical high” (Table 6.5 on page 84), the count rate due to the background
integrated over the bandpass is ~ 0.3 counts peel! or 1.2 counts sétin 4
pixels (and the detector dark rate is 50 times lower). We will need to be able to
robustly distinguish cosmic rays if we are looking for faint sources, so we will use
CRSPLIT=4. We use the full equation for exposure time given on page 71, and
plugging in the numbers determine exposure time = 6530 seconds, or 108
minutes.:

52 x (0.07+ 4x 0.3 + /5" x (0.07+ 4x 0.3%+4x 5 x0.07 x 4x 4 16

t = 6530 =
2x0.07

Alternately, we could have requeste@W-SKY (see “Sky Background” on
page 72), since these observations are sky background limited. In that case the sky
background integrated over the bandpass produces ~0.04 couhtpiseic to
which we add the detector dark current to get a total background of 0.047 counts
secl pixerl. Using the full equation for exposure time again, we then determine
that we require only ~30 minutes. This is the preferable way to perform this
experiment.

52 x (0.07+ 4x 0.047+ /5" x (0.07+ 4x 0.04F +4x 5> x 0.07 x 4 x 4% 16
2% 0.07

t = 1976 =

Time-Tag Observations of a Flare Star (AU Mic)

Suppose the aim is to AME-TAG observations of a flare star such as AU
Mic, in the Hydrogen Lya 1216 A line (see “MAMA TIMETAG Mode” on
page 146. We wish to observe it with the G140M grating, the MAMA detector
and a 0.2 arcsec slit. AU Mic has V = 8.75, the intensity of its the lige is
about 6 (+/- 3) x 182 erg cm? sec! AL, and the width (FWHM) of the line is
about 0.7 (+/- 0.2) A. We will assume that during bursts, the flux might vary by a
factor of 10, so that the line flux may be up to 60 ¥46rg cni® sect A1, AU
Mic is an M star and its ultraviolet continuum is small and can be neglected.

We use:

« Sen$) = 1.97 x 182 counts set pix, per incident erg cih sect A (see
page 218).

» Aperture throughput 4 = 0.6 (from Table 13.18 on page 243).
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» “Ensquared energye; = 0.8 (see page 242).
Nspix = 8 (see Table 13.20 on page 248).

+ Derive Nyyix= 14 since the line FWHM is ~ 0.7 A and the dispersive plate
scale for G140M is 0.05 A pixél

Plugging these values into the point source equation on page 67, wgJet C
795 counts setover 8 x 14 pixels, or ~1000 count deitom the source (taking
& = 1.0). This is well below the MAMATIME-TAG global linearity limit of
30,000 count setand the continuous observing limit of 26,000 count's@he
line is spread over 14 pixels in dispersion and only roughly 10% of the flux in the
dispersion direction falls in the peak pixel, thus the peak per pixel coun®gate,
is roughly 795/(14x8)=8 counts stpixel! and we are not near the MAMA local
linearity limit.

For aTIME-TAG exposure, we need to determine our maximum allowed total
observation time, which is given by 6.0 x’AG@, seconds or roughly 1258
minutes or 21 hours. For Phase Il only, we will also need to compute the value of
the BUFFER-TIME parameter, which is the time in seconds to count 2% 10
counts, or in this case is 2515 seconds (=27E®).

Tabular Sky Backgrounds

We provide a table of the typical sky background numbers, for easy reference.

Table 6.5: Typical High Sky Backgrounds

Wavelength Earthshine Gg;i(;(;irgrr]lal Zodiacal Light Bacl;:c?:m d
A ergs cn st ergs cnf st ergs crif st ergs cnf st
Alarcse? arcse® Alarcse? At arcse®?
1100. 8.8E-22 6.0E-27 8.8E-22
1200. 8.0E-23 6.1E-26 8.0E-23
1215 1.1E-13
1400. 8.6E-25 1.5E-24 2.3E-24
1302 1.1E-14
1356 3.3E-15
1500. 8.3E-25 5.3E-24 6.1E-24
1600. 5.1E-25 1.3E-22 1.3E-22
1700. 1.6E-24 4.1E-21 4,1E-21
1800. 1.9E-22 8.8E-21 8.9E-21
1900. 8.8E-22 1.3E-20 1.4E-20
2000. 2.0E-21 2.0E-20 2.2E-20
2100. 3.2E-21 7.0E-20 7.4E-20
2200. 1.5E-21 1.3E-19 1.3E-19

2300. 6.6E-22 1.0E-19 1.0E-19
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Table 6.5: Typical High Sky Backgrounds (Continued)

Wavelength Earthshine GE?T;S;SQN Zodiacal Light Bac;—g:ztn d
A ergs cné st ergs cné st ergs crif st ergs cné st
At arcsed arcsed At arcsed Alarcse?
2470 3.3E-15
2500. 4.8E-22 1.4E-19 1.4E-19
2600. 1.1E-21 1.7E-19 1.7E-19
2700. 1.4E-20 5.8E-19 5.9E-19
2800. 4.1E-21 1.6E-19 1.7E-19
2900. 8.6E-20 1.2E-18 1.3E-18
3000. 1.9E-19 7.0E-19 8.8E-19
3100. 4.1E-19 8.5E-19 1.3E-18
3200. 7.2E-19 1.3E-18 2.0E-18
3400. 1.3E-18 1.6E-18 2.9E-18
3500. 1.6E-18 1.6E-18 3.2E-18
3600. 2.1E-18 1.8E-18 3.9E-18
3700. 2.4E-18 1.9E-18 4.3E-18
3800. 2.5E-18 1.9E-18 4.3E-18
3900. 3.0E-18 1.9E-18 5.0E-18
4000. 4.8E-18 2.8E-18 7.5E-18
4200. 4.8E-18 2.9E-18 7.7E-18
4400. 6.0E-18 2.9E-18 8.9E-18
4600. 6.8E-18 3.1E-18 1.0E-17
4800. 6.7E-18 3.4E-18 1.0E-17
5000. 6.9E-18 3.0E-18 9.9E-18
5200. 6.9E-18 2.8E-18 9.7E-18
5400. 7.1E-18 2.8E-18 9.9E-18
5600. 7.4E-18 2.7E-18 1.0E-17
5800 7.4E--18 2.7E-18 1.0E-17
6000. 7.3E-18 2.6E-18 9.9E-18
6200. 7.0E-18 2.5E-18 9.5E-18
6400. 6.8E-18 2.5E-18 9.3E-18
6600. 6.7E-18 2.4E-18 9.1E-18
6800. 6.5E-18 2.3E-18 8.8E-18
7000. 6.3E-18 2.2E-18 8.5E-18
7200. 6.2E-18 2.2E-18 8.3E-18
7400. 5.9E-18 2.0E-18 7.9E-18
7600. 5.8E-18 1.7E-18 7.5E-18
7800. 5.6E-18 1.8E-18 7.4E-18
8000. 5.4E-18 1.7E-18 7.2E-18
8200. 5.2E-18 1.7E-18 6.9E-18
8400. 5.1E-18 1.6E-18 6.7E-18

8600. 4.9E-18 1.6E-18 6.4E-18
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Table 6.5: Typical High Sky Backgrounds (Continued)

Wavelength Earthshine GE?{}%;{SQE‘I Zodiacal Light Bac;—g:shn d
A ergs cné st ergs cné st ergs crif st ergs cné st
At arcsed arcsed At arcsed At arcse?
9000. 4.5E-18 1.3E-18 5.9E-18
9200. 4.4E-18 1.3E-18 5.8E-18
9400. 4.3E-18 1.6E-18 5.9E-18
9600. 4.2E-18 1.3E-18 5.6E-18
9800. 4.1E-18 1.2E-18 5.3E-18
10000. 3.9E-18 1.1E-18 5.0E-18
10200. 3.8E-18 1.1E-18 4.8E-18
10400. 3.6E-18 1.0E-18 4.7E-18
10700. 3.5E-18 9.8E-19 4.4E-18
10800. 3.4E-18 9.6E-19 4.4E-18

11000. 3.3E-18 9.3E-19 4.2E-18
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STIS employs two fundamentally different types of detector; a UV-optimized
CCD for use from the near-UV to the near-IR and Multi-Anode Microchannel
Array detectors, known as MAMAs, for use in the ultraviolet. The CCD and the
MAMA detectors are used in different ways and impose their own unique
limitations on the feasibility of science performed using them. In this chapter we
present the properties of the STIS detectors, describe how to use them to optimize
science and list the steps you should take to assure your observations are feasible.

The CCD

Detector Properties

The STIS/CCD is a low noise device capable of high sensitivity in the visible
and the near-UV. It is a thinned, backside illuminated device manufactured by
Scientific Imaging Technologies (SITe). In order to provide a near-UV imaging
performance, the CCD has been backside treated and coated with a wide band AR
coating. The process produces acceptable near-UV quantum efficiency (QE)
without compromising the high QE of the visible bandpass. The CCD camera
design incorporates a warm dewar window, designed to prevent build up of
contaminants on the window which we have found to cause a loss of UV

87
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throughput for the WFPC2 CCDs. A summary of tk€CDs expected
performance is given in Table 7.1. We note, that the actual properties (read noise,
dark current, and full well depth) of the STIS flight CCD detector are not known
at the time of the writing of this handbook. We expect to have more information
by August, and updates will be made at that time (see“Updates to Instrument
Performance for Cycle 7" on page 12).

Table 7.1: Provisional CCD Detector Performance Characteristics

Detector CCD

Architecture Thinned, backside illuminated
Wavelength range 2000 - 11000 A

Pixel format 1024x1024

Pixel field of view 51x51 arcseconds

Pixel size 2lum

Pixel plate scale 0.05 arcseconds

Quantum efficiency >20% @ 3000 A

>60% @ 5000 A
>20% @ 9000 A

Dark count @-88c 0.007 counts sé&tpix?t
Read Noise 4" eRMS
Full well 170,000 eover the inner portion of the detector

120,000 &over the outer portion of the detector

CCD Spectral Response

The spectral response of the unfiltered CCD is shown in Figure 5.1 on page 50
(labelled as 50CCD). This figure illustrates the extremely wide bandpass over
which this CCD can operate. The wide wavelength coverage can be used to
advantage for deep optical imaging. The near-UV sensitivity of the CCD makes it
a good alternative to the NUV-MAMA for low and intermediate resolution
spectroscopy from ~2500-3100 A using @230LB andG230MBgrating modes
(see Table 4.1, “STIS Spectroscopic Capabilities,” on page 34).

Based on test data to date, the STIS CCD does not suffer from Quantum
Efficiency Hysteresis (QEH)—that is the CCD responds in the same way to light
levels in the same way over its whole dynamic range, irrespective of the previous
illumination level.

Preliminary testing of the STIS CCD indicates that it exhibits some fringing in
the red, longward of ~7000 A. This fringing may limit the signal-to-noise
routinely achievable in the red and near-IR. Depending on the stability and
wavelength dependence of the effect, it may be possible to employ special
techniques when observing to minimize the effect.
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Optical Performance

The CCD plate scale is 0.05 arcseconds per pixel, for both imaging and
spectroscopic observations. Predicted encircled energies as a function of
observing wavelength are described for the CCD spectroscopic modes and the
CCD Imaging modes in Chapters 13 and 14 respectively.

Read Out

A full detector readout is 1064 x 1044 pixels with physical and virtual
overscans. Science data are obtained on 1024 x 1024 pixels, each projecting to
~0.05 x 0.05 arcseconds on the sky. For spectroscopic observations, the dispersion
axis runs alond@\X1S1 (image x or along a row of the CCD), and the spatial axis
of the slits runs alongXIS2 (image y or along a column of the CCD). The CCD
supports the use of subarrays to read out only a portion of the detector, and
on-chip binning. For more details see “CCD ACCUM Mode” on page 141.

Analog-To-Digital Conversion

Electrons which accumulate in the CCD wells are read out and converted to
data numbers (DN, the format of the output image) by the analog-to-digital
converter at a defauBAIN of 4 €/DN (i.e., every 4 electrons register 1 DN). The
analog-to-digital converter operates at 16-bits, producing a maximum of 65536
data numbers pixél At 4 e-/DN, the maximum 170,000 e- of the CCD full well
(see “CCD Saturation: the CCD Full Well” on page 90 below) can be used
without saturating during the conversion.

The CCD is also capable of operating at gains of 1, 2, dD8leln principal,
use of a lower gain can increase the dynamic range of faint source observations by
reducing the quantization noise, however in practice this improvement may be
insignificant. At this time the read noise and analog-to-digital conversion noise of
the STIS CCD has not been categorized. If, following ground science calibration,
and prior to Phase II, we determine that there is significant benefit to using a lower
GAIN in faint source applications, the default GAIN will be changed, and GAIN
made a fully selectable user parameter. Note that at a gain of 1 or 2, the 16-bit
format of the A-D converter, which limits its output to 65535 DN, will saturate
prior to the CCD full well.

Hot Pixels

It is expected that hot pixels, caused by radiation damage, will occur in the
STIS CCD. Dark frames will be obtained about once per week in order to
maintain a master list of hot pixels. We expect that, on a monthly time scale, the
CCDwill be raised to ambient temperature, from its normal operating temperature
of ~-8(° C, in order to permit annealing of hot pixels. These measures are similar
to those used currently for WFPC2 to deal with hot pixels.
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CCD Operation and Feasibility Considerations

CCD Saturation: the CCD Full Well

There are no hard bright object limits to worry about for CCD observations,
since the CCD cannot be damaged by observations of bright sources. However,
the CCD pixels do saturate at high accumulated count levels, due to the finite
depth of the CCD full well. The full well properties of the CCD have yet to be
fully characterized. It appears that there will be a region near the center of the chip
where the CCD saturates at ~170,000 electrons hixewever over the outer
(serial) portion the CCD saturates at 120,000 electrons pisiéle variation of
the CCD full well over the chip occurs because of non-uniformity in the process
of boron implantation, which creates the potential wells in this type of CCD.

Saturation imposes a limit on the product of the count rate and the integration
time. Keep the total counia the pixels of interesbelow the saturation level,
either by keeping the exposure time short enough that the limit is not violated in
any single integration or by choosing a more appropriate configuration. You can
allow saturation to occur in regions of the image over which you do not wish to
extract information (e.g., you can allow a star or single emission line to saturate if
you are interested in other features). Remember, however, that once the CCD full
well is over full, charge will bleed along the columns of the CCD so that
neighboring pixels (along the slit for spectroscopic observations) will also be
affected. Saturationannotbe corrected for in post observation data processing.

In “Determining Count Rates from Sensitivities” on page 66 we explained how
to determine the peak counts Segixell expected for your observation. In
Chapter 13 (page 175) for each grating mode and in Chapter 14 (page 257), for
each imaging mode, we provide, for spectroscopy and imaging respectively, plots
of exposure time to fill the CCD full well versus source flux for each STIS
configuration. Lastly, an exposure time calculator is available on the STScl STIS
World Wide Web site. Use one of these to assure your observations will not
saturate sources of interest.

The minimum CCD exposure time is 0.1 seconds, providing a true limit to the
brightest source that can be obsemnétiout saturating

v Keep the accumulated electrons p‘&eler exposure below 120,000.

Cosmic Rays

All CCD exposures are expected to be affected by cosmic rays. To allow
removal of cosmic rays in post-observation data processing we recommend that
wherever possible, given signal-to-noise constraints, you take two or more
exposures in any given CCD configuration (see also “CRSPLIT” on page 153).
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The greater the number of independent exposures, the more robust is the removal
of cosmic rays. However, observers must balance the decrease in signal-to-noise
which results from the splitting of exposures when in the read noise limited
regime with the desire to remove cosmic rays.

In observations of faint sources, particularly for dispersed light exposures, the
intrinsic count rates can be very low. With a dark current of 0.08é®it takes
~35 minutes of integration for the Poisson statistics on the minimal background to
equal the read noise. Therefore, repeated exposures when observing faint sources,
can significantly increase the total noise from added readouts. Selecting the
correct number, and length of repeated integrations requires a consideration of the
trade-off between increased read noise and more robust cosmic-ray elimination.
The saturation curves in the grating sections in Chapter 13 (page 175) and the
filter sections in Chapter 14 (page 257) show, for a given source flux, the
integration time where source plus background counts exceed 2 times the read
noise (i.e., when you are no longer in the read noise limited regime). You can use
these plots to guide your CR-SPLIT observation strategy.

___________________________________________________________________________________________________|
Be sure to take at least two identical CCD exposures in each configuration to

allow removal of cosmic rays in post observation data processing.
___________________________________________________________________________________________________|

UV Light and the STIS CCD

In the optical, each photon generates a single electron. However, in the
near-UV, shortward of ~3200 A there is a finite probability of creating more than
one electron per UV photon (see Christensen, O, 1R7&8pp. Phys47, 689).
Users will need to take this into account when calculating signal-to-noise ratios
and exposure times for th@230LB and G230MB gratings, as described in
“Special Case—Spectroscopic CCD Observationsas00 A” on page 71.

Excessive illumination by UV light can cause an elevation in residual dark
current, due to a surface chemistry effect. This is a concern only for clear
(50CCD imaging observations. To guard against the impact of such a dark current
elevation on science observations:

* Use the LongPass filtered apertuF28X50LP, rather than thésOCCD
clear aperture, for CCD imaging observations of bright fields, including
during target acquisitions (see also “Imaging Apertures for Use in Target
Acquisitions” on page 111) as possible.

» All clear CCD imaging observations are limited to at most 15 minutes per
exposure (see “Unfiltered (Clear) CCD Imaging - 50CCD” on page 54) and
observations of fields with ultraviolet bright sources may require dithering.

» Pure parallel observations with te8@CCDclear aperture are not allowed.

» Following coronographic observations of bright (V<10) targets, the CCD
will not be used for science for roughly 1 hour, to allow the dark current to
equilibrate to near its normal value before other CCD science is begun.
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Observers taking such bright coronagraphic exposures will need to allocate
an orbit per visit in their proposal for this clean up (see “Coronagraphic
Imaging and Spectroscopy” on page 170).

The MAMA Detectors

MAMA Properties

There are two MAMA detectors; tHeTIS/FUV-MAMA provides coverage
from 1150-1700 A and theSTIS/NUV-MAMA provides coverage from
1650-3100 A (with lower response to below 1200 A). The STIS MAMA
detectors are photon counting detectors which process events serially. They can be
used to take data in either an accumul&E€GUM mode in which a time
integrated image is produced, or in a time sefi#¥E-TAG mode) in which the
detector location and time of arrival of each photon is recorded as an event stream
(see “MAMA ACCUM” on page 143 and “MAMA TIMETAG Mode” on
page 146, respectively). The primary benefits afforded by the STIS MAMASs, in
comparison with existing HST UV spectroscopic detectors such as the GHRS and
FOS, are high spatial resolution, two-dimensional imaging over a relatively large
field of view, and low background for point sources. The MAMA detector was
developed by J. Timothy and R. Bybee (Timothy and Bybee 1975) for X-ray and
UV imaging applications. The provisional properties of the MAMA detectors are
summarized below in Table 7.2.

Table 7.2: Provisional MAMA Detector Performance Specification

Detector Far-Uuv MAMA Near-Uv MAMA
Photocathode Csl GSe

Wavelength range 1150-1700 A 1650-3100 A

Pixel format 1024 x 1024 1024 x 1024

Pixel size 25 x 2fum 25 x 25um

Image mode pixel size 0.024 x 0.024 arcseconds 0.024 x 0.024 arcseconds
Field of view 24.9 x 24.9 arcseconds 24.9 x 24.9 arcseconds
Quantum efficiency 25% @ 1216 A 10% @ 2537 A

Dark count 6.25x10 cnts pix! sect 1.25x10% cnts pix! sect
Global count rate linearity linflt 300,000 cnts set 300,000 cnts set

Local count rate linearity linfit  ~50 cnts pist sect ~50 cnts pist sect

aRate where counting shows 10% deviation from linearity.
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Figure 7.1 and 7.2 illustrate the design of the NUV and FUV MAMAs. A
photocathode material is deposited on the front surface. The FUV-MAMA has an
opaque Csl photocathode deposited directly on the face of the curved
micro-channel plate (MCP); the NUV-MAMA has a semi-transparenfl&€s
photocathode deposited on the back side of the detector’s entrance window.

Target photons strike the photocathode, liberating single photo-electrons which
pass into the microchannel plate (MCP). There they are multiplied to a pulse of
~4x10° electrons. The pulse is recorded by an anode array behind the
photocathode and detected by the MAMA electronics which process it, rejecting
false pulses and determining the origin of the photon event on the detector.

Figure 7.1: Design of the FUV MAMA
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Figure 7.2: Design of the NUV MAMA
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MAMA Spectral Response

The spectral responses of the unfiltered NUV and FUV MAMAs are illustrated
in Figure 5.9 on page 59. The peak photocathode response of the FUV-MAMA
occurs at Lymaru. Its spectral response is defined by the cutoff of the MgF
window at 1150 A at short wavelengths, and by the relatively steep decline of the
Csl photocathode at long wavelengths. Out of band QE at longer wavelengths
(>2000 A) is <1@ yielding excellent solar blind performance. The NUV-MAMA
spectral response has a relatively flat maximum (~10%) which encompasses
1800-2600 A. The photocathode QE declines to ~4% at 3150 A, while at longer
wavelengths the out of band QE is 1GSee also “Unfiltered (Clear) MAMA
Imaging” on page 58.)

Optical Performance

Both the MAMAs exhibit low level extended wings in their detector point
spread functions (PSF), with the NUV-MAMA PSF being considerably worse.
Sample MAMA detector PSFs are shown in Figure 7.3. For those wishing to
model their affect on absorption or emission line equivalent width measurements
or coronographic observations, the LSFs and detector PSFs are maintained on the
STScl STIS World Wide Web page.
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Figure 7.3: MAMA Detector PSFs
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MAMA Operation and Feasibility Considerations

MAMA Saturation—Overflowing the 16 Bit Buffer

The MAMA's are photon counting detectors; as each photon is recorded it is
placed into buffer memory. The STIS buffer memory stores values as 16-bit
integers, hence the maximum number it can accommodate is 65536 counts per
pixel in a givenrACCUMnode observation. At accumulated counts per pixel which
exceed this number, the values will wrap. As an example, if you are counting at
the limit of 25 count seét pixel, you will reach the MAMA saturation limit in
~24 minutes.

Keep accumulated counts pi')ereIow this value, by breaking individual
exposures into multiple identical exposures (see also “REPEATOBS” on
page 153) each of which is short enough that less than 65536 counts are
accumulated per pixel. There is no read noise for MAMA observations, so no
penalty is paid in lost signal-to-noise ratio when breaking exposures. There is a
small overhead (~1 minute) for each MAMA exposure, however (see Chapter 9 on
page 123).
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v Keep the accumulated counts per pixel below 65536, by breaking single expo-
sures into multiple exposures, as needed.

MAMA Signal-to-Noise Ratio Limitations

MAMA detectors may be capable of delivering signal-to-noise ratios of the
order of 100:1 per resolution element (2x2 pixels) or even higher. However,
inherent structure in the MAMA flat fields and our ability to track the temporal
behavior of those flats are likely to limit routine observations to maximum
signal-to-noise values in the range ~30:1 during Cycle 7. Achieving higher high
signal-to-noise ratios will require very high quality flat fields or the use of an
observation procedure that allows the observer to remove the photocathode
component and the fixed pattern component of the MAMA flat field. The fixed
pattern noise is a combination of several effects including beating between the
MCP channel array and the anode pixel array, variations in charge cloud structure
at the anode, and low-level capacitive cross-coupling between the fine-fine anode
elements. A special project during Cycle 7 is to investigate the optimum
techniques for removing fixed pattern noise from the MAMA flat fields. See also
“High Signal-to-Noise Ratio Observations” on page 167.

MAMA Non-Linearity

Global

The MAMA detectors begin to experience non-linearity (photon impact rate
not equal to photon count rate) at global (across the entire detector) count rates of
200,000 count sét The non-linearity reaches 10% at 300,000 count sewl
can be corrected for in post-observation data processing at the price of a loss of
photometric reliability. The MAMA detectors are not able to count at rates
exceeding 300,000 count 'sbcand at rates above this observations are disallowed
as damage to the detectors can ensue (see “MAMA Bright Object Limits” on
page 97, below).

Local

The MAMA detectors remain linear in their counting up to ~50 counts sec
pixell. At rates exceeding this, they experience local (at a given pixel)
non-linearity. The non-linearity effect is image dependent—that is, the
non-linearity observed at a given pixel depends on the photon rate affecting
neighboring pixels. This makes it impossible to reliably correct for the local
non-linearity in post-observation data processing. In addition, the MAMA
detectors are subject to damage at high local count rates, and observations at per
pixel count rates exceeding 25 countsspixel! for the FUV-MAMA and 50
counts set pixel'! are for the NUV-MAMA are disallowed (see “MAMA Bright
Object Limits” on page 97, immediately below).
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MAMA Bright Object Limits

STScl has responsibility to ensure that the MAMA detectors are not damaged
@ through over-illumination. Consequently, we have had to develop procedures and
rules in order to protect the MAMAs. We ask all potential users to share in this
responsibility by reading and taking note of the information in this section and
designing observing programs which operate in the safe regime for these
detectors.

Overview

The MAMA detectors are subject to catastrophic damage at high global and
local incident count rates and cannot be used to observe sources which exceed the
defined safety limits. The potential detector damage mechanisms include
over-extraction of charge from the micro channel plates causing permanent
diminution of response, and ion-feedback from the micro channel plates causing
damage to the photo-cathode and release of gas which can overpressure the tube.

To safeguard the detectors, checks of the global (over the whole detector) and
local (per pixel) illumination rates are automatically performed in flight for all
MAMA exposures. Thglobal illumination rateis monitored continuously; if the
global rate approaches the level where the detector can be damaged, the high
voltage on the detector is automatically turned off. This will result in the loss of
all observations scheduled to be taken with that detector for the remainder of the
calendar (~1 week). Thpeak local illumination rateis measured over the
MAMA field at the start of each new exposure; if the local rate approaches the
damage level, STIS will shutter, and the exposure will be lost.

v Sources that would over-illuminate the MAMA detectors cannot be observed. It is
the responsibility of the observer to avoid specifying observations that exceed the
limits described below.

Observational Limits

To ensure the safety of the MAMA detectors and the robustness of the
observing timeline, we have established observational limits on the incident count
rates. The three observational limits apply in both spectroscopic and imaging
applications. The restrictions are (see also Table 7.3):

1. The maximunglobal count rate at which you will be allowed to observe is
300,000 counts sédntegrated over the detector

2. The peak per pixel count rate from your source cannot exceed 50 counts
sec! pixel! for observations utilizing the NUV-MAMA.
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3. The peak per pixel count rate from your source cannot exceed 25 counts
sec! pixel! for observations utilizing the FUV-MAMA.

Note that these limits are at or below the maximum rate at which the MAMA
detectors remain linear in their counting (see “MAMA Non-Linearity” on
page 96).

Table 7.3: Absolute MAMA Count Rate Limits

Limit Type Count Rate Limit Applies to?

Absolute global 300,000 counts 3kc Over detector

Absolute peak count rate 50 count $@ixel ™ All NUV-MAMA observations
Absolute peak count rate 25 count'éqati:xel‘l All FUV-MAMA observations

How Do You Determine if You Violate a Bright Object
Limit?

As a first step, you can check your source V magnitude and peak flux against
the Bright Object Limits in Table 13.24, “MAMA Spectroscopic Bright Object
Limits - V Mags and cgs units.,” on page 255 or Table 14.16, “MAMA Imaging
Bright Object Limits, V Magnitudes and CGS as indicated.,” on page 308 for your
chosen observing configuration. In many cases, your source properties will be
much fainter than these limits, and you need not worry further.

However, if you are near these limits (within 1 magnitude or a factor of 2.5 of
the flux limits), then you need to carefully consider whether your source will be
observable in that configuration. Remember the limits in these tables assume zero
extinction and for spectroscopic observations do not include slit losses. Thus you
will want to correct the limits appropriately for your source’s reddening and the
aperture throughput.

You can use the information presented in “Determining Count Rates from
Sensitivities” on page 66 to calculate your peak and global count rates. Perhaps,
better, you can use the STIS exposure time calculator available through the STScl
STIS World Wide Web page to calculate the expected count rate from your
source. It has available to it a host of template stellar spectra. If you have a
spectrum of your source (e.g., from IUE, GHRS or FOS) you can also input that
spectrum directly to the calculator. The calculator will evaluate the global and per
pixel count rates and will warn you if your exposure exceeds the absolute and
bright object limits. We recommend you utilize the STIS exposure time calculator
if you are inany doubtthat your exposure may exceed the bright object MAMA
limits.
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Policy and Observer’'s Responsibility in Phase | and
Phase I

It is the observer’s responsibility to ensure that their observations do not exceed
the Bright Object count limits of 50 counts Semixel* for the NUV-MAMA, 25
counts se¢ pixel! for the FUV-MAMA and 300,000 counts skover the detec-

tor for both MAMA detectors.

It is your responsibility to assure that you have checked your planned
observations against the brightness limits prior to proposing for Phase I. If your
proposal is accepted and we, or you, subsequently determine (in Phase Il), that
your source violates the absolute limits, then you will either have to change target,
if allowed, or lose the granted observing time. We encourage to include a
justification in your Phase | proposal if your target is within 1 magnitude of the
Bright Object Limits for your observing configuration

STScl will screen all STIS observations that utilize the MAMA detectors to
ensure that they do net exceed the Bright Object Limits. In Phase Il, you will be
required to provide sufficient information to allow screening to be performed.

Here we describe the required information you must provide.

Spectroscopy

To allow screening of your target in Phase Il for spectroscopic MAMA
observations you must provide the following for your target (i.e., for all sources
which will illuminate the detector during your observations):

eV magnitude
« Expected source flux at observing wavelength.

» Spectral type (one of the types in the screening tables).

EB_V
* B-V color.

If you wish to observe a target which comes within one magnitude (or a factor
of 2.5 in flux) of the limits in the Spectroscopic Bright Object Screening table
(page 255) for your configuration, after correction for aperture throughput and
reddening, but which you believe will not exceed the absolute limits in Table 7.3,
“Absolute MAMA Count Rate Limits,” on page 98 and so should be observable,
you must provide auxiliary information to justify your request. Specifically:

* You must provide an existing UV spectrum (e.g., obtained with IUE, FOS,
or GHRS) of the star which proves that neither the global nor the local
absolute limits will be exceeded.
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« If you do not have such a spectrum, then you must obtain one, by taking a
‘pre-exposure’ in a MAMA-safe configuration (e.g., with a ND filter in
place or in a higher resolution mode) before we will schedule your observa-
tions.Be sure to include the time (1 orbit in its own visit) for such an obser-
vation in your Phase | Orbit Time Request, as needed.

Imaging

The MAMA imaging Bright Object Limits (see Table 14.16 on page 308) are
very stringent, ranging from V=15 to V=20.5 for the different imaging apertures,
and apply to all sources imaged onto the MAMA detector (i.e., not just the
intended target of interest). Automatic screening by STScl can only be performed
down to a limiting magnitude of V~12.5. For this reason, if you wish to perform
MAMA imaging you must prove that your field will not violate the limits with
your chosen filter. Specifically, you must provide:

* V magnitudes and B-V colors for all the targets in the field of view along
with an optical image of that fieldy

e an existing UV image (e.g., from FOC, WFPC2, or UIT) which proves that
your field will not exceed the absolute limits.

Neither prime nor coordinated parallel imaging observations with the STIS
MAMAs will be allowed unless this information is provided. Phase | Proposals
for MAMA imaging should demonstrate that they have considered the MAMA
Bright Object Limits.

___________________________________________________________________________________________________|

N/ MAMA imaging exposures will only be allowed if the observer provides V mag-
nitudes and B-V colors for all sources which will be imaged onto the MAMA field
of view. Alternately, the observer can provide a UV image (e.g., from FOC or

WFPC2) which demonstrates that the field is safe.
___________________________________________________________________________________________________|

Policy on Observations Which Fail Because they Exceed

Bright Object Limits

If your source passes screening, but causes the automatic flight checking to
shutter your exposures or shut down the detector voltage causing the loss of your
observing time,then that lost time will not be returned to you is the
responsibility of the observer to ensure that their observations do not exceed the
bright object limits.

What To Do If Your Source is Too Bright for Your
Chosen Configuration?

If your source is too bright for one configuration, it is likely that it will be
observable in another configuration (e.g., in a higher dispersion configuration).
The options open to you if your source count rate is too high in a given
configuration include:
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1. Select a narrower slit which passes only a fraction of the source flux, for
spectroscopic observations.

2. Select a higher dispersion grating.

3. For near-UV low resolution and medium resolution spectroscopy, consider
using the CCD G230LB and G230MB modes (see “Cross-Over Regions”
on page 41).

4. Employ a neutral density filter.

5. Change configurations totally to observe a different portion of the spectrum
of your target (e.g., switching to the CCD).

For further advice, see “Observing Too-Bright Objects with STIS” on
page 165.
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CHAPTER 8

Target Acquisition

In This Chapter...

Overview / 103
STIS On-board Target Acquisitions / 105
On-board Target Acquisition Peakups / 117

All STIS spectroscopy using slits and all coronographic observations will
require an on-board STIS target acquisition and possibly an acquisition/peakup
exposure to center the target in the science aperture. In this Chapter we provide
the basic information you need to choose an acquisition strategy for your science.

Overview

Following the initial guide star acquisition for your visit, the target location in
the aperture plane will be known to an accuracy of ~1-2 arcseconds. For science
observations taken through spectroscopic slits which are less than 3 arcseconds in
either dimension and for imaging observations taken using one of the
coronagraphic apertures, you will need to use an on-board STIS target acquisition
and possibly an acquisition peakup exposure to center your target.

On-board target acquisitions with STIS differ considerably from previous HST
instruments such as FOS and GHRS, which required raster scans to locate the
target. STIS target acquisitions employ the CCD camera to image the target’s field
directly and onboard flight software processes the image to locate the position of
the target. This should make STIS target acquisitions more robust than with the
earlier generation HST spectrographs. Below we describe acquisition and peakup
exposures for spectroscopy. Acquisitions and centering of targets behind
coronographic bars and wedges is described in “Coronagraphic Imaging and
Spectroscopy” on page 170.

Figure 8.1 shows a decision flow for selecting whether you require an
acquisition, an acquisition/peakup, or both, to center your target.

103
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Figure 8.1: Determining Acquisition Needs
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Acquisitions

STIS target acquisition exposureéd @DE=ACalways use th€CD one of
the filtered or unfiltered apertures fGCDimaging and a mirror as the optical
element in the grating wheel. Acquisition exposures center your target in the slit
or behind a coronographic bar to an accuracy of ~0.1 arcseconds. A typical STIS
target acquisition exposure takes ~8 minutes (see “On-board Target Acquisition
and Peakup Overheads” on page 135).

Peakups

Additionally, an acquisition peakup exposukdDE=ACQ/PEAKUPnust be
taken following the target acquisition exposure to refine the target centering of
point or point-like sources in slits less than or equal to 0.2 arcseconds wide (or
tall). Peakup exposures use a science slit or coronographic aperture and can be
taken with either the CCD or one of the MAMASs as the detector and with either a
mirror or a spectroscopic element in the grating wheel. Typical centering
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accuracies following a peakup sequence are 0.3 and 0.2 times the dimension of the
slit or bar for CCD and MAMA acq/peaks, respectively. Typical STIS imaging
point source peakups take ~ 5-10 minutes, though a peakup with the very small
0.1x0.09 echelle aperture will take ~20 minutes (see “On-board Target
Acquisition and Peakup Overheads” on page 135).

STIS On-board Target Acquisitions

How STIS On-Board Acquisitions Work

Acquisition exposures are controlled by the Flight Software (FSW). Figure 8.2
highlights the basic steps in the acquisition process.

Figure 8.2: Target Acquisition Schematic

Step 1

CCD image of target taken and used by Flight Software to
determine x and y coordinates of target.

Step 2

HITM illuminated CCD image of science slit taken and
used by FSW to determine x and y coordinates of
slit center.

Step 3

Flight software computes offset between
star and slit center. Moves telescope to

~ position star in slit.

Success!

Star successfully positioned in slit, to ~0.1 arcsecond
accuracy.

In step 1, the target is located. A 100 x 100 pRB-SPLIT CCD image is
taken of the sky using a user selected filtered or unfiltered imaging aperture. The
flight software processes the image as needed (to remove the bias level, flag bad
pixels and remove cosmic ra§7$)nd applies a user-selected finding algorithm to
determine the pixel coordinates of the target. The spacecraft is then moved to
place the target at the nominal aperture center, the target is re-imaged and the
target detector coordinates are re-determined. This second target location is
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performed to minimize the final slew in step 3, to reduce the error associated with
that slew.

In step 2, the location of the science slit (i.e., the slit you are trying to center
the target in) is determined relative to the target. The science slit is rotated into the
slit wheel and an image of the slit is obtained by illuminating the slit with the
HITM line lamps. The slit image is processed and a finding algorithm is then used
to determine the pixel coordinates of the center of the slit.

In step 3, the final phase, the flight software calculates the offset between the
target location and the slit center, and performs a small angle maneuver of HST to
place the target in the aperture.

An acquisition exposure produces science data, which includes the image of
the target and the image of the science slit. These data will be returned to you with
your science data as part of the pipeline products.

Target Location Algorithms

STIS supports two basic types of acquisitions; point source acquisitions
(ACQTYPE=POINY and diffuse source acquisitionaGQTYPE=DIFFUSE
Diffuse source acquisitions are appropriate for sources that exhibit smooth or
systematically peaking surface brightnessesome size scalsych as centers of
galaxies, planets, or nebulae.

To locate the target the flight software first passes a sqghaokboxover the
image and determines the flux contained within the checkbox at each pixel in the
subarray. The flight software then selects the checkbox with the maximum flux
and determines the target center within that checkbox according to the type of
acquisition specified.

Point Source Acquisition

For point source acquisition&CQTYPE=POINY, the checkbox size is fixed
at 3 x 3 pixels and the flight software determines the target location by finding the
flux weighted centroid of the pixels in the brightest checkbox (see Figure 8.3).

1. The processing done by the FSW is rudimentary; a single bias number is sub-
tracted, bad pixels are set to the average of the adjacent pixels, and negative valued pix-
els are set to zero, and each pixel is assigned the minimum from the two (CR-SPLIT)
images.
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Figure 8.3: How the Checkbox Works for Point Source Acquisitions
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Diffuse Acquisition

For diffuse acquisitions ACQTYPE=DIFFUSE the flight software
determines the target location either by finding the flux weighted centroid of the
pixels in the brightest checkbox or by determining the geometric center of the
brightest checkbox. FADIFFUSE acquisitions, the user must specify both the
centering methodQIFFUSE-CENTER=GEOMETRI®@r CENTROID and the
checkbox size. The user s&@IECKBOX% wheren must be an odd number less
than 105: the checkbox will then have dimensiorn pixels. CHECKBOX
should be set to the minimum size which assures that the brightest checkbox will
be the one centered on the region of interest (i.e., if your object is peaked within a
region of 1 arcsecond, s&HECKBOX=21 (= 1 + 1 arcsecond/0.05
arcsecond/pixel). The maximum checkbox is 105 pixels on a side, or ~5x5
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arcseconds. The subarray used for a diffuse source acquisition target image is
CHECKBOXL01 pixels on a side.

Figure 8.4: How the Checkbox Works for Diffuse Acquisitions

Checkbox is passed
over entire subarray

and the flux within the
- checkbox is determined at

— each pixel location.

Checkbox size is a user

BEE specified parameter for
diffuse acquisitions.

In this example,
CHECKBOX=5.

NN \
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If DIFFUSE-CENTER=GEOMETRIC,
the flight software then selects the
central pixel of the chosen checkbox.

If DIFFUSE-CENTER=CENTROID,
the flight software determines the
target position in fractional pixels as
the flux weighted centroid of the pixels
in the chosen checkbox.

Figure 8.5 shows a simulated example of a diffuse source, the nucleus of the
galaxy M86, acquired using a diffuse source acquisitions.
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Figure 8.5: Simulated Diffuse Acquisition of Elliptical Galaxy M86, creating by
running the flight software algorithm on a WFPC2 image. CHECKBOX=25 pro-
duced good centering. Smaller values caused checkbox to center on local bright-
ness enhancements offset from galaxy center.

25 x 25 pixel checkbox
centered on the very
diffuse and dusty
nucleus of M86.

Selecting Target Acquisition Parameters
To plan your acquisition, you must select:

» The type of acquisition, point or diffuse, and if you are performing a diffuse
acquisition, the centering algorithm and checkbox size (see “Diffuse Acqui-
sition” on page 107).

* The filteredAPERTURHEO be used for target imaging during the acquisi-
tion.

* The exposure time for the image used to determine the location of the
target.

« The science or acquisition peakup exposure the acquisition is performed
for; the slit specified in that exposure is used during the slit illumination
phase of the acquisition.

Figure 8.6 shows the flow of specifying a target acquisition exposure.
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Figure 8.6: Process of Choosing Target Acquisition Exposure
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Imaging Apertures for Use in Target Acquisitions

The apertures available for target acquisitions are the same set that can be used
for CCD imaging and are listed in Table 8.1 below. They include the visible long
pass filter, the clear unfiltered aperture, the [Olll] narrowband filter, the [OII]
narrowband filter, and the full set of neutral density filters which provide
attenuations for bright sources betweet &dd 106,

Table 8.1: Apertures for Target Acquisitions. Note that F28X50LP is the preferred
target acquisition aperture. See “Optical CCD Imaging” on page 54 for more infor-
mation on the properties of the apertures.

APERTURE

Filter Comment
Name

F28X50LP optical longpass preferred

target acquisition aperture
F28X500II [ol] use for bright sources

or to center on emission line structure
F28X500Ill [ol] use for bright sources

or to center on emission line structure
F25NDQ1 neutral density filter, ND=18 use only for targets too bright for other filters
F25NDQ2 neutral density filter, ND=I8 use only for targets too bright for other filters
F25NDQ3 neutral density filter, ND=I8 use only for targets too bright for other filters
F25NDQ4 neutral density filter, ND=I6 use only for targets too bright for other filters
F25ND5 neutral density filter, ND=1D® use only for targets too bright for other filters
F25ND6 neutral density filter, ND=18 use only for targets too bright for other filters
50CCD clear use for acquisitions of faintest sources only

We recommend that you use the longpass filtered ap&2€50LP for all
target acquisitions of sources with V magnitudes between 5 and 23. The longpass
filter is the preferred target acquisition aperture (compared to say thB@R2D
aperture) because it blocks the ultraviolet photons, which can otherwise elevate
the detector dark count in the subsequent science exposures. For bright sources
which saturate the CCD in 0.1 second with the longpass filter (see Table 8.2 on
page 113), you can use either the narrow band OIlll (F28X500IIl) or Oll filters
(F28X500II) as the acquisition aperture, or one of the neutral density filters. The
[Ol1] and [Olll] filters can also be used to locate the target in the light of an
emission line.

v Use the=28X50LP longpass filter for the target acquisition whenever possible.
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Determining the Exposure Time for the ACQ Exposure
To achieve robust target location:

« A signal-to-noise ratio of 40 (over the checkbox) must be obtained on each
target image obtained during tA€Q exposure.

* The target image cannot be allowed to saturate the CCD full well.

* The exposure time must be less than 5 minutes for point source acquisitions
and less than the maximum allowed (see below) for diffuse acquisitions.

You can use the information presented in earlier chapters (see “Calculating
Exposure Times for a Given Signal-to-Noise” on page 70) to determine the
required exposure time and assure you are not saturating the CCD full well. To
assist you in determining your exposure times, in Figure 8.7 on page 114, we plot
exposure time versus V magnitude to achieve a signal-to-noise ratio of 40, for
stars having a range of spectral types, for the clear, longpass, Olll, and Oll filters.

The maximum possible exposure time for a point sSokGQTYPE=POINY
acquisition exposure is 5 minutes; this limits acquisitions to sources brighter than
24.5 magnitudes in V. This limit is imposed because for exposure times longer
than this, the target acquisitions become compromised by coincident cosmic ray
impacts, which will lead to acquisition failures.

The maximum possible exposure time for a diffuse acquisition
(ACQTYPE=DIFFUSE) depends on the checkbox and is given by:

t. = 5% 100/( 101+ CHECKBOX  minutes

Table 8.2 gives the limiting magnitudes at which the CCD will saturate ina 0.1
second exposure; sources brighter than these limits cannot be acquired with the
CCD using these filters. However, remember that the ND filters can be used to
acquire targets; they provide attenuations front (25 Magnitudes) to 18 (15
Magnitudes) relative t&0CCD (note that the ND filters are in the single slit
wheel, and so cannot be used in conjunction with other filters).
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Table 8.2: V Magnitude Limits for 0.1 Second CCD Exposure Time as a Function
of Aperture. The neutral density filters, providing attenuations up to 15 magni-
tudes are also available, though not listed in this table.

Limiting Magnitude

Spectral
type 50CCD  F28X50LP F28X500lll F28X500ll
05 10.1 8.8 3.2 5.1
B1V 10 8.8 3.4 4.9
B6V 9.8 8.9 3.3 4.2
BOV 9.8 8.9 3.2 4.2
ALV 9.8 8.9 3.3 4.4
A2V 9.7 8.9 3.2 35
A7V 9.7 9 3.2 3.4
Fav 9.7 9.1 3.1 3.3
F8V 9.8 9.3 3.1 3.2
GOV 9.8 9.3 3.1 3.2
G5V 9.8 9.3 3.1 3.1
KOV 9.8 9.3 3 3.2
MOV 10.2 10 2.7 1.2
Kol 10 9.7 2.9 16
Kalll 10 9.8 2.7 0.8
MOl 10.6 105 2.6 0.7

50006 10.1 9.7 5 5.1
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Figure 8.7: Time to Achieve a Signal-to-Noise ratio of 40 for CCD Acquisitions
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Tips for Planning Your Acquisitions

We expect most acquisitions to be of point sources, using point source
acquisitions. If you are observing a diffuse source, you should first check to see if
there is a suitable star which you can use as an acquisition target. You can acquire
the star and center it in your slit, and then perform an offset to your science target.
The maximum allowed distance between the acquisition star and your target is 2
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arcminutes (this assures a single set of guide stars can be used for the acquisition
sequence and your science target). The error on an offset is ~0.02 arcseconds, so
the offset should not significantly affect target centering accuracy even in the 0.1
arcsecond wide slits, and your centering uncertainty will generally be dominated
by your knowledge of the absolute offset between the acquisition star and your
target.

If you are observing a crowded field, remember that the flight software will
find thebrightestcheckbox in the subarray. If you wish to observe a star that is not
the brightest in a crowded field, use the brightest star as your acquisition target,
and then perform an offset to move to your desired science target. The acquisition
target should be the brightest source within a ~3 arcsecond radius for point source
acquisitions (the subarray is 5 arcseconds on a side, and the initial centering
accuracy is ~1 arcsecond).

If you are observing a diffuse object, for which there is no suitable offset
acquisition star, then you will need to use a diffuse acquisition. For diffuse
acquisitions, it is important to know your source structure as seen at ~0.1
arcsecond resolution, to properly plan your acquisition strategy, if you need
accurate (a few tenths of an arcsecond) centering. We recommend that you first
check the HST archive to determine if your target has been observed with HST by
WF/PC, WFPC2, or FOC. If it has, that exposure can be used to determine the
optimal acquisition strategy. If it has not yet been observed with HST, we suggest
you take an early acquisition image, either with the STIS or with WFPC2, which
you can use to determine your optimal acquisition strategy (software to emulate
the target acquisition flight should be available prior to Phase Il). This is
particularly important if your science requires placement of a narrow slit
accurately on a diffuse object. An offset can then be used to move to the desired
position, as needed. Be sure you include the time request for your early
acquisition exposure in your orbit time request in Phase I.

Acquisitions of Bright (V>5.4 arcsec '2) Extended Objects

Targets which are extended on scales of 0.5 arcseconds or more and have
surface brightness exceeding V=5.4 per square arcsecond will not be able to be
acquired autonomously during the first 6 months of Cycle 7 using CCD
acquisitionsz. The only targets affected are some planetary targets. As needed, if
the ~1 arcsecond of point and shoot accuracy is insufficient, they can be acquired
using interactive acquisitions or the re-use offset capability during the early part
of Cycle 7. Requests for interactive acquisitions should be justified in your Phase |
proposal and an extra 30 minutes in addition to the time for the science exposure
should be added to your orbit time request. See the CP/Phase | Proposal
Instructions for more details.

2. In the current implementation of CCD acquisitions, bright objects which would
otherwise saturate the CCD during the slit illumination phase of acquisitions are moved
off the slit by 1 arcsecond to ensure they do not illuminate the slit and cause saturation
which will affect the slit location. However, extended bright sources will still spill over
into the slit. Future changes to the implementation of CCD acquisitions will solve this
problem, but we do not anticipate those changes being in place until the latter half of
Cycle 7.
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Specifying Acquisitions in Phase Il

Acquisition exposures must be specified during Phase Il as individual exposure
logsheet lines which precede the science exposures for which they are intended.
The user requests a target acquisition exposure by spedifydiE=ACQn the
proposal logsheet, and setting the optional param&@DTYPE=POINTor
ACQTYPE=DIFFUSEIf ACQTYPE=DIFFUSHESs selected, the observer must
also specify DIFFUSE-CENTER and CHECKBOXThe special requirement
“onboard acq for <exp IDs>" must be supplied for acquisition exposures, where
the exp IDs given identify the subsequent science exposures the acquisition is
being taken for. This information is used to determine the science slit to center the
target in during the acquisition.

In addition, in Phase Il, you will also be required to provide the V magnitude
and spectral type of the acquisition target. It is vital that you include your source’s
V magnitude during Phase Il as special processing is given to acquisition
exposures of sources brighter than 10th magnitude, to ensure the target doesn’t
saturate the detector during the slit illumination phase of the acquisition.

Logsheet examples will be made available prior to Phase II.

On-board Target Acquisition Peakups

When using slits which are 2 arcseconds wide or less or the coronographic bar,
an acquisition peakup exposure should be performed following the acquisition
exposure to center the target in a slit or coronographic bar. Peakups can also be
performed intermittently during long observing sequences, to recenter targets in
the small slits.

Figure 8.8 illustrates the basic peakup sequence. When a peakup exposure is
performed, the telescope is moved to step the target across the slit or bar. At each
step (or dwell point), an imagef the sky is taken and the total flux in a specified
subarray is determined. The flight software then selects the position of maximum
flux, using either a flux weighted centroiding technique to determine the optimum
position to a fraction of a dwell steBENTROID=YEFor by simply returning to
the brightest dwell pointQENTROID=NPALt the conclusion of thACQ/PEAK
exposure, the FSW moves the telescope to position the target at the derived
optimal position within the aperture.

3. For CCD Acg/Peaks the image is a CR-SPLIT image and the same type of pro-
cessing applied in acquisitions by the FSW to remove the bias and cosmic rays is
applied (see also footnote on page 106).
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Figure 8.8: Schematic of Peakup Sequence

The spacecraft is stepped to move target across slit.
At each step (dwell point) an image of the sky is taken and
the flux in a subarray centered on the slit is determined.

> > >

slit

3 1 4 5

FSW determined
optimal location

3 . o

T The optimal spacecraft location is

determined as the flux weighted

centroid of dwell fluxes which are
reater than 30% times the peak
well flux.

| =

Flux
Measured

L

5
=

=1

dwell locatio
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At the conclusion of the peakup, the target

should be centered to ~0.3 times the sli
dimension for CCD Acqg/Peaks, and to ~0.2
times the slit dimension for MAMA Acg/Peaks.

Since target acquisition has an accuracy of
~0.1 arcsec, peakups are only useful for slits
or bars <= 0.35” in width.

Peakup exposures can be taken using either a mirror (to peak up in undispersed
white light) or a grating (to peak up in dispersed light) and using either the CCD
or the MAMA detectors. Subarrays can be specified to limit the region of the
detector (sky) over which the flux is determined at each dwell point. The default
subarray sizes, 32 by 32 for white light (mirror) peakups and 32 in cross
dispersion by 1024 in dispersion for dispersed light peakups, are appropriate for
peakups on point sources. They should be changed only upon consultation and if
you are performing diffuse source peakups or if you wish to isolate a single line in
dispersed light peakups.

You do not specify the parameters of the stepping sequence employed during
the peakup; it is predetermined, based on the aperture you have chosen. Table 8.3
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below shows the scan sequence employed for all of the long and echelle slits. The
scan sequence for a peakup may include a linear scan in the dispersion direction
(SEARCH=LINEARAXIS), a linear scan in the cross-dispersion direction
(SEARCH=LINEARAXIS2, or a spiral search patterSBEARCH=SPIRA). and
includes a number of steplYMSTEPSand step intervals between each dwell
point (STEPSIZE).

Table 8.3: . Scan Sequences and Parameters for Spectroscopic Slits

. AXIS2 AXIS1 AXIS2 AXIS1 Total
Slit : ; . . . NSTEPS NSTEPS
(APERTURE) spatial dispersion  stepsize  stepsize  Scan Type AXIS2 AXIS1 NSTEPS

(arcsec) (arcsec) (arcsec)  (arcsec) (numsteps)

52X0.1 52 0.1 0.075 LINEARAXIS1 5 5

52X0.2 52 0.2 0.150 LINEARAXIS1 3 3

0.2X0.2 0.2 0.2 0.150 0.150 1) LINEARAXIS2 3 3 6
2) LINEARAXIS1

0.2X0.09 0.2 0.09 0.069 0.069 1) LINEARAXIS2 3 5 8
2) LINEARAXIS1

0.2X0.06 0.2 0.063 0.048 0.048 1) LINEARAXIS1 3 5 8
2) LINEARAXIS2

0.1X0.2 0.1 0.,2 0.075 0.150 1) LINEARAXIS1 5 3 8
2) LINEARAXIS2

0.1X0.09 0.1 0.09 0.075 0.069 SPIRAL 25

6.0X0.2 6 0.2 0.150 LINEARAXIS1 3 3

Selecting Peakup Parameters
To plan your acquisition peakup, you must specify:
» The detector and optical element.
« The APERTURESscience slit) upon which to peak up.

» The exposure time for the peakup image.

Peakup Configuration: Detector, Optical Element, Aperture

Peakups can be performed using either the CCD, the NUV-MAMA, or the
FUV-MAMA. They can be performed either with a dispersive element in a
spectroscopic configuration using any of the allowed gratings detector
combinations (see Table 4.1 on page 34) or in undispersed white light in an
imaging configuration (see Table 5.1 on page 48). “Tips on Acquisition Peakups”
on page 121 provides advice on when to use a white light (mirror) and when to
use a dispersive element (grating) for your peakup.

A peakup can be done using any of the long or echelle slits in Table 8.3 on
page 119 as thePERTUREYou will (almost always) want to specify the peakup
aperture as the aperture used for the subsequent science observations.
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Determining Peakup Exposure Time

The required exposure time is the time to achieve a signal-to-noise ratio of 40
in a single exposure of the peakup target in the peakup subarray. For imaging
(mirror) peakups of point sources, this is just the time to achieve a signal-to-noise
ratio of 40 on the source; for dispersive peakups, it is the time to achieve a
signal-to-noise ratio of 40, summed over the 32 pixels containing source in the
spatial (AXIS2) direction and summed over the full 1024 pixels in the spectral
(AXIS1) direction.

Use the information presented in the earlier chapters (Section 4,
“Spectroscopy,” on page 33, Section 5, “Imaging,” on page 47, and “Calculating
Exposure Times for a Given Signal-to-Noise” on page 70) to determine the
appropriate exposure times for your white light (imaging) or dispersed light
(spectroscopic) peakups. Be sure to include the effect of your chosen slit
throughput in your calculation. For CCD peakups you must be sure not to saturate
the CCD during your peakup exposure.

Figure 8.7 on page 114 provides exposure times as a function of source
magnitude for stars of different spectral types for CCD white light peakups and
Table 8.2 on page 113 lists the brightest magnitude star for a range of spectral
types on which a CCD peakup exposure can be performed in white light,
assuming zero slit losses. There is a limit on the maximum exposure time allowed
for CCD peakups, which is imposed to ensure that multiple coincident cosmic
rays do not affect the centering accuracy. Table 8.4, below, lists the maximum
CCD exposure time for point source white light and dispersed light peakups for
each apertur@.

Table 8.4: Maximum Allowed Exposure Times for CCD Peakups

Maximum Exposure

(APE?&H;URE) Time_for Dwell
(minutes)
52x0.1 7.5
52x0.2 9.5
0.2x0.2 6.5
0.2x0.09 6.0
0.2x0.06 6.0
0.1x0.2 6.0
0.11x0.09 3.5
6.0x0.2 9.5

4. More generally, the maximum allowed exposure time for CCD ACQ/PEAKs
IS: tyay = 17x /(J/numsteps ( SIZE AXISpx (SIZE- AXIS2)/32x 32)) minutes.

m
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Tips on Acquisition Peakups

When do you Need to do a Peakup?

For Cycle 7, we recommend that peakups be employed for all slits which are
less than or equal to 0.2 arcseconds wide or tall. For the larger slits 52x2, 52x0.5,
there is no benefit in performing a peakup and peakups are therefore not permitted
with these slits.

White Light or Dispersed Light, CCD or MAMA Peakups?

Most peakup exposures will be performed using the CCD in imaging mode
(white light). Peakups for ultraviolet science observations can be done using the
MAMASs in imaging mode.

Only when a target is too bright to perform a peakup with a camera mirror in
place, or when you wish to peakup in a particular line for which there is no
imaging filter, should peakups be performed in dispersed light using a grating.
Targets which are too bright fall into two categories:

e CCD observations which cannot be imaged through the science aperture
(which is unfiltered) without saturating the CCD, even for the minimum
exposure time of 0.1 second (see the CLEAR column in Table 8.2 on
page 113 and apply a correction for the aperture throughput).

« MAMA observations which cannot be imaged through the science aperture
(which is unfiltered) without exceeding the bright object limitations.

Observers should generally perform dispersed light peakups with the same
grating and aperture they intend to use for their science observations.

Observers using the small echelles slits in the ultraviolet should consider
performing a MAMA (instead of a CCD) peakup, to get the higher centering
accuracy (~20% of the slit width accuracy versus ~30% for the CCD), of MAMA
peakups (a result of the finer MAMA plate scale).

Specifying Acquisitions in Phase Il

The user requests a peakup acquisition exposure during Phase Il by specifying
MODE=ACQ/PEAKN the proposal logsheet. The default setting for the scan
(SEARCH NUMSTEPS, STEPSIZE for your chosenAPERTUREis then
automatically selected from the lookup table. You specify a link to the science
exposures following the target acquisition, using the logsheet special requirement
ONBOARD ACQ FOR<exp IDs. You specify the target level parameters and
optional parameters fé&xCQ/PEAKexposures including:

¢ CONFIG(detector).
OPTICAL ELEMENT(grating or mirror).
APERTURESscience slit).

» Exposure time.

Examples will be made available prior to Phase Il
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CHAPTER 9

Overheads and Orbit Time

Determination

In This Chapter...

Overview / 123

STIS Exposure Overheads / 124

Orbit Use Determination Examples / 127

On-board Target Acquisition and Peakup Overheads / 135

In this chapter we describe the overheads associated with observing with STIS
and give examples of how to determine the number of orbits that your program
will require.

Overview

Once you have determined the set of science exposures and any additional
target acquisition or calibration exposures you require for your science program,
you are ready to determine the total number of orbits to request. Generally, this is
a straightforward exercise involving tallying the overheads on the individual
exposures, packing the exposure plus overhead time into individual orbits, and
tallying up the results to determine your total orbit request. In some cases, it may
be an iterative process as you refine your exposure requests to more fully exploit
the orbits.

We refer you to the CP/Phase | Proposal Instructions for information on the
observatory policies and practices with respect to orbit time requests and for the
orbit determination work sheets. Below, we provide a summary of the STIS
specific overheads, and give several examples to illustrate how to calculate your
orbit requirements for Phase | Proposals.

123



124 | Chapter 9: Overheads and Orbit Time Determination

STIS Exposure Overheads

Our current estimates of the overheads on exposures are summarized in Table
9.1. All numbers given are preliminary, approximate, rounded where appropriate
to the nearest half minute, and do not differentiate in detail the overheads for
different STIS modes and configurations. They are subject to change prior to the
actual scheduling of Cycle 7 proposals (i.e., prior to Phase Il). They represent our
current best, conservative, but still very uncertain predictions. These overhead
times are to be used (in conjunction with the actual exposure time and the Cycle 7
Phase | Proposal Instructions) to estimate the total time in orbits for your Cycle 7
proposal time request. After your HST proposal is accepted, you will be asked to
submit a Phase Il proposal to allow scheduling of your approved observations. At
that time you will be presented with actual, up-to-date overheads by the
scheduling software. Allowing sufficient time for overhead in your Phase |
proposal is important; additional time to cover unplanned overhead will not be
granted later.

We note the following important points:
* Generic (Observatory Level) overheads:

- The first time you acquire an object you must include the overhead for
the guide star acquisition (9 minutes).

- In subsequent contiguous orbits you must include the overhead for the
guide star reacquisition (6 minutes); if you are observing in the continu-
ous viewing zone (see the CP/Phase | Proposal Instructions), no guide
starreacquisitionsare required.

- Time must be allowed for each deliberate movement of the telescope;
e.g., if you are performing a target acquisition exposure on a nearby star
and then offsetting to your target, or if you are taking a series of expo-
sures in which you move the target relative to the slit, you must allow
time for the moves (10 seconds to 60 seconds depending on length of
slew, see table).

e On-board STIS target acquisition overheads:

- All STIS spectroscopic exposures which use a slit (long slit or echelle
slit) will need to include a target acquisition exposure to place the target
in the slit (see “STIS On-board Target Acquisitions” on page 105). As
discussed in “On-board Target Acquisition Peakups” on page 117, for
the narrower slits you will also wish to perform a peakup exposure to
center the target in the slit.

- An on-board target acquisition need only be done once in a series of
continuous orbits. If you are expecting to perform a series of exposures
separated in time by up to 2—4 weeks so that you will be on the same set
of guide stars, then you can use the re-use offset command (during
Phase 1) and you need not re-perform the target acquisition the second
time you acquire the object.

- The drift rate induced by the observatory is less than 10 milli-arcseconds
per hour. Thermal drifts internal to STIS are expected to be of the same
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magnitude. We recommend that for long series of exposures taken
through slits which are less than 0.1 arcseconds in either dimension, a
peakup be performed every 4 orbits. This will assure that drifts (caused
either by thermal changes in the observatory or within STIS itself) do
not cause the target to move out of the slit.

+ Science exposures:

- The large overhead times are dominated by the time to move the grating
wheel (MSM), which is currently estimated to be ~3.0 minutes per
move.

- For CCD exposures, you must be sure to include the readout time for
each exposures, e.g., if you take a series of identical one minute expo-
sure, there is overhead between the exposures, predominantly the read-
time, which you must include for each exposure in your overhead
estimation.

e CCD and MAMA spectroscopic exposures and wavecals.

- The quoted overheads on first spectroscopic exposure in a visit, or spec-
troscopic exposure within a visit with change of grating or grating tilt,
allow for the taking of a single automatic wavecal exposure to allow
post-observation determination of the zeropoint of the wavelength (and
spatial) scales. As indicated in the table, if you plan a series of exposures
at a given grating setting which extend over 60 minutes in exposure
time, then you need to include time for an additional automatic wavecal
for each 60 minute period. We note that the wavecal times are extremely
uncertain at this time; in general the times will be shorter than those
guoted, but for some configurations the times may be longer.

Table 9.1: STIS Overheads

Action Overhead

Generic (Observatory Level)

Guide star acquisition initial acquisition overhead = 9.0 minutes
reacquisitions on subsequent orbits = 6 minutes per orbit

Spacecraft pos-targ moves for offsets less than 1 arcminute and more than 10 arcseconds = 1 min.
for offsets between 10 arcseconds and 1 arcsecond = 0.5 minute
for offsets less than 1 arcsecond in size = 106seconds

Acquisitions and Peakups

Target acquisition (to place target in STIS aperture); see also point source acquisitions for sources with V<22 = 8.0 minutes,
“On-board Target Acquisition and Peakup Overheads” on page 13%diffuse source acquisitions = (425 34, +0.2 Dcheckbo%) sec

Acquisition peakups; (see also white light long slit peakups for sources with V<21 = 5 minutes,
“On-board Target Acquisition and Peakup Overheads” on page 135)hite light echelle slit peakups for sources with V<21 = 10 minutes
white light coronographic bar peakups for sources with V<21 = 7 mins.

CCD Spectroscopic Science Exposures

First spectroscopic science exposure in visit 5.0 minutes
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Table 9.1: STIS Overheads (Continued)

Action Overhead
Exposure readout 0.5 minutes = overhead for each single full frame CCD exposure
For crsplit full frame exposures, overhead = crsplit * 0.5 (e.g., read time +7 seconds = overhead for subarrayed CCD exposures

if crsplit=3, overhead is 3* 0.5 = 1.5 minutes). More generally for [see page 149 for CCD read times if using subarrays]
crsplit subarrayed exposures add read time + 7 seconds for each. note - the 0.5 minutes is an approximation, real time is ~37 seconds.

Identical exposure in the series (within an orbit) zero

Exposure in series with only move of grating wheel 5.0 minutes
(i.e., change in tilt of element or selection of new element)

Move of aperture wheel—change of slit or aperture 1.0 minutes

Additional automatic wavecal for series of identical spectroscopic 1.5 minutes per 60 minutes
exposures extending for more than 60 minutes

Overhead for data management, for a series of full frame exposuresero
each longer than 3 minutes in duration

Overhead for data management, for a series of full frame exposure8,minutes every 7 exposures
each SHORTER than 3 minutes in duration (see “Use of Subarrays to
Reduce Data Volume” on page 149 for subarray rules)

CCD Imaging Exposures

First imaging science exposure in orbit 4.5 minutes
Exposure readout 0.5 minutes = overhead for each single full frame CCD exposure
For crsplit full frame exposures, overhead = crsplit * 0.5 (e.g., read time +7 seconds = overhead for subarrayed CCD exposures

if crsplit=3, overhead is 3* 0.5 = 1.5 minutes). More generally for [see page 149 for CCD read times if using subarrays]
crsplit subarrayed exposures add read time + 7 seconds for each. note - the 0.5 minutes is an approximation, real time is ~37 seconds.

Identical exposure in the series (within an orbit) zero
Change of filter 1.0 minutes

Overhead for data management, for a series of full frame exposurezero
each longer than 3 minutes in duration

Overhead for data management, for a series of full frame exposure8,minutes every 7 exposures
each SHORTER than 3 minutes in duration (see “Use of Subarrays to
Reduce Data Volume” on page 149 for subarray rules)

MAMA Spectroscopy Science Exposures

First spectroscopic science exposure of visit 8.0 minutes
Identical exposure in the series (within the visit) 1.0 minutes
Exposure in series with only move of grating wheel 8.0 minutes

(i.e., change in tilt of element or selection of new element)

Additional automatic wavecal for series of identical spectroscopic 4.0 minutes per 60 minutes
exposures extending for more than 60 minutes

Move of aperture wheel—change of slit or aperture 1.0 minute

Overhead for data management, for a series of 1024 x 1024 exposuzeso
each longer than 3 minutes in duration

Overhead for data management, for a series of 1024 x 1024 exposuBesiinutes every 4 exposures
each shorter than 3 minutes in duration (see “Use of Subarrays for

MAMA ACCUM mode Observations” on page 150 for subarray

rules)
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Table 9.1: STIS Overheads (Continued)

Action Overhead

MAMA Imaging Science Exposures

First imaging science exposure in visit 5.0 minutes
Identical exposure in the series (within an orbit) 1.0 minutes
Exposure in series with change of filter, 1.5 minutes

but using same detector
Exposure in series with change of filter and detector 5.0 minutes

Overhead for data management, for a series of 1024 x 1024 exposuzeso
each longer than 3 minutes in duration

Overhead for data management, for a series of 1024 x 1024 exposuBasjinutes every 4 exposures
each shorter than 3 minutes in duration (see “Use of Subarrays for
MAMA ACCUM mode Observations” on page 150 for subarray

rules)

Additional Calibration Exposures - EXTRA GO Wavecils
MAMA wavecal exposure 4.0 minutes
CCD wavecal exposure 1.5 minutes

a. Use these only to add additional wavecal exposures beyond those taken automatically.

Orbit Use Determination Examples

The easiest way to learn how to compute total orbit time requests is to work
through a few examples. Below we provide five different examples:

« Example 1 is a pattern stepped series of long slit CCD spectroscopic expo-
sures mapping out the ¢dnebula in the center of the galaxy M86.

« Example 2 is a series of spectroscopic observation of the solar analog CVZ
star P041-C, using all of the first order low resolution CCD gratings.

» Example 3 is an imaging and spectroscopic program observing NGC6543,
the Cats Eye Nebula,

 Example 4 is a set of long MAMA spectroscopic exposures of Sk 69-215
using the E230H grating through a narrow echelle slit taken in the CVZ.

« Example 5 is a faint CCD imaging program.

These represent fairly typical expected uses of STIS. The target acquisitions
used in each example different slightly as well:

« Example 1 uses a diffuse source acquisition and no peakup.
« Example 2 uses a point source acquisition and peakup on the target.

« Example 3 uses a point source acquisition.
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» Example 4 uses a point source acquisition and peakup on the target and
includes re-peakups during the course of the long observations.

» Example 5 uses no acquisition.

Sample Orbit Calculation 1: Long Slit Spectroscopy of
the Galaxy M86

In this example, the proposed science is to observedhseHula in the center
of the Virgo elliptical M86, using thB2X0.2 slit and theG750Mgrating, taking
a series of exposures, each stepped relative to the next by 0.2 arcsecond, in the
direction perpendicular to the slit, in order to cover the inner 0.6 arcseconds of the
galaxy completely. Based on the signal-to-noise ratio calculation presented in
“Spectroscopy of Diffuse Source (M86)” on page 77, we require an integration
time of ~30 minutes per position to obtain a signal-to-noise ratio of 8. The science
exposures for this proposal, therefore, commlkef the following:

* A CRSPLIT=2 ~30 minute spectroscopic exposure usk¥pOMat a cen-
tral wavelength oA=6768 at location 1.

* A CRSPLIT=2 ~30 minute spectroscopic exposure usgrpOMat a cen-
tral wavelength oA= 6768, at location 2.

* A CRSPLIT=2 ~30 minute spectroscopic exposure usg¥pOMat a cen-
tral wavelength oA=6768 at location 3.

We need to include time for the guide star acquisition at the start of the first
orbit, followed by an acquisition exposure. No peakup will be done, since we are
covering the nebulae by stepping the slit. In this example, we assume that the
acquisition is done using the diffuse acquisition, with a checkbox size of 25 pixels
(roughly 1.25 arcseconds). The checkbox needs to be large as this galaxy has a
very flat and dusty profile; see Figure 8.5: on page 109.

The mean surface brightness of the galaxy within this region is ~2%etgs
sect cmi? arcse? AL, based on WFPC2 V band images in the HST archive.
Using the information in “Computing Exposure Times” on page 70 or the STIS
exposure time calculator we determine that, using the CCD LongPass filter,
F28X50LP, for t,,= 1 second, we more than achieve the required signal-to-noise
ratio of 40 over the checkbox for the target acquisititde use the formula in

1. A rough sample calculation, adequate for Phase | planning, follows. We
assume the source has a roughly flat ¢ih $pectrum over the longpass filter,
which covers ~4500 A, with a mean sensitivity ~6X€ounts se¢ pixel! per
erg sed cm? arcse® (see Table14.2 on page 263). We take a mean
F)=1.5x10%° ergs se¢ cni? A arcse@. The counts from the source over a 25 x
25 pixel area are then 1.5x10x 6x10%x 625 x 4500 = 2.5 x fxounts sed.

The read noise squared over this regions is 4xa0d the detector and sky
backgrounds are also substantially less. Thus, with ~0.1 second integration time, a
signal-to-noise ratio of ~50 over the checkbox is achieved. We chggsé t
second to assure success. (Note the mean counts accumulated in a singe pixel is
only ~45 in 1 second, so we are in no danger of saturating the CCD full well).
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Equation 9.1, plug in CHECKBOX=25 and exptime=1.0, and determine that the
acquisition will take roughly 10 minutes.

This is not a CVZ observation, so because more than 1 orbit is required we
need to include time for the guide star reacquisition at the beginning of each orbit.
The individual exposures in this example are long enough that we do not need to
include extra overhead for data management. We are satisfied with the automatic
wavecal exposures which are taken for each spectroscopic observation at a new
MSM position.

We assume a visibility period of 52 minutes per orbit, appropriate for a target
at M86’s declination (see the CP). Based on the reasoning presented in Table 9.2,
below, we conclude that the observations can be squashed into ~ 2 orbits with
some loss of sensitivity. Alternately, one could choose to increase the
signal-to-noise, and ask for 3 orbits.

Table 9.2: Orbit Calculation for Example 1

Action Time (minutes)  Explanation

Orbit 1
Initial guide star acquisition 9.0 Needed at start of observation of new target
Target acquisition 10.0 Diffuse acquisition with checkbox=gg1.01 sec
Offset target 0.2” to initial position 10 seconds Position target to position 1 in pattern
Science exposur&750M 33.0 27.0 minutes exposure time
A. = 6768, position 1 5.0 minutes for first CCD spect. exposure in orbit

1.0 minutes for readout (crsplit=2)

Orbit 2
Guide Star Reacq 6.0 Start of new orbit
Offset target 0.2” to position 2 10 seconds Position target to position 2 in pattern
Science exposur&750M 23.0 22.0 minutes exposure time
A.= 6768, position 2 1.0 minutes for readout (crsplit=2)
Step target 0.2” perp to slit 10 seconds Move to position 3 in pattern
Science exposur&750M 23.0 22.0 minutes exposure time
Ac= 6768, position 3 1.0 minutes for readout (crsplit=2)

Sample Orbit Calculation 2; Low Dispersion Spectra
of Solar Analog Star P041-C
In this example the science is to observe the solar analog CVZ star P041-C

from the near-IR to the near-UV using STIS’s low resolution first order gratings
and the52X0.5 arcsecond slit. The series includes:

e CRSPLIT=2, ~10 minute spectroscopic exposure uSigoL at a central
wavelength oh=7751.
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* CRSPLIT=3, ~20 minute spectroscopic exposure usB¥pOL at a cen-
tral wavelength oA=8975.

« CRSPLIT=4, ~1 minute spectroscopic exposure usB¥pOL at a central
wavelength oh=7751.

e CRSPLIT=4, ~1 minute spectroscopic exposure usB#0L at the cen-
tral wavelength oA=4300.

» CRSPLIT=2, ~35 minute spectroscopic exposure usB®B0LB at the
central wavelength o0f=2375.

We need to include time for the guide star acquisition at the start of the first
orbit, followed by an acquisition exposure. This is a bright point source; we will
use the LongPass filt€éi28X50LP for the target acquisition and use the default
overhead of 8.0 minutes from Table 9.1 on page 125. No peakup is needed as we
are using the 0.5 arcsecond wide slit. This is a CVZ observation so each orbit is
~96 minutes. As shown in Table 9.3, we can perform this observation in a single
orbit.

Table 9.3: Orbit Calculation for Example 2

Action Time (minutes)  Explanation
Orbit 1

Initial guide star acquisition 9.0 Needed at start of observation of new target

Target acquisition 8.0 Point source acquisition on target

Science exposur&750L, 24.0 17.5 minutes exposure time

A =8975 5.0 minutes - first CCD spect. exposure in visit
1.5 minutes foCRSPLIT=3

Science exposur&750L, 8.0 1.0 minutes exposure time

A=7751 5.0 minutes - CCD spect. exp with grating wheel move
2.0 minutes foCRSPLIT=4

Science exposur&430L, 8.0 1.0 minutes exposure time

A =4300 5.0 minutes - CCD spect. exp with grating wheel move
2.0 minutes foCRSPLIT=4

Science exposur&230LB, 39.0 33.0 minutes exposure time

A =2375 5.0 minutes - CCD spect. exp with grating wheel move

1.0 minutes foCRSPLIT=2

Sample Orbit Calculation 3: Imaging and
Spectroscopy of the Cat’'s Eye Planetary Nebula,
NGC6543

In this example the science is to obtain an [Olll] image of planetary nebula
NGC6543, as well as an optical spectrum &t &hd an ultra-violet spectrum at
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CIV. The exposure time calculations for these observations are presented on page
79. The specific exposures in this series include:

* A CRSPLIT=4 ~1 minute exposure using tR&8X500IIl filter.
¢ A CRSPLIT=4, ~1 minute exposure using tR@8X500II filter.

* A CRSPLIT=3, ~45 minute exposure usi@f30Mat a central wavelength
of A; = 4961, using th82X0.1 long slit and

e A ~10 minute exposure usir@gl40L of CIV using the52X0.2 long slit

We need to include time for the guide star acquisition at the start of the first
orbit, followed by an acquisition exposure. The central star of the Cat's Eye
nebula is used as the acquisition target. It has a V magnitude ~11. 5. Checking
Table 8.2 on page 113, we conclude that the star is not so bright that it will
saturate the CCD in imaging mode with the LongPass apdt2@¥50LP and
we therefore use it for the target acquisition. We use the overhead information in
Table 9.1 on page 125 directly and conclude that the target acquisition will take
~8 minutes. We wish to perform a peakup exposure as well, to center the star in
the 0.1 arcsecond wide slit. We consult Table 8.2 on page 113 and conclude that
the source is not bright enough to saturate the CCD if we perform a CCD
undispersed (white light) peakup using the mirror. Again using the information in
Table 9.1, we conclude the peakup will take ~5 minutes.

This is not a CVZ observation, so because more than 1 orbit is required we
need to include time for the guide star reacquisition at the beginning of each orbit.
The individual exposures in this example are long enough that we do not need to
include extra overhead for data management. We are satisfied with the automatic
wavecal exposures which are taken for each spectroscopic observation at a new
MSM position.

We assume a visibility period of 57 minutes per orbit, appropriate for a target
at our sources declination of 66 degrees (see the CP). Based on the reasoning
presented in Table 9.4, below, we conclude that a total of 2 orbits is required to
perform these science observations
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Table 9.4: Orbit Calculation for Example 3

Action Time (minutes)  Explanation
Orbit 1

Initial guide star acquisition 9.0 Needed at start of observation of new target
Target acquisition 8.0 Performed on central star
Peakup acquisition 5.0 White light peakup performed on nearby star
CRSPLIT=3 science exposure 35.0 29 minutes exposure time, exposure 1 and 2 of
using G430M ah.=4961. CRSPLIT=3

5.0 minutes - first CCD spect. exposure in visit

1.0 minutes for read outs

Orbit 2

Guide star reacquisition 6.0 Start of new orbit
Last of the 3TRSPLIT=3 science 18.0 17.5 minutes exposure time
exposures, using G430M at 0.5 minutes overhead on CCD exposure
A=4961.
Science exposur@140L 19.5 11.5 minutes exposure time

8.0 minutes - first spectroscopic MAMA exp in visit
CRSPLIT=4 CCD Imaging 8.5 1.0 minute exposure time
Science exposure, through 4.5 minutes - first imaging exposure in orbit.
F28X500Illl 2.0 read time
CRSPLIT=4 CCD Imaging 5.0 1.0 minute exposure time

Science exposure, through
F28X500II

1.0 minute - filter wheel move.
2.0 read time

Sample Orbit Calculation 4: MAMA Echelle
Spectroscopic Exposures in the CVZ

In this example we wish to obtain a long total integration (360 minutes) CVZ
observation using230H and thé).1X0.09 slit. The exposure time calculations
for this examples are presented in “Echelle Spectroscopy of a Bright Star with
Large Extinction (Sk 69 -215)” on page 81.

We choose to break the observation up into 6 roughly identical 60 minute
exposures. We acquire the target using a CCD point source acquisition and then
peakup in dispersed light using the MAMA detector in the same mode as we
intend for the science. The star is Sk 69-215, an O5 star with a V magnitude of
11.6. Checking Table 8.2 on page 113, we conclude the source is not so bright that
it will saturate the CCD if observed for 0.1 seconds in the LongPass filter
F28X50LP and we choose to perform the acquisition then on Sk 69-215 with this
filter as the aperture. We take the acquisition time as 8 minutes, from the
overheads in Table 9.1 on page 125.
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We then perform a dispersed light echelle peakup uB280H with the
MAMA (the target is too bright to be observed unfiltered with the MAMAS so an
undispersed MAMA peakup is out of the question and by peaking up using the
MAMA instead of the CCD we assure a higher accuracy of centering which can
be important for such a small slit). To determine the exposure time per dwell
point, we must calculate the time to achieve a signal-to-noise ratio of 40 over the
1024 (AXIS1 or dispersion) x 32 (AXIS2 or cross dispersion) pixels of the
subarray used for the peakup. From the example exposure time calculation in
“Echelle Spectroscopy of a Bright Star with Large Extinction (Sk 69 -215)” on
page 81, we perform a rough calculation sufficient for Phase | planning and
conclude that we will receive ~0.15 count $guixel! * 1024 pixels = 153 count
secl over the central order, so it will take roughly 10 seconds integration time to
achieve the desired signal-to-noise ratio. To determine the peakup overhead for
this slit, we look at Table 9.7 on page 136. We thus conclude that the peakup will
require 780 + 27x10 = 1050 seconds or ~ 18 minutes.

Since this is a CVZ observation, we do not need to include time for
reacquisitions, however since it is along observation we decide we will re-perform
a peakup midway through the observation.

Additionally, since this is a long observation taken at a given grating position,
we need to include time for the automatic wavecals which will be taken every 60
minutes of elapsed pointed time.

Since this is CVZ time, an “orbit” maps into 96 minutes of time. We conclude
we require a total of 5 orbits to perform this science, as summarized in Table 9.5.
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Table 9.5: Orbit Calculation for Example 4

Action Time (minutes)  Explanation

CVZ Observations - Total Time = 480 minutes or 480/96=5 orbits

Initial guide star acquisition 9.0 Needed at start of observation of new target
Target acquisition 8.0 point source acquisition on target
Peakup exposure m1X0.09 slit 18.0 Echelle slit peakup
First science exposu230H 57.0 49.0 minutes exposure time

8.0 minutes for first MAMA spect. exposure in visit
Automatic wavecal after 60 minutes 4.0 4.0 minutes
Second science exposuE230H 60.0 59.0 minutes exposure time

~1 minutes overhead on identical exposure
Automatic wavecal after 60 minutes 4.0 4.0 minutes
Third science exposure 60.0 59.0 minutes exposure time

~1 minute overhead on identical exposure

Automatic wavecal after 60 minutes 4.0 4.0 minutes
Peakup to recenter target 18.0 Echelle slit peakup
Fourth science exposure 56.0 55.0 minutes exposure time

~1 minutes overhead on identical exposures
Automatic wavecal after 60 minutes 4.0 4.0 minutes
Fifth science exposure 60.0 59.0 minutes exposure time

~1 minutes overhead on identical exposure
Automatic wavecal after 60 minutes 4.0 4.0 minutes
Sixth science exposure 60.0 59.0 minutes exposure time

~1 minutes overhead on identical exposure
Automatic wavecal after 60 minutes 4.0 4.0 minutes
Seventh science exposure 50.0 49.0 minutes exposure time

~1 minutes overhead on identical exposure

Sample Orbit Calculation 5: Faint CCD Imaging

In this program we wish to take deep images of a field to look for faint point
sources, as described in “Imaging a Faint Stellar Source” on page 83. We request
LOW-SKYas this observation is background limited. At our declination, we find
from the CP/Phase | Proposal Instructions, that there are 45 minutes of visibility
per orbit. The observations consist of:

* A single CRSPLIT=4 ~20 minute exposure using tBOCCDclear aper-
ture with the CCD.
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We determine that we can execute this program in 1 orbit, as summarized in
Table 9.6.

Table 9.6: Orbit Calculation for Example 5

Action Time (minutes)  Explanation
Orbit 1
Initial guide star acquisition 9.0 Needed at start of observation of new target
CRSPLIT=4 exposure, using 36.0 29.0 minutes exposure time
50CCD in imaging mode. 5.0 minutes for first imaging exposure in orbit

2.0 minute overhead for reads

On-board Target Acquisition and Peakup Overheads

In Table 9.1, we provided standard acquisition and peakup exposure durations
using the CCD in white light to observe stars brighter than V=22. Here, we
provide more detailed information, and procedures for determining acquisition
and peakup exposure times in the more general case, including faint point source
and diffuse acquisitions and peakups using the CCD and the MAMA detectors.

Acquisitions
The acquisition overhead time is given by:

acqtime= 425+ 4xt,, +0.2x CHECKBOX  seconds (Eq.9.1)

where §,,, is the time per exposure (the time to achieve a signal-to-noise of 40
observing the target you are acquiring) &ECKBOJ§ the size (length) in pix-

els of the checkbox over which the flux is summed (page 107). For point source
acquisitions, CHECKBOX=3For diffuse acquisitions, you choose the checkbox
size (see Chapter 8).

Peakups

In Table 9.7 below, we provide formula for determining the peakup durations
for the CCD and MAMA detectors. Herg, is the exposure time per dwell
point, and should be calculated as the time to achieve a signal-to-noise of 40 over
the target. Note that the dwell point exposure time has a dramatic effect on the
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peakup duration. These formula are still approximate; during Phase Il the
scheduling software will use and report the actual durations.

Table 9.7: Acquisition Peakup Times, White Light or Dispersive

Aperture Peaku CCD Duration MAMA Duration
P P (seconds) (seconds)
All Long Slits
52X0.1 5 step&XIS1 180+121,, 180+61gyp
52X0.2 3 stepaXIS1 120+81gyp 120+4¢yp
52X0.5 3 stepaXIS1 120+81¢yp 120+47¢yp
52X2.0 3 stepaXIS1 120+81gyp 120+4 gy,
52X0.5F1 3 stepAXIS1 240+161ey, 240+81g,,
3 stepsAXIS2
Echelle Slits for E230M and E140M
0.2X0.06 7 stepAXIS1 360+24 1y, 360+1 21y,
3 stepsAXIS2
0.2X0.2 3 stepaXIS1 240+161ey, 240+81gyp
3 stepsAXIS2
Echelle Slits for E230H
0.1X0.09 25 step SPIRAL 780 +5R, 780+2Tgyp
0.1X0.2 5 stepaXIS1 300+2Qt ey, 300+1Qtey,
3 stepsAXIS2
Echelle Slits for E140H
0.2X0.09 5 stepAXIS1 300+2Qt ey, 300+1Qtey,
3 stepsAXIS2
0.2X0.2 3 stepaXIS1 240+161ey, 240+81y,

3 stepsAXIS2




CHAPTER 10

Summary and
Checklist

In This Chapter...

Phase | Proposing / 137
Phase Il—Scheduling Approved Observations / 138

In this chapter we provide a summary and a checklist to help ensure that you
have correctly planned your Phase | (proposing for HST time) and Phase II
(scheduling your approved observations) submissions.

Phase | Proposing

At this point you should have assembled all the information you need to submit
your Phase | HST observing time proposal. During the course of this process you
should have done the following:

Checked that your source does not exceed the absolute bright object count
rate limits for MAMA exposures.

Checked your exposure times and configuration to assure they are sufficient
to provide the desired signal-to-noise ratios and accuracies.

Assured that you have appropriately crsplit your CCD exposures to allow
cosmic ray removal.

Checked that you are not exceeding the CCD full well counts‘JpIimlt
for pixels (lines or objects) of interest.

Checked that you are not exceeding the MAMA 65536 counts pbrefer
imposed limit over pixels (lines or objects) of interest.

137
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Selected a target acquisition with appropriate centering accuracy; if a
pre-acquisition image is needed, included the necessary extra orbit in the
total orbit time request.

Considered whether your science requires particularly accurate wavelength
determination requiring additional (non-automatic) wavecal exposures.

Justified any special requirements (e.g., SHADOW)

Considered the need for and benefit of obtaining coordinated parallel expo-
sures with NICMOS, WFPC2, or FOC.

Included all applicable overheads so that in Phase Il you will have enough
orbits available to successfully implement your observation.

Phase | Templates

Sample Phase | templates for the STIS examples worked through in this
Handbook (see “Examples Used in this Handbook” on page 4, “Exposure Time
Examples” on page 77, and “Orbit Use Determination Examples” on page 127)
are presented in the Phase | Proposal Instructions.

Phase |l—Scheduling Approved Observations

Below, we provide a checklist for observers filling out their Phase Il proposal.
Have you:

Properly specified exposures?
CR-SPLIT CCD exposures, as appropriate?
Included target acquisition and peakups as needed?

Specified accurate V magnitude, fluxes, spectral type and colors for your
target?

Included any additional wavecal exposures if needed?
Specified orientation requirements?

Specified any coordinated parallel exposures?

Phase Il Templates

Phase Il templates for the examples worked out in this Handbook will be made
available in the Phase Il Proposal Instructions and on the World Wide Web, when
the Phase Il Proposal Instructions are released, towards the end of 1997.



PART 3

Supporting
Material

The chapters in this part present more detailed material in support of the Users
Guide. Included are a description of the data taking modes of STIS; special uses
of the instrument; and spectroscopic and imaging reference material.

“Space is big, really big.”
A. Douglas, HHG.

139



140 M Supporting Material



Data Taking

In This Chapter...

Basic Operating Modes / 141

Subarrays / 148

Exposure Sequences: auto-wavecal, crsplits, repeats, and patterns / 151
Fixing Orientation on the Sky / 157

In this chapter we describe the basic ways in which data can be taken with
STIS. Included are descriptions of the operating modes of the STIS CCD and
MAMASs, the use of subarrays, the taking of associated exposures in a series, the
taking of automatic and extra wavecals, and the fixing of the slit orientation on the
sky.

Basic Operating Modes

STIS currently supports four basic operating modes:

» ACCUMbperating modes for the CCD and MAMA, which produce a time
integrated accumulated image and are expected to be the most commonly
used modes.

« TIMETAG operating mode for the MAMA detectors, used for high time
resolution observations in the UV, which outputs an event stream.

¢ ACQ(acquisition) andACQ/PEAKUPoperating modes for the CCD and
MAMA used to acquire targets in the spectroscopic slits and behind coro-
nographic bars and masks. Target acquisitions are described further in
Chapter 8, “Target Acquisition” on page 103.

CCD ACCUM Mode

The STIS CCD has only the single operating médeCUMnode for images
and spectra. The CCD pixels accumulate charge during the exposure in response

141
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to photons. The charge is read out at the end of the exposure and converted to 16
bit data numbers (DN) at a selectable gain (number of electrons per DN) by the
A-to-D converter. The DN are stored as 16 bit words (with a range 0to 65535) in
the STIS data buffer memory array. At a defadBhkIN=4, the CCDfull well
(170,000 eover the inner portion of the chip, 120,00@&ethe edge), and not the
16-bit format limits the total counts that can be sustained in a single exposure
without saturating (see also “Analog-To-Digital Conversion” on page 89 and
“CCD Saturation: the CCD Full Well” on page 90).

A full detector readout is actually 1064 x 1044 pixels with physical and virtual
overscans. Science data are obtained on 1024 x 1024 pixels, each projecting to
~0.05 x 0.05 arcseconds on the sky. The dispersion axis runsfdt®g (image
x or along a row of the CCD), and the spatial axis of the slits runs AMI®R
(image y or along a column of the CCD). Figure 11.1 illustrates the full CCD
format and its orientation with respect to the spacecraft (U2 and U3 or V1 and V3)
axes. The readout includes 20 columns of leading and 20 columns of trailing
physical overscan iAXIS1, and 20 trailing rows of virtual overscanAXIS2 .

The leading and trailing serial overscan pixels are used to determine the bias level
in post observation data processing, the parallel overscan can be used in the
diagnosis of charge transfer problems.

Figure 11.1: CCD ACCUM Mode Format for a Long Slit Spectrum

_ =
§Eioz4 y:i8gﬂ]
— @
3 2
o
o E
= S
? z
x o
<
. —
= =1064
§:i Wavelength =1
parallel (virtual)
-1 overscan -
y="19 =
1 19 AXIS1 (USER-X) 1045 1064
Serial Overscan (Dispersion) Serial Overscan

The minimumCCDexposure time is 0.1 second and the maximum possible
exposure time is 4.7 hours (though we cannot imagine wanting a single exposure
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longer than 60 minutes). The minimum time betweentical exposures fo€CD

full frame (1064 x 1044) images is 37 seconds. This time is dominated by the time
it takes to read out the CCD (28 seconds for the full frame) and can be reduced to
~11 seconds if you use a subarray (see “Subarrays” on page 148).

Binning

The CCD supports on-chip binning. When on-chip binning is used, the
specified number of pixels in the serial and parallel directions are read out as a
single pixel. The advantage of CCD binning is that the read noise per binned pixel
is the same as the read noise per unbinned pixel; thus if your signal to noise per
pixel is dominated by read noise when no binning is used, you can increase the
signal to noise by binning (see also “Computing Exposure Times” on page 70).
The disadvantage of using on chip binning is that it reduces the resolution of your
spectrum/image. On-chip binning of 1, 2, or 4 pixels in bothAKES1 and/or
AXIS2 directions are supported. Note that on chip binning is not allowed when
subarrays are used.

During Phase I, you specify the binning for your CCD observations using the
BINAXIS1 andBINAXIS2 optional parameters. The default values are 1.

MAMA ACCUM

In MAMA ACCUMmode exposures, photons are accumulated into a
2048 x 2048, 16 bit per element array in the STIS data buffer memory as they are
received. At the end of the exposure, the data are binned by tworad{¢®1) and
two in AXIS2 to produce a 1024 x 1024 pixel image of integrated counts which is
transmitted to the ground CCUMs the mode of choice for all observations that
do not require time resolution on minute or less scales. Dispersion runs along
AXIS1 and the spatial dimension of the slit (and the orders for echelle
observations) run alom§X1S2. Figures 11.2 and 11.3 illustrates the format and
coordinate system for MAMA images, showing how a first order and echelle
ACCUMnNode spectra would appeBRISMimages would have dispersion along
AXIS1.
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Figure 11.2: Example MAMA ACCUM Mode Spectrum for First Order Long Slit
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Figure 11.3: Example MAMA ACCUM Mode Spectrum for Echelle Modes
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The minimum MAMA ACCUMmode exposure time is 0.1 second and the
maximum exposure time is 1.8 hours. The minimum time betvigemtical
MAMA ACCUMxposures is 1 minute, and is influenced by the need to shutter the
MAMAs and perform a bright object check each exposure in order to be protect
the detectors from accidental exposure to bright light.

For the MAMA medium resolution first order modes and medium and high
resolution echelle modes (i.e., gratin@l40M G230M E230M, E230H,
E140M, andE140H) correction for Doppler shifting of the photon energies due to
HST spacecraft motion is applied as the photons are counted, prior to their
addressing in STIS data buffer memory. The leading and trailing pixels in the
dispersion directionAXIS1) for Doppler corrected exposures therefore receive
less effective integration time, since source photons at the corresponding
wavelengths have been Doppler shifted off the edge of the detector for some
fraction of the total exposure time. This effect is strongest in the high resolution
echelle modes, where for a maximum HST spacecraft velocity of 8 ki‘nmeac
leading and trailing ~2BXIS1 pixels will have reduced effective exposure times.
When subarrays are used (see “Subarrays” on page 148), the under-exposed
region is double in size, i.e., for the example above the leading and trailing 40
pixels alongAXIS1 would receive less effective integration tinhe.

Highres

The MAMA detectors are capable of recording data in the so-daiiguaes
mode, producing 2048 x 2048 images of super resolution (one half the 1024
format scale) pixels.

While the MAMA detectors have 1024 x 1024 pixels., each pixel is defined by
3 electrodes, so the ratio of charge distribution between the 3 electrodes can be
used to centroid the incident charge cloud to sub-pixel resolutions. The gain of the
highres2048 x 2048 mode is expected to be a ~10-30% increase in resolution at
the price of decreased signal-to-noise ratio per pixel arising from the increased
fixed pattern noise of the statistics of charge partition between the electrodes. The
lack of flat field reproducibility (adjacent columns and rows typically differ by
~5% and can differ by as much as ~10-20% in an off/on pattern whose time
variability is not yet established, and the flat field responségiresmode may
be rate dependent), and the inherently lower signal to noise ratio in the full
resolution flat field images (nominally ~20 to 1 peghrespixel) suggest that it
may be difficult to routinely realize the benefit in resolution. Highres is most
likely to have application at low to intermediate signal-to-noise ratios (below
20:1) and low to intermediate incident count rates (exact range to be determined -
expected to be applicable only at rates less than 5-10 couﬁ%spi;em’l).
However, we note that data takerhighresmode can always be binned to 1024 x
1024 on the ground in post observation data processing, and observers wishing to
achieve the highest possible spectral resolution may wish to consider utilizing it.
The overheads fohighres mode are not yet established; they may ultimately
differ slightly from those for normal MAMA ACCUM exposures.

1. This occurs due to the sequencing of discarding events which fall outside the sub-
array and application of the Doppler shift correction in the flight sof=¢are.
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Highres sampling is currently an available-but-unsupported mode (see
“Support of STIS Capabilities for Cycle 7" on page 12), however if we can
establish that it is a robust method of data taking, it may become a supported
mode for Cycle 7. Advice on the usehifhresshould be available by Phase II.

MAMA TIMETAG Mode

TIMETAGmode is used for high time resolution spectroscopy and imaging in
the ultraviolet. When used ifIMETAG mode, the MAMA produces an event
stream ofAXIS1, AXIS2, andTIME data points, with a time resolution of 125
microseconds. The volume of data producetIMETAGmode can be very large
and the data therefore must be continuously transferred from the STIS internal
buffer to the tape recorders to sust@iMETAG exposures of any significant
duration.

The axis orientation in TIMETAG is the same as in ACCUM mode (see page
143). The spacecraft time (absolute zero point of the time) is routinely known to
~1 second accuracy (although higher precision can be achieved later). No Doppler
correction is applied by the flight software TAMETAGmode, but the correction
is applied in the STScl pipelindIMETAG mode is illustrated in Figure 11.4
(processing ofTIMETAG data by the STScl pipeline is described in “Pipeline
Processing Overview” on page 311).

Figure 11.4: TIMETAG Mode
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Time-Tag Constraints

There are several limitations INMETAG mode of which users should be
aware:

e The maximum count rate from your source (within the full format or a
specified subarray) must be less than 21,000 courttsesustainTIME-
TAG exposures of any substantial duration (>2 minutes).
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« At count rates between 21,000 and 30,000 count,st#tee maximum
TIMETAGexposure is 4xX0R seconds, wherR is the count rate from the
source, or between 80 and 190 seconds. The MAMA detectors are not able
to count at rates greater than 30,000 count $ecTIMETAG mode (i.e.,
uncorrectable non-linearity and time-tagging sets in).

* The maximum totagxposure duratiothat can be sustained during any one
visit (where a visit is a set of exposures at a single pointing which must be
scheduled together) withiflMETAG mode is 6.0 X 10R seconds. For
example, at count rate of R=21,000 count'sée maximum exposure time
in any one visit is ~48 minutes. In special cases, for special science needs,
the HST data recorder can be devoted exclusively to a single observing pro-
gram for a predetermined period of time, allowing longer total exposure
durations. Requests for such special handling should be included in your
Phase | proposal justification

The count rateR from the source refers to the counts received within the
subarray of the detector which is being recorded (see subarrays below). Subarrays
can be usefully employed TIMETAGmode observations of bright fields, to limit
either the region being recorded (in imaging mode) or the portion of the spectrum
being recorded (e.g., for echelle observatiéns).

Specifying Time-Tag Observations: BUFFER-TIME

The ground system must know the data rate to expect in order to schedule data
transfers. Transfers are done in blocks of 8 megabytes (half the buffer capacity).
The frequency of scheduled dumps depends on observer-specified information
about the expected count rate. Specifically, during Pha$éMETAG observers
must specify BUFFER-TIME parameter, wherBUFFER-TIME is the time to
fill one half the STIS buffer, i.e., the time to accumulate STIDIETAGevents.

Thus:

BUFFER- TIME = 2x 16°/R semnds

where, the parameté® is the maximum expected event rate in counts sec
from your source.

Explicitly, for calculation of BUFFER-TIME (Phase IlI), R should be
determined -as the maximum total counts accumulated in any 95 second interval,
divided by 95 seconds. Thig the maximum mean count rate sustained over any
~1.5 minute interval during your exposure, is equivalent to the maximum
instantaneous count rate, so long as your source does not vary dramatically.

If you underestimate your count rate, you will overestimate the time it will take
to fill the STIS buffer, and you will be filling up the STIS internal memory faster
than it is being emptied to tape recorder. Once the STIS internal memory fills up,
events are not recorded until the buffer is emptied, at which point events are once
more recorded, resulting in an exposure with periodic 95 second time gaps in it.

2. Note, however, that the absolute bright object limits (see “MAMA Bright Object
Limits” on page 97) apply to all light falling on the detector and are not affected by the
use of subarrays.
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Conversely, if you overestimate your count rate and underestimate the time to fill
the STIS buffer, your total exposure time will be restricted unnecessarily.

Subarrays

Overview

When a subarray is used, only the portion of the detector which is within the
specified subarray is read out and transmitted to the ground (see Figure 11.5).
Generally, there is no need to use a subarray when taking STIS data and the full
array (which is the default) will be read out and transmitted to the ground. This
maximizes the science return.

Figure 11.5: Using Subarrays (curvature of the spectrum is exaggerated)
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Sub4{lmage
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There are a few special instances in which subarrays can be gainfully used:

* If you are using th€€CDto obtain many shortet,< 3 minutes, closely
spaced exposures (e.g., to obtain time resolved information in the optical)
subarrays can be used to reduce the CCD read time and keep the data vol-
ume at a manageable level.

e If you are using the MAMA detectors IACCUMmMode (see "MAMA
ACCUM” on page 143) to observe a bright source and are therefore taking
a series of shortf;< 3 minutes) exposures to avoid the buffer saturation
limits, subarrays can be used to reduce the overall data volume, thereby
avoiding large overheads for data transfer.
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* If you are using the MAMA detectors IRIMETAG mode (see “MAMA
TIMETAG Mode” on page 146) subarrays can be used to limit the count
rate, thereby reducing the data transfer problems and extending the total
exposure time.

Subarray sizes and centers, as specified in Phase IlI, are given by four
parameters:

e SIZEAXIS1 - size in pixels of the subarray in the axisl1 direction.
» SIZEAXIS2 - size in pixels of the subarray in the axis2 direction.
* CENTERAXIS1- central pixel of the subarray in the axis1 direction.
+ CENTERAXIS2- central pixel of the subarray in the axis2 direction.

Rules for specifying subarrays differ for CCD and MAMA spectroscopic and
imaging observations, as described below.

CCD Subarrays

As described in “CCD ACCUM Mode” on page 141, full frame CCD read outs
are composed of 1064 x 1044 pixels; 1024 x 1024 science pixels, 20 leading and
20 trailing serial overscan pixels, and 20 trailing parallel overscan pixels.
Dispersion runs alongXIS1 and the long axis of the slit runs aloAXIS2.
Subarrays are required to span the full width of the CCD detector in the serial
(dispersion) direction in order to assure they contain the serial overscan needed to
determine the bias level, however you can control the height of the subarray in the
parallel direction (i.e., along the slit for longslit spectroscopic observations). The
minimum allowed value dBIZEAXIS2 is 16 pixels (corresponding to 0.9") and
SIZEAXIS2 must be an even number of pixels. The subarray is centered on the
target position.

Use of Subarrays to Reduce the CCD Read Time

The minimum time between identical CCD exposures is the readtime + 9
seconds. The time to read out a CCD subarray is:

readtime= 1.0+ SIZEAXI x 0.027 seconds

Thus, using the smallest available subarray which is 16 pixels high, you can
reduce the minimum time between identical exposures to ~ 11seconds (9 seconds
overhead plus 2 seconds read time). The minimum time between full frame CCD
exposures is ~9 + 28 = 37 seconds.

Use of Subarrays to Reduce Data Volume

The format of the data you receive when you use a CCD subarray will have
dimensions 1062 SIZEAXIS2 , will cover the full range in the dispersion
direction, and will include the full overscan. The STIS buffer can hold 7 full frame
CCD exposures at one time, ox§1024 /SIZEAXIS2 ) exposures at any one
time. Data acquired in one exposure can be transferred to the HST data recorder
during the subsequent exposure(s) so long as the integration time of the
subsequent exposure is longer than 3.0 minutes in duration. If you are taking a
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series of exposures which are shorter than this, the buffer cannot be emptied
during exposures, and once the STIS buffer fills up, there will be a pause in the
exposures sequence of roughly 3 minutes as the buffer is emptied. This problem
can sometimes be avoided with the judicious use of subarrays to allow all desired
sequential exposures to fit within the STIS buffer.

MAMA Subarrays

As described in “MAMA ACCUM” on page 143 above, full frame MAMA
images are 1024 x 1024 pixels; dispersion runs a#ofi®1 and the long axis of
the slit and echelle orders run aloAXIS2. When subarrays are used with the
MAMA detectors, the gating electronics into the MAMA Interface Electronics
discards photon events that fall outside of the subarray boundaries, and photons
are accumulated from within the subarray only. Note however, that the full field of
view still exposes the MAMA detector, so that the absolute bright object limits
(see “MAMA Bright Object Limits” on page 97) are the same, whether or not
subarrays are used.

All MAMA subarrays must have dimensions that are powers of 2 and be equal
to or larger than 16, i.e., only the specific values of 16, 32, 64, 128, 256, 512, or
1024 are possible foBIZEAXIS1 and SIZEAXIS2 . The observer can fully
specify all of the subarray parametersSIZEAXIS1,SIZEAXIS2,
CENTERAXIS1,and CENTERAXIS3 for MAMA observations, however for
spectroscopic observatidBlZEAXIS1 should generally be left at the default
value of 1024, to assure that the full spectrum from the source is retained. By
default, the center of the subarray is located on the target position.

Use of Subarrays for MAMA ACCUM mode Observations
The STIS buffer can hold 4 full frame MAMA exposures or:

4x(1024x 1023/ (SIZEAXID x SIZEAXIR)

exposures at any one time. Data acquired in one exposure can be transferred to the
HST data recorder in the subsequent exposure(s) so long as the integration times
of the subsequent exposures are longer than 3.0 minutes in duration. If you are
taking a series of exposures that are shorter than this, the buffer cannot be emptied
during exposures, and once the STIS buffer fills up there will be a pause in the
exposure sequence of roughly 1.5 minutes as the buffer is emptied. That interrup-
tion can be avoided through the judicious use of subarrays to limit the data volume
(note however that if your exposure times are greater than 3 minutes, there is
benefit and #ossof information when you use subarrayshi@CUMnode).

Caveat on MAMA Subarray Use

There is a caveat on the use of subarrays if you require high photometric
accuracy and are operating near the global science linearity limit, i.e., at global
(over the detector) count rates > 200,000 counts selcofide global science
non-linearity limit is affected by subarrays in a poorly understood way and it is
likely that the correction for global non-linearity will be poorer for data taken
using subarrays than for data taken using the full frame. The local linearities are
not affected by the use of subarrays.
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Use of Subarrays for TIMETAG Mode Observations

For TIMETAG mode observations, the two relevant science limits, the 30,000
count sed global science non-linearity limit and the 21,000 countlsec
maximum rate for continuoddMETAGexposures both apply only to the photons
received within the subarray (*“MAMA TIMETAG Mode” on page 146).
Subarrays which isolate a target or wavelength of interest can be used to maintain
the processed count rate within the limiting levels.

Exposure Sequences: auto-wavecal, crsplits, repeats,
and patterns

There are several instances where a series of associated STIS exposures (rather
than a single exposure) will be taken. The data from these exposure sequences are
processed as a single unit through the STScl calibration pipeline, with the science
data from the multipleassociatedexposures appearing in a single file (for a
discussion of the planned STIS calibration pipeline and the data product format
see Chapter 15, “Overview of Pipeline Products” on page 311). While you do not
have to specify that you plan a series of associated exposures in your Phase |
proposal, it is helpful to know about these sequences when planning your
proposal. In Phase II, once your proposal has been accepted and you are working
on scheduling your observations, you will be able to use these sequences. All are
generated from a single exposure logsheet line in your Phase Il proposal.

We discuss several types of associated exposures below:

« Automatic and GQvavecal exposures taken with science data to allow cali-
bration of the spectroscopic and spatial zeropoints.

¢ CCDCRSPLIT exposures taken to allow removal of cosmic rays in the sci-
ence data during post-observation data processing.

* Multiple identicalrepeatexposuresREPEATOBS which can be taken to
provide time resolutions of tens of seconds (CCD) or minutes (MAMA).

» Pattern sequences, in which the target is stepped, either along the slit or
perpendicular to the slit (to map a two-dimensional region) for spectro-
scopic observations, or in a dither pattern for imaging observations.

Wavecals

Auto-wavecals

On STIS, the optical path from source to detector passes through the aperture
(slit) wheel (where the filters are housed for imaging) and then through the Mode
Select Mechanism (MSM) which houses the first order gratings and prism, the
cross dispersers for use with the echelles and the mirrors for imaging work (see
Figure 3.1 on page 23). Lack of repeatability in the MSM causes the center of the
spectrum (as defined by the aperture and wavelength centers) to fall on a slightly
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different location in the detector each time there is a movement of the MSM (the
MSM induced offsets in dispersion and space have been measured in component
testing to be roughly plus or minus ~4 pixels). In addition, for MAMA
observations, the aperture location on the detector will be deliberately shifted each
month, to ensure equalization of extracted charge across the detector.

To allow calibration of the zero point of the aperture location and the zero
point of the wavelength scale for spectroscopic observations, a line lamp
observation (so called wavecal) will be talertomaticallyeach time the MSM is
moved. In addition, if a series of exposures or a single long exposure is taken at a
single MSM setting, then an additional wavecal will automatically be taken when
there is a pause in data takifh@0 minutes of exposure time has passed since the
last wavecal. Here, 60 minutes is the time constant expected for thermal changes
which might affect the wavelength accuracy; if on-orbit experience shows a
different performance, this time will be adjusted accordingly. Each set of
spectroscopic science exposures taken at a given grating tilt (i.e., MSM position)
will therefore be accompanied by at least one automatically taken wavecal
exposure. These wavecal exposures will be processed along with the science data,
and used by the pipeline to automatically correct the zero point offsets in the
wavelength and spatial scales.

The automatic wavecals are designed to be of sufficient duration to produce
spectra which contain at least 3 emission lines with 3 counts per pixel and 50
summed over the line. In those regions of the spectrum where 3 lines are not
obtainable, there will be at least 1 emission line with 18 counts per pixel and 300
summed over the line. For the CCD where integration times are short, the
automatic wavecals will typically be taken to assure roughly 8 times this signal.

It is expected that the combination of thermal changes between the wavecal
and science exposures, coupled with the ability to measure the zeropoints in the
wavecal exposures will ultimately limit the accuracy of the absolute zeropoints to
<=0.5 pixels (see “Summary of Expected Accuracies” on page 319). In addition to
the automatic wavecals, observers can also take their own wavecal exposures,
using the WAVE target option (see “GO Wavecals”, below) if they desire more
accurate wavelengths than will automatically be provided, or are particularly
concerned about the time variation of the zeropoint.

GO Wavecals

Only if you require particularly accurate wavelengths for the science you are
performing do you need to consider using TRRGET=WAVEBption to insert
additional wavecal exposures into your observing sequence.

The wavecals taken witiTARGET=WAVEare identical to those taken
automatically (i.e., the auto-wavecals) with two important exceptions. First, you
can explicitly specify which aperture (slit) you wish to use for the
TARGET=WAVExposure (whereas for automatic wavecals the science slit or a
pre-defined alternative for each grating is used). Second, observers can set the
exposure time to take longer exposures, increasing the signal-to-noise of the lamp
exposures they receive or possibly saturating some lines to bring out weaker lines
near astronomical lines of interest.
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Tables of lines and observed count rates from the line lamp for each grating
mode for several different apertures will be made available prior to Phase II.
TARGET=WAVExposuregannot be taken with all slit-grating combinatioas
the line lamps can be too bright for the MAMA detectors when used with wide
slits. Therefore only certain aperture-grating combinations can be used for
MAMA TARGET=WAVabservations (all are available for the CCD). The list of
allowed combinations will be published prior to Phase Il. Although the slit wheel
repeatability is very high (see “Slit and Grating Wheels” on page 23), observers
wishing particularly accurate wavelength calibrations are best off using a slit for
which there is an allowed slit-grating wavecal, otherwise the slit wheel will be
moved each time they take a wavecal exposure, providing an additional
uncertainty.

TARGET=WAVEXxposures are processed through the STScl pipeline as
individual (unassociated) exposures and are not used to process the science data in
the pipeline itself.

CRSPLIT

In order to allow rejection of cosmic rays in post-observation data processing,
observers using the STIS CCD should always try (as much as possible given
signal-to-noise ratio constraints when in the read noise limited regime) to obtain
at least two, preferably three or more, identical CCD exposures (see “Cosmic
Rays” on page 90). In Phase II, @RSPLIT optional parameter (default value 2)
allows easy scheduling of such multiple associated exposures. You specify the
total exposure time and SERSPLIT=n, wheren is the number of exposures to
break the total observing time into. For example, if the total exposure time is 12
minutes, andCRSPLIT=3, then three 4-minute exposures will be taken. Those
three exposures will be associated with one another, passed through the STScl
calibration pipeline as a unit, and a cosmic-ray free image will be produced during
pipeline processing (see Figure 15.1 on page 313). Allowed values of CRSPLIT
arel,2,3,4,5,6,7,or8.

REPEATOBS

A series of multiple repeated identical exposures can be taken most efficiently
with STIS by using the so-callREPEATOBSnode. This mode can be used to
obtain time resolved observations at minimum time intervals of roughly 8 seconds
for the CCD (if subarrays are used) and 60 seconds for the MAMA, ASIGYM
operating mode. The output of this mode is a series of identical exposures.
Repeats are specified during Phase I, usingNEXP= (number of exposures =
many) option. For example, if your exposure time is 60 seconds, and you set
NEXP=5Q you will obtain fifty 60 second exposures. These fifty exposures will
be associated with one another and processed through the pipeline as a unit—the
individual exposures will be fully calibrated and a summed image will also be
produced (see Figure 15.5 on page 317).
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Patterns

A pattern refers to a series of exposures of a single target taken at slightly
different telescope pointings, using the same set of guide stars. For STIS, patterns
will be used to:

« Dither to decrease the effects of small-scale detector non-uniformity and/or
increase the spatial resolution (the latter requires subpixel stepping) by off-
setting the target along a long slit in the spatial direction for long slit spec-
troscopic observations or performing a small stepping pattern for imaging
observations.

» Spectroscopically map out a two-dimensional region of the sky, by stepping
perpendicular to the spatial axis of the slit.

e Spectroscopically subsample the line spread function by stepping a fraction
of a pixel perpendicular to the spatial axis of the slit (i.e., along dispersion -
see “Improving the Sampling of the Line Spread Function” on page 168

Two standard pattern sequences will be made available in Phase II. These are:

1. PATTERN=ALONG-SLIT which allows stepping of the target along the
slit (see Figure 11.6 on page 155nd

2. PATTERN=PERP-TO-SLIT, which allows stepping of the slit in a direc-
tion perpendicular to the slit axis (see Figure 11.7 on page 156,
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Figure 11.6: Stepping Target Along Long Slit to Increase Dynamic Range
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Figure 11.7: Stepping Target Perpendicular to Slit to Map 2-D Region of Sky
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Fixing Orientation on the Sky

STIS users, particularly those using the long slit to observe extended sources,
will commonly wish to specify the orientation of the slit on the sky. Observers
planning coordinated parallel observations may also wish to specify the
orientation of the HST focal plane, so as to place the appropriate instrument to
cover a given patch of sky. When you set the orientation of the telescope, you
effectively constrain the times when your observation can be scheduled, since
HST must maintain a spacecraft orientation (sometimes called roll angle) which
keeps its solar panels roughly perpendicular to the incoming sunlight.

The orientation of the spacecraft (and therefore of the STIS long slits which
are fixed in relation to the HST focal plane) is controlled by GHRIENT
parameter, which is entered during Phase Il. The Phase Il Proposal Instructions
will contain a detailed description of orientations and how to specify them. A
specific orientation can be set, or a range of allowed orientations (e.g., 90-110
degrees) can be given. The tighter the constraints, the more difficult it will be to
schedule the observation.

The ORIENT parameter gives the orientation of the HST focal plane projected
onto the sky and is defined by U2 and U3 axes. Figure 3.2 on page 26 shows the
HST focal plane containing all the HST instruments, with the U2 and U3 axes
defined and Figure 11.1 on page 142 shows the relationship between orient and
the PA of the long slit on the sky. Note that to the accuracy of current knowledge
the long slit is aligned with the detectofXIS2, i.e., is directly perpendicular to
the dispersion axisAXIS1). The important point to note is that if you fix the
orientation of the long slit on the sky to be RAwhereX is measured in degrees
east of north, then thORIENT parameter (which determines where the other
HST instruments lie for parallel observations) is giveK-845 orX+225 degrees.
Likewise, forPRISM mode observations, if you wish to fix the orientation of the
cross-dispersion (i.e., spatial) axis to be X, therOREENT parameter should be
set to X+45 or X+225 degrees.

We show two examples below. Figure 11.8 on page 158 illustrates how to set
the ORIENT parameter to place the long slit along the M87 jet. Figure 11.9 on
page 159 illustrates how to set tRIENT parameter to fix the dispersion axis
for PRISMobservations to be perpendicular to a double star system.
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Figure 11.8: Placing the STIS Long Slit Along the Jet of M8
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Figure 11.9: Placing Dispersion Direction Perpendicular to a Binary Star System
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CHAPTER 12
Special Uses of STIS

In This Chapter...

Slitless First Order Spectroscopy / 161

Long Slit Echelle Spectroscopy / 163

Time Resolved Observations / 164

Observing Too-Bright Objects with STIS / 165

High Signal-to-Noise Ratio Observations / 167

Improving the Sampling of the Line Spread Function / 168
Considerations for Observing Planetary Targets / 168
Parallel Observing with STIS / 169

Coronagraphic Imaging and Spectroscopy / 170

In this chapter we describe some of the non-standard uses of STIS and provide
guidance in the use of the standard capabilities for specific scientific purposes.

Slitless First Order Spectroscopy

We expect the vast majority of STIS first order grating mode observations to
use a long slit. The use of a long slit assures a clean separation of emission lines
arising from different spatial features. However, all of STIS's first order gratings
(see Table 4.1 on page 34) can also be used slitless to obtain emission line images.
Figure 12.1 shows a simulated example of a slitless spectrum.

161
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Figure 12.1: Schematic Slitless Spectrum of Planetary Nebula
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When used slitless, the image you obtain will be the sum of a series of
monochromatic images of the field of view at a single wavelength where prior to
summing the monochromatic images are shifted relative to one another by the
resolution (A/pixel) of the grating, and where the range of wavelengths covered in
the series of monochromatic images is dictated by the spectral range of the
grating.

The result is that there isot a one-to-one mapping of pixel location to
wavelength in your image or of pixel location to spatial location on the sky.
Depending on the structure of your source and the grating you use, it may be easy
to deconvolve the spatial and spectral information, or it may be very difficult.

Slitless spectroscopy can be employed either for prime or parallel STIS
observing. If you are designing a slitless spectroscopic observation there are a few
important points to keep in mind:

* The more complex the emission line, velocity, and spatial structure of your
target field the more difficult it will be to deconvolve the spatial and spectral
information. It is important to match the grating you choose to the structure
of your source. Gratings which produce images of multiple, kinematically
resolved emission lines will be the most challenging to deconvolve. At the
other extreme, a grating which covers only a single strong emission line at a
resolution where the lines are kinematically unresolved will produce a clean
image of the source in the single emission line (see Figure 12.1, above).
You may also wish to specify the orient for slitless spectroscopic observa-
tions to assure that the most complex source structure is oriented perpendic-
ular to the dispersion axis (see “Fixing Orientation on the Sky” on
page 157).
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* Since each point in the sky emits geocoronal light, the background due to
the geocoronal emission lines (Lymain1216, OIA1304 and occasionally
on the day side OA1356 and OIA\2470; see “Geocoronal Emission and
Shadow” on page 75) will be observed at all pixels in the image when a slit-
less spectrum is obtained which covers these wavelengths. This background
must be taken into account in your signal to noise calculations (note that
when a slitted spectroscopic exposure is obtained, these sky emission lines
are localized in the resultant image to the pixels at the corresponding wave-
lengths). For this reason, you may wish to consider using one of the two
longpass ultraviolet blocking filters (see “Longpass Filtered MAMA Imag-
ing - F25SRF2 and F25QTZ” on page 59) instead of a clear aperture when
performing ultraviolet slitless spectroscopy.

» Slitless spectroscopic data will not be fully calibrated by the STScl STIS
pipeline. Slitless spectroscopic data will be passed through the first phase of
calibration and a pre-flat fielded flat fielded image will be produced, how-
ever, the pipeline will not attempt to spectroscopically calibrate the data;
this must be interactively done by the observer since, as described above,
ambiguous overlap of spatial and spectral information will occur.

< An automatic wavecal (see “Wavecals” on page 151) will be taken for slit-
less spectroscopic observations using a narrow long slit, to allow
post-observation determination of the wavelength zeropoints.

« Observers may want to obtainiamageof the field they are taking a slitless
spectrum of, to allow them to post-facto determine the centering of the
objects in their data. Because the gratings and the mirrors used for imaging
are both in the Mode Select Mechanism, zero point shifts will occur
between the slitless spectrum and image data (see “Slit and Grating
Wheels” on page 23). These can be taken out by taking a wavecal image of
a short slit with the mirror in place. For Phase | planning purposes, GOs
wishing to take such a ‘target finding image’ should allot the additional
time for the image plus an additional 5 minutes overhead for this extra
zero-point wavecal image. The Phase Il proposal instructions will contain
information about how to assure the proper calibration is taken in these
cases.

Long Slit Echelle Spectroscopy

The STIS echelle gratings (see “Echelle Gratings” on page 43) were designed
to maximize the spectral range covered in a single echellogram. The orders are
therefore closely spaced and to avoid overlap between orders, short echelle slits
must be used. Indeed, we expect the vast majority of STIS echelle observations to
be of point sources and to use these customized echelle slits (see “Slits for Echelle
Spectroscopy” on page 44). Nevertheless, at the price of confusion due to order
overlap, the echelle gratings can be used with a long slit to obtain high resolution
spectroscopy of extended objects or can be used slitless with a full clear, filtered,
or ND aperture. An example of a science application that would benefit from long
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slit echelle spectroscopy might be observations designed to map the kinematics of
planetary nebulae and stellar outflows around young stars.

The6X0.2 slit (6 arcseconds in the spatial direction and 0.2 arcseconds wide
in the dispersion direction) is supported for use with all four of the echelle
gratings. However, because there will be ambiguous overlap of wavelengths in the
resulting echellogram, the STIS STScl pipeline will not calibrate echelle data that
uses the long echelle slit. The pipeline will produce an uncalibrated FITS image
and the user will be responsible for calibrating the data, since due to the
ambiguous mapping of wavelength to pixel, the reduction of long slit echelle data
is an inherently source dependent and interactive process.

Figure 12.2: Echelle Long Slit Spectrum of Extended Emission Line Source
Filling the Long Slit. Only part of the image is shown.

Emission lines filling

the 6 arcsecond long

slit. Spatially extended
lines from a single order
cross multiple orders.
Number of orders crossed
differs for each echelle
grating and across

the orders for a single
grating.

Time Resolved Observations

There are two ways to obtain time resolved spectroscopic and imaging
observations with STIS:

* Use the MAMATIMETAG operating mode (described in “MAMA TIME-
TAG Mode” on page 146) in the ultraviolet.

« Take a series of multiple, short, identidAEPEATOBS(described in
“REPEATOBS” on page 153) observations of your targé&t@C UM perat-
ing mode with either the CCD or the MAMAS.
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Both the data products received (an event stream in the cadBT AGand
a series of individual images from ead@CUMnode exposure iREPEATOBH
and the basic parameters of the time-resolved observations (e.g., sample time,
interval between samples, total number of samples or equivalently duration) differ
dramatically in these modes. In Table 12.1 below we summarize and contrast the
ranges of parameter space covered by the different methods of obtaining time
resolved observations.

The information presented in Table 12.1 can be qualitatively summarized into
the following set of guidelines for performing time resolved observations with
STIS:

< If you wish to observe variability on second or less timescales, observe in
the ultraviolet usingIMETAGmode.

* In the optical, variability can be observed on tens of seconds timescales
using theREPEATOB®node with the CCD.

* In the ultraviolet variability on the several minute or more timescale can be
observed using theEPEATOB®ode with the MAMAs.

* Subarrays can be used in bREPEATOB&nd TIMETAG mode to limit
the data volume and so extend the total duration of continuous monitoring.

Table 12.1: Summary of Time Resolving Imaging and Spectroscopy

Observation Spectral Minimum Interval Total Duration of Uninterrupted
Type Detector Range Sample Time (1) Between Time Series @
yp A P Samples ( At)
repeat CCD 2500- 0.1 secs 37 secs - full frame for T>3min, no limit
ACCUM 11000 1lsecs-1062x 16 for t<3 min:
subarray dur=@+At)07, full frame
dur=(@+At1)0512, 1062 x 16 subarray
repeat MAMA's 1150- 0.1 secs 60 secs for3min, no limit
ACCUM 3100 for <3 min:
dur=@+At)04, full frame
dur=(@+At)0127, 1024 x 16 subarray
TIMETAG MAMA's 1150- 125usecs 0 secs 6.0xI® second®

3100 where R is rate in counts/sec, and
R<21,000 counts/sec

a. For count rates within subarray between 21,000 and 30,000 counts/sec, only short (~2 minutes) durations are
possible. Beyond 30,000 count/SEHMETAGmode becomes uncorrectably non-linear in its counting.

Observing Too-Bright Objects with STIS

As described in “MAMA Bright Object Limits” on page 97, the STIS MAMA
detectors can be damaged at high local and global count rates. The MAMA
detectors also suffer uncorrectable non-linearity at similar count rates (see
“MAMA Non-Linearity” on page 96). There are therefore configuration specific
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brightness limits for all observations that use the MAMA detectors; sources
brighter than the limitsannot be observed that configuration.

The STIS CCDs are not subject to the same bright object constraints, as the
CCD cannot be damaged by observations of bright sources. Aatigimulated
count/pixel levels, however, the CCD saturates and counting becomes non-linear.
As described previously (see “CCD Saturation: the CCD Full Well” on page 90),
CCD saturation can be avoided by keeping exposure times short when observing
bright targets. The minimum exposure time for CCD observations (0.1 sec)
dictates the maximum source brightness which can be observed without
saturating.

The only way to use STIS to observe a source that is too bright is to use a
configuration which reduces the flux from these targets, bringing them into the
observable regime. The options available to achieve this are:

« Use a smaller slit to reduce the transmitted light for spectroscopic observa-
tions (see “Slits for First Order Spectroscopy” on page 242, and “ Slits for
Echelle Spectroscopy” on page 248—you will find there the percent flux
transmitted through each slit as a function of wavelength).

e Select a more appropriate grating or filter configuration. This may be a con-
figuration with higher resolving power if it is the local limit which is being
violated, or a configuration that covers a smaller free spectral range if the
global limit is being violated. In more extreme cases, you may be forced to
choose a grating (filter) that covers an entirely different region of the elec-
tromagnetic spectrum. Note that if you are observing in first order in the
near-UV, you can consider using the CCD near-UV first order spectroscopic
modes G230LB and G230MB (see page “Cross-Over Regions” on
page 41).

* Use a full neutral density filtered aperture. The neutral density filters are
described in section “Neutral Density Filters” on page 63; they produce
attenuations ranging from Tao 108. Note however, that the ND filters are
located in the slit wheel. Thus, all supported ND filtered exposures will be
slitless, i.e., you cannot use a slit and an ND filter together. Similarly you
cannot use a ND filter and a filter in imaging mode. Also note that some ND
filters come in quadrants, all of which are simultaneously imaged.

» Use one of the available-but-unsupported echelle or long calibration slits
which contain neutral density filters. The relevant slits are 31X0.05NDA
(with ND=2.9), 31X0.05NDB (with ND=2.5) and the 0.2X0.05ND (with
ND=0.6) and 0.3X0.05ND (with ND=1.2), where if ND=x, the attenuation
= 10%. (see also “Support of STIS Capabilities for Cycle 7,” on page 12 and
the CP. These ND values for the slits are subject to change, but should be
known by the time of the August 1996 information update (see “Updates to
Instrument Performance for Cycle 7” on page 12).
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High Signal-to-Noise Ratio Observations

The maximum signal-to-noise ratio of STIS observations for bright sources
will ultimately be limited by the signal-to-noise ratio and fidelity of the flat fields.
CCD observations of bright sources will have inherently higher signal-to-noise
than those using the MAMA’s, both because the signal-to-noise ratio of the
MAMA flat fields will be limited by the long integration times needed to acquire
them (see “Summary of Expected Accuracies” on page 319) and because the
MAMA flats are expected to be structured and may also be time variant (see
“MAMA Signal-to-Noise Ratio Limitations” on page 96). High signal-to-noise
ratios should routinely be achievable for observations of bright sources using the
CCD (though see the caveats on long wavelength spectroscopy in the red due to
fringing in “CCD Spectral Response” on page 88). Routine per-pixel
signal-to-noise ratios of ~30 per 2x2 pixel resolution element are expected for
Cycle 7 observations of bright sources with the MAMAs.

In first order modes, improved signal-to-noise ratios can be achieved by
stepping the target along the slit, taking separate exposures at each location which
are subsequently shifted and added in post-observation data processing
(PATTERN=ALONG-SLIT see “Patterns,” on page 154). This stepping, or
dithering, effectively smooths the detector response over the number of steps,
achieving a reduction of pixel-to-pixel non-uniformity by the square root of the
number of steps, assuming the pixel-to-pixel deviations are uncorrelated on the
scale of the steps. In imaging modes, the same dithering can be done in
two-dimensions, i.e., the steps need not be along a straight line. For echelle
modes, stepping is only possible using the long echelle slit (6x0.2 arcseconds)
(though note that in the high dispersion echelle modes the doppler shifting due to
the spacecraft will effectively cause the counts from any output pixel to have been
sampled at many independent detector pixels).

In a slit-less or wide-slit mode, stepping along the dispersion would allow
independent solution for spectrum and flat field, but at a cost of lower spectral
resolution.

Among the available-but-unsupported contingent of slits are a set of ‘fpsplit’
slits designed to allow the wavelength projection of the spectrum on the detector
to be shifted, so that the flat field fixed pattern noise and the spectral flux
distribution of the target can be simultaneously computed using techniques that
have been successfully applied to data taken with the GHRS. The performance of
these slits, their ability to allow a shift in wavelength only [as required] and
techniques for using them, have yet to be evaluated.

Techniques for maximizing signal-to-noise ratios are expected to be developed
during the course of Cycle 7.
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Improving the Sampling of the Line Spread Function

In many configurations the currgmtedictedspectral line FWHM is less than
two detector pixels (see for instance Table 13.17 on page 243, Table 13.18 on
page 243 and Table 13.22 on page 250). The realized in-flight line spread
functions will depend on the thermal properties of STIS, which have yet to be
evaluated, and the final in-orbit alignment. If we find that the realized LSFs are
undersampled, we will initiate a special project in Cycle 7 to determine the

optimal observing strategy for those programs which require critical sampling.
Possible solutions include:

» Stepping of the target in the dispersion direction in a wide slit or slitless
aperture to subsample the line spread function by displacing the spectrum.
This technique can also be used to increase the signal-to-noise (see above).
Note that in employing this strategy one will have to trade off the benefits of
the sampling with the negative impact of increased wings in the line spread
function when using a wide slit, particularly for MAMA observations.

« For MAMA observations, use dfighressampling (currently an available
mode) may provide ~15-30% better sampling, however, flat field variability
and rate dependence may make it difficult to realize the benefit in resolution
(see “Highres” on page 145).

Considerations for Observing Planetary Targets

STIS’s FUV solar blind and NUV solar insensitive MAMA detectors make it
particularly well suited to slitted spectroscopic and imaging planetary
observations. In addition, the 51X2 long slit (2 arcseconds wide in dispersion) is
particularly well suited to the “slitless” ultra-violet spectroscopic study of small
planetary bodies (using a slit limits the background continuum contribution, see
“Sky Background” on page 72).

Target acquisitions for planetary observations can be done in a number of
ways. If the ~1 arcsecond accuracy of the initial guide star pointing is sufficient,
blind pointing (no acquisition sequence) should be used. If higher accuracy is
required, point or diffuse acquisitions can be performed on the target or a nearby
satellite. Offsets to the main target (planet) may then be made by following the
acquisition sequence with science observations on the planetary target. The
software will automatically calculate the necessary slew.

If you are acquiring an extended object, then you should be aware of the
restriction on the V surface brightness (< 5.4 Mag/a?()sand extent of the
diffuse region (< 5 arcseconds) which can be acquired. See “STIS On-board
Target Acquisitions” on page 105 for full details. Interactive acquisitions can be
used if no other option is possible, but should be requested in your Phase |
proposal as a special requirement.
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Planetary observers may also wish to use RERP-TO-SLIT  pattern
sequence (see “Patterns” on page 154) to map out the surface of a planet by taking
a series of long slit observations, each one stepped by the slit width perpendicular
to the slit’'s long axis, relative to the last.

Planetary observers requiring specific long slit orientations will want to be
aware of the tight scheduling constraints for specific orients for observations of
targets in the ecliptic plane (see discussion of “Orient from Nominal” in the Phase
Il instructions). Among the available-but-unsupported slits are two long slits, the
so calledplanetary slits oriented at plus and minus 45 degrees to the dispersion
axis (and the normal long slit orientation). These allow the acquisition of long slit
data with the slit parallel or perpendicular to the object-sun direction (at nominal
roll). Reduction of data taken with the planetary long slits will be quite
complicated, however, due to the large incidence offset angle corrections which
need to be applied during calibration, and which affect both the dispersion
solutions and the flat fields. The planetary slits are not in the supported contingent,
and data taken with them will not be calibrated by the STScl pipeline (see
“Support of STIS Capabilities for Cycle 7” on page 12).

Parallel Observing with STIS

As described in Chapter 1, the second servicing mission will install solid state
data recorders on HST. The volume capacity of these recorders is roughly ten
times that of the mechanical tape recorders in use for Cycles 1 through 6. Coupled
with changes to the ground system and STIS and NICMOS flight software
designed to fully exploit this capability, this translates into a greatly increased
capability for parallel observing in Cycle 7. In principle, STIS, NICMOS,
WFPC2, and FOC can all be used to observe simultaneously. Figure 3.2 on
page 26 shows the HST field of view following the second servicing mission; the
three infrared cameras of NICMOS (which themselves can be operated in
parallel), STIS, WFPC2, and FOC are all shown, with their fields of view drawn
to scale, in their relative positions in the focal plane. The STIS MAMAs are
shown (as the small square) inside the CCD (large STIS square); the three STIS
cameras share a common field of view, and only one can be used at a time.

The policy for proposing for parallel observations and technical advice on
parallel observing are provided in the Call for Proposals/Phase | Proposal
Instructions. Here we provide some guidance for designing parallel observing
programs, either for your STIS parallel science, or using STIS in parallel to other
instruments. We remind you that there are two types of parallel observations:

» Coordinated parallels, in which you explicitly link the taking of exposures
in parallel to your own prime science exposures.
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* Pure parallels, in which you propose for parallel exposures to be taken in
parallel to other observers’ prime exposures. You specify the instrumental
observing configuration for the parallel instrument and the set of observa-
tional constraints which need to be satisfied for your pure parallel exposures
to be taken.

Both coordinated and pure parallels must be explicitly proposed in Phase I.
Implementing parallels requires significant resources; only those pre-approved by
the TAC process will be implemented. When a parallel is taken, the prime
exposures are first laid into orbits, and then, thereafter, the parallel exposures are
fit to accommodate the primes. If you are considering coordinated parallels, you
may wish to consider constraining the orientation of HST, to place a view of
interest in the parallel instrument’s field of view. Orient constraints do affect
observation scheduling, however, and should not be entered lightly.

Using STIS in Parallel with Other Instruments

Observations for which STIS is the parallel instrument are likely to be most
useful when the full STIS field of view is used. If you wish to use a small slit, the
STIS should be used prime, and the other imaging instruments used in parallel
with it.

During Cycle 7, the MAMA detectors cannot be used for pure parallel
observing and the MAMA detectors can be used in coordinated parallel observing
only if an explicitORIENT is specified and precise RA and Dec coordinates for
the parallel field are given (see “Policy for Prime and Parallel Observing with the
STIS MAMA Detectors” on page 14).

Four types of STIS exposures which have scientific utility with STIS as the
parallel instrument are:

e Optical imaging (but remember that pure parallels withGB€CD clear
aperture are not allowed, see “Policy for CCD Clear Pure Parallels” on
page 15).

« Optical slitless spectroscopy.

» Ultraviolet slitless spectroscopy (available only for coordinated parallels
with exact orient specification).

« Prism and ultraviolet imaging observations (available only for coordinated
parallels with exact orient specification).

Coronagraphic Imaging and Spectroscopy

STIS offers the capability to perform spectroscopic observations with
occulting bars located in the long slits, and imaging observations with occulting
bars in the coronagraphic masBCORON
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Spectroscopy

In Cycle 7, the 0.5 arcsecond bar in #8X0.2 longslit will be available for
occulted observations. This occulting bar is well suited to scientific problems
conducting spectroscopy of faint extended material around a bright central source.
Typical examples of such a program include QSO host galaxies, dynamics of jets
in young stellar objects, and spectroscopy of resolved binaries.

Spectroscopic observations with the 0.4” occulting bar are limited to first order
spectroscopic modes. Target acquisition for this special aperture requires a
peakdown under the occulting bar, preceded by an optional peakup in the clear
part of the slit, if the observer wishes to center the bright central source first. (See
Chapter 8 for an overview of STIS target acquisition.)

To simplify the use of the occulting bar, an aperture has been assigned for the
occulting bar itself, and an aperture for the reference position located just off the
bar. The reference aperture is used if the observer wishes to center the source in
the slit, prior to peaking down under the occulting bar. It should be noted that
when the occulting bar is chosen the slit wheel places the occulting bar at the
center of the field if view, so the full 52" width of the longslit is not available.

In the table below we show the complete set of aperture names and their
application for the 0.5 arcsecond fiducial on%2&0.2 slit.

Table 12.2: Aperture Names and Applications on 52x0.2 Slit

Aperture

Name Description Destination Application

52X0.2 Slit (width=0.2", length=52") Target centered in slit Long slit spectroscopy

52X0.2F1-R Slit (width=0.2", length=52").  Target centered in slit at referencelLocates target at
Fiducial=0.5" position, offset from fiducial bar. reference position ready
Reference point off-fiducial for peakup in slit.

52X0.2F1 Slit (width=0.2", length=52").  Target centered in slit and locatedLocates target under bar

Fiducial=0.5" under fiducial bar ready for peakdown

Peakdowns with the Spectroscopic Occulting Bar
In order to facilitate acquisitions and peakdowns with the spectroscopic slit,

the aperture selected on the ACQ/PEAK line dictates whether a peakup or

peakdown is done using the following rules:

» The bar (or fiducial) is a unique aperture and when selected is placed in the
field of view so that the bar reference position lies at the center of the field.

« The bar/fiducial has a reference position off of the bar. To perform a peakup
in the dispersion direction (across the slit) prior to placing the target behind
the bar, specify an ACQ/PEAK line with the reference position
(52X0.2F1-R) as the slit.

* To perform a peakdown under the bar, specify the bar (52X0.2F1) as the
aperture for an ACQ/PEAK exposure. A peakdown (as opposed to a
peakup) will be automatically performed.

» A table of default peakdown parameters has been defined (Table 12.3).
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Table 12.3: Default Peakdown Parameters for the Supported Occulting Bar

Aperture Bar width Scan type Spacing Num-steps
(arcsec) (arcsec)
52X0.2F1 0.5 PEAKDOWN 0.30 5

Coronagraphic Imaging

STIS has one coronagraphic mask aperture for direct imaging. The aperture
contains one occulting bar, and two intersecting wedges (see Figure 12.3 on
page 172). The aperture cannot be combined with a filter and so, when used with
the CCD yields a bandpass of ~2500-11000 A. The mask is not available for use
with the MAMA detectors due to concerns about bright object protection of the
MAMASs. In combination with the option of a coronagraphic mask, there is a
limited amount of apodization via a lyot stop which masks the outer perimeter of
the re-imaged exit pupil. Consequently, diffraction from the secondary mirror
assembly and the telescope spider is not apodised. The STIS coronagraphic
imaging facility is well suited to imaging problems involving faint material
surrounding a relatively bright source. Typical examples include, circumstellar
disks, such aB Pictoris, and the host galaxies of bright QSOs.

Figure 12.3: Design of the STIS coronagraphic Mask

3
WEDGEB
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BA%S All sizes given
in arcseconds
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A series of apertures have been defined for the coronagraphic mask so that
targets can be placed on the 0.5” wide bar, the 3" wide bar, and 4 locations on
each of the two wedges. These apertures are summarized below.
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Table 12.4: Apertures for Coronagraphic Mask

Proposal Instructions

Aperture Name Description
50CORON coronagraphic mask - clear aperture in center of the field of view
BAR10 coronagraphic bar of width 1.0”
WEDGEAZ2.8 coronagraphic Wedge A (vertical in axis1) Posn. 1: bar width = 2.75”
WEDGEA2.5 coronagraphic Wedge A (vertical in axis1) Posn. 2: bar width = 2.5”
WEDGEA2.0 coronagraphic Wedge A (vertical in axis1) Posn. 3: bar width = - 2.0”
WEDGEAL1.8 coronagraphic Wedge A (vertical in axis1) Posn. 4: bar width = 1.75”
WEDGEAL1.5 coronagraphic Wedge A (vertical in axis1) Posn. 5: bar width = 1.5”
WEDGEB2.8 coronagraphic Wedge B (vertical in axis2) Posn. 1: bar width = 2.75”
WEDGEB2.5 coronagraphic Wedge B (vertical in axis2) Posn. 2: bar width = 2.5”
WEDGEB2.0 coronagraphic Wedge B (vertical in axis2) Posn. 3: bar width = 2.0”
WEDGEBL1.8 coronagraphic Wedge B (vertical in axis2) Posn. 4: bar width = 1.75”
WEDGEBL1.5 coronagraphic Wedge B (vertical in axis2) Posn. 4: bar width = 1.5”

In planning an observing program with tB@CORONaperture, observers
should carefully consider the required orientation of the target. The telescope’s V2
and V3 axes are at 230 the STISAXIS1/AXIS2 coordinate system (see
Figure 11.1 on page 142) and so diffraction spikes further reduce the unocculted
field of view.

If an observer wishes to image the full 360° region around a target, two
observations, one each on the vertical and horizontal wedges are required. By
combining two such images, the full 360° coverage is obtained, with the exception
of the regions occupied by the diffraction spikes. Two options are available to
address this problem, either roll the telescope by ehZhe second exposure, or
schedule a second visit when the nominal telescope roll has changedPby ~45

Finally we note, that because the dark current can be elevated by exposure to a
bright source of ultraviolet photons (see “UV Light and the STIS CCD” on
page 91), if you are performing coronagraphic imaging with the CCD of a bright,
V<10 source, you must add an extra orbit per visit to your proposed science in
Phase | to allow for a ‘clean up’ period of ~ 1 hour during which the dark current
of the CCD subsides, prior to its use for other science.

Coronagraphic Target Peakdowns

Peakdowns for Imaging Coronagraphy

We have defined a special coronagraphic acquisition technique for acquiring
stars under the coronagraphic bars on $O€ORONaperture. The method
involves performing a bright target acquisition using a filtered aperture, then a
peakup in a small, 0.2x0.2" slit., followed by a slew to a pre-defined aperture on
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the coronagraphic mask. The use of the 0.2x0.2” slit is transparent to the user,
who merely specifies the coronagraphic m&kdORONon the exposure
logsheet.
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Introduction

In this section, we provide reference material in support of the material
presented in Chapter 4 to help you select your grating configuration and determine
your observing plan (e.g., total required exposure time, and number of exposures).
This chapter is primarily organized hyrating. For each grating mode the
following are provided:

A brief description of the grating mode’s specifications.

The central wavelength settings and range of wavelength covered at each
setting, for scanned gratings.

Plots and tables of sensitivities as a function of wavelength.
Plots of time as a function of source flux to achieve a signal-to-noise of 10.

Plots of time versus source flux to saturate (and exit the read noise limited
regime for CCD observations),

The optical properties of the grating modes and their accompanying slits are
described in:

“First Order Slits, LSFs, Scales and Encircled Energies” on page 242 and
“Echelle Slits, LSFs, Scales, and Encircled Energies” on page 248.

In addition,

“MAMA Spectroscopic Bright Object Limits” on page 254 provides a sum-
mary of the screening brightness limits for the MAMA spectroscopic
modes.

The next section, “Using the Information in this Chapter” on page 176,
explains the plots and tables found in the grating sections in this chapter.

Using the Information in this Chapter

Sensitivity Units and Conversions

This chapter contains plots and tables of sensitivities for each grating mode.
“Determining Count Rates from Sensitivities” on page 66 in the Exposure Time
Calculation chapter explains how to use these sensitivities to calculate expected
counts rates from your source.

The total systefhspectroscopic point source sensitivity, Senlsas the unit:

counts se¢ pix, ! per incident erg cii sect AL

1. STIS plus HST Optical Telescope Assembly (OTA).
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Where:
* pix, = a pixel in the dispersion direction.

» counts refer to the total counts from the point source integrated over the
PSF in the direction perpendicular to the dispersion (along the slit).

v Note that the spectroscopic point source sensitivity does not include slit losses.

Thespectroscopic diffuse source sensitivity, §)@r‘nas the unit:

counts set pix, ! pixg® per incident dimensional erg ¢hsect At arcse®
Where:

* pix,= a pixel in the dispersion direction.

* pixg= a pixel in the spatial direction.

Sens, andSeng)\ are related through the relation:

Seng D(Sen§ xmgx W)

Where:

* mgis the plate-scale in arcsec per pixel in the direction perpendicular to the
dispersion.

* Wis the slit width in arcseconds.

Here, we have assumed that the diffuse source has a uniform brightness over
the area of interest.

Signal-To-Noise

For each grating mode, plots of flux versus exposure time to achieve a
signal-to-noise ratio of 10 are presented in the individual grating sections for both
point source and diffuse sources. The plots included are:

1. Signal-To-Noise per spectral resolution element versus Exposure Time for
stars of known spectral type and V magnitude observed through the 0.2 arc-
second wide slifThe plots show V magnitude versus exposure time with a
series of curves superposed showing the time to achieve a signal-to-noise of
10 per spectral resolution element at three distinct wavelengths (as indi-
cated on the plots), for several different spectral types with unreddened
main sequence stars with the flux distribution shown in Figure 1.1 on
page 5. In making these plots we have assumed the appropriate 0.2 arcsec-
ond wide slit was used, and have integrated over the PSF in the spatial
direction to contain 80% of the light and the LSF in the cross dispersion
direction. Plot (a) is for an O star, (b) is for a A star, (c) is for a G star, and
(d) is for a M star. You can use these plots directly. If you know your source
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V magnitude, simply look up (or interpolate) the exposure time to achieve a
signal-to-noise = 10 per spectral resolution element at the wavelength of
interest.

2. Signal-to-Noise per spectral resolution element versus Exposure Time for
Point and Diffuse Sources of known brightness, in CGS units, observed
through the 0.2 arcsecond wide sitot (a) is for point sources and plot (b)
is for diffuse sources. In making these plots we have integrated over the
LSF in the dispersion direction for both the point and diffuse (assuming
emission line fills the slit) source calculations. For the point source, we
have also integrated over the PSF in the cross dispersion direction. For the
diffuse sources we show the signal-to-noies two spatial pixelsThe
series of curves on these plots show the time to achieve a signal-to-noise of
10 at three distinct wavelengths (as indicated). If you know your source flux
or brightness, you can directly look up (or interpolate) the time to achieve a
signal-to-noise of 10 from these plots.

At high flux levels, where the detector and sky background is negligible (and
for the CCD at high count levels, where the read noise is not important) the
exposure time to achieve a given signal-to-noise scales directly as signal-fo-noise
(see also “Calculating Exposure Times for a Given Signal-to-Noise” on page 70).
However, at lower flux levels, the background, dark current and read noise (the
latter for the CCD only) must be taken into account when estimating the time to
achieve a given signal-to-noise. The following assumptions were made in
producing the signal-to-noise plots presented in the grating sections below:

* A 0.2 arcsecond wide slit was assumed for both point and diffuse sources.

e« For CCD observations, in order to assure that cosmic rays could be
removed from the images in post-observation data processing, all observa-
tions have been ‘taken’ using the default valu€BISPLIT=2, i.e., have
been split into at two exposures of equal duration.

» The sky background was taken from Figure 6.1 on page 74.

» The CCD read noise and background (dark current) and the MAMA back-
grounds were taken from Table 6.2 on page 72.

Saturation

Both CCD spectroscopic and MAMA spectroscopic observations are subject to
saturation at high totalccumulatedcounts per pixel see “CCD Saturation: the
CCD Full Well” on page 90 and “MAMA Saturation—Overflowing the 16 Bit
Buffer” on page 95). Plots of time to saturation as a function of source flux are
presented for each grating mode in the sections below, for both point and diffuse
sources, observed through the 0.2 arcsecond wide slit.

Superposed on the saturation plot, for the CCD, is a line indicating, for a given
source flux, when the observation is no longer read noise dominated (taken to
occur when the source plus background counts exceeds two times the square of
the read noise).
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Slits, Line Spread Functions, Plate Scales and
Encircled Energies

See page 242 for a description of the slits, slit throughputs, line spread
functions and plate scales for the First Order Grating Modes.

See page 248 for a description of the slits, slit throughputs, line spread
functions and plate scales for the Echelle modes.

MAMA Bright Object Limits

See page 242 for tables of MAMA absolute and science bright object
spectroscopic limits.

First Order Grating G750L

The G750L grating is used with the CCD. It has high throughput but low
resolving power (~500), and is designed for efficient, full spectral coverage. The
properties of th&750L grating are summarized below.

Spectral Range Dispersion

Central
Grating Complete Per Tilt A per Pixel Tilts Wavelengths
G750L 5250-11490 5030 4.92 Prime 7751, 8975

The grating has two prime tilt settings, one optimized for coverage of the
optical, the other designed to allow measurement of the near-IR lines beyond
~10,000 A, where the STIS CCD response, though dropping, is still significant.
Figure 13.1, shows the minimum and maximum wavelengths corresponding to the
two settings.
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Figure 13.1: Wavelength Ranges for the G750L Grating Settings

Wavelength Ranges for the G750L Grating Settings
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The sensitivity, signal-to-noise exposure time requirements, and saturation
exposure time limits for th&750L grating are summarized below. We note that
fringing in the CCD may ultimately the realizable signal-to-noise longward of
7000 A (see also “CCD Spectral Response” on page 88)
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Figure 13.2: G750L Point Source (left axis), and Diffuse Source (right axis) Sensi-
tivities. Point source sensitivity assumes full transmission (zero slit losses). Dif-
fuse source sensitivity assumes a 0.1” wide slit.
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Table 13.1: G750L Point Source Sensitivities. Multiply sensitivity number by 0.05
times the slit width in arcseconds to obtain diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.

5600 5.8E15 7000 1.0E16 8400 6.9E15 9800 4.0E15
5800 6.8E15 7200 1.0E16 8600  6.6E15 10000  3.0E15
6000  7.7E15 7400 1.0E16 8800  6.5E15 10200 1.9E15
6200  8.7E15 7600  9.6E15 9000  6.2E15 10400 9.9E14
6400  9.6E15 7800  8.9E15 9200 6.0E15 10600 5.5E14
6600 1.0E16 8000 8.1E15 9400 5.6E15 10800 3.3E14
6800 1.0E16 8200 7.4E15 9600 5.0E15
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V(magnitude)
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Figure 13.3: G750L Time to Achieve a Signal-to-Noise of 10 per Spectral Resolu-
tion Element for Stars of Different Spectral Types, observed through the 0.2 arc-

second wide slit.
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Figure 13.4: G750L Time to Achieve a Signal-to-Noise of 10 per Spectral and
Spatial Resolution Element for Point and Diffuse Sources Observed with the 0.2”
Wide Slit, cgs units. Point source are integrated over the PSF, Diffuse sources are
per two spatial pixels.
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Figure 13.5: G750 Time to Saturate Peak Pixel as a Function of Source Flux, for
observation taken through 0.2 arcsecond wide slit.
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First Order Grating G750M

Like G750L, theG750Mgrating is used with the CCD and has a spectral range
from 5500-11000 A. However, with a resolving power R~5000 a single exposure
with this grating covers only 570 A, and the grating must be scanned, with a series
of exposures taken at 11 distinct settings to cover the full range of the grating
This grating is designed for relatively high spectral resolution work centered on
selected regions of the spectrum. The properties ofGRBOM grating are
summarized below.

Spectral Range

Dispersion

Central
Grating Complete  PerTilt A per Pixel Tilts Wavelengths
G750M  5450-11150 570 0.56 Prime 5734 6252 6768 7283 7795 8311, 8825 9336
9851, 10363 10871
Seconday 6094, 6581, 8561, 9286, 9806
The minimum and maximum wavelengths covered in single exposures for each
scan setting are shown graphically in Figure 13.6, below. There is a partial ghost
spectrum present in the.=5734 setting which is ~1.2% of, is inverted with
respect to, is offset by ~ 70 pixels from, the prime spectrum, arising from back
reflections between the CCD and the order sorter.
Figure 13.6: Wavelength Ranges for the G750M Grating Settings
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L L B
5734 — 5448 — 6020
6252 — 5966 —_— 6538
8768 — 6482 7054
7283 — 6997 E— 7569
7795 — 7509 R 8081 ég
%i 8311 — 8025 — 8597 lz
= 8825 — 85639 — 9111 E
2 9336 |- 9050 —— 9622 g
g 9851 — 9565 —_— 10137
E 10363 — 10077 —_— 10649
% 10871 — 10585 E— 11157 |
- [2]
6094 — 5808 - 6380 =
6581 — 6295 - 6867 t;
8561 — 8275 - 8847 {g
9286 — 9000 - 9572 g
9806 — 9520 - 10092 8
| | [ | . | 0

.
8000
Wavelength (&)



First Order Grating G750M Il 185

The sensitivity, signal-to-noise exposure time requirements, and saturation
exposure time limits for th&750Mgrating are summarized below. We note that
fringing in the CCD may ultimately the realizable signal-to-noise longward of
7000 A (see also “CCD Spectral Response” on page 88).

Figure 13.7: G750M Point Source (left axis), and Diffuse Source (right axis) Sen-
sitivities. Point source sensitivity assumes full transmission (zero slit losses). Dif-
fuse source sensitivity assumes a 0.1” wide slit.
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Table 13.2: G750M Point Source Sensitivities. Multiply sensitivity number by 0.05
times the slit width in arcseconds to obtain diffuse source sensitivity.
A Sens. A Sens. A Sens. A Sens.
|
5600 7.4E14 7000 1.2E15 8400 7.9E14 9800 4.7E14
5800 8.4E14 7200 1.2E15 8600 7.6E14 10000 3.5E14
6000 9.3E14 7400 1.1E15 8800 7.4E14 10200 2.2E14
6200 1.0E15 7600 1.1E15 9000 7.1E14 10400 1.2E14
6400 1.1E15 7800 1.0E15 9200 6.9E14 10600 6.5E13
6600 1.2E15 8000 9.2E14 9400 6.5E14 10800 3.9E13

6800 1.2E15 8200 8.4E14 9600 5.8E14
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Figure 13.8: G750M Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Stars of Different Spectral Types, observed through the 0.2 arc-
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Figure 13.9: G750M Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Point and Diffuse Sources Observed with the 0.2” Wide Slit, cgs
units. Point sources are integrated over the PSF, diffuse sources are per two spa-
tial pixels
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Figure 13.10: G750M Time to Saturate Peak Pixel as a Function of Source Flux,
for observation taken through 0.2 arcsecond wide slit.
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First Order Grating G430L

G430L, used with the CCD, is a low resolution grating (R~500) with a
relatively high throughput. The grating has only a single setting. This grating is
designed for observations where high spectral resolution is not required, but
efficient spectral coverage in the blue portion of the optical is desired. Notice, that
by taking two observations, one with750L and one withG430L, the full
spectral region, from the near-IR at 10000 A through the optical at 3050 A can be
efficiently observed at an R~500. The properties of @#30L grating are
summarized in the table below.

Spectral Range Dispersion Central
Grating Complete Per Tilt A per Pixel Tilts Wavelengths
G430L 2900-5700 2900 2.73 Prime 4300

The sensitivity, signal-to-noise exposure time requirements, and saturation
exposure time limits for th&430L grating are summarized below.
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Figure 13.11: G430L Point Source (left axis), and Diffuse Source (right axis) Sen-
sitivities. Point source sensitivity assumes full transmission (zero slit losses). Dif-
fuse source sensitivity assumes a 0.1” wide slit.
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Table 13.3: G430L Point Source Sensitivities. Multiply sensitivity number by 0.05
times the slit width in arcseconds to obtain diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.
2600 1.09E9 3400 9.1E14 4200 3.0E15 5000 4.3E15
2800  2.6E12 3600 1.1E15 4400  3.5E15 5200  4.4E15
3000 3.2E14 3800 1.8E15 4600  3.8E15 5400  4.4E15
3200 6.1E14 4000 2.3E15 4800 4.1E15 5600 4.4E15
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Figure 13.12: G430L Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Stars of Different Spectral Types, observed through the 0.2 arc-
second wide slit.
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Figure 13.13: G430L Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Point and Diffuse Sources Observed with the 0.2” Wide Slit, cgs
units. Point sources are integrated over the PSF, diffuse sources per two spatial

pixels.
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Figure 13.14: G430L Time to Saturate Peak Pixel as a Function of Source Flux,
for observation taken through 0.2 arcsecond wide slit.
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First Order Grating G430M

Like the G430L grating, the G430M grating is used with the CCD and has a
spectral range from 3050-5500 A, however a single exposure with this grating
covers only 236 A, and the grating must be scanned, with a series of exposures
taken at 10 distinct settings to cover the full spectral range of the grating. The
G430Mgrating mode is designed for observations where spatially resolved, long
slit, spectroscopy is desired at relatively high spectral resolution (R~6000) over a
limited region of the near-ultraviolet or optical spectrum. The properties of the
G430M grating are summarized below.

Spectral R Di i
pectral Range ispersion Central
. . . . Wavelengths
Grating Complete Per Tilt A per Pixel Tilts v g
G430M 3025-5610 286 0.28 Prime 3165, 3423, 3680, 3936, 4194, 4451, 4706, 4961,
5216, 5471
Secondary 3305, 3843, 4781, 5093
The minimum and maximum wavelengths covered in single exposures for each
scan setting are shown graphically in Figure 13.15, below.
Figure 13.15: Wavelength Ranges for the G430M Grating Settings
Wavelength Ranges for the G430M Grating Settings
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The sensitivity, signal-to-noise exposure time requirements, and saturation
exposure time limits for th&430Mgrating are summarized below.
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Figure 13.16: G430M Point Source (left axis), and Diffuse Source (right axis)
Sensitivities. Point source sensitivity assumes full transmission (zero slit losses).
Diffuse source sensitivity assumes a 0.1” wide slit.
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Table 13.4: G430M Point Source Sensitivities. Multiply sensitivity number by 0.05
times the slit width in arcseconds to obtain diffuse source sensitivity.

A Sens. A Sens. A Sens.
3000 4.0E13 4000 1.8E14 5000 2.9E14
3200 6.4E13 4200 2.2E14 5200 2.9E14
3400 8.5E13 4400 2.5E14 5400 2.9E14
3600 9.1E13 4600 2.6E14 5600 2.9E14

3800 1.4E14 4800 2.8E14 5800 2.9E14
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Figure 13.17: G430M Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Stars of Different Spectral Types, observed through the 0.2 arc-
second wide slit.
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Figure 13.18: G430M Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Point and Diffuse Sources Observed with the 0.2” Wide Slit, cgs
units. Point sources are integrated over the PSF, diffuse sources per two spatial

pixels.
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Figure 13.19: G430M Time to Saturate Peak Pixel as a Function of Source Flux,
for observation taken through 0.2 arcsecond wide slit.
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First Order Grating G230LB

The G230LB? grating mode is designed for science needing the highest
available sensitivity in the near-UV from ~2500 to 3100 A. G280LB grating
mode uses a low resolution grating originally designed for use with the
STIS/INUV-MAMA which has been re-directed for use with 8i HS/CCD to
enable R~700 spectroscopy in the near-UV which takes advantage of the CCD’s
higher throughput and dynamic range longward=2500 A. The properties of
the G230LB grating mode are summarized in the table below.

Spectral Range Dispersion Central
Grating Complete Per Tilt A per Pixel Tilts Wavelengths
G230LB 1685-3065 1380 1.3 Prime 2375

The sensitivity, signal-to-noise exposure time requirements, and saturation
exposure time limits for th&230LB grating mode are summarized below.

The trade-off between using ti&230LB or theG230L (which use thaNUV
MAMMA depends sensitively on the science goals and your source properties, since
theCCDhas read noise, where the MAMA does not, the CCD does not have bright
object limits, where the MAMA does, the detector PSF of @@Dis much
cleaner than that of tféUV-MAMAthe spatial sampling of the MAMA is better
than that of theCCD and theCCDdoes not enable high time resolutidkt<10
seconds), where the MAMA does. Figures 13.20 and 13.21, below, show a direct
comparison of some of the properties of BZ30LB andG230L modes.

2. In making the plots for th&230LB andG230MBgrating modes, we assumed
that the CCD is subject to a change in the effective quantum yield resulting in the cre-
ation of multiple electron-whole pairs per photonXeB400 A (see “Special
Case—Spectroscopic CCD Observations<@500 A” on page 71). This does not alter
the curves of sensitivity as a function of wavelength, but does alter the signal-to-noise
curves.
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Figure 13.20: Comparison of Limiting Fluxes for G230LB and G230L. Plotted is

the ratio of limiting source fluxes for G230LB relative to G230L to achieve a sig-

nal-to-noise ratio of 10 in 1 hour per 2.6 A (the spectral resolution of G230LB).
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Figure 13.21: Comparison of LSFs for G230LB and G230L
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Figure 13.22: G230LB Point Source (left axis), and Diffuse Source (right axis)
Sensitivities. Point source sensitivity assumes full transmission (zero slit losses).
Diffuse source sensitivity assumes a 0.1” wide slit.
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Table 13.5: G230LB Point Source Sensitivities. Multiply sensitivity number by 0.05
times the slit width in arcseconds to obtain diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.
1200 1.4E-5 2000 6.0E13 2800 2.2E14 3600 3.7E14
1300 1.7E-5 2100 9.1E13 2900 2.4E14 3700 4.1E14
1400 1.8E-5 2200 1.2E14 3000 2.8E14 3800 5.0E14
1500 1.8E-5 2300 1.6E14 3100 3.1E14 3900 5.7E14
1600  3.3E11 2400 1.9E14 3200 3.3E14 4000 5.9E14
1700 7.5E12 2500 2.0E14 3300 3.6E14
1800 1.8E13 2600 2.0E14 3400 3.6E14
1900  3.6E13 2700 2.1E14 3500 3.6E14
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Figure 13.23: G230LB Time to Achieve a Signal-to-Noise of 10 per Spectral Res-
olution Element for Stars of Different Spectral Types, observed through the 0.2

arcsecond wide slit.

(a) O5 star (b) AQV star
G230LB Exposure Times — Point Sources — S/N=10 GR30LB Exposure Times — Point Sources — S/N=10
7 g LAY g LR LR T T 4 T T T T T T T T
8 N 5 -
O Star A Star
9 i 6 - _
N 1800 1800
10 =~ 2300 o - v 2300 oo =
Lk . 3000 — — — — 8 3000 = === |
12 — 9 —
13 =
14 0 i
kel
3
15 = =
=
18 — o |
£
17 — > —
18 — —
19 — -
20 — -
21 — 18 — ) -
22 - 19 |- ~
23 - ] 20 >
24 T R ETY B RS T RS RS RUT1 R AR Y] EE S A RTIT] B AT 21 T B Y Y 1 B S A ET] B ST
0.1 1 10 100 1000 10000 100000 0.1 1 10 100 1000 10000 100000
Time (seconds) Time (seconds)
(c) GOV star (d) MOV star
G230LB Exposure Times — Point Sources — S/N=10 GR30LB Exposure Times — Point Sources — S/N=10
1 L LR LR LR LR LR T T T T 1 T T ".f“““\ T T T TorTTTTTg LI
R~ — 2 |
3 G Star R M Star
3 - -
4= 1800 | AN 1800
2300 oo 4 AN 2300 - _
5 3000 ———— AN 3000 — — — —
NN B 5 N |
~ N
TN - 6 - S m
~ N
8 — S — = AN |
N - N
9~ N B g 8+ AN —
~ 3 N
10 (- N -4 = N
N 2 g+ N ,
11— AN - éﬂ N
h 10 |- D i
12 \\ 4 = R
N .
13 \\ - 11 = . =
N
14 — AN — 12 N -
N N
16 - N . 13l N |
S N
16 So — ~
~ 14 S _
17 — RS = N
S 15 S~ _
18 - S~ ~.
19 T 16 - ™~
oo bl vl il vl el il ) T SO R R ST BT N IR
0.1 1 10 100 1000 10000 100000 0.1 1 10 100 1000 10000 100000

Time (seconds) Time (seconds)



200 |l Chapter 13: Spectroscopic Reference Material

Flux (ergs cm- 2 sec™ ! A- 1)

Figure 13.24: G230LB Time to Achieve a Signal-to-Noise of 10 per Spectral Res-
olution Element for Point and Diffuse Sources Observed with the 0.2” Wide Slit,
cgs units. Point sources are integrated over the PSF, diffuse sources are per two
spatial pixels.
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Figure 13.25: G230LB Time to Saturate Peak Pixel as a Function of Source Flux,
for observation taken through 0.2 arcsecond wide slit.
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First Order Grating G230MB

The G230MBgrating mode uses an intermediate resolution grating originally
designed for use with tHeéUV-MAMAwhich has been redirected for use with the
CCD to provide R~6000 spectroscopy in the near-UV which takes advantage of
the CCD’s higher throughput longward aE2500 A. The properties of the
G230MBgrating mode are summarized in the table below.

Spectral Range Dispersion Central
Grating Complete Per Tilt A per Pixel Tilts Wavelengths
G230MB  1635-3190 155 0.15 Prime 1713, 1854,1995, 2135, 2276, 2416, 2557, 2697,
2836, 2976, 3115
Secondary 2794

1713

1854

1995

2135

[\Y)
[a¥)
2
(o]

[N
N~
=
o

Central Wavelength (R)
IS
® o O
L o O
& N

2976

3115

2794

The G230MBgrating mode has a spectral range from 1640-3190 A. However a
single exposure with this grating covers only 150 A, and the grating must be
scanned, with a series of exposures taken at 12 distinct settings to cover the full
spectral range of the grating. The available scan settings (central wavelength and
minimum and maximum wavelengths covered in a single exposures) are shown

graphically in Figure 13.26 below.

Figure 13.26: Wavelength Ranges for the G230MB Grating Settings
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Figure 13.27: .Comparison of Limiting Fluxes for G230MB and G230M. Plotted is
the ratio of limiting source fluxes for G230MB relative to G230M to achieve a sig-
nal-to-noise ratio of 10 in 1 hour per 0.3 A (the spectral resolution of G230MB)
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The sensitivity, signal-to-noise exposure time requirements, and saturation
exposure time limits for th&230MBgrating mode are summarized below. The
trade-off between using tf@230MBor theG230M(which use theNUV MAMA
grating modes, depends sensitively on the science goals and your source
properties, as described above in “First Order Grating G230MB” on page 201.
Figures below shows a direct comparison of some of the properties of the
G230MBandG230Mmodes

Figure 13.28: G230MB Point Source (left axis), and Diffuse Source (right axis)

Sensitivities. Point source sensitivity assumes full transmission (zero slit losses).
Diffuse source sensitivity assumes a 0.1” wide slit.
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Table 13.6: G230MB Point Source Sensitivities. Multiply sensitivity number by
0.05 times the slit width in arcseconds to obtain diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.
1600 3.3E10 2100 7.3E12 2600 1.4E13 3100 2.7E13
1700 6.8E11 2200 9.5E12 2700 1.5E13 3200 2.9E13
1800 1.6E12 2100  7.3E12 2800 1.6E13
1900  2.9E12 2200  9.5E12 2900 1.9E13

2000 4.8E12 2500 1.4E13 3000 2.3E13
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Figure 13.29: G230MB Time to Achieve a Signal-to-Noise of 10 per Spectral Res-
olution Element for Stars of Different Spectral Types, observed through the 0.2
arcsecond wide slit.
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Figure 13.30: G230MB Time to Achieve a Signal-to-Noise of 10 per Spectral Res-
olution Element for Point and Diffuse Sources Observed with the 0.2” Wide Slit,
cgs units. Point sources are integrated over the PSF, diffuse sources are per two
spatial pixels.
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Figure 13.31: G230MB Time to Saturate Peak Pixel as a Function of Source Flux,
for observation taken through 0.2 arcsecond wide slit.
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First Order Grating G230L

The G230L grating is used with the NUV-MAMA and has a relatively high
throughput and a resolving power of ~500. It is designed for observations where
high spectral resolution is not required, but efficient, spatially resolved
spectroscopy with full spectral coverage in the near-ultraviolet is desired. Notice
that the CCDG230LB grating mode also covers the near-ultraviolet with
comparable resolution; see “First Order Grating G230LB” on page 196 for a
detailed comparison of these two grating modes in that wavelength regime. The
properties of th&230L grating are summarized below.

Spectral Range Dispersion Central
Grating Complete Per Tilt A per Pixel Tilts Wavelengths
G230L 1570-3180 1610 1.58 Prime 2376

The sensitivity, exposure time signal-to-noise requirements, saturation
exposure time limits, and bright object count limits for @230L gratings are
summarized below.
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Figure 13.32: G230L Point Source, and Diffuse Source Sensitivities
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Table 13.7: G230L Point Source Sensitivities. Multiply sensitivity number by
0.0244 times the slit width in arcseconds to obtain diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.
1500 2.85E8 2000 1.1E14 2500 2.3E14 3000 1.5E14
1600 1.7E12 2100 1.5E14 2600 2.3E14 3100 1.2E14
1700 2.4E13 2200 1.7E14 2700 2.3E14
1800 4.7E13 2300 1.9E14 2800 2.1E14
1900 7.7E13 2400 2.1E14 2900 1.8E14
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Figure 13.33: G230L Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Stars of Different Spectral Types, observed through the 0.2 arc-

second wide slit.
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Figure 13.34: G230L Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Point and Diffuse Sources Observed with the 0.2” Wide Slit, cgs
units. Point sources are integrated over the PSF, diffuse sources are per two spa-
tial pixels.
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First Order Grating G230M

Like theG230L grating, the5230Mgrating is used with the NUV-MAMA and
has a spectral range from 1650-3100 A, however, with a resolving power
R~10,000 a single exposure with 8&30Mgrating covers only 90 A, and the
grating must be scanned, with a series of exposures taken at 19 distinct settings to
cover the full spectral range. Th&230M grating mode is designed for
observations where spatially resolved, long slit, spectroscopy is desired at
relatively high spectral resolution covering a limited region of the near-ultraviolet
spectrum. The properties of t230Mgrating are summarized below.

Spectral Range Dispersion Central
Grating Complete Per Tilt A per Pixel Tilts Wavelengths
G230M 1640-3175 90 0.09 Prime 1687, 1769, 1851, 1933, 2014 2095, 2176, 2257,

2338, 2419, 2499, 2579, 2659, 2739, 2818, 2898,
2977,3055, 3134

Secondary 1884, 2600, 2800, 2828

The available scan settings (central wavelength and minimum and maximum
wavelengths covered in a single exposures) are shown graphically in Figure 13.36.

Figure 13.36: Wavelength Ranges for the G230M Grating Settings
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Notice that the CCB5230MBgrating mode also covers the near-ultraviolet
with comparable resolution. See “First Order Grating G230MB” on page 201 for
a detailed comparison of these two grating modes in that wavelength regime. The
sensitivity, exposure time signal-to-noise requirements, saturation exposure time
limits, and bright object count limits for th&230M grating are summarized
below.

Figure 13.37: G230M Point Source (left axis), and Diffuse Source (right axis)

Sensitivities. Point source sensitivity assumes full transmission (zero slit losses).
Diffuse source sensitivity assumes a 0.1” wide slit.
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Table 13.8: G230M Point Source Sensitivities. Multiply sensitivity number by
0.029 times slit width in arcseconds to obtain diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.
1600 7.2E10 2100 4.0E12 2600 5.3E12 3100 3.1E12
1700 8.4E11 2200 4.6E12 2700 5.2E12 3200 1.5E12
1800 1.5E12 2300 4.8E12 2800 5.1E12
1900 2.2E12 2400 5.0E12 2900 4.4E12

2000 3.1E12 2500 5.1E12 3000 3.7E12
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V(magnitude)

V(magnitude)

Figure 13.38: G230M Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Stars of Different Spectral Types, observed through the 0.2 arc-

second wide slit.
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Figure 13.39: G230M Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Point and Diffuse Sources Observed with the 0.2” Wide Slit, cgs
units. Point sources are integrated over the PSF, diffuse sources are per two spa-
tial pixels.
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Figure 13.40: G230M Time to Saturate Peak Pixel as a Function of Source Flux,
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First Order Grating G140L

The G140L grating mode is used with the FUV-MAMA, has a resolving
power R~1000, and covers a spectral range from 1150-1700 A in a single
exposure. The5230L grating mode is designed for observations where high
spectral resolution is not required, but efficient, spatially resolved spectroscopy
providing wide spectral coverage in the ultraviolet is desired. Notice, that by
taking two observations, one wi230L and one withG140L, the full spectral
region, from 1150 to 3100 A can be efficiently observed at an R~1000. The
properties of th&140L grating mode are summarized below.

Spectral Range Dispersion Central
Grating Complete Per Tilt A per Pixel Tilts Wavelengths
G1l40L 1150-1730 610 0.6 Prime 1425

The sensitivity, exposure time signal-to-noise requirements, saturation
exposure time limits, and bright object count limits for @#&40L grating are
summarized on page 214.
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Figure 13.41: G140L Point Source (left axis), and Diffuse Source (right axis) Sen-
sitivities. Point source sensitivity assumes full transmission (zero slit losses). Dif-
fuse source sensitivity assumes a 0.1” wide slit.
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Table 13.9: G140L Point Source Sensitivities. Multiply sensitivity number by
0.0244 times the slit width in arcseconds to obtain diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.
1150 4.25E8 1350 5.0E13 1600 1.8E13 1850 1.5E12
1175 2.0E13 1400 4.5E13 1650 1.3E13 1900 3.4E11
1216 4.6E13 1450 3.8E13 1700 8.8E12 1950 7.6E10
1250  5.3E13 1500  3.1E13 1750 6.0E12 2000 1.7E10

1300 5.2E13 1550 2.4E13 1800 4.0E12
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Figure 13.42: G140L Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Stars of Different Spectral Types, observed through the 0.2 arc-

second wide slit.
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Figure 13.43: G140L Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Point and Diffuse Source Observed with the 0.2” Wide Slit, cgs
units. Point sources are integrated over the PSF, diffuse sources are per two spa-
tial pixels
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Figure 13.44: G140L Time to Saturate Peak Pixel as a Function of Source Flux,
for observation taken through 0.2 arcsecond wide slit.
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First Order Grating G140M

The G140Mgrating mode is used with the FUV-MAMA and has a spectral
range from 1150-1700 A, however, with a resolving power R~10,000, a single
exposure with this grating covers only 55 A. The grating must be scanned, with a
series of exposures taken at 12 distinct settings to cover the full spectral range.
The G140Mgrating mode is designed for observations where spatially resolved,
long slit, spectroscopy is desired at relatively high spectral resolution over a
limited region of the ultraviolet spectrum. The properties ofGiid0M grating

are summarized in the table below.

Spectral Range Dispersion Central
Grating Complete Per Tilt A per Pixel Tilts Wavelengths
G140M 1150-1740 55 0.05 Prime 1173, 1222, 1272, 1321, 1371, 1420, 1470, 1518,

1567, 1616, 1665, 1714

Secondary 1218, 1387, 1400, 1540, 1550, 1640

The available scan settings (central wavelength and minimum and maximum
wavelengths covered in a single exposure) are shown graphically in Figure 13.45.

The sensitivity, exposure time signal-to-noise

requirements, saturation

exposure time limits, and bright object count limits for @#&40M grating are

summarized below.

Figure 13.45: Wavelength Ranges for the G140M Grating Settings
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Figure 13.46: G140M Point Source (left axis), and Diffuse Source (right axis)
Sensitivities. Point source sensitivity assumes full transmission (zero slit losses).
Diffuse source sensitivity assumes a 0.1” wide slit.
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Table 13.10: G140M Point Source Sensitivities. Multiply sensitivity number by
0.029 times the slit width in arcseconds to obtain diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.
1150 3.69E7 1300 2.2E12 1500 1.3E12 1700 3.3E11
1175 7.6E11 1350 2.2E12 1550 1.0E12 1750 2.3E11
1216 2.0E12 1400 2.0E12 1600 7.0E11

1250 2.3E12 1450 1.7E12 1650 4.9E11
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Figure 13.47: G140M Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Stars of Different Spectral Types, observed through the 0.2 arc-

second wide slit.
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Figure 13.48: G140M Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Point and Diffuse Source Observed with the 0.2” Wide Slit, cgs
units. Point sources are integrated over the PSF, diffuse sources are per two spa-
tial pixels.
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Figure 13.49: G140M Time to Saturate Peak Pixel as a Function of Source Flux,
for observation taken through 0.2 arcsecond wide slit.
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Echelle Grating E230M

The E230M grating is used with the NUV-MAMA and provides echelle
spectra at a resolving power of 23500 from 1650-3100 A. The table below
summarizes this mode’s properties.

Spectral R Dispersi
pectral Range Ispersion Central

Wavelengths

Grating Complete Per Tilt A per Pixel Tilts

E230M 1575-3110 80O A/60,000 Prime 1978, 2707
Secondary 2124, 2269, 2415, 2561

A single exposure with this grating covers 800 A over ~20-40 orders. The
inter-order separation is ~18 pixels (0.52 arcseconds) at 1650 A and 62.5 pixels
(~1.8 arcseconds) at 3100 A. The grating must be scanned, with exposures taken
at two distinct settings to cover the full spectral range of the grating. The full set
of available scan settings (central wavelength and minimum and maximum
wavelengths covered in a single exposures) are shown graphically in Figure 13.50.

Figure 13.50: Wavelength Ranges for the E230M Grating Settings
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The sensitivity, exposure time signal-to-noise requirements, saturation
exposure time limits, and bright object count limits for B230M echelle grating
mode are summarized below.
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Figure 13.51: E230M Point Source (left axis), and Diffuse Source (right axis) Sen-
sitivities. Point source sensitivity assumes full transmission (zero slit losses). Dif-
fuse source sensitivity assumes a 0.1” wide slit.
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Table 13.11: E230M Point Source Sensitivities. Multiply sensitivity number by

0.029 times the slit width in arcseconds to obtain diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.
TI700  LOELL | 2100 O2E1l 2500 20E12 2900  20E12
1800 2.3E11 2200 1.2E12 2600 2.2E12 3000 1.7E12
1900 4.0E11 2300 1.5E12 2700 2.2E12
2000 6.4E11 2400 1.8E12 2800 2.2E12
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Figure 13.52: E230M Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Stars of Different Spectral Types, observed through the 0.2 arc-

second wide slit.
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(a) Point Sources

E230M Exposure Times — Point Sources — S/N=10
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Figure 13.53: E230M Time to Achieve a Signal-to-Noise of 10 per spectral resolu-
tion element for Point and Diffuse Source Observed with the 0.2” Wide Slit, cgs
units. Point sources are integrated over the PSF, diffuse sources are per two spa-
tial pixels
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Figure 13.54: E230M Time to Saturate Peak Pixel as a Function of Source Flux,
for observation taken through 0.2 arcsecond wide slit.
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Echelle Grating E230H

The E230H grating is used with the NUV-MAMA and provides echelle
spectra at a resolving power of ~100,000 from 1650-3100 A. The table below
summarizes this mode’s properties.

Spectral Range Dispersion Central
Grating  Complete Per Tilt A per Pixel  Settings Wavelengths
E230H 1625-3150 [267 /228,000 Prime 1763, 2013, 2263, 2513, 2762, 3012

Secondary 1813, 1863, 1913, 1963, 2063, 2113, 2163, 2213,
2313, 2363, 2413, 2463, 2563, 2613, 2663, 2713,
2812, 2862, 2912, 2962

1763
2013
2263
2513
2762
3012

1813
1863
<1913
5 1963
02063
02113
%2163
= 2213
= 2313
52363
@ 2413
2463
2563
2613
2663
2713
2812
2862
2912
2062

A single E230H echellogram covers ~267 A, over ~20-70 orders. The orders
are spaced by only ~ 12.7 pixels (0.37 arcseconds) at 1650 A and 47.2 pixels
(~1.38 arcseconds) at 3100 A. The grating must be scanned, with a exposures
taken at six distinct settings to cover the full spectral range of the grating. The full
set of available scan settings (central wavelength and minimum and maximum
wavelengths covered in a single exposures) are shown graphically in Figure 13.55.

Figure 13.55: Wavelength Ranges for the E230H Grating Settings
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The sensitivity, exposure time signal-to-noise requirements, saturation
exposure time limits, and bright object count limits for B230M echelle grating
mode are summarized below.
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Figure 13.56: E230H Point Source (left axis), and Diffuse Source (right axis) Sen-
sitivities. Point source sensitivity assumes full transmission (zero slit losses). Dif-
fuse source sensitivity assumes a 0.1” wide slit.
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Table 13.12: E230H Point Source Sensitivities. Multiply sensitivity number by
0.029 times the slit width in arcseconds to obtain diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.
1700 2.7E10 2100 1.8E11 2500 3.2E11 2900 2.8E11
1800 5.0E10 2200 2.2E11 2600 3.4E11 3000 2.3E11
1900 8.6E10 2300 2.6E11 2700 3.3E11

2000 1.3E11 2400 2.9E11 2800 3.2E11




228 | Chapter 13: Spectroscopic Reference Material

V(magnitude)

V(magnitude)

(a) O5 star
ER30H Exposure Times — Point Sources — S/N=10
] ] MSANLLIL LA B 1 e B 1 e B AR
| N
N\
9 \\ 0 Star ]
\
\ 1800
10 N 2300 oo ]
N 3000 — — — —
N\
11 N ,
N
\
\
12 — \\ —
N
N
13 - \\ —
N\
\
14 — \\ -
N
N
15 - N\ -
\
N\
\
16 < 4
N
N
N\
17 — NI
18 o
fo vl vl el el
0.1 1 10 100 1000 10000 100000
Time (seconds)
(c) GOV star
E230H Exposure Times — Point Sources — S/N=10
B e e ) o LA s 1 e e
\
4 \ ,
\ -
N G Star
\
5 N . 1800 -
\ S
\ 2300 ------eee--
\\ 3000 — — — —
6 . -
N\
\
7 AN ,
\
\
8 - AN B
\
\
9+ AN 4
\
N\
10 AN b
\
\
N
11 N 4
N\
N\
N\
12 - N i
N\
N
AN
13 \ —
N
Y
AN
N
4 vl vl el il il
0.1 1 10 100 1000 10000 100000

Figure 13.57: E230H Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Stars of Different Spectral Types, observed through the 0.2 arc-

second wide slit.
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Figure 13.58: E230H Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Point and Diffuse Source Observed with the 0.2” Wide Slit, cgs
units. Point sources are integrated over the PSF, diffuse sources are per two spa-
tial pixels.
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Figure 13.59: E230H Time to Saturate Peak Pixel as a Function of Source Flux,
for observation taken through 0.2 arcsecond wide slit.
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Echelle Grating E140M

TheE140Mgrating is used with the FUV-MAMA and provides echelle spectra
at a resolving power of 35000 from 1150-1700 A. The table below summarizes
this mode’s properties.

Spectral Range Dispersion Central
Grating Complete Per Tilt A per Pixel ~ Settings Wavelengths
E140M 1150-1700 600 A/91700 Prime 1425 (see text below) - over ~45 orders

A single E140M echellogram covers ~600 A, however at wavelengths
longward of 1649 A, the echelle orders overrun the width of the detector in the
dispersion direction, so there will be three small gaps in the wavelength coverage.
One gap of ~0.2 A, one of ~0.4 A, and one of ~0.7 A, are expected between 1649
and 1700 A. Since grating alignment is not yet finalized, the precise locations of
those gaps are not known at this time. Two prime central wavelengths will
ultimately be defined for this grating; these central wavelengths will shift the
echelle format along the dispersion axes, so that by taking two exposures, one at
each central wavelength, complete spectral coverage between 1649 A and 1700 A
can be achieved. When defining the central wavelength settings for this grating,
care will be taken to assure, in as much as is possible, that important astronomical
lines will not fall in the gap regions; however for the purposes of planning your
Cycle 7 Proposal, if you require complete (or multiple line) wavelength coverage
from 1649 to 1700 A, you should assume you will need to take two separate
exposures to cover this region. Note that complete wavelength coverage from
1150 A to 1649 A is provided in a single setting for this grating.

The separation between orders is ~15 pixels (or 0.44 arcseconds) at 1150 A
and ~33 (0.96 arcseconds) at 1700 A.

The sensitivity, exposure time signal-to-noise requirements, saturation
exposure time limits, and bright object count limits for Bi&OM echelle grating
mode are summarized below.
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Figure 13.60: E140M Point Source (left axis), and Diffuse Source (right axis) Sen-
sitivities. Point source sensitivity assumes full transmission (zero slit losses). Dif-
fuse source sensitivity assumes a 0.1” wide slit.
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Table 13.13: E140M Point Source Sensitivities. Multiply sensitivity number by
0.029 times slit width in arcseconds to obtain diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.
1150 2.00E6 1250 2.0E11 1400 2.5E11 1550 1.8E11
1175 5.2E10 1300 2.3E11 1450 2.4E11 1600 1.5E11
1216 1.6E11 1350 2.5E11 1500 2.1E11 1650 1.2E11
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Figure 13.61: E140M Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Stars of Different Spectral Types, observed through the 0.2 arc-

second wide slit.

(a) O5 star

E140M Exposure Times — Point Sources — S/N=10

20

T L L A B S B L) B R R T T
! \ —

O Star

0.1

1 10 100

Time (seconds)

1000 10000

(c) GOV star

E140M Exposure Times — Point Sources — S/N=10

T T T T T T T

G Star \

1260
1400 --eeee- \
1600 — — — — \

0.1

1 10 100

Time (seconds)

1000 10000 100000

100000

V(magnitude)

V(magnitude)

10

11

12

13

14

15

16
0.1

© -0 U W

(b) AQV star

E140M Exposure Times — Point Sources — S/N=10

T T T T T T
RN

\ A Star

RN 1250
RN 1400
N 1600 — — — —

s

1 10 100

Time (seconds)

1000 10000

(d) MOV star

E140M Exposure Times — Point Sources — S/N=10

100000

M Star

1250
1400 oo
1600 — — — —

1 10 100

Time (seconds)

1000 10000

100000



Flux (erg cm- 2 sec™ ! A- 1)

Flux (ergs cm- 2 sec™ ! - 1)

Echelle Grating E140M [l 233

Figure 13.62: E140M Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Point and Diffuse Source Observed with the 0.2” Wide Slit, cgs
units. Point sources are integrated over the PSF, diffuse sources are per two spa-
tial pixels.
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Figure 13.63: E140M Time to Saturate Peak Pixel as a Function of Source Flux,
for observation taken through 0.2 arcsecond wide slit.
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Echelle Grating E140H

TheE140H grating is used with the FUV-MAMA and provides echelle spectra
at a resolving power of ~100,000 from 1150-1700 A. The table below
summarizes this mode’s properties.

Spectral Range Dispersion

Central
Grating Complete Per Tilt A per Pixel  Settings Wavelengths
E140H 1150-1700 [R10 /228,000 Prime 1234, 1416, 1598

Secondary 1271, 1307, 1343, 1380, 1453, 1489, 1526,
1562

A single E140H echellogram covers 210 A over ~50 orders. The order
separation is ~16 pixels (0.47 arcseconds) at 1150 A and ~36 pixels (1.05
arcseconds) at 1700 A. The grating must be scanned, with exposures taken at three
distinct settings to cover the full spectral range of the grating. The full set of
available scan settings (central wavelength and minimum and maximum
wavelengths covered in a single exposures) are shown graphically in Figure 13.64.

The sensitivity, exposure time signal-to-noise requirements, saturation
exposure time limits, and bright object count limits for #i&OH echelle grating
mode are summarized below.

Figure 13.64: Wavelength Ranges for the E140H Grating Settings
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Figure 13.65: E140H Point Source (left axis), and Diffuse Source (right axis) Sen-
sitivities. Point source sensitivity assumes full transmission (zero slit losses). Dif-
fuse source sensitivity assumes a 0.1” wide slit.
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Table 13.14: E140H Point Source Sensitivities. Multiply sensitivity number by

0.029 times the slit width in arcseconds to obtain diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.
T1150  115E6 1250 B9E10 1400 97E10 1550  6.1E10
1175 2.6E10 1300 9.7E10 1450 8.7E10 1600 4.7E10
1216 7.4E10 1350 1.0E11 1500 7.4E10 1650 3.7E10
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Figure 13.66: E140H Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Stars of Different Spectral Types, observed through the 0.2 arc-

second wide slit.
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Figure 13.67: E140H Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Point and Diffuse Source Observed with the 0.2” Wide Slit, cgs
units. Point sources are integrated over the PSF, diffuse sources are per two spa-
tial pixels.
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Figure 13.68: E140H Time to Saturate Peak Pixel as a Function of Source Flux,
for observation taken through 0.2 arcsecond wide slit.
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PRISM

The properties of the STIS prism mode are summarized in the table Bhiew.
PRISMis used with th&élUV-MAMA

The PRISM has two central wavelength settings—one optimized to cover the
optical through the near-UV, and the second selected to provide coverage of the
far-UV tail down to 1150 A. The full dispersion spreads over ~450 pixels in
dispersion as can be seen in Figure 13.70.; thus if you have sources covering the
field of view in the dispersion direction, the blue tail will be lost off the field of
view if you use the 2125 A setting, and likewise the red tail will be lost if you use
the 1200A setting. We note that the dispersion of the PRISM at wavelengths
longer than ~2600 A is very poorly known at this time.

Grating

Spectral Range Dispersion

Central

Per Tilt A per Pixel Tilts Wavelengths

PRISM

1150-3100 1950 1.2-120 Prime 1200, 2125

Secondary 1271, 1307, 1343, 1380, 1453, 1489, 1526,
1562

The available scan settings (central wavelength and minimum and maximum
wavelengths covered in a single exposures) are shown graphically in Figure 13.69.
The plate scale in th®RISM mode is 0.029 arcseconds per pixel in both
dispersion and cross dispersion.

The sensitivity, exposure time signal-to-noise requirements, and saturation
exposure time limits, are summarized in the figures below. Because the dispersion
is so poorly known beyond 2600 A and the sensitivities depend sensitively on the
dispersion, we do not provide sensitivites longward of 2600 A.
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Figure 13.69: Wavelength Ranges for PRISM Central Wavelength Settings
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Figure 13.71: PRISM Point Source (left axis), and Diffuse Source (right axis) Sen-
sitivities. Point source sensitivity assumes full transmission (zero slit losses). Dif-
fuse source sensitivity assumes a 0.1” wide slit.
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Table 13.15: Point Source Sensitivities for PRISM
Wavelength Sensitivity Dispersion A/pix
. ________________________________________________________________________________________________|
1216 6.7E12 0.45
1300 1.6E13 0.87
1400 2.9E13 1.53
1500 4.5E13 2.39
1600 6.5E13 3.42
1700 1.2E14 4.62
1800 2.4E14 5.99
1900 3.9E14 7.52
2000 6.0E14 9.18
2100 8.9E14 10.96
2200 1.2E15 12.95
2300 1.6E15 14.76
2400 2.0E15 16.73
2500 2.3E15 18.33

2600 2.5E15 19.19
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Figure 13.72: PRISM Time to Achieve a Signal-to-Noise of 10 per Spectral Reso-
lution Element for Stars of Different Spectral Types, observed through the 0.2 arc-

second wide slit.

(a) O5 star

PRISM Exposure Times — Point Sources — S/N=10

L

0.1

20
21
22
23
24
25

1 10 100

Time (seconds)

1000 10000

(c) GOV star

PRISM Exposure Times — Point Sources — S/N=10

100000

G Star

. 1250
N e 2300

N 3000 — — — —

0.1

1 10 100

Time (seconds)

1000 10000

100000

V(magnitude)

V(magnitude)

(b) AQV star

PRISM Exposure Times — Point Sources — S/N=10

10

22

23
24
25

A Star

1250
2300
3000 — — — —

26
0.1

10000

100000

1 10 100

Time (seconds)

1000

(d) MOV star

PRISM Exposure Times — Point Sources — S/N=10

10

11

12

13

14

15

16

17

18

19

20

21

T T T T T T T T

M Star

N . 1250
2300
3000 — — — —

25
0.1

1 10 100 10000 100000

Time (seconds)

1000



242 | Chapter 13: Spectroscopic Reference Material

Figure 13.73: PRISM Time to Saturate as a Function of Source Flux
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First Order Slits, LSFs, Scales and Encircled Energies

Slits for First Order Spectroscopy

In Table 13.16, we list the long slits to be used with the first order
spectroscopic gratings, giving the name of the slit, length (in the spatial direction)
and width (in the dispersion direction) of the slit, and a brief description of the

purpose of the slit. “Fiducials on Bars” on page 244 below describes the physical
structure of the STIS long slits.

In the companion Tables 13.17 (visible/CCD) and 13.15 (UV/MAMAS), we
give best estimates of the expected throughput (fraction of light transmitted by the
slit) and spectral resolution (in pixels per FWHM) for a point source at selected
wavelengths, and the spectral resolution for an extended source which evenly fills
the aperture. The principal effect of using a wider slit for point source
observations is to increase the level of the wings of the line spread function (LSF),
particularly at shorter wavelengths, as is most clearly illustrated in Figures 13.75
and 13.76. The information provided in the tables and the model LSFs, while
sufficient for Cycle 7 Phase 1 proposal planning, are based on
pre-instrument-integration predictions and are therefore diigtrative. The
LSFs which are achieved in orbit will depend on the ultimate optical alignment
and the grating and detector properties. We note that based on current predictions,
the LSFs will be slightly undersampled in the first order modes (see also the
special topic “Improving the Sampling of the Line Spread Function” on page 168)
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Table 13.16: Long Slits for Use with First Order Gratings

Length (arcsecs)

Aperture . Width Comment
on CCD projected (arcsec)
on MAMA
. _______________________________________________________________________________________________________________________________|]
52X0.1 52.0 28.0 (G230M, G140M) 0.1 Best spatial and spectral resolution, requires peakup.
25.0 (G230L, G140L)
52X0.2 52.0 28.0 (G230M, G140M) 0.2 Utility slit—good compromise between spectral resolution
25.0 (G230L, G140L) and photometric throughput, target acq peakup required.
52X0.5 52.0 28.0 (G230M, G140M) 0.5 Photometric, no target acquisition peakup required.
25.0 (G230L, G140L)
52X2.0 52.0 28.0 (G230M, G140M) 2.0 Photometric—for diffuse sources, no target acq peakup
25.0 (G230L, G140L) needed.
52X0.2F1 52.0 28.0 (G230M, G140M) 0.2 Fiducial bar for spectroscopic coronography (see
fiducial 0.4” 25.0 (G230L, G140L) Figure 13.74 on page 244).
fiducial 0.5
Table 13.17: Predicted CCD Long Slit Throughputs and Spectral Response.
Point Source Photometric Point Source Spectral Resolution Extended
Aperture Throughput (FWHM in pixels) Source
Spectral

3200A 5500A 7000A 10000A 3200A 5500A 7000A 10000A  Resolution

52X0.1 70% 65% 65% 60% 13 14 15 1.7 ~2-3 pixels
52X0.2 75% 80% 80% 70% 1.3 15 1.6 2.0 ~4 pixels
52X0.5 84% 86% 86% 85% 1.3 15 1.6 2.0 ~10 pixels

Table 13.18: Predicted MAMA Long Slit Throughputs and Spectral Response

Aperture Point Source Photometric Point Source Spectral Resolution Extended
Throughput (FWHM in pixels) xtended Source
Spectral
_ Resolution
A= 1200 1500 1700 2000 2400 1200 1500 1700 2000 2400

I ———
52X0.1 42% 50% 54% 60% 65% 1.6 1.5 1.4 withFUV-MAMA 2.2 2.1 ~4pixels
2.2 withNUV-MAMA

52X0.2 56% 62% 66% 69% 72% 1.7 1.5 1.4 withFUV-MAMA 2.2 2.1 ~8pixels
2.2 withNUV-MAMA

52X0.5 6% 78% 80% 81% 82% 1.7 1.5 1.4 withFUV-MAMA 2.2 2.1 ~20pixels
2.2 withNUV-MAMA

52X2 91% 92% 92% 92% 92% 1.7 1.5 1.4 withFUV-MAMA 2.2 2.1 ~80pixels
2.2 withNUV-MAMA
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Fiducials on Bars

Each STIS long slit has two fiducial bars, located 11.2 arcseconds above and
below the slit center (see Figure 13.74, below). They have several purposes. First,
the bars provide structural integrity for the long slits. Second, the image of the
bars obtained in wavecal (and target acquisition) images is used by the calibration
software to locate the projection of the aperture on the detector in
post-observation data processing. Lastly, the bars can be used to occult a source
thereby providing a coronographic spectroscopic capability for STIS. For Cycle 7,
we have enabled support of the 0.5 arcsecond long bar on the 52 x 0.2 arcsecond
slit (the 52X0.2F1 aperture) for such observations. We refer you to
“Coronagraphic Imaging and Spectroscopy” on page 170 for more information
about performing coronographic spectroscopy.

Figure 13.74: 52" Long Slits and Location of Fiducial Bars
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Line Spread Functions for First Order Spectroscopy

Below we show plots of derived line spread functions (LSFs) for CCD
spectroscopic modes and MAMA first order modes, as a function of wavelength
and slit width. These plots are predictive only; they are based on predicted PSFs at
the aperture plane and detector PSFs from non-flight detectors. The ultimate LSFs
achieved will depend sensitively on the alignment of the integrated optics and
detectors and the properties of the flight detectors.
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Figure 13.75: Predicted LSFs for CCD First Order Modes
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Figure 13.76: Predicted LSFs for MAMA First Order Modes
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Plate Scales and Encircled Energies for First Order
Long Slit Spectroscopy

CCD/Near-IR to Near-UVv

For CCD spectroscopic observations, roughly 30% of the flux from a point
source falls in the peak pixel, and 60% of the point source flux is contained within
2 spatial (cross-dispersion) pixels, where each pixel is 0.05 arcseconds on a side.
The precise numbers are a function of observing wavelength, as can be seen in
Table 13.19. Column two of the table gives the percentage of the total transmitted
flux from a point source observed through the 0.2 arcsecond wide slit which is
contained within the peak pixel. Columns three and four give the number of pixels
in the cross-dispersion (spatial) direction you must integrate over to contain 60%
and 80%, respectively, of the transmitted point source energy, where the LSF has
been integrated over in the dispersion direction. While these numbers were
derived for observations through a 0.2 arcsecond wide long slit, there is not too
much variation with slit diameter.

Table 13.19: Plate Scales, Peak and Encircled Energies for CCD Spectroscopy

Wavelength
A)

. Number of spatial Number of spatial
Percent of transmitted . . . . . .
flux from a point SOUrce pixels which contain pixels which contain
. . P 60% of transmitted 80% of transmitted
in peak pixel . .
point source flux point source flux.

First Order CCD Modes G750L, G750M, G430L, G430M, G230LB, G230MB - Plate Scale = 0.05 arcsec/pixel

10,000 20% ~2(1.6) ~3(2.9)
8,800 22% ~2(1.6) ~3(2.9)
7,000 25% ~2(1.5) ~3(2.5)
5,500 28% ~1(1.3) ~2(2.2)
4,400 32% ~1(1.2) ~2(2.0)
3,600 33% ~1(1.1) ~2(1.9)
2,800 35% ~1(1.1) ~2(1.9)
2,000 34% ~1(1.2) ~2(2.3)
UV/MAMA

In the ultraviolet for the first order modes, only roughly 15% of the transmitted
point source flux is contained within a single spatial (cross-dispersion) pixel.
Roughly 5 pixels in the NUV and 7 pixels in the FUV must be integrated over in
the cross dispersion direction in order to contain 80% of the transmitted flux from
a point source. These numbers vary with wavelength as can be seen in Table
13.20, below. Column two of the table gives the percentage of the total transmitted
flux from a point source observed through the 0.2 arcsecond wide slit which is
contained within the peak pixel. Columns three and four give the number of pixels
in the cross-dispersion (spatial) direction you must integrate over to contain 60%
and 80%, respectively, of the transmitted point source energy, where the LSF has



248 | Chapter 13: Spectroscopic Reference Material

been integrated over in the dispersion direction. While these numbers were
derived for observations through a 0.2 arcsecond wide long slit, there is not too
much variation with slit diameter.

Table 13.20: Plate Scales and Peak and Encircled Point Source Energies for
MAMA First Order Spectroscopy

Wavelength
)]

. Number of spatial Number of spatial
Percent of transmitted - . . .
flux from & point source in pixels to contain pixels to contain
map 60% of transmitted point 80% of transmitted point
peak pixel
source flux source flux

First Order NUV-MAMA Modes - Plate Scales = 0.024 arcsec/pixel (G230L), 0.029 arcsec/pixel (G230M)

2,800
2,400
2,000

1700

15% ~3(2.5) ~ 4 (4.1)
14.5% ~2(2.2) ~4(4.2)
15% ~2(2.2) ~5(2.6)
14% ~2(2.1) ~5(5.4)

First Order FUV-MAMA Modes - Plate Scales = 0.024 arcsec/pixel (G140L), 0.029 arcsec/pixel (G140M)

1,700
1,500

1,200

17% ~3(3.1) 6 (6.3)
15% ~4(3.5) 7 (6.8)
11% ~4(4.2) 8 (7.9)

Echelle Slits, LSFs, Scales, and Encircled Energies

Slits for Echelle Spectroscopy

Table 13.21 on page 249 lists the slits for use with the echelle gratings. The
slits are explicitly matched to specific grating modes for the echelles (i.e., only
specific slit-echelle grating combinations are supported). This is because the
magnification (slit width which maps to two detector pixels) and the order
separation (slit length which assures order separation) differ across the echelle
modes. In this table we give the name of the slit, length (in the spatial direction)
and width (in the dispersion direction) of the slit, and a brief description of the
purpose of the slit.

In the companion Table 13.22, we give estimates of the expected throughput
(fraction of light transmitted by the slit) and spectral resolution (in pixels per
FWHM) for a point source at selected wavelengths, and the spectral resolution for
an extended source which evenly fills the aperture. The principal affect of using a
wider slit is to increase the level of the wings of the LSF, particularly at shorter
wavelengths as is best illustrated in Figure 13.77 on page 251. The information
provided in Table 13.22 and the sample LSFs, while sufficient for Cycle 7 Phase |
proposal planning, are based on pre-instrument-integration predictions and are
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therefore onlyillustrative. The LSFs which are achieved in orbit will depend on
the ultimate optical alignment and the grating and detector properties. We note
that based on current predictions, the LSFs will be slightly undersampled in the
echelle modes (see also the special topic “Improving the Sampling of the Line
Spread Function” on page 168).

Table 13.21: Slits for Use with the Echelle Gratings?

Length Width

Aperture (arcsec) (arcsec) Comment
E230M
0.2X0.06 0.2 0.06 Maximum spectral resolution
0.2X0.2 0.2 0.2 Utility slit —photometric
E140M
0.2X0.06 0.2 0.06 Maximum spectral resolution
0.2X0.2 0.2 0.2 Utility slit—photometric
E230H
0.1X0.09 0.1 0.09 Maximum spectral resolution
0.1X0.2 0.1 0.2 Utility slit—photometric
E140H
0.2X0.09 0.2 0.09 Maximum spectral resolution
0.2X0.2 0.2 0.2 Utility slit—photometric

a. The 6X0.2 long slit (6” long, 0.2” wide in dispersion) is also sup-
ported for use with these gratings, providing an extended source echelle
capability, but producing order overlap (see “Long Slit Echelle Spec-
troscopy” on page 163).
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Table 13.22: Predicted Echelle Slit Throughputs and Spectral Response

Point Source Photometric

Point Source Spectral Resolution

Aperture Throughput (FWHM in Pixels) Extended Sourcg
Spectral Resolution
A= 1200 1500 1700 2000 2400 1200 1500 1700 2000 2400 (pixels)
E230M
0.2X0.06 N/A N/A 45% 50% 55% N/A N/A 1.7 1.8 1.7 ~1.7
0.2X0.2 N/A N/A 60% 60% 65% N/A N/A 1.9 2.0 1.9 ~5.7
E230H
0.1X0.09 N/A N/A 45% 50% 60% N/A N/A 1.7 1.7 1.7 ~1.9
0.1X0.2 N/A N/A 50% 60% 60% N/A N/A 1.8 1.8 1.7 ~4.3
E140M
0.2X0.06 30% 40% 45% N/A N/A 1.13 11 1.1 N/A N/A ~1.7
0.2X0.2 45% 55% 45% N/A N/A 1.25 1.1 1.1 N/A N/A ~5.5
E140H
0.2X0.09 35% 45% 50% N/A N/A 1.10 1.0 1.0 N/A N/A ~1.9
0.2X0.2 45% 55% 55% N/A N/A 1.16 1.0 1.0 N/A N/A ~4.3

Line Spread Functions for Echelle Spectroscopy

Below we show plots of derived line spread functions (LSFs) for the echelle
modes as a function of wavelength and slit width. These plots are predictive only;
they are based on predicted PSFs at the aperture plane and detector PSFs from
non-flight detectors. The ultimate LSFs achieved will depend sensitively on the
alignment of the integrated optics and detectors and the properties of the flight
detectors.
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Figure 13.77: MAMA Echelle Mode Predicted LSFs
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FUV-MAMA, E140M, Medium Resolution Echelle LSFs
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Echelle Plate Scales and Encircled Energies

In the ultraviolet echelle modes, roughly 20% of the energy from a point
source falls in the peak pixel, and roughly 4 pixels in the spatial (cross dispersion)
direction must be integrated over to contain 80% of the point source energy. The
precise numbers are mode and wavelength dependent as illustrated in Table 13.23,
below. Column two of the table gives the percentage of the total flux from a point
source transmitted through the mode appropriate 0.2 arcsecond wide slit which is
contained within the peak pixel. Columns three and four give the number of pixels
in the cross-dispersion (spatial) direction you must integrate over to contain 60
and 80%, respectively, of the transmitted point source energy, where the LSF has
been integrated over in the dispersion direction. While these numbers were
derived for a 0.2 arcsecond wide slit, there is only a weak dependence on slit
width. Note that the plate scale in the dispersion direction for the echelles vary
from mode to mode. (see Table 13.23).

Table 13.23: Peak and Encircled Point Source Energies for MAMA Echelle
Spectroscopy

. Number of spatial Number of spatial
Wavelength Ej)chfgrtnoaf‘ gg;stn;clntberge in pixels to contai_n _ pixels to contai_n _
A peak pixel 60% of transmitted point 80% of transmitted point
source flux source flux

2,800 19% ~2(1.8) ~3(3.2)
2,400 19% ~2(1.8) ~3(3.2)
2,000 19% ~2(1.8) ~3(3.3)
1,700 18% ~2(1.9) ~4(3.5)

E230H (plate scale 0.047” per pixel in dispersion, 0.029" per pixel along slit)
2,800 21% ~2(1.7) ~3(2.8)
2,400 22% ~2(1.6 ~3(2.7)
2,000 22% ~2(1.6) ~3(2.6)
1,700 22% ~2(1.7) ~3(2.7)

E140M (plate scale 0.036” per pixel in dispersion, 0.029” per pixel along slit)
1,700 22% ~2(2.3) ~5(4.6)
1,500 21% ~3(2.5) ~5(4.7)
1,200 17% ~3(2.9) ~5(5.0)

E140H (plate scale 0.047” per pixel in dispersion, 0.029” per pixel along slit)
1,700 24% ~2(2.3) ~5(4.6)
1,500 23% ~3(2.5) ~5(4.7)
1,200 18% ~3(2.9) ~5(5.0)
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MAMA Spectroscopic Bright Object Limits

As described in “MAMA Bright Object Limits” on page 97, within Chapter 7,
the MAMASs are subject to absolute brightness limits, above which sources
cannot be observed or they would potentially damage the detectors. In Table
13.24, below, we present the complete set of absolute bright object point source
spectroscopic screening limits for the MAMA spectroscopic modes. Remember,
sources cannot be observed in configurations where they exceed the absolute
bright object limits. The information presented here should be used in conjunction
with the material presented in Chapter 7. A few important points to note are:

« The limits are given either as V magnitude limits or in CGS units as indi-
cated.

e The limits in this table have been calculated assuming zero slit losses. To
determine if your source will violate the limits in this table, you must first
correct the magnitude limit for the aperture throughput for your chosen silit.
The maximum magnitude correction achieved without use of a neutral den-
sity filter using a supported slit is ~0.75 magnitudes.

* The limits in the tables assume zero extinction. To determine if your source
will violate the limits in this table, correct the magnitude limit for the
extinction of your source.

e The peak flux from an emission line or from the continuum from your
source must be less than flux limit given in row two (for point
sources—remember to correct for your aperture throughput) and row one
for diffuse sources (remember to correct for the width of your source by
scaling by your slit width in arcseconds divided by 0.2).

- For first order gratings, the local (per pixel) count rate limit is hit prior to
the global (over the detector) count rate limit—thus the peak point
source flux and the bright object magnitude limits are equivalent for
continuum sources.

- For echelle observations, the global limit of 300,000 counts seer
the detector sets the magnitude limits, and but you must also assure that
your source does not violate the local limit, e.g., if it had a bright emis-
sion line.

- If you are observing a source which has high equivalent width line emis-
sion (i.e., whose flux is dominated by line emission), you must assure
that theline emissiordoes not exceed the limits. This may be a concern
for stars with strong emission lines, such as Wolf Rayet or T-Tauri stars.

» If you plan to place multiple bright stars in the long slit, or observe slitless,
you must also assure that the sum from all targets imaged on the detector do
not exceed the global limit of 300,000 countssec

* The limits in this table are the worst case limits for the scanned gratings;
use of a less sensitive central wavelength may have a brighter true limit,
allowing you to observe your target.
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Table 13.24: MAMA Spectroscopic Bright Object Limits - V Mags and cgs units.

Spectral Type G140L G1l40M E140M E140H  G230L G230M E230M E230H Prism

local limit 9.7x1011  1.9x10° 1.7x10% 4.3x10°% 4.5x1011  1.6x10° 3.8x10° 2.6x10° N/A
surface brightne8s

2.4x1012 56x1011 5.0x1010 1.3x10° 8.6x101% 3.8x1011 8.9x10'l 5.9x101° N/A

local limit
point source fluk
0o5V° 13.3 9.9 9.8 8.9 12.0 9.4 10.1 8.2 111
B1V 12.7 9.3 9.2 8.4 115 9.0 9.6 8.6 11.7
B3V 11.8 8.4 8.3 7.5 10.7 8.3 8.8 6.9 10.9
B6V 10.5 7.1 7.3 5.9 10.0 7.6 8.1 6.2 10.3
B9V 9.9 6.4 6.5 5.8 9.7 7.3 7.8 6.8 10.1
AlvV 8.5 5.1 5.6 4.6 9.0 6.7 7.1 5.2 9.6
A3V 7.0 3.6 4.5 3.0 8.6 6.2 6.6 5.7 9.3
A5V 4.5 0.4 0.4 -0.3 8.2 5.7 6.0 5.1 9.1
AV 4.3 0.2 -0.2 -0.5 8.0 55 5.9 4.9 8.9
F2v 1.6 7.7 5.1 5.3 4.3 8.9
F4v 15 7.6 5.0 5.2 4.2 8.8
F6V 1.5 7.7 5.0 51 4.1 8.9
F8v 1.6 7.6 4.7 4.8 3.6 8.8
G2v -0.9 7.7 4.5 4.5 34 8.3
G5IV -15 7.0 3.8 3.9 2.7 7.7
G7IvV 6.2 2.6 2.6 1.0 7.3
KOV 5.9 2.2 2.2 0.6 6.9
K4V 5.6 1.7 1.8 0.3 6.7
K8V 5.6 1.5 1.6 0.0 6.5
M2v 5.6 1.5 15 0.3 5.8
M4v 54 1.3 13 0.1 5.6
M6V 4.9 0.8 0.8 -0.3 5.1
maill 3.8 -0.3 -0.3 -1.5 4.0
T~50000K¢ 13.2 9.8 9.7 8.8 11.9 9.3 10.0 9.0 12.0
ytd 9.6 7.7 6.7 6.6 10.46 8.6 8.2 7.7 14.4

2peak surface brightness in ergs e Al arcse? of the continuum or of an emission line

from a diffuse source.
b Peak flux in ergs séccm? AL an emission line from a point source - for the first order slits this

is also the peak flux from the continuum, but for the echelles the continuum flux limit is consider-
ably lower, as the global limit and not the local limit dominates.

¢Limits are V magnitudes, assuming zero reddening.

€ Limits for a black body with a temperature of 50,000 degrees K.

d1imits for a source with a spectrury Broportional tovL.
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CHAPTER 14

Imaging Reference Material

In This Chapter...

Introduction / 257

50CCD - clear / 260.

F28X50LP - CCD / 263

F28X500I1l - CCD / 266
F28X500II-CCD / 269

50CORON - CCD - clear / 271

25MAMA - NUV-MAMA - clear / 272
F25QTZ - NUV-MAMA - longpass / 275
F25SRF2 - NUV-MAMA - longpass / 278
F25MGII - NUV-MAMA / 281

F25CN270 - NUV-MAMA / 284

F25CIII - NUV-MAMA / 287

F25CN182 - NUV-MAMA / 290
25MAMA - FUV-MAMA - clear / 293
F25QTZ - FUV-MAMA - longpass / 296
F25SRF2 - FUV-MAMA - longpass / 299
Lyman Alpha - FUV-MAMA / 302

Point Source Encircled Energies / 305
MAMA Imaging Bright Object Limits / 307

Introduction

In this section, we provide reference material in support of the material
presented in Chapter 5 to help you select your imaging configuration and
determinate your observing plan (e.qg., total required exposure time, and number
of exposures). This chapter is primarily organizednigging moddi.e., clear or
filtered aperture). For each imaging mode the following are provided:

» Plots and tables of sensitivities as a function of wavelength.
« Plots of time as a function of source flux to achieve a signal-to-noise of 10.

« Plots of time versus source flux to saturate and time where source plus
background counts dominate the background for CCD observations.

257
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In addition,

« “Point Source Encircled Energies” on page 305 describes the optical per-
formance of the imaging modes, and contain simulated encircled energy
plots at a range of wavelengths.

* “MAMA Imaging Bright Object Limits” on page 307 presents screening
tables of bright object magnitudes for sources of different spectral type.

The next section, “Using the Information in this Chapter” on page 258,
explains the plots and tables found in the grating sections in this chapter.

Using the Information in this Chapter

Sensitivities
This chapter contains plots and tables of sensitivities for each imaging mode.
“Determining Count Rates from Sensitivities” on page 66 in the Exposure Time

Calculation chapter explains how to use sensitivities to calculate expected counts
rates from your source.

Theimaging point source sensitivity, SBnshas the unit:
counts se¢ A per incident erg ciA st AL, where

» counts refer to the total counts from the point source integrated over the
PSF.

Theimaging diffuse source sensitivity, Sé\nshas the unit:
counts sed A pixel'! per incident dimensional erg ¢hs! A1 arcse?.

ThusSen§, andSeng;\ are related through the relation:

Sen§j D(Sen§x m°)

wherem s the plate-scale in arcsec per pixel.

Signal-To-Noise
For each imaging mode, plots of flux versus exposure time to achieve a

signal-to-noise of 10 are presented in the individual sections for both point source
and diffuse sources. The plots included are:

1. Signal-To-Noise versus Exposure Time for stars of known spectral type and
V magnitudeThe plots show V magnitude versus exposure time with a
series of curves superposed showing the time to achieve a signal-to-noise of
10 integrated over the band pass for several different spectral types with
unreddened main sequence stars with the flux distribution shown in
Figure 1.1 on page 5. In making these plots we have integrated over the PSF
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to contain 80% of the light and the bandpass. Plot (a) is for an O star, (b) is
for a A star, (c) is for a G star, and (d) is for a M star. You can use these
plots directly. If you know your source V magnitude, simply look up (or
interpolate) the exposure time to achieve a signal-to-noise = 10.

2. Signal-to-Noise ratio versus Exposure Time for Point and Diffuse Sources
of known brightness, in CGS uni®ot (a) is for point sources and plot (b)
is for diffuse sources. In making these plots we have integrated over the
PSF for point sources and show the signal-to-noise ratio per four pixels (2
in each dimension) for diffuse sources. We assume the spectrum of the
source is flat (constant inJand integrate over the bandpass. If you know
your source flux or brightness, you can directly look up (or interpolate) the
time to achieve a signal-to-noise of 10 from these plots.

At high flux levels, where the detector and sky background is negligible (and
for the CCD at high count levels, where the read noise is not important) the
exposure time to achieve a given signal-to-noise scales directly as signal-?o-noise
(see also “Calculating Exposure Times for a Given Signal-to-Noise” on page 70).
However, at lower flux levels, the background, dark current and read noise (the
latter for the CCD only) must be taken into account when estimating the time to
achieve a given signal-to-noise. The following assumptions were made in
producing the signal-to-noise plots presented in the grating sections below:

 For CCD observations, in order to assure that cosmic rays could be
removed from the images in post-observation data processing, all observa-
tions have been ‘taken’ using the default valu€BSPLIT=2, i.e., have
been split into at two exposures of equal duration.

« The sky background was taken from Figure 6.1 on page 74.

* The CCD read noise and background (dark current) and the MAMA back-
grounds were taken from Table 6.2 on page 72.

Saturation

Both CCD imaging and MAMA imaging observations are subject to saturation
at high totalaccumulatedcounts per pixel (see “CCD Saturation: the CCD Full
Well” on page 90 and “MAMA Saturation—Overflowing the 16 Bit Buffer” on
page 95. Plots of time to saturation as a function of source flux are presented for
each imaging mode in the sections below. We assymeoRstant for these plots.

Superposed on the saturation plot, for the CCD, is a line indicating, for a given
source flux, when the observation is no longer read noise dominated (taken to
occur when the source plus background counts exceed two times the square of the
read noise).

Encircled Energies
See page 305 for predicted imaging mode encircled energies.
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50CCD - clear

Figure 14.1: 50CCD - clear Point Source (left axis), and Diffuse Source (right
axis) Sensitivities. Bandpass integrated sensitivity for F,=1 is 1.5x10%°.
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Table 14.1: Point Source Sensitivities for 50CCD Clear. Multiply sensitivity num-
ber by 0.0025 (the plate scale squared) to obtain diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.
2600 2.3E14 4800  2.2E15 7000  3.0E15 9200 1.8E15
2800 2.7E14 5000 2.4E15 7200 2.9E15 9400 1.7E15
3000 3.8E14 5200 2.5E15 7400 2.8E15 9600 1.5E15
3200 4.9E14 5400 2.6E15 7600  2.7E15 9800 1.3E15
3400 5.9E14 5600  2.8E15 7800  2.5E15 10000 9.8E14
3600 6.6E14 5800 2.9E15 8000  2.3E15 10200 6.3E14
3800 9.8E14 6000  3.0E15 8200  2.1E15 10400 3.6E14
4000 1.3E15 6200 3.0E15 8400 2.0E15 10600 2.0E14
4200 1.6E15 6400 3.1E15 8600 1.9E15 10800 1.2E14
4400 1.8E15 6600  3.1E15 8800 1.9E15
4600  2.0E15 6800  3.1E15 9000 1.8E15
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Figure 14.2: 50CCD Time to Achieve a Signal-to-Noise of 10 integrated over the
PSF and the bandpass for stars of different spectral types as a function of V band

magnitude.
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Flux (erg cm™ sec™ &™")

Y
-
<

5

Flux (ergs em- 2 sec- ! A-

Figure 14.3: 50CCD Time to Achieve a Signal-to-Noise of 10 integrated over the
bandpass, for point and diffuse sources, assuming a flat (in F,)spectrum, cgs
units. Point source signal-to-noise is integrated over the PSF, diffuse sources are

per 2x2 spatial pixels.
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Figure 14.4: 50CCD Time to Saturate as a Function of Source Flux, assuming a

flat (in F,) spectrum
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F28X50LP - CCD

Figure 14.5: F28X50LP-CCD Point Source (left axis), and Diffuse Source (right
axis) Sensitivities. Bandpass integrated sensitivity for F,=1 is 1.1x10%°
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Table 14.2: Point Source Sensitivities for CCD F28x50LP. Multiply sensitivity num-
ber by 0.0025 (the plate scale squared) to obtain diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.
5600 2.7E15 7000 3.0E15 8400 1.9E15 9800 1.3E15
5800 2.8E15 7200 2.9E15 8600 1.9E15 10000 9.8E14
6000  2.9E15 7400 2.8E15 8800 1.8E15 10200 6.3E14
6200  3.0E15 7600  2.7E15 9000 1.8E15 10400 3.6E14
6400  3.0E15 7800  2.5E15 9200 1.8E15 10600 2.0E14
6600 3.0E15 8000 2.2E15 9400 1.7E15 10800 1.2E14
6800 3.0E15 8200 2.1E15 9600 1.5E15
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Figure 14.6: F28X50LP-CCD Time to Achieve a Signal-to-Noise of 10 integrated
over the PSF and the bandpass for stars of different spectral types as a function of

V band magnitude.
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Figure 14.7: F28X50LP-CCD Time to Achieve a Signal-to-Noise of 10 integrated
over the bandpass, for point and diffuse sources, assuming a flat (in F,) spectrum,
cgs units. Point source signal-to-noise is integrated over the PSF, diffuse sources
are per 2x2 spatial pixels.
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F,) spectrum
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F28X500Ill - CCD

Figure 14.9: F28X500I1I-CCD Point Source (left axis), and Diffuse Source (right
axis) Sensitivities. Bandpass integrated sensitivity for F,=1 is 1.1x10%6
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Table 14.3: Point Source Sensitivities for CCD 28x500IIl. Multiply sensitivity num-

ber by 0.0025 (the plate scale squared) to obtain diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.
4998 4.7E13 5003 8.7E14 5008 1.2E15 5013 4.7E13
4999  7.1E13 5004  1.3E15 5009  7.3E14 5014  3.5E13
5000 1.6E14 5005 1.7E15 5010 4.0E14
5001 2.8E14 5006 1.7E15 5011 1.9E14
5002 5.4E14 5007 1.5E15 5012 7.1E13
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Figure 14.10: F28X500III-CCD Time to Achieve a Signal-to-Noise of 10 inte-
grated over the PSF and the bandpass for Stars of Different Spectral Types as a
function of V band magnitude.
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Figure 14.11: F28X500III-CCD Time to Achieve a Signal-to-Noise of 10 inte-
grated over the bandpass, for Point and Diffuse Sources, assuming a flat (in F,)
spectrum, cgs units. Point source signal-to-noise is integrated over the PSF, Dif-
fuse sources are per 2x2 spatial pixels.
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Figure 14.12: F28X500I1l-CCD Time to Saturate as a Function of Source Flux,
assuming a flat (in F,) spectrum.
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F28X500I1-CCD

Figure 14.13: F28X500II-CCD Point Source (left axis), and Diffuse Source (right
axis) Sensitivities. Bandpass integrated sensitivity for F,=1 is 2.8x1016
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Table 14.4: Point Source Sensitivities for CCD 28x500Il. Multiply sensitivity num-
ber by 0.0025 (the plate scale squared) to obtain diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.
3670 5.36E9 3710 2.5E14 3750 3.8E14 3790 9.7E12
3680 1.5E13 3720 3.6E14 3760 4.7E14 3800 7.16E8
3690 7.6E13 3730 3.5E14 3770 3.2E14
3700 1.9E14 3740 3.4E14 3780 6.6E13
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Figure 14.14: F28X500II-CCD Time to Achieve a Signal-to-Noise of 10 inte-
grated over the PSF and the bandpass for stars of different spectral types as a

function of V band magnitude
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Figure 14.15: F28X500II-CCD Time to Achieve a Signal-to-Noise of 10 inte-
grated over the bandpass, for point and diffuse sources, assuming a flat (in F,)
spectrum, cgs units. Point source signal-to-noise is integrated over the PSF, dif-
fuse sources are per 2x2 spatial pixels.
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Figure 14.16: F28X500II-CCD Time to Saturate as a Function of Source Flux,
assuming a flat (in F,) spectrum,
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See “50CCD - clear” on page 260.
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25MAMA - NUV-MAMA - clear

Figure 14.17: 25 NUVMAMA Point Source, and Diffuse Source Sensitivities.

Bandpass integrated point source sensitivity for Fy=1 is 2.4x10%’.
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Table 14.5: Point Source Sensitivities for NUVMAMA. Multiply sensitivity number
by 0.000576 (the plate scale squared) to obtain diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.
1200 1.0E13 2000 1.2E14 2800 1.8E14 3600 1.6E12
1300 2.8E13 2100 1.4E14 2900 1.5E14 3700 1.4E12
1400 4.3E13 2200 1.6E14 3000 1.3E14 3800 1.2E12
1500 4.5E13 2300 1.8E14 3100 1.1E14 3900 1.0E12
1600 4.4E13 2400 1.9E14 3200 5.4E13 4000 8.5E11
1700 5.7E13 2500 1.9E14 3300 1.8E13
1800  8.0E13 2600 1.9E14 3400 5.9E12
1900 9.9E13 2700 1.9E14 3500 2.0E12
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Figure 14.18: 25 NUVMAMA Time to Achieve a Signal-to-Noise of 10 integrated
over the PSF and the bandpass for stars of different spectral types as a function of
V band magnitude
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Figure 14.19: 25 NUVMAMA Time to Achieve a Signal-to-Noise of 10 integrated
over the bandpass, for point and diffuse sources, assuming a flat (in F,) spectrum,
cgs units. Point source signal-to-noise is integrated over the PSF, diffuse sources
are per 2x2 spatial pixels.
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Figure 14.20: 25 NUVMAMA Time to Saturate as a Function of Source Flux,
assuming a flat (in F,) spectrum
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F25QTZ - NUV-MAMA - longpass

Figure 14.21: F25QTZ-NUVMAMA Point Source, and Diffuse Source Sensitivi-
ties. Bandpass integrated point source sensitivity for Fy=1 is 2.1x10%".
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Table 14.6: F25QTZ-NUVMAMA Point Source Sensitivities for NUVMAMA QTZ.
Multiply sensitivity number by 0.000576 (the plate scale squared) to obtain diffuse
source sensitivity.

A Sens. A Sens. A Sens. A Sens.

T1500 34E13 2200 14E14 2000 L4El4 3600  15E12

1600 3.6E13 2300 1.5E14 3000 1.1E14 3700 1.3E12

1700 4.8E13 2400 1.7E14 3100 9.5E13 3800 1.1E12

1800 6.8E13 2500 1.7E14 3200 4.9E13 3900 9.0E11

1900 8.5E13 2600 1.7E14 3300 1.6E13 4000 7.7E11

2000 1.0E14 2700 1.7E14 3400 5.3E12

2100 1.2E14 2800 1.6E14 3500 1.8E12
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Figure 14.22: F25QTZ-NUVMAMA Time to Achieve a Signal-to-Noise of 10 inte-
grated over the PSF and the bandpass for stars of different spectral types as a

function of V band magnitude
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Figure 14.23: F25QTZ-NUVMAMA Time to Achieve a Signal-to-Noise of 10 inte-
grated over the bandpass, for point and diffuse sources, assuming a flat (in F,)
spectrum, cgs units. Point source signal-to-noise is integrated over the PSF, dif-
fuse sources are per2x2 spatial pixels.
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Figure 14.24: F25QTZ-NUVMAMA Time to Saturate as a Function of Source
Flux, assuming a flat (in F,) spectrum
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F25SRF2 - NUV-MAMA - longpass

Figure 14.25: F25SRF2-NUVMAMA Point Source (left axis), and Diffuse Source
(right axis) Sensitivities. Bandpass integrated point source sensitivity for Fy=1 is

2.0x10".
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Table 14.7: F25SRF2-NUVMAMA Point Source Sensitivities for NUVMAMA
SrF_2. Multiply sensitivity number by 0.000576 (the plate scale squared) to obtain
diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.
T1300  73E12 1900 81EI3 2500 L6EL4 3100  B7E13
1400  3.0E13 2000 9.7E13 2600 1.6E14 3200 4.5E13
1500 3.4E13 2100 1.1E14 2700 1.5E14 3300 1.5E13
1600  3.6E13 2200 1.3E14 2800 1.4E14 3400 4.8E12
1700 4.7E13 2300 1.4E14 2900 1.3E14 3500 2.61E8
1800 6.6E13 2400 1.6E14 3000 1.0E14
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Figure 14.26: F25SRF2-NUVMAMA Time to Achieve a Signal-to-Noise of 10 inte-
grated over the PSF and the bandpass for stars of different spectral types as a

function of V band magnitude
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Figure 14.27: F25SRF2-NUVMAMA Time to Achieve a Signal-to-Noise of 10 inte-
grated over the bandpass, for point and diffuse sources, assuming a flat (in F)
spectrum, cgs units. Point source signal-to-noise is integrated over the PSF, dif-
fuse sources are per 2x2 spatial pixels.
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Figure 14.28: F25SRF2-NUVMAMA Time to Saturate as a Function of Source
Flux, assuming a flat (in F,) spectrum
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F25MGIl - NUV-MAMA

Figure 14.29: F25MGII-NUVMAMA Point Source (left axis), and Diffuse Source
(right axis) Sensitivities. Bandpass integrated point source sensitivity for Fy=1 is
5.8x10%°,
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Table 14.8: F25MGII-NUVMAMA Point Source Sensitivities for NUVMAMA Mgll.
Multiply sensitivity number by 0.000576 (the plate scale squared) to obtain diffuse
source sensitivity.

A Sens. A Sens. A Sens. A Sens.

T 2765  LiE18 2790 11E14 2815 O92E13 2840  LOE13
2770 2.9E13 2795 1.1E14 2820 7.9E13 2845 3.4E12
2775 5.7E13 2800 1.1E14 2825 6.9E13 2850 1.1E10
2780  8.2E13 2805 1.1E14 2830  5.4E13
2785 9.5E13 2810 1.1E14 2835 3.2E13
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Figure 14.30: F25MGII-NUVMAMA Time to Achieve a Signal-to-Noise of 10 inte-

grated over the PSF and the bandpass for stars of different spectral types as a

function of V band magnitude
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Figure 14.31: F25MGII-NUVMAMA Time to Achieve a Signal-to-Noise of 10 inte-
grated over the bandpass, for point and diffuse sources, assuming a flat (in F,)
spectrum, cgs units. Point source signal-to-noise is integrated over the PSF, dif-
fuse sources are per 2x2 spatial pixels.
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Figure 14.32: F25MGII-NUVMAMA Time to Saturate as a Function of Source
Flux, assuming a flat (in F,) spectrum
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F25CN270 - NUV-MAMA

Figure 14.33: F25CN270-NUVMAMA Point Source (left axis), and Diffuse Source
(right axis) Sensitivities. Bandpass integrated point source sensitivity for Fy=1 is

2.6x1016.
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Table 14.9: F25CN270-NUVMAMA Point Source Sensitivities for NUVMAMA
CN270. Multiply sensitivity number by 0.000576 (the plate scale squared) to
obtain diffuse source sensitivity.
A Sens. A Sens. A Sens. A Sens.
. _____________________________________________________________________________________________________________|
2575 5.2E13 2650 1.0E14 2725 1.1E14 2800 8.0E13
2600 1.2E14 2675 1.1E14 2750 1.0E14 2825 1.6E13

2625 1.1E14 2700 1.3E14 2775 1.1E14
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Figure 14.34: F25CN270-NUVMAMA Time to Achieve a Signal-to-Noise of 10
integrated over the PSF and the bandpass for stars of different spectral types as a

function of V band magnitude
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Figure 14.35: F25CN270-NUVMAMA Time to Achieve a Signal-to-Noise of 10
integrated over the bandpass, for point and diffuse sources, assuming a flat (in F,)

spectrum, cgs units. Point source signal-to-noise is integrated over the PSF, dif-

fuse sources are per 2x2 spatial pixels.
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Figure 14.36: F25CN270-NUVMAMA Time to Saturate as a Function of Source
Flux, assuming a flat (in F,) spectrum
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F25CIIl - NUV-MAMA

Figure 14.37: F25CIII-NUVMAMA Point Source (left axis), and Diffuse Source
(right axis) Sensitivities. Bandpass integrated point source sensitivity for Fy=1 is
3.3x10%°,
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Table 14.10: F25CIII-NUVMAMA Point Source Sensitivities for NUV-MAMA CIII.
Multiply sensitivity number by 0.000576 (the plate scale squared) to obtain diffuse
source sensitivity.

A Sens. A Sens. A Sens. A Sens.
1300 4.4E10 2000 1.3E13 2700 6.1E10 3400 7.85E9
1400 9.2E10 2100 7.0E12 2800 7.1E10 3500 7.48E9
1500 4.2E10 2200 1.5E12 2900 6.9E10 3600 2.2E10
1600 4.9E10 2300 2.8E11 3000 5.2E10 3700 1.1E11
1700 1.6E11 2400 8.6E10 3100 4.6E10 3800 1.1E11
1800 6.0E11 2500 5.9E10 3200 3.0E10 3900 7.0E10
1900 9.3E12 2600 5.7E10 3300 1.4E10 4000 3.0E10
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Figure 14.38: F25CIII-NUVMAMA Time to Achieve a Signal-to-Noise of 10 inte-
grated over the PSF and the bandpass for stars of different spectral types as a

function of V band magnitude
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Figure 14.39: F25CIII-NUVMAMA Time to Achieve a Signal-to-Noise of 10 inte-
grated over the bandpass, for point and diffuse sources, assuming a flat (in F,)
spectrum, cgs units. Point source signal-to-noise is integrated over the PSF, dif-
fuse sources are per 2x2 spatial pixels.
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Figure 14.40: F25CIII-NUVMAMA Time to Saturate as a Function of Source Flux,
assuming a flat (in F,) spectrum
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F25CN182 - NUV-MAMA

Figure 14.41: F25CN182-NUVMAMA Point Source (left axis), and Diffuse Source
(right axis) Sensitivities. Bandpass integrated point source sensitivity for Fy=1 is

2.3x1016-
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Table 14.11: F25CN182-NUVMAMA Point Source Sensitivities for NUVMAMA
CN182. Multiply sensitivity number by 0.000576 (the plate scale squared) to
obtain diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.
1300 8.1E11 2000 3.6E13 2700 3.9E12 3400 2.6E10
1400 1.8E12 2100  3.1E13 2800 2.8E12 3500 7.35E9
1500 2.9E12 2200 2.1E13 2900 1.9E12 3600 5.27E9
1600  5.8E12 2300 1.3E13 3000 1.2E12 3700  3.86E9
1700 1.5E13 2400  9.9E12 3100 8.1E11 3800  2.92E9
1800 3.2E13 2500 7.5E12 3200 3.4E11 3900 2.21E9
1900 3.6E13 2600 5.5E12 3300 9.3E10 4000 1.73E9
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Figure 14.42: F25CN182-NUVMAMA Time to Achieve a Signal-to-Noise of 10
integrated over the PSF and the bandpass for stars of different spectral types as a

function of V band magnitude
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Figure 14.43: F25CN182-NUVMAMA Time to Achieve a Signal-to-Noise of 10
integrated over the bandpass, for point and diffuse sources, assuming a flat (in F,)
spectrum, cgs units. Point source signal-to-noise is integrated over the PSF, dif-
fuse sources are per pixel.
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Figure 14.44: F25CN182-NUVMAMA Time to Saturate as a Function of Source
Flux, assuming a flat (in F,) spectrum
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25MAMA - FUV-MAMA - clear

Figure 14.45: 25 FUVMAMA Point Source (left axis), and Diffuse Source (right
axis) Sensitivities. Bandpass integrated point source sensitivity for Fy=1 is

4.8x1016.
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Table 14.12: 25 FUVMAMA Point Source Sensitivities for FUVMAMA. Multiply
sensitivity number by 0.000576 (the plate scale squared) to obtain diffuse source

sensitivity.

A Sens. A Sens. A Sens. A Sens.
1150 1.13E9 1350 1.2E14 1600 4.4E13 1850 4.5E12
1175 5.4E13 1400 1.1E14 1650 3.3E13 1900 1.0E12
1200 9.5E13 1450 9.1E13 1700 2.4E13 1950 2.4E11
1250 1.3E14 1500 7.4E13 1750 1.7E13 2000 5.6E10

1300 1.2E14 1550 5.9E13 1800 1.2E13
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Figure 14.46: 25 FUVMAMA Time to Achieve a Signal-to-Noise of 10 integrated
over the PSF and the bandpass for stars of different spectral types as a function of
V band magnitude
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Figure 14.47: F25CN182-NUVMAMA Time to Achieve a Signal-to-Noise of 10
integrated over the bandpass, for point and diffuse sources, assuming a flat (in F,)
spectrum, cgs units. Point source signal-to-noise is integrated over the PSF, dif-
fuse sources are per 2x2 spatial pixels.
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Figure 14.48: F25CN182-NUVMAMA Time to Saturate as a Function of Source
Flux, assuming a flat (in F,) spectrum
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F25QTZ - FUV-MAMA - longpass

Figure 14.49: F25QTZ-FUVMAMA Point Source (left axis), and Diffuse Source
(right axis) Sensitivities. Bandpass integrated point source sensitivity for Fy=1 is

1.1x10%6,
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Table 14.13: F25QTZ-FUVMAMA Point Source Sensitivities for FUVMAMA QTZ.
Multiply sensitivity number by 0.000576 (the plate scale squared) to obtain diffuse
source sensitivity.
A Sens. A Sens. A Sens. A Sens.
|
1450 7.50E8 1600 3.6E13 1750 1.4E13 1900 8.9E11
1500 5.6E13 1650 2.8E13 1800 9.9E12 1950 2.0E11

1550 4.7E13 1700 2.0E13 1850 3.8E12 2000 4.9E10




20

21

22

23

24

25

V(magnitude)

26

27

28

29

30

F25QTZ - FUV-MAMA - longpass Il 297

Figure 14.50: F25QTZ-FUVMAMA Time to Achieve a Signal-to-Noise of 10 inte-
grated over the PSF and the bandpass for stars of different spectral types as a

function of V band magnitude
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Figure 14.51: F25QTZ-FUVMAMA Time to Achieve a Signal-to-Noise of 10 inte-
grated over the bandpass, for point and diffuse sources, assuming a flat (in F,)
spectrum, cgs units. Point source signal-to-noise is integrated over the PSF, dif-
fuse sources are per 2x2 spatial pixels.
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Figure 14.52: F25QTZ-FUVMAMA Time to Saturate as a Function of Source
Flux, assuming a flat (in F,) spectrum
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F25SRF2 - FUV-MAMA - longpass

Figure 14.53: F25SRF2-FUVMAMA Point Source (left axis), and Diffuse Source
(right axis) Sensitivities. Bandpass integrated point source sensitivity for Fy=1 is

2.3x10%6,
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Table 14.14: F25SRF2-FUVMAMA Point Source Sensitivities for FUVMAMA
SrF_2. Multiply sensitivity number by 0.000576 (the plate scale squared) to obtain
diffuse source sensitivity.

A Sens.

A

Sens.

1250 1.2E12
1300 3.2E13
1350 8.1E13

1400 7.6E13

A Sens. A Sens.

1450 6.8E13 1650 2.8E13
1500 5.6E13 1700 1.9E13
1550 4.6E13 1750 1.4E13
1600 3.6E13 1800 9.5E12

1850 3.6E12
1900 8.4E11
1950 1.9E11

2000 4.6E10
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Figure 14.54: F25SRF2-FUVMAMA Time to Achieve a Signal-to-Noise of 10 inte-

grated over the PSF and the bandpass for stars of different spectral types as a
function of V band magnitude
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Figure 14.55: F25SRF2-FUVMAMA Time to Achieve a Signal-to-Noise of 10 inte-
grated over the bandpass, for point and diffuse sources, assuming a flat (in F)
spectrum, cgs units. Point source signal-to-noise is integrated over the PSF, dif-
fuse sources are per pixel.
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Figure 14.56: F25SRF2-FUVMAMA Time to Saturate as a Function of Source
Flux, assuming a flat (in F,) spectrum
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Lyman Alpha - FUV-MAMA

Figure 14.57: Lyman Alpha-FUVMAMA Point Source (left axis), and Diffuse
Source (right axis) Sensitivities. Bandpass integrated point source sensitivity for
Fy=1is 1.1x10%,
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Table 14.15: Lyman Alpha-FUVMAMA Point Source Sensitivities for FUVMAMA
LYA. Multiply sensitivity number by 0.000576 (the plate scale squared) to obtain
diffuse source sensitivity.

A Sens. A Sens. A Sens. A Sens.
T1175  B6E12 1400 5OEIl 1650 43E10 1900  515E8
1200 9.5E12 1450 3.4E11 1700 2.4E10 1950 1.00E8
1250 8.2E12 1500 2.0E11 1750 1.4E10 2000 2.08E7
1300 2.5E12 1550 1.2E11 1800 8.02E9

1350 1.2E12 1600 7.2E10 1850 2.61E9
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Figure 14.58: Lyman Alpha-FUVMAMA Time to Achieve a Signal-to-Noise of 10
integrated over the PSF and the bandpass for stars of different spectral types as a
function of V band magnitude
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Figure 14.59: Lyman Alpha-FUVMAMA Time to Achieve a Signal-to-Noise of 10
integrated over the bandpass, for point and diffuse sources, assuming a flat (in F,)
spectrum, cgs units. Point source signal-to-noise is integrated over the PSF, dif-
fuse sources are per 2x2 spatial pixels.
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Figure 14.60: Lyman Alpha-FUVMAMA Time to Saturate as a Function of Source
Flux, assuming a flat (in F,) spectrum
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Point Source Encircled Energies

Below, in Figure 14.61 on page 306, we show plots of encircled energies for
the CCD imaging modes (Figure 14.61 on page 306), the NUV-MAMA imaging
modes and the FUV-MAMA imaging modes. These plots are predictive only; they
are based on predicted PSFs at the aperture plane and detector PSFs from
non-flight detectors. The ultimate encircled energy achieved will depend
sensitively on the alignment of the integrated optics and detectors and the
properties of the flight detectors.

The PSF in imaging mode is expected to be degraded by ~30% at the outer
edge of the top and bottom of the field of view.
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Figure 14.61: Predicted Image Mode Encircled Energies
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MAMA Imaging Bright Object Limits

As described in “MAMA Bright Object Limits” on page 97 in Chapter 7. the
MAMA's are subject to absolute brightness limits, above which sources cannot be
observed or they would potentially damage the detectors. In Table 14.15, below,
we present the complete set of absolute bright object point source and integrated
magnitude screening limits for the MAMA imaging modes. Remember, sources
cannot be observed in configurations where they exceed the absolute bright object
limits. The information presented here should be used in conjunction with the
material presented in Chapter 7.

A few important points to note.
» Limits are given as V magnitudes or in CGS units as indicated.

* The imaging table includes a single point source limit. No single source in
the field of view can exceed this limit.

» The limits in the tables assume zero extinction. If your source, when cor-
rected for Galactic extinction, does not exceed the absolute limits, then you
will be allowed to observe your source.

« Because the MAMA imaging bright object limits are so faint, STScl cannot
perform automatic screening for imaging and the observer must provide an
image of the field and V and B-V magnitudes for each object in the field
before they will be allowed to observe; see “MAMA Bright Object Limits”
on page 97.

« The imaging table also includes an integrated magnitude limit. Remember
that the global limit of 300,000 counts Seapplies to all sources imaged
onto the MAMA detector. The integrated magnitude limit gives the total
magnitude from all stars (or galaxies, or diffuse objects) of spectral type O
which can appear in the MAMA field of view. Initial screening of all
MAMA imaging observations will be done assuming all stars are O stars.
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Table 14.16: MAMA Imaging Bright Object Limits, V Magnitudes and CGS as indicated.

FUV-MAMA NUV-MAMA
Spectral
Type 25MAMA F25SRF2 F25QTZ F25LYA 25MAMA F25SRF2 F25QTZ F25Clil F25CN182  F25CN270  F25MGlI
(clear) (longpass) (longpass) (Lya) (clear) longpass longpass (Clir) (182 cont) (270 cont) (Mgll)
Surface 8.4x10%3 1.4x10%? 2.9x10%? 4.2x10% 3.4x10%3 4.3x10%3 4.1x10%3 3.7x10%t 7.0x10%? 2.7x10%? 1.3x10%
Brightnes8
Point Source || 2.7x1015 4.4x10%° 9.2x10%5 1.4x10%3 8.6x1016 1.1x10%% 1.0x10%® 9.1x10%4 1.7x10% 6.8x10%° 3.2x10%4
Flux?
0O5\° 20.4 19.7 18.6 16.1 20.1 19.8 19.8 15.5 17.4 17.1 15.3
B1V 19.8 19.2 18.2 15.2 19.6 19.4 19.3 15.1 17.0 16.7 14.9
B3V 18.9 18.3 17.3 14.1 18.8 18.5 18.5 14.1 16.1 16.1 14.3
B6V 17.8 17.3 16.4 12.7 18.0 17.7 17.7 13.2 15.2 15.4 13.6
B9V 17.1 16.7 15.9 115 17.6 17.4 17.4 13.0 14.8 15.1 13.3
ALV 15.7 15.5 14.9 7.9 16.9 16.7 16.7 12.3 14.1 145 12.7
A3V 14.4 14.2 13.8 6.5 16.4 16.1 16.2 11.7 135 14.1 12.4
A5V 11.4 11.2 11.3 0.5 15.7 15.5 15,5 10.7 12.3 135 11.8
A9V 11.2 11.0 11.1 0.3 15.6 15.3 15.4 10.6 12.2 13.4 11.6
F2v 8.2 8.0 8.0 15.0 14.7 14.8 7.9 9.5 12.9 11.1
Fav 8.1 7.9 7.9 14.9 14.6 14.7 7.8 9.4 12.8 11.0
F6Vv 8.0 7.8 7.9 14.9 14.6 14.7 7.8 9.4 12.8 11.1
F8V 8.1 7.9 8.0 14.6 14.3 14.4 7.9 9.6 12.4 10.6
G2v 5.8 5.6 5.7 14.4 14.0 14.1 5.7 7.4 12.2 10.4
G5IV 5.1 4.9 5.0 13.8 13.4 13.5 5.0 6.8 11.6 9.8
G7IV -1.7 -1.8 12.9 12.3 12.4 3.1 10.0 8.7
KOIV 12.6 11.9 12.0 2.8 9.6 8.3
Kav 12.4 11.6 11.7 3.3 9.3 8.3
K8V 12.2 11.4 11.5 3.0 9.4 8.7
M2V 11.8 11.0 11.1 3.3 9.3 8.6
M4V 11.7 10.9 10.9 3.2 9.1 8.4
M6V 11.3 10.4 10.4 2.7 8.7 7.9
M8l 10.8 9.2 9.3 15 75 6.8
T~50008K 9 20.3 19.6 18.6 15.9 20.0 19.7 19.7 15.5 17.4 17.1 15.2
vl 16.8 16.0 15.1 12,5 17.5 17.3 17.3 13.0 15.1 15.0 13.3
Integrated 11.9 11.2 10.1 7.6 12.4 11.8 12.1 7.8 9.7 10.0 7.6
Magnitudé

apeak allowed diffuse source surface brightness in ergsseé A arcse@.

b peak allowed point source flux in ergs @2 AL,

€ Limits given are V magnitudes, for unreddened stars.

d Limits calculated for a black body at 50,000 degrees K.
€Limits calculated for a source with spectrugFoportional tov L.
fMaximum integrated magnitude of all stars in field, assuming all are O stars.
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Calibration

The chapters in this part describe the calibration of STIS. These chapters
include an overview of the calibration pipeline process, expected accuracies for
data taken in Cycle 7, and plans for calibrating and verifying the instrument’s
performance.
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CHAPTER 15

Overview of Pipeline
Products

In This Chapter...

Pipeline Processing Overview / 311
STIS Data Products / 313

In this chapter we summarize the basic reductions and calibration that will be
performed in the STScl STIS pipeline and describe briefly the format of the data
products the observer will receive. This information is intended to provide enough
background to develop robust observing proposals. A STIS chapter kSthe
Data Handbookwill ultimately provide the detail needed for analyzing your data.

Pipeline Processing Overview

Science data taken by STIS will be received from the Space Telescope Data
Capture Facility and sent to the STScl pipeline, where the data will be unpacked,
keywords extracted from the telemetry stream, and the science data reformatted
and repackaged into raw (uncalibrated) FiTes by the generic conversion
process. All STISACCUMnode data (i.e., images) will be stored in FITS using
image extensions, as triplets of science, error, and data quality arrays. The
structure of those files is discussed briefly below (see “STIS Data Products” on
page 313).

The uncalibrated FITS files are passed throughctistis pipeline which
calibrates the data, producimmglibrated FITS files. Thecalstis program will
propagate statistical errors and track data quality flags through the calibration
process. Thealstis code will be available to users in STSDAS, so they can
recalibrate their data as needed.

1. Flexible Image Transport System.
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Calstis performs the following basic science data calibrations:

« Two-dimensional image reduction producing a flat fielded output image
(rootname flt.fits ), which, depending on whether the data is from the
MAMA or the CCD and whether it is imaging or spectroscopic data,
includes the following: data quality initialization, dark subtraction, bias
subtraction, non-linearity flagging, flat fielding, geometric correction, pho-
tometric calibration.

* Two-dimensional spectral extraction producing a flux calibrated, rectified
spectroscopic imagedotname x2d.fits ) with distance along slit run-
ning linearly along the y axis and dispersion running linearly long the x
axis.

« One-dimensional spectral extraction producing a one-dimensional spectrum
of flux versus wavelengthidotname x1d.fits ), uninterpolated in wave-
length space, but integrated across an extraction aperture in the spatial
direction (this will be performed only for point sources in the case of long
slit spectroscopy, but will be performed for all echelle short slit
observations).

In addition,calstiswill perform two types otontemporaneous calibrations:

* For CCD exposures which have be8RSPLIT, calstis will combine the

exposures, producing a cosmic-ray rejected imagerame crj.fits )
which is then passed through subsequent calibration (e.g., spectral
extraction).

» For spectroscopic exposuraslstis will process the associated wavecal
exposure (see “Routine Wavecals” on page 24) to determine the zero point
offset of the wavelength and spatial scales in the science image, correcting
thereby for the lack of repeatability of the mode select mechanism. Where
the uncalibrated science data is stored indb&name raw.fits file, the
accompanying wavecal observations will be stored in the
rootname wav.fits  file.

The calibration steps thatalstis performs on a given set of science
observations depends on the nature of those observations. As noted earlier, slitless
spectroscopic data and long slit echelle spectroscopic data and prism data will be
processed only up to flatfielding. Data takeMIMETAGmode will be corrected
for the Doppler shift from the spacecraft motion and output as an uncalibrated
event stream by the pipeline in a FITS binary tald®thame tag.fits ).
Additionally the timetag data stream will be integrated in time to produce an
uncalibratedACCUMnode imagerpotname raw.fits ) which is then passed
through standard calibration. Figure 15.1 shows an example of spectroscopic
ACCUMnode CRSPLIT CCD data passing throughdhlstis pipeline.

2. Thecalstis software is written in C and uses open IRAF in conjunction with a
specially written 1/O interface to the FITS data file.
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Figure 15.1: STIS Calibration Process for CCD CRSPLIT Spectroscopic Data

STIS Data From
Spacecraft

Generic Conversion

Files:
roothame_raw.fits
rootname_wav.fits

CALSTIS

Files:
rootname_flt.fits
rootname_crj.fits

rootname_x2d.fits

rootname_x1d.fits

Uncalibrated science data
and uncalibrated wavecal data

Flat fielded science data.

Cosmic-ray rejected, and
and flat fielded image.

Rectified 2-dimensional spectrum,
dispersion running along X,
distance along slit along Y.

One dimensional extracted spectrum,
for point source observations only.

STIS Data Products

All STIS data products will be FITS files. The vast majority of the STIS data
products are two-dimensional images which will be stored in FITS image
extension files. Fits image extensions offer great flexibility in data storage and
allow us to package related science data which is processed through calibration as
a single unit together into one file. Tabular information, such aJIMETAG
mode event series or extracted one-dimensional spectra will be stored as FITS
binary tables. Note that this format is compatible with the QPOE (Quick Position
Oriented Event) format, so that the existing event software in the EUV and PROS
packages can be used with FH&METAGdata.
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The FITS files will be directly accessible in IRAF and STSDAS either through
the newly created FITS image extension IRAF kernel for image extensions, or
through the STSDA%ables package for binary tables—there will be no need to
convert them to IRAF or STSDAS format.

Figure 15.2 illustrates the structure of a STIS FITS image extension file. It has:

« A primary header where keyword information describing all of the expo-
sures in the file is stored (e.g., the target name, target RA and Dec, total
exposure time of all exposures in the file, optical elements, detector, etc.).

« A series of image extensions, each containing a header with exposure level
keyword information and a data array.

Figure 15.2: FITS Image Extension File for STIS

PRIMARY
HEADER

EXTENSION
HEADER

Extension 1
DATA

EXTENSION
HEADER

Extension 2
DATA

EXTENSION

Extension 3 HEADER

DATA

For each STIS exposure in a file, a triplet of FITS image extensions will be
created:

« The first, of extension type SCI, stores the science values.

» The second, of extensions type ERR contains the statistical errors, which
are propagated through the calibration process.

« The third, of extension type DQ, stores the data quality values which flag
suspect pixels in the corresponding data.

A single FITS file will have multiple exposures in it whenever an associated set
of science exposures are taken (see “Exposure Sequences: auto-wavecal, crsplits,
repeats, and patterns” on page 151). For example, if exposures were taken with
CRSPLIT=3, therootname _raw.fits file will contain 3 science exposures,
or 9 image extensions; one for each (SCI, ERR, DQ) triplet. After calibration, a
single cosmic ray rejected image is produced along with its data quality and error
file (Figure 15.4 on page 316). Similarly, REPEATOBS®bservations, in which
many identical exposures are taken to obtain a time series, all the science data will
be stored in sequential triplet extensions of a single FITS file (Figure 15.5 on
page 317). These will be processed throagtstis as a unit, with each image
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extension individually calibrated and the set of images also being combined to
produce a total time-integrated calibrated image.

Accessing the images in the FITS image extension files through the IRAF
FITS image extension kernel follows a simple convention. See the examples
shown below.

Figure 15.3: Accessing FITS Images

To display the 3rd science extension of the file rootname_raw.fits, type:
>display rootname_raw.fits[SCI,3]

To use imexamine on the 2nd  data quality extension, type:
>imexam roothame_raw.fits[DQ,2]
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Figure 15.4: Data Format for CRSPLIT=3 Observations

STIS Data Format for CRSPLIT = 3 CCD Observation

ROOTNAME_RAW.FITS

PRIMARY
HEADER [0]

SCIENCE SCIENCE SCIENCE
IMAGE IMAGE IMAGE
[SCI,1] or [1] [SCI,2] or [4] [SCI,3] or [7]
ERROR ERROR ERROR
[ERR,1] or [2] [ERR,2] or [5] [ERR,3] or [8]
DATA QUALITY DATA QUALITY DATA QUALITY
FLAGS FLAGS FLAGS
[DQ.1] or 3] [DQ.2] or [6] [DQ.3] or [9]
1st CRSPLIT 2nd CRSPLIT 3rd CRSPLIT
Exposure Exposure Exposure

CALSTIS

ROOTNAME_FLT.FITS

ROOTNAME_CRJ.FITS

PRIMARY
HEADER [0]

SCIENCE
IMAGE

[SCI,1] or [1]

ERROR
[ERR,1] or [2]

PRIMARY
HEADER [0]

SCIENCE SCIENCE SCIENCE
IMAGE IMAGE IMAGE
[SCI,1] or [1] [SCI,2] or [4] [SCI1,3] or [7]
ERROR ERROR ERROR
[ERR,1] or [2] [ERR,2] or [5] [ERR,3] or [8]
DATA QUALITY DATA QUALITY DATA QUALITY
FLAGS FLAGS FLAGS
[DQ.1] or [3] [DQ.2] or [6] [DQ,3] or [9]
1st CRSPLIT 2nd CRSPLIT 3rd CRSPLIT
Exposure Exposure Exposure

DATA QUALITY
FLAGS
[DQ.1] or [3]

CR-REJECTED
Image

... and other
calibration
products
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Figure 15.5: Data Format for REPEATOBS Observations

ROOTNAME_RAW.FITS

PRIMARY
HEADER [0]
SCIENCE SCIENCE i SCIENCE
IMAGE IMAGE IMAGE
[SCI,1] or [1] [SCI,2] or [4] [SCI,n] or [3n-2]
LN I |
ERROR ERROR ERROR
[ERR,1] or [2] [ERR,2] or [5] [ERR,n] or [3n-1]
E|lE E N
DATA QUALITY DATA QUALITY DATA QUALITY
FLAGS FLAGS FLAGS
[DQ,1] or [3] [DQ.2] or [6] [DQ,n] or [3n]
1st REPEATOBS 2nd REPEATOBS nth REPEATOBS
Exposure Exposure Exposure
CALSTIS

Calibrated individual repeat exposures

PRIMARY
HEADER [0]

SCIENCE SCIENCE
IMAGE IMAGE
[SCI,1] or [1] [SCI,2] or [4]
ERROR ERROR
[ERR,1] or [2] [ERR,2] or [5]
DATA QUALITY DATA QUALITY
FLAGS FLAGS
[DQ,1] or [3] [DQ,2] or [6]
1st REPEATOBS 2nd REPEATOBS
Exposure Exposure

SCIENCE
IMAGE

[SCI,n] or [3n-2]

ERROR
[ERR,n] or [3n-1]

DATA QUALITY
FLAGS
[DQ,n] or [3n]

ﬁ

nth REPEATOBS
Exposure

Calibrated summed
image from repeats

PRIMARY
HEADER [0]

SCIENCE
IMAGE

[SCI,1] or [1]

ERROR
[ERR,1] or [2]

DATA QUALITY
FLAGS

[DQ.1J or [3]

SUMMED REPEATOBS

Image
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CHAPTER 16

Expected Accuracies

In This Chapter...

Summary of Expected Accuracies / 319

In this chapter we describe the accuracies we hope to achieve during Cycle 7
for the photometric, spectral, and astrometric calibration of STIS.

Summary of Expected Accuracies

We have begun the process of determining calibration accuracies for STIS.
These accuracies will ultimately depend on the performance of the hardware, our
ability to monitor the instrument performance in orbit, and the calibration
software.

In Tables 16.1 through 16.5, we give the expected accuracies for each of
STIS’s basic observation modes: CCD spectroscopy, MAMA spectroscopy, CCD
imaging, MAMA imaging and target acquisitions. We expect our understanding
of the calibration of STIS to develop during Cycle 7, and early in the cycle
accuracies will naturally be less well defined than later in the Cycle. The numbers
given are the accuracy we plan to achieve by the end of Cycle 7, for any
observation taken during Cycle 7. These projected accuracies are cautious
estimates based on the CEI specifications for the instrument, our cugrgnt
limited knowledge of the performance of the detectors (which is based exclusively
on component testing), and our plans for on-orbit calibration during the Cycle.

Our expectation for the MAMASs are particularly uncertain, as there is little
ground data on their performance at this time. MAMA calibration is a time
consuming process, as the count rate over the detector must be kept below the
global limits. Thus, for example, flat fields must be obtained at ratesO&
counts se¢ pixel* (to keep 1024 x 1024 x< 300,000 counts s&y, and a single
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100:1 signal-to-noise ratio per resolution element (2 x 2 pixel) flat field thus takes
> 3 hours to obtain.

Table 16.1: CCD Spectroscopic Accuracies

Attribute Accuracy Limiting Factors
Relative wavelengths—within an exposure 0.1-0.25 pixels Stability of optical distortion
Absolute wavelengths—across exposures 1.0 pixels * Thermal stability

 Internal versus external illumination
« Derivation of wavecal zero point

Absolute photometry 10% Instrument stability and photometric calibration

Relative photometry (within an exposure) 5% Instrument stability and photometric calibration

Table 16.2: MAMA Spectroscopic Accuracies

Attribute Accuracy Limiting Factor
L/
Relative wavelengths—uwithin an exposure 0.25-0.5 pixels Stability of small scale geometric detector +

optical distortion

Absolute wavelengths—across exposures 1.0 pixels e Thermal stability
« Internal versus external stability
« Derivation of wavecal zero point

Absolute photometry 15% Instrument stability and calibration

Relative photometry (within an exposure) 5-10% Instrument stability/flat fields

Table 16.3: CCD Imaging Accuracies

Attribute Accuracy Limiting Factor

Relative astrometry—uwithin an image 0.1 pixels Stability of optical distortion
Absolute photometry 5-10% Instrument stability

Relative photometry within an image 5% External illumination pattern

Table 16.4: MAMA Imaging Accuracies

Attribute Accuracy Limiting Factor

. _________________________________________________________________________________________________________________________________|
Relative astrometry—uwithin an image 0.25 pixels Small scale distortion stability
Absolute photometry 15% Instrument stability and calibration

Relative photometry within an image 10% Flat fields/external illumination
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Table 16.5: Target Acquisition Accuracies

Attribute Accuracy Limiting Factor
Guide star acquisition 1-2" Catalog uncertainties
Following target acquisition exposure 0.2” Centering accuracy plus plate scale accuracy to

convert pixels to arcsecond

Following peakup acquisition exposure 30% of the slit Number of steps in scan + PSF
width




322 |l Chapter 16: Expected Accuracies



CHAPTER 17

Calibration Plans

In This Chapter...

Introduction / 323

Ground Testing and Calibration of STIS / 323
SMOV Testing and Calibration of STIS / 324
Cycle 7 Calibration Philosophy / 326

In this chapter we describe the current plans for the testing, verification and
calibration of STIS on the ground, on orbit following launch, and during Cycle 7.

Introduction

At the time this Handbook is being written, the STIS instrument is still under
construction and assembly. The CCD flight detector has been selected and is still
being integrated into the instrument, and the MAMA detectors have yet to be
finalized. Below we describe the very tentative plans for the ground (pre-launch)
and Servicing Mission Orbital Verification (SMOV)—the time immediately
following launch, which will be used for testing STIS. We also describe the
philosophy that we expect to employ in the Cycle 7, on-orbit, calibration of STIS.

As these plans firm up, we will post more details about the plan on the STScl
STIS World Wide Web page; ultimately a full report of the calibration program
and results will be provided there.

Ground Testing and Calibration of STIS

The STIS Investigation Definition Team (Principal Investigator, Bruce
Woodgate, GSFC) is responsible for the ground testing and calibration of STIS.
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They are developing a plan to “ensure that the basic performance characteristics
of this versatile instrument will be verified and documented before launch, and
that the necessary operational and data reduction databases will be adequately
populated” (Ebbets et al., 1995, from “Plans for the pre-launch calibration of the
Space Telescope Imaging Spectrograph”). Opportunities for obtaining the
necessary data on the ground occur at the component and subsystem level as well
as during assembly and alignment. However, the major portion of the test results
come once the instrument is integrated with its full complement of optics,
detectors, mechanisms, electronics, and software and run through a series of
functional, environmental, and thermal vacuum tests. The bulk of the calibration
data is obtained during the thermal vacuum tests, currently scheduled for August,
1996. The thermal vacuum tests are currently planned to cover the following
areas:

« Wavelength calibration.

* Mode radiometric sensitivity.
* Spectral resolution.

* Image quality.

* Mode sensitivity outside nominal range.
» Spectral flat field calibrations.
» Geometric distortions.

« Slit functions.

» Stray and scattered light.

» Count rate linearity.

» Calibration of backup modes.

e Routine internal mini-functional tests of stability, repeatability, and
performance.

SMOQV Testing and Calibration of STIS

The primary goals of the Second Servicing Mission’s Orbital Verification
(SMOV) are the timely recommissioning of the HST observatory for normal
Cycle 7 science operations and the performance of the Early Release (ERO)
Program for STIS and NICMOS. Typical science instrument commissioning
activities include activation, alignment, focusing, and preliminary calibration of
the new science instruments to validate their nominal performs©V
calibration activities include only those calibrations which, when successfully
complete, enable that science instrument to perform a significant fraction of
potential Cycle 7 science. In addition to science instrument commissioning and
recommissioning, SMOV re-verifies observatory level parameters, such as
pointing control and stability, guide star acquisitions, and HST data recorder
performance.
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SMOV Commissioning Plans for STIS

The engineering and science activities which will be performed in order to
commission STIS during SMOV are being finalized as of the writing of this
Handbook. In Table 17.1 below, we itemize those activities. The activities in the
table are grouped according to the requirement that they fulfill, antbtirethe
order in which they will be performed.

Table 17.1: STIS SMQOV Activities

Requirements Testing Steps

Engineering
» STIS Modes and Data Interfaces
» Load and Dump On-board Memory
» Science Data Buffer Check with Self-Test
* Calibration Lamp Checkout
* CCD Functional
» CCD Temperature Set Point Determination
* MAMA Functional
» STIS SMOV Contamination Monitoring Plan
» STIS Mechanisms Functional
» On-board Doppler Processing Check-Out

Detector Operation
 \erification of Standard CCD Functions and Readout Modes
» Verification of Standard MAMA Functions and Readout Modes

Optical Performance
» STIS Corrector Alignment, Coarse
» STIS Corrector Alignment, Fine
» Spectroscopic Mode Image Quality
» Camera Mode Image Quality
* Repeatability of Image Positions of STIS Modes
* Verification of Optical Format of STIS Modes
» STIS Slit to Detector Internal Stability
» OTA-STIS Pointing and Throughput Stability
* Measurement of Scattered Light When Occulting Bars are Used
» PSF Measurement in Each B&nd

Calibration
» CCD Dark Rate and Read Noise
» Dark Measurements for the NUV-MAMA and FUV-MAMA
* NUV-MAMA and FUV-MAMA Flat Field Uniformity
» CCD Flat-Field Stability and Cosmetic Defect Fraction
» STIS Pixel-to-Pixel Response Stability
» STIS Sensitivity
+ Slit Transmissions

Target Acquisition
» STIS to FGS Alignment
» STIS Acquisition Aperture and Slit Location
» STIS CCD Point Source Acquisition
» STIS CCD Diffuse Source Acquisition
» STIS CCD Bright Target Acquisition
» STIS CCD Coronographic Acquisition
» STIS Target Centering
» STIS Peakdowns for Coronographic Acquisitions
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a. STIS’s four bands are: Band |, covering the far-UV (1150-1700 A), Band Il, cover-
ing the near-UV (1700-3100A), Band lll, covering the blue (3000-5000 A), and
Band IV, covering the red (5000-11000 A).

Cycle 7 Calibration Philosophy

The STIS Cycle 7 Calibration Plan will be developed to characterize the
performance of the instrument in allpportedconfigurations, as described in this
handbook, and as needed to support Cycle 7 approved proposals, and within the
constraints of the available time for such calibrations. Table 17.2 below
summarizes the calibrations we hope to be able to obtain for supported
configurations during Cycle 7. If STIS proves more time-consuming to calibrate
than currently envisioned, then preference will be given to calibrating the most
used of the supported configurations. The calibration accuracies we hope to
achieve with this program are summarized in Chapter 15, page 319.

As explained in “Support of STIS Capabilities for Cycle 7,” on page 12, no
additional calibrations will be taken fawvailable-but-unsupportedonfigurations
as part of the Cycle 7 Calibration Plan. Observers wishing to use non-standard
configurations of STIS must take their own calibrations as part of their approved
proposals or use calibration data for the supported modes, which will be available
through the HST Data Archive, to calibrate their data.

Table 17.2: Cycle 7 Calibration Philosophy

Calibration Step Performed for... Calibration File

Wavelength calibration Supported grating-aperture combinations dispersion solution

Photometric calibration Supported gratings sensitivity

Photometric monitoring Monthly or bi-monthly, at all four wavelength bands:changes to sensitivity and
1150-1700 A, 1700-3100 A, 3000-5000 A, contamination monitoring
5000-11000 A,

Point source and lamp For all supported slits. Point source at aperture centeaperture throughput

illuminated aperture transmission and at additional locations along long slits.

Pixel-to-pixel sensitivity Selected gratings and filters, as needed to constructpixel-to-pixel flat field
pixel-to-pixel flats for all supported gratings and filters

Pixel-to-pixel sens. monitoring Monthly, per detector delta flats

Large spatial scale sensitivity Supported gratings and filters low order flat field

Large spatial scale sensitivity Monthly for selected gratings modifications to low order

monitoring flats

Plate scale distortions CCD NUV-MAMAFUV-MAMA geometric distortion

Darks (as function of CCD NUV-MAMAFUV-MAMA dark image

geomagnetic position)

Dark monitoring Weekly, per detector revisions to darks
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Table 17.2: Cycle 7 Calibration Philosophy

Calibration Step Performed for... Calibration File
Biases CCD per gain bias image

Bias monitoring WeeklyCcCD revisions to biases
Gain determination CCD per gain gain factor

Focus and alignment monitoring Done as part of photometric monitoring program PSFs and LSFs
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Glossary

The following terms and acronyms are used in this handbook.

A-D: Analog to digital.
CCD: Charge-coupled device. Solid-state, light detecting device.

CDBS: Calibration Data Base. System for maintaining reference files and
tables used to calibrate HST observational datasets.

CEl: Contract End Item

CIM: Calibration insert mechanism.

COSTAR Corrective Optics Space Telescope Axial Replacement.
CP: Call for Proposals.

CR: Cosmic ray.

CVZ: Continuous viewing zone.

DQ: Data quality.

DQE: Detector quantum efficiency.

DN: Data number.

FAQ: Frequently asked questions.

FGS: Fine Guidance Sensors.

FITS: Flexible Image Transport System. A generic IEEE- and
NASA-defined standard used for storing image data.

FOC: Faint Object Camera.
FOS: Faint Object Spectrograph.
FOV: Field of view.

FSW: Flight software.

FTP: File Transfer Protocol. Basic tool used to retrieve files from a remote
system. Ask your system manager for information about using FTP.

FUV: Far ultraviolet.
FWHM : Full width at half maximum.

GEIS: Generic Edited Information Set. The multigroup format used by
STSDAS for storing some HST image data.

GHRS Goddard High-Resolution Spectrograph.
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GO: General Observer.
GTO: Guaranteed Time Observer.

HITM : Hole in the Mirror.

HSP: High-Speed Photometer.
HST: Hubble Space Telescope.

ICD: Interface control document. Defines data structures used between
software or systems to ensure compatibility.

IDT: Investigation Development Team.
IM: Insert Mechanism.

IR: Infrared.

IRAF: Image Reduction and Analysis System. The system on which
STSDAS is built.

IUE: International Ultraviolet Explorer.

K: Degree Kelvin.

LMC: Large Magellanic Cloud.

LSF: Line spread function.

MAMA: Multi-Anode Microchannel Array.
MCP: Microchannel Plate.

MSM: Mode Selection Mechanism.

ND: Neutral density.

NICMOS: Near-Infrared Camera and Multi-Object Spectrograph.
NUV: Near ultraviolet.

OPUS OSS and PODPS Unified Systems.
OSS Observation Support System.

PI: Principal investigator.

PODPS Post-Observation Data Processing System.
PSF. Point spread function.

QE: Quantum efficiency.

QEH: Quantum efficiency hysteresis.

QPOE Quick Position-Oriented Event (IRAF data format for x-ray data).
QSQ Quasi-stellar object.

RA: Right ascension.

rms: Root mean square.

SITe: Scientific Image Technologies.

SMOV: Servicing Mission Orbital Verification.

S/N: Signal-to-noise ratio.
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ST-ECF:. Space Telescope European Coordinating Facility.

STEIS: Space Telescope Electronic Information System. The World Wide
Web host from which information, software, documentation, and
other resources pertaining to the HST can be obtained.

STIS: Space Telescope Imaging Spectrograph.

STSct Space Telescope Science Institute.

STSDAS Space Telescope Science Data Analysis System. The complete
suite of data analysis and calibration routines used to process HST
data.

SV Science verification. Process of taking observations that can be used
for HST instrument calibration.

TAC: Telescope Allocation Committee.

URL: Uniform resource locator. Address for WWW.
UV: Ultraviolet.

WF/PC: Wide Field/Planetary Camera.

WFPC2 Wide Field Planetary Camera-2. Replacement for WF/PC
installed during first servicing mission of December 1993.

WWW World Wide Web. Hypertext-oriented method for finding and
retrieving information over the Internet.
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A
abbreviations
in this manual 329
ACCUM mode
CCD 141
described 141
MAMA 143
accuracy
expected 319
ACQ mode
described 104, 141
ACQ/PEAKUP mode
described 141
on-board target acquisition 117
specifying 119
using 117
acronyms
used in this manual 329
analog-to-digital conversion
CCD 89
aperture
slit wheel, described 23
target acquisition 111
auto-wavecal 151

B
background
detector 72
sky 72,84
variation 74
binning
CCD 143
bright object
large extinction, echelle
spectroscopy 81
limits, see "brightness limits"

Index 333

Index

bright object, see "brightness lim-
its"
brightness limits
MAMA 21, 39,57,97, 307
violating 165
buffer
overflow 95
STISinternal 25
BUFFER-TIME
TIME-TAG observations 147

C

calibration
exposures 30
pipeline process 311
SMOV testing 323
support plan 326
castistask 311
capabilities
support for 12
unsupported 13
capabilities
see also "instrument” 12
CCD
ACCUM mode 141
accuracy 319
binning 143
cosmic rays 90
described 21
hot pixels 89
image modes 54
imaging 54, 260
optical performance 54, 89
performance 87, 88
saturation 90
spectral response 88
spectroscopy 89



334 Index

spectroscopy, over 2500 A 71

subarray 149
checkbox

target acquisition 107
Clear 50CCD aperture 54, 260
coronagraphic imaging 57,172
coronagraphic mask 172
coronagraphic spectroscopy 170
cosmic rays

CCD 90
count rate

calculating 66
CR-SPLIT

CCD 151

D

data

calibration process 311

capture 141

fileformat 314

storage 25, 169

subarray 148
definitions

terms used in this manual 329
detectors

CCD 87

configuration 20

MAMA 92

parallel operation 25
diffuse source

imaging 70

spectroscopy 68, 77

target acquisition 107
dither

exposure patterns 154
documentation

requesting 9

world wide web 10

E

E140H grating 234
E140M grating 230
E230H grating 226
E230M grating 222

echelle
bright star with large
extinction 81
spectroscopy, long dlit 163
UV spectroscopy, MAMA 248
encircled energies
imaging modes 305
spectroscopy, first order long
dit 247
exposure time
determining 29, 112
estimating 30, 70
peakup 120
target acquisition 112
world wide web calculator 65
exposures
calibration 30
CR-SPLIT 153
overhead 124
patterns 154
repeat 153
sequence 151
extended source
imaging and spectroscopy 79
extinction
correcting 76

F

faint source
imaging 83

fiducials
long dlits 244

field of view
HST 26

filter
25MAMA clear 293
50CORON 57
Clll] 61
F25CI11 287
F25CN182 62, 290
F25CN270 61, 284
F25LYA 62
F25MGlI 60, 281
F25QTZ 275, 296
F25SRF2 278,299
F28X50LP 55, 263



F28X500I11 269

F28X500I11 55, 266

Mgll 60

neutral density 63
FITS

datafiles 311
flare star

TIME-TAG observation 83
flight software

target acquisition 105
FSW

see "flight software"
full well

CCD saturation 90
FUV-MAMA

described 21

seedso "MAMA"

spectral response 94

G
G140L grating 214
G140M grating 218
G230L grating 206
G230LB grating 196
G230M grating 210
G230MB grating 201
GA430L grating 188
G430M grating 192
G750L grating 179
G750M grating 184
geocorona emission 75
grating wheel
described 23
positions 39
gratings, see "E140H" through
"E230M" and "G140L"
through "G750M"

H

Help Desk 9

highres sampling
MAMA 145

Holein the Mirror
caibration 24

home page, see "world wide web"

Index

hot pixel
CCD 89

I
imaging
accuracy 319
capabilities 49
CCD 54
coronagraphic 57,172
described 47
faint source 83
instrument configuration 29
longpass filter 59
neutral density filter 63
ultraviolet with MAMA 57
Inert Mechanism
calibration 24
instrument
calibration system 24
capabilities 12,19, 34
configuration 19
data storage 25
imaging capabilities 49
performance 12
unsupported features 13
uses and modes 27, 141
integration time
computing 77

L

line spread function

G230L and G230LB 197

G230MB and G230M 202

improving sampling 168

spectroscopy, first order 244
linearity

deviation, see "non-linearity"
long dlit spectroscopy 39

echelle 163

fiducial bars 244

orbit requirements 128
longpass filtered imaging 59
LSF

see "line spread function”
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Lyman Alpha
F25LYA and Clear-minus-
SRF2 62
sensitivity 302

M
magnitude
limiting 38,49
MAMA
ACCUM mode 143
accuracy 319
brightness limits 21, 39, 97
buffer overflow 95
caveats 12,97
described 92
highres sampling 145
non-linearity 96
optical performance 58, 94
see aso "FUV-MAMA" and
"NUV-MAMA"
signal-to-noise 96
subarray 150
TIME-TAG mode 146
ultraviolet imaging 58
mask
coronagraphic 172
memory
STIS buffer 25
modes
spectroscopic 33

N

neutral density filter 63
non-linearity
MAMA 96
NUV-MAMA
described 21
seeaso "MAMA"

@)

objective prism
spectroscopy 45

observation
feasibility 29
observing sequence 26

occulting mask 57
optical longpass F28X50LP
filter 55
orbit
number required 31, 123, 127
orientation
controlling 157
overhead
exposure 124
generic 124
peakup 135
science exposures 125
spectroscopy 125
target acquisition 124, 135

P

parallel observations
STIS and other instruments 169
peakdown
coronagraphic 173
spectroscopy occulting bar 171
peakup 24,117,135
Phase | and Phase Il, see "propos-
aIII
pipeline calibration
described 311
planetary targets 168
plate scale
spectroscopy, first order long
dit 247
point source
imaging 69
spectroscopy 67
target acquisition 106
point spread function
MAMA 94
PRISM 238
prism
spectroscopy 45
proposal
checklist 137
Cycle 7 considerations 11
defining STIS observation 28
feasibility, CCD 90
feasibility, MAMA 96



instrument performance
updates 12

oberver responsibility 99

observing sequence 26

parallel observations 169

Phase| 137

Phase |l 138

scheduling observations 138

submission process 8
target acquisition 109
PSF

see "point spread function” 94

Q

quantum efficiency hysteresis

CCD 88

R

REPEATOBS 151
response
spectral, CCD 88
spectral, MAMA 94

S

saturation 38,49, 53
50CCD clear 262
CCD 90
F25QTZ 277
F25SRF2 280
F28X50LP 265
F28X500I1 271
F28X500I11 268
G230LB 200
G230MB 205
G430L grating 191
G430M grating 195
G750L grating 183, 268
G750M grating 187
MAMA 95
plots 178, 259

scanned gratings 39

scheduling
observations 138

sensitivity
25 FUV-MAMA clear 293

Index

25 NUV-MAMA clear 272
50CCD clear 260
calculating count rate 66
detectors 258
F25CI1I 287
F25CN182 290
F25CN270 284
F25MGII 281
F25QTZ 275, 296
F25SRF2 278,299
F28X50LP 263
F28X500I1 269
F28X500I11 266
G230LB grating 198
G230MB grating 203
G430L grating 189
G430M grating 193
G750L grating 181, 266
G750M grating 185
Lyman Alpha 302
units 67,69, 176, 258
sequence
exposures 151
signal-to-noise 38, 53, 96, 258
50CCD clear 261
high 167
plots 177
point source vs. exposure
time 177,258
Ky
background 84
dlit wheel
described 23
slitless spectroscopy 161
SMOV
testing 323
spectra
uncalibrated 35
spectroscopy
accuracy 319
CCD 72,89
coronagraphic 171
diffuse source 77
echelle 19
echelle, long dlit 163
gratings 41
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instrument configuration 27, 33

objective prism 45

sengitivity units 67

ditless 161

dits 41,242

spatially resolved 19
ST-ECF

help desk 9
STIS (see "instrument")
STSDAS

calstis calibration routine 311
subarray

CCD 149

data transmission 148

MAMA 150

T
target acquisition 24, 103
accuracy 319
ACQ/PEAKUP mode 121
algorithm 106
aperture 111
diffuse source 107
exposuretime 112
on-board 105
overhead 135
point source 106
templates
proposal 138
throughput 36, 49
time-resolved observations 164
TIME-TAG
flare star observation 83
TIME-TAG mode
constraints 146
described 141
MAMA 146

U
user support 9

W

WAVECAL
automatic 151
GO 152
wavecal
routine 24
wavelength
G230MB grating 201
G430M grating 192
G750L grating 180
G750M grating 184
world wide web
exposure time calculator 65
STIS web page 10
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