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INTRODUCTION

This Handbook describes The Faint Object Spectrograph (FOS) and its use for Cycle 6 of
the Hubble Space Telescope General Observer program. Many presentations have been updated
from previous versions, especially those pertaining to target acquisition, brightness limits, and in-
strumental sensitivities needed for exposure and S/N calculations. ThisHandbook draws upon dis-
cussions from earlier versions of the Handbook, notably the Version 1.0 FOS Instrument
Handbook (Ford 1985), the Supplement to the Version 1.0 Instrument Handbook (Hartig 1989),
and the Version 5.0 Handbook (Kinney, 1994). Only the current document should be used for Cy-
cle6. The detectors are described in detail by Harms et al (1979) and Harms (1982).

Thisversion of the FOS Instrument Handbook is for the post-COSTAR refurbished tele-
scope. Thechangeinfocal length introduced by the addition of COSTAR affectsthe aperture sizes
asprojected onthe sky. However, the pre-COSTAR aperture designations used in the Remote Pro-
posal Submission System, version 2 (RPS2) and in the Project Data Base (PDB) have not been
changed. Aperturesarereferred to throughout this document by their size followed in parentheses
by their RPS2 exposure level designation (i n Couri er typeface). Indeed, all RPS2 desig-
nations, which are used for proposal preparation, will be denoted in Courier typefacein this Hand-
book. For example, the largest circular apertureisreferred to asthe 0.9” (1. 0) aperture, whilethe
smallest paired apertures are referred to as the 0.09" paired (0. 1- PAI R) apertures.

Chapters 1 and 2 provide the essential information required for filling out Phase | (and
much of PhaseIl) proposals. Chapter 3 containsinformation on current FOS calibration status and
instrument performance.

Chapter 1 describes basic FOS instrument capabilities and presents a complete discussion
of the spectroscopic and spectropolarimetric data taking modes. Section 1.0.1 provides an impor-
tant discussion of unigue FOS observing capabilities that will no longer be available after the FOS
isremoved from HST during the Second Servicing Mission now scheduled for February, 1997
(under the current schedule Cycle 6 representsthelast opportunity to proposeto usethe FOS). An
overview of instrument capability is presented in section 1.1 and summarized in Table 1-2. The
spectral resolution isgiven in section 1.2 as a function of grating and aperture. FOS instrumental
sensitivities and aperture throughputs are presented in section 1.3 along with illustrations of expo-
sure time and expected count rate calculations. The limits for the brightest objects that can be ob-
served with FOS are listed in Tables 1-10 and 1-11 and section 1.4. The fundamentals of
spectroscopic data-taking with the FOS are presented in section 1.5, along with examples of RPS2
inputs and practical considerations for the standard data taking mode (ACCUM and the high time-
resolution mode (RAPI D). Polarimetry is discussed in section 1.6. The FOS noise and dynamic
range are covered in section 1.7.

In Chapter 2 we present a complete discussion of FOS target acquisition modes and strate-
gies. Examples and tips are given for using the most important FOS target acquisition modes (for
example, ACQ Bl NARY and ACQ PEAK).

TIP: Phasel proposers should carefully consider the impact of FOStarget acquisition re-
guirements on their observing requests. No routine adjustments can be made in Phase |1 for inad-
equately specified target acquisitions, i.e., the number of orbits awarded by the TAC will not be
increased to accommodate FOS target acquisition.

-1 -
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Chapter 3 describesthe current calibration status and instrument performance for the FOS.
(Appendix | givesthe text of the Cycle 5 FOS Calibration Plan - the Cycle 6 plan will be qualita-
tively similar.)

Chapter 4 describes how to simulate FOS spectra with the “synphot” package, which runs
in the ST Science Data Analysis System (STSDAS) under IRAF. This simulator allows input of a
large variety of spectra, and incorporates the current calibration files for the FOS.

Appendix A provides many details of FOS data taking and lists the FOS observing param-
eters in the nomenclature of RPS2 as well as in the nomenclature of FOS output data headers. Ap-
pendix A also gives the equations for calculating the start time of any time-resolved exposure.
Appendix B lists the current dead diode tables. Appendix C, by M. Rosa, gives a method to esti-
mate the scattered light contribution for a number of spectral types. Appendix D supplies line lists
and spectra of the comparison lamps for wavelength calibration. Appendix E is a compendium of
all FOS Instrument Science Reports (ISRs), including science verification reports. Appendix F is
a sample RPS2 FOS proposal including exposure level examples for various FOS modes. Appen-
dix G gives maps of the 3.%x 1.3' (4. 3) aperture flat field structure for all dispersers except the
prisms. Appendix H compares the ultraviolet throughput of the FOS with that of the low dispersion
mode of the GHRS. As noted above, Appendix | is a description of the Cycle 5 FOS Calibration
Plan.

The members of the STScl FOS Group, our telephone numbers, and our e-mail addresses
are listed on the inside front cover of this Handbook. We urge you to contact us at any phase of
your HST program from pre-Phase | through post-observation analysis. Also, the Science Support
Division (SSD) at STScl has established a Helpline (telephone: (410) 338-1082; lecip@ikts-
ci.edu) for you to contact if you need help with any aspect of your program. A compendium of
FOS instrument news and related documentation, including any recent advisories concerning in-
strument performance or calibration status, is available on-line via the FOS World Wide Web
(WWW) Homepagehttp: /mww.stsci.edu/ftp/instrument_news/FOS/topfos.html). The FOS
Homepage may also be reached via the Instruments button on the STScl WWW Hornigpage (
Imwww.stsci.edu/top.html). Postscript copies of recent ISRs can be downloaded via the FOS WWW
Homepage and paper copies may be obtained by e-mail reqhegi@stsci.edu.
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1. THE INSTRUMENT
1.0.1 Cycle6: TheLast Opportunity to Usethe Unique Capabilities of the FOS.

The FOS and the GHRS are schedul ed to be removed from HST during the Second Servic-
ing Mission in February, 1997. These two instruments will be replaced by the Space Telescope
Imaging Spectrograph (STIS). Although STISwill in many respects offer much improved capabil-
ities, some types of observing programs may be better accomplished with the FOS. Important ar-
eas of consideration in thisregard are:

1. Ultraviolet spectropolarimetry: STIS offers no polarimetric capability. See section 1.6
for adiscussion of post-COSTAR FOS spectropol arimetric capabilities.

2. High count ratesin the ultraviolet: FOS can accurately measure raw count rates as high
as 50,000 per second per resolution element. The STIS ultraviolet detectors are limited to approx-
imately 50 counts per second per pixel; observations of bright sources will require either small ap-
ertures, which may compromise photometric accuracy, or limitation of spectral coverage per
exposure.

1.1 General Description of Instrument Capabilities

The Faint Object Spectrograph has two Digicon detectors with independent optical paths.
The Digicons operate by accelerating photoel ectrons emitted by the transmissive photocathode
onto alinear array of 512 diodes. The individual diodes are 0.31" wide along the dispersion direc-
tion and 1.29" tall perpendicular to the dispersion direction. The detectors are sensitive over the
wavelength range from 1150A to 5400&Q8/ BL) and from 1620A to 8500AH0S/ RD). The
guantum efficiencies of the two detectors are shown in Figure 1-1. The optical diagram for the
FOS is given in Figure 1-2.

The general characteristics B0S/ BL and FOS/ RD are given in Table 1-2. Appendix
H provides a comparison of the relative instrumental sensitivities of the FOS and GHRS Side 1.

TIP: For the G130H spectral region the GHRS Sde 1 G140L is normally mor e efficient
than FOSBL, especially when re-binned to FOSresolution. See Appendix H.

Dispersers are available with both high spectral resolution (1 to 6A Hiad®\ = 1300)
and low spectral resolution (6 to 25A diot@/A\ = 250). The actual spectral resolution depends
on the point spread function of HST, the dispersion of the grating, the aperture used, and whether
the target is physically extended. The brightest objects observable with FOS depend strongly upon
the type of object and the combination of detector, spectral element, and aperture to be used; see
Tables 1-10 and 1-11 for brightness limits for each detector and grating as a function of spectral
type. Particle-induced FOS detector background is normally the dominant consideration in deter-
mining limits on faint sources that can be observed by FOS (see section 1.7).

The mapping of the photocathode to the diode array is affected by the changing geomag-
netic environment on orbit. An onboard real-time correction (the geomagnetic-image-motion, or
GIM, correction) is applied routinely in all data-taking modes exa€¥ PEAK.

The instrument has the ability to take spectra with high time resolati0®8 seconds,
RAPI D mode) and the ability to bin spectra in a periodic fasH@R( OD mode). Although FOS

-3 -
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originaly had ultraviolet polarimetric capabilities with the FOS/ BL G130H grating, the post-
COSTAR environment allows polarimetry only for A = 1650A; that is only with gratings G190H,
G270H, and G400H and bo©S/ BL andFOS/ RD.

There is a large aperture for acquiring targets using on-board softwdra @77, desig-
nation4. 3). Since the diode array extends only'lrBthe Y-direction, this largest aperture has
an effective collecting area of 3.X 1.3'. Other apertures include several circular apertures with
sizes 0.86(1. 0), 0.43 (0. 5), and 0.26 (0. 3); and paired square apertures with sizes"0.86
(1. 0- PAI R), 0.43 (0. 5- PAI R), 0.2 (0. 25- PAI R), and 0.09 (0. 1- PAI R), for isolating
spatially resolved features and for measuring sky. In addition, a slit and several barred apertures
are available (see Figure 1-3 and Table 1-4).

FOS/ BL sensitivity decreased by about 10% from launch until 1994.0, but has been stable
since that time to the present. A dig#@S/ BL instrumental sensitivity to approximately 50% of
pre-COSTAR levels centered at 2000A (which extends with an approximate Gaussian full width
from 1600A to 2400A) appeared immediately post-servicing. FIO® RD sensitivity is now gen-
erally stable to within 5%, but was observed to decrease rapidly in Cycles 1 and 2 in a highly wave-
length dependent fashion between 1800A and 21004, affecting gratings G190H, G160L, and to a
lesser degree G270H. The flat fields for these 3 gratings changed little between early 1992 and mid-
1994. Flat fields have been obtained in either the largex3. 83" aperture4. 3) orthe 0.9 (1. 0)
aperture for the G190H, G160L, and the G270H gratings approximately quarterly beginning
March, 1994 in order to monitor this effect. The sensitivity of both the blue and the red detectors
IS to be monitored approximately every 2 months in cycle 5. Please refer to Chapter 3 for a more
complete characterization of the calibration status of the FOS.

1.2 Spectral Resolution

The spectral resolution depends on the point spread function of the telescope, the dispersion
of the grating, the diode width, the spacecratft jitter, the aperture, and whether the target is extended
or is a point source. Table 1-3 lists the dispersers, their wavelengths, and their dispersions (Kriss,
Blair, and Davidsen 1991). All available FOS apertures are listed in Table 1-4 with their designa-
tions as given in HST headers, their sizes, and shapes. Figure 1-3 shows the FOS entrance aper-
tures overlaid upon each other together with the diode array. The positions of the apertures are
known accurately and are highly repeatable.

FOS line widths (FWHM) are given as a function of aperture in Table 1-5 in units of diodes
for a point source at 3400A and for a uniform, extended source. The FWHM does not vary strongly
as a function of wavelength.

» Example: Observing a point source usiR@S/ RD with the G270H grating in the 3.7
x 1.3 aperture4. 3) gives a

FWHM = 0.96 diodex 2.05 A diodé',
FWHM = 1.97 A.
The same observation with the 0'2Z6. 3) aperture would have a
FWHM = 0.92 diodex 2.05 A diodé',
FWHM = 1.89 A.
-4 -
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1.3 Exposure Time Calculations

Tables 1-6 and 1-7 list actual FOS inverseinstrumental sensitivities, S, for the 3.7" x 1.3"
(4. 3) aperture as afunction of wavelength for all detector/disperser combinations. Table 1-8
givesaperturethroughputs, T,, relativetothe 3.7" x 1.3" (4. 3) aperturefor all FOS apertures. The
expected count rate (see TIP below) at a given wavelength can be calculated by dividing the antic-
ipated flux at that wavelength expressed in erg cm? st A1 by theinverse sensitivity from the ta-
bles and then multiplying by the aperture throughput from Table 1-8.

» Example Exposure Time Calculation:. The count rate for a point source with flux of

F), = 3.5 x 10'° erg cm? st AL at 3600A using thEQS/ RD detector, in the 079
(1. 0) aperture, with the G400H grating, is given by

Ny= (R /S) Ty

wherel = 36004, § =1.087 x 10" erg cmi? A~ *count? (from Table 1-7),
Fy = 3.5 x 10 erg cm? s AL, and aperture throughput, E 0.94 (from Table 1-8),
so that

N,= 3.0 countss diode™.

TIP: There can be some confusion about the effective exposure per PIXEL in output FOS
spectra. Asisexplained in section 1.5 below, FOS data are normally acquired in one of three
SUB- STEP modes (=1, 2, or4). Most commonly, FOS data are sampled with SUB- STEP=4
which normally assures satisfaction of the Nyquist sampling theorem. That is, the data are sam-
pled at a spacing corresponding to one-fourth of the sampling element (diode width). Thisyields
the often counter-intuitive situation that output FOSdata products contain PIXEL Swhose effective
exposureis 1./SUB- STEP of the exposure time specified at the RPS2 exposure level. Essentially,
the RPS2 exposure time will be the exposure time per resolution element (or diode) in the output
data.

For example, a 1000-second ACCUMmode SUB- STEP=4 exposure produces 4 pixels per
resolution element each of whose effective exposure is 250 seconds.

The exposure time for a desired signal-to-noise ratio per resolution element is then given by
t= (SNRY/ Ny,

which in our example above for SNR = 20 per DIODE, yields t = 400/3.0 countsisec
ode'= 133 seconds.

For a source with a count rate comparable to the dark count rate, d, this equation becomes
t= (SNR/Ny) (1+Ny/d)/ (N, /d).
» Exampleusing V magnitude and spectral type (see Table 1-9). As a comparison,
count rates for objects of representative spectral type with V=15.0 are given in Table

1-9 at the wavelengths corresponding to the peak response of each grating. The
-5-
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example given above corresponds to an object with power law F,, O v2, V=150,
observed in the 0.9” (1. 0) aperture, the G400H grating, and FOS/ RD detector.

1.4 BrightnessLimits

The photocathodes can be damaged if illuminated by sources that are too bright. The dan-
ger thresholds for the detectors have been translated into alimit of total counts detected by all 512
diodes per 60 seconds - the overlight limit. If the overlight limit is exceeded in a 60-second inter-
val, the FOS automatically safes- i.e. the FOS shutsits aperture door, places all wheelsat their rest
position, and stops operation. The overlight protection limitis1.2 x 108 counts per minute summed
over the 512 diodes for the gratings and 3 x 10 counts per minute for the mirror. The visual mag-
nitudes for unreddened stars of representative spectral types corresponding to this limiting count
rate are given in Tables 1-10 and 1-11 for all spectral elements.

1.5 Fundamentals of Data Acquisition

1.5.1 Sub-stepping

FOSdataare usually acquired in one of three SUB- STEP modes (=1, 2, or4). Normally,
SUB- STEP should be > 2, but 1 can betolerated in certain special cases. The following describes
detailsfor SUB- STEP=4, so-called “quarter-stepping,” which is the default and most commonly
used mode.

FOS data are acquired in a nested manner, with the innermost loop being livetime, LT, plus
deadtime, DT, (see Appendix A for a full description of data taking). The next loop sub-steps the
diode array along the dispersion direction (X-direction), normally by one-quarter of the diode
width (12.5 microns, or 0.07Hand so on for four quarter-steps. To minimize the impact of dead
diodes, this loop of data-taking is then continued by sub-stepping in steps of one-quarter of the di-
ode width, but over the adjacent diode. This over-scanning procedure is repeated until spectra are
obtained over 5 contiguous diodes, or for a total of 20 quarter-steps. The process is repeated until
each diode (not pixel - see below) has been exposed for the duration specified in the RPS2 exposure
level.

A typical data taking sequence would divide the exposure time into twenty equal time bins,
and first perform the sequence of (livetime + deadtime) stepped four times. Each of these first four
SUB- STEPs is placed in a separate memory location onboard, thereby producing initially 2048
pixels or wavelength-bins of data (512 diode$ quarter-steps). This sequence is continued by
stepping the spectrum onto the next diode for four more quarter-steps (so-called over-scanning).
Again 2048 wavelength bins are produced, but four of the second set were not in the first. The
wavelength bins are correctly co-added in memory so that we now have 2052 pixels. This process
is continued for three more over-scan steps, finally yielding a total of 2064 pixels in the resultant
spectrum.Note that at the end of the exposure none of the pixels has been exposed for the duration
specified in the RPS2 exposure level. Thetypical pixel in the output spectrum will have been ex-
posed for one-fourth of the RPS2-specified exposure time.

TIP: Although overscanning can be turned off via the RPS2 exposure level parameter
COVB=NQ, we do not recommend this option because then no corrections for the impact of dead
diodes can be made.

-6 -
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1.5.2 ACCUM

FOS observationslonger than afew minutes are automatically time-resolved. Spectrataken
in astandard manner in ACCUMmode are read out at regular intervals. Thered side (FOS/ RD) is
read out at < 2 minute intervals, while the blue side (FOS/ BL) isread out at < 4 minute intervals.
The standard output data for ACCUMmode preserve the time resolution in “multi-group” format.
Each group of data has associated group parameters with information that can be used to calculate
the start time of the interval, plus a spectrum for each interval (2 minute€©36IRD, 4 minutes
for FOS/ BL) of the observation. Each consecutive spectrum (group) is made up of the sum of all
previous intervals of data. The last group of the data set contains the spectrum from the full expo-
sure time of the observation. For details on output data formats, see Part \H ST fhata Hand-
book (ed. Baum 1994).

ACCUMwith defaultSUB- STEP=4 is the standard data-taking mode for FOS.

TIP: Remember that for SUB- STEP=4 an exposure time of 1000 seconds entered in the
RPS2 exposure level corresponds to 250 seconds exposure for each quarter-stepped pixel in the
actual spectrum.

The sample RPS2 FOS proposal in Appendix F contains an exampld@Caimode
exposure in Visit 01.

1.5.3 RAPI D

For observations needing higher time resolutiRAF] D mode reads out FOS data at a rate
set by the observer with the paramd&BAD- TI ME, which is equal to the sum of livetime, LT,
plus deadtime, DT, plus the time to read out the diode array, FRRBAD- Tl ME is, normally, the
length of time between the start of one exposureRARI D series and the start of the next expo-
sure in the series. The observer should be aware that the perceriRag®oT | ME spent actually
accumulating data iRAPI D can be very small depending on how the parameters are set. Figure
1-4, from Welstet al (1994), shows the duty cycle, or ratio of time spent accumulating data (LT)
to READ- Tl ME, as a function oREAD- Tl ME. Given the two values of telemetry rate (32,000
bits/sec, and 365,000 bits/sec) and the three common valSeBoSTEP (4, 2, and 1), there are
six duty cycle curves in Figure 1-4.

TIP: The FOSwill switch fromlow telemetry rate to high when the duty cycle drops below
80%. The READ- Tl MEsat which thistransition occurs are given as the minimum READ- TI MEs
for the low telemetry rate in Table 1-1. Switching to the high telemetry rate normally limits the
total amount of data-taking to 18 minutes per orbit due to onboard tape recorder capacity. The
telemetry rate can be forced to remain at the low rate in special circumstances. Normally, the pa-
rameters should be set to maximize duty cycle, while maintaining the resolution and wavelength
coverage necessary for the scientific objectives.

The minimum value ofREAD- Tl ME is dependent upon ti8B- STEP, the overscan-
ning, the number of diodes being read out, and the telemetry rate. For the most common case of
SUB- STEP=4, OVERSCAN=5 COVB=YES), and all 512 diodes used, the minimREBAD-
Tl ME is 6.18 seconds for the low telemetry rate and 0.708 seconds for the high rate (see Table 1-
1 below). The shortest possilteAD- TI ME of 0.033 seconds requir86B- STEP=1, no over-
scanning COVB=NO), the high telemetry rate, and limiting data-taking to 50 diodes.
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The minimum values of READ- Tl ME to read-out all 512 diodes with allowed values of
SUB- STEP and normal (default) OVERSCAN=5 (COVB=YES) are givenin Table 1-1.

Asafurther complication, in certain cases the start times of individual measures of a RAP-
| D observing sequence may be separated by an interval substantially shorter and less predictable
than READ- Tl ME. This special shortened interval can occur for values of the READ- Tl VE less
than the recommended minimum READ- TI MEsfor the low telemetry rate given in Table 1-1 be-
low. Each default minimum READ- Tl ME, which correspondsto an 80% duty cycle, isshorter than
the corresponding recommended minimum value. Contact an Instrument Scientist if you are con-
templating using alow telemetry rate READ- T1 IME shorter than the recommended values.

Table 1-1: Minimum RAPI D mode READ- Tl ME and read-out (ROT) times

SUB- STEP=1 SUB- STEP=2 SUB- STEP=4
Telemetry rate
READ- TI ME | ROT | READ- TI ME | ROT | READ- TI ME | ROT
default 1.55 3.0 6.18
minimum
low 0.309 0.617 1.234
recommended 1.86 3.70 7.40
minimum
high 0.177 0.027 0.354 0.054 0.708 0.108

RAPI D data are also delivered in group format with a header present at the beginning of
the data. Each group then contains group parameters with FOS-related information followed by
the spectrum for one time segment; that is, each exposurein aRAPI Dtime seriesis stored in asep-
arate group. (Of particular interest among the output group parametersis FPKTTIME, which can
be used to derive the start time for each individual exposure, as given in Appendix A.)

1.5.3.1 Practical Consider ations and Suggestions. RAPI D

Again, the default SUB- STEP=4 isthe standard data-taking mode for RAPI D mode. Nor-

mally, SUB- STEP=2, or 1, is used with RAPI D mode only when read-out time management is
required.

The sample RPS2 FOS proposal in Appendix F contains an example of aRAPI D mode ex-
posurein Visit 02.

In RAPI D mode, when awavelength range is specified, that range will be used whether or
not thereisroom in memory for alarger region. Therefore, specifying a wavelength rangeisNOT
a good idea unless absol utely necessary, because it restrictsthe wavelength region that isread out.
The full wavelength region is often useful. For example, the background can be determined di-
rectly from thediode array for gratings G130H, G160L, G190H, G650L, G780H, and PRISM. The
diodes below the lowest wavelength, given in Table 1-3, can be used to average the actual back-
ground rate. The zero order, which provides a measure of broad band photometry, can also be
monitored for G160L if all diodes are read out. If the observer needs only a specific wavelength
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range to be read out, then that range should be specified with the keyword WAVEL ENGTH at the
exposure level in RPS2. Otherwise, the largest possible wavelength range that is compatible with
the requested READ- T VE will be observed automatically.

Additional suggestions for RAPI D mode (mostly drawn from Welsh et al, 1994):

« If the sampling rateREAD- Tl ME) must be sed priori, the total exposure time speci-
fied in RPS2 must be an integral multipleRHEAD- TI ME. If not, READ- TI ME will
be altered to make this true.

NON | NT must be specified if a continuous data set is required. Otherwise, Earth
occultations will not be prohibited in the exposure series.

Due to jitter of the spacecraft, one should use the largest aperture possible.

Avoid READ- Tl MEs that are very near to the transition between high and low telemetry
rates (see Figure 1-4). Small roundoff errors can have a drastic effect.

Indeed, if timing is critical, avoiBEAD- TI MES < minimumrecommended READ-
Tl ME given in Table 1-1. Contact an Instrument Scientist in this case.

1.54 PERI CD

For objects that have a well known period, FOS data can be taRERIif©D mode in such
a way that the period is divided irBb NS where each bin has a duratiolwt periodBl NS. The
period of the object is specified by the param€&¥CLE- TI ME. The spectrum taken during the
first segment of the periodt,, is added into the first memory location. The spectrum taken during
the second segmeitt,, is added to a contiguous memory location, and so on. The number of seg-
ments that a period can be divided into depends on the amount of data each spectrum contains,
which depends on the numberS3¥B- STEPs, whether or not the data are overscanned, and how
large a wavelength region is to be read out. If the full range of diodes is read out, and the default
observing parameters are use@| NS of data can be storedPERI OD mode output data contain
a single group with a standard header followed by the spectra stored sequentially where there are
Bl NS spectra.

The data size, which cannot exceed 12,288 pixels, is givétERIrCD by
Data size = (NCHNLS + OVERSCAN - ¥)SUB- STEP x BI NS,

whereBl NS applies td?PERI OD mode only.Bl NS is the number of time-segments into which the
periodic data are divided and overscan will be either 5 (normally) or 1. If the observer needs a larg-
er number ofBI NS than 5, the wavelength range can be decreased, or the sub-stepping can be de-
creased to 2 or 1. (See Table 1-3 for relation between the number of diodes, (NCHNLS) and
wavelength dispersion.)

1.5.5 Practical Considerations and Suggestions. General

TIP: The FOS filter-grating wheel isturned in only one direction. In order to minimize
overheads during spectral element changes (about 10 seconds per grating wheel position or about
100 seconds for a complete grating wheel revolution) use the following order:
G130H, G400H, G160L, G650L, PRISM, G780H, MIRROR, G270H, G190H, G570H, G130H,..
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TIP: Observations requiring precise wavelength accuracy should always be scheduled
consecutively with an internal WAVECAL exposure with no motion of the filter-grating wheel be-
tween the exposures (see section 3.2 and Visit 03 of the sample RPS2 FOSprogramin Appendix F).

TIP: Observationsrequiring high SN (i.e., 230) should be centered with the sameprecision
as FOScalibration flat field exposures (<0.04") since small size-scale photocathode granularity
differences could compromise high SN objectives. See Visit 03 of the sample FOSRPS2 proposal
in Appendix F for an example of an ACQ' PEAK sequence to achieve this accuracy.

1.6 Polarimetry

The deployment of COSTAR resulted in two extrareflections for light entering the FOS.
These extra reflections introduce wavel ength-dependent instrumental polarization of the order of
2%. The net effect isthat FOS polarization measures are now feasible only at wavelengths long-
ward of 1650 A. Routine FOS polarimetric calibration will be supported only for gratings G190H
and G270H for botkOS/ BL andFOS/ RD. For highest quality polarimetric measures we recom-
mend usage of the 0.6L. 0) aperture only. Indeed, only the O(Q. 0) aperture will be calibrated
in the Cycle 5 (and presumably Cycle 6) calibration plan. Please refer to section 3.6 for a discus-
sion of the FOS polarimetric calibration uncertainties. Naturally, the highest levels of polarimetric
accuracy are achievable only for bright sources. Refinement of the Cycle 4 polarization calibration
status will not be complete until after this Handbook goes to press - please refer to the FOS WWW
Homepage ADVISORIES section for further updates on polarization accuracies and uncertainties.

A Wollaston prism plus rotating waveplate can be introduced into the light beam to produce
twin dispersed images of the aperture, with opposite senses of polarization, at the detector (Allen
and Angel 1982). Although there are two waveplates available, only waveplate “B” is currently
recommended for use, and only in the G190H and the G270H gratings.

The sensitivity of the polarizer depends upon its throughput efficiency. The detector can
observe only one of the two spectra produced by the polarizer at one time, so that another factor of
two loss in practical throughput occurs. The polarizer count rate is related to the ordinary FOS
count rate (as calculated in section 1.3) by

Count rate(pol) = Count rate(FO8) 4, % 0.5,

where ny,, which ranges between approximately 60% and 80% for G190H and G270H spectral
regions is found in Figure 1-5.

Uncertainties in the percentage of linear polarization may be estimated from the following
expression (adapted from Allen and Smith, 1992):

Opol = { 1600. / Gy }2° x 4.16%
The number of counts, g, to be used in evaluating this expression is the total number of

counts summed over all polarizer rotation angles and pass directions within a pixel bin of size ap-
propriate to the science.
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1.6.1 Practical Considerations and Suggestions: Spectropolarimetry

The use of the optional parameter POLSCAN is demonstrated in Visit 01 of the sample
RPS2 FOS proposal in Appendix F.

A typical POLSCAN sequence might consist of pairs of sub-exposures (one for each of the
two passdirections) at each of 4, 8, or 16 separate polarizer rotation angles. All of these sub-expo-
suresmust fit within asingletarget visibility period. Obvioudly, avery severe constraint isthereby
placed on the duration of exposure at any individual polarizer position. The exposure timethat is
entered in the RPS2 exposure level should be the total exposure time for acomplete single-visibil-
ity POLSCAN sequence. Additional complete POL SCAN sequences can be executed in subsequent
orbits as separate RPS2 exposures in order to increase S/N.

T1P: POLSCAN observational overheadsare quitelarge. We urge all prospective polarim-
etry observersto contact an FOS Instrument Scientist to discuss these considerations.

Polarimetry Summary:

* use “B” waveplate only
» use only G190H, G270H, and G400H with eitR€s/ BL or FOS/ RD
* recommend use of only 0.€L. 0) aperture

 refer to FOS WWW Homepage ADVISORIES section after 1 June 1995 for updates on
polarization accuracies and uncertainties.

1.7 FOS Noise and Dynamic Range

The minimum detectable source levels are set by instrumental background, while the max-
imum accurately measurable source levels are determined by the response times of the FOS elec-
tronics.

When the FOS is operatin% outside of the South Atlantic Anomaly, the average dark count
rate is roughly 0.01 counts'sliode? for the red detector and 0.007 countsitode? for the blue
detector (Rosenblagt al 1992). However, Rosenblatal note that the background count rate
varies with geomagnetic latitude so that higher rates are observed at higher latitudes.

At the present time the FOS Group is nearing completion of an extensive re-analysis of the
FOS background count rate. Preliminary analysis indicates that the Rosarabldétrk rates sys-
tematically underestimate the actual dark counts2%.0Only faint sour ce observationsthat will
not be corrected routinely for scattered light will be affected by this discrepancy. Please refer to
the FOS WWW Homepage ADVISORIES section after 1 June 1995 for updates on the FOS back-
ground calibration.

The instrumental sensitivities in Tables 1-6 and 1-7 can be used to evalugttivetiich
the measured count rate would equal the detector background.
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« Example: For an object observed at 2600A with G270H and the(0.9) aperture,
what incident flux will produce a count rate comparable to detector dark for both
detectors?

F=(Ny S) /Ty,

where N = 0.01 counts $diode (FOS/ RDdark); § = 2.044 x 10 (from Table
1-7); and | = 0.92 (interpolated from Table 1-8) yield that

Fy = 2.2 x 10* erg cm? s AL produces a count rate equivalenF@S/ RD dark.

Similarly, for FOS/ BL : N, = 0.007 counts Sdiode* (FOS/ BL dark);
S, = 3.463 x 10" (from Table 1-6); and 7= 0.92 (interpolated from Table 1-8)
yield that

F) = 2.6 x 10t erg cm? s AL produces a count rate equivalenE@s/ BL dark.

At the other extreme, foncident count rates higher than about 100,000 couhidiede®
(that is, for rawobserved count rates higher than about 50,000 courtdisde?), the observed
output count rate does not have an accurate relation with the true input count rate. Figure 1-6 shows
a determination of the relation between true count rate and observed count rate as measured by Lin-
dler and Bohlin (1986, fdfOS/ RD only). A correction, the so-called paired pulse correction, is
applied in the pipeline processing to account for this detector non-linearity at high count rates. For
observed count rates above 50,000 couhtisde’, the correction exceeds a factor of two and its
accuracy decreases drastically. By the time a true count rate of 200,000 Codioises is
reached, the error in the correction to the true rate is of order 50%.
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Figure 1-1: Quantum efficiency of the FOS Flight detectors.

FOS DETECTOR QUANTUM EFFICIENCY
\ \ \ \ \

0.30

0.25— RED DETECTOR (F12) _|

BLUE DETECTOR (F7)

0.20 —

0.15—

EFFICIENCY

0.05

0.00 J \ \ \ \ \ \ \

1000 2000 3000 4000 5000 6000 7000 8000 9000
WAVELENGTH (ANGSTROMS)

The FOS/ BL detector has a bialkali photocathode (Na,K Sh) deposited on a magnesium fluoride
window to cover the wavelength range 1150 A < A < 5500 A,

The trialkali, NgKSb(Cs), photocathode of tiiS/ RD detector is deposited on fused silica to
provide an extension of sensitivity to the red covering 170048500 A.
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Figure1-2: A schematic optical diagram of the FOS.
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Figure1-3: A Schematic of the FOS Apertures projected onto the sky.

The upper panel (a) showsthearray of 0.31" x 1.29" diodes projected acrossthe center of the 3.66"

x 3.71" target acquisition aperture. Thetarget acquisition aperture and the single circular apertures

position to acommon center. The pairs of square apertures position to common centers with re-

spect to the target acquisition aperture as shown in the figure. Either the upper aperture (the “A”
aperture, which is furthest from the HST optical axis) or the lower aperture (the “B” aperture,
which is closest to the HST optical axis) in a pair can be selected by an appropriate y-deflection in
the Digicon detectors. The lower panel (b) shows three more slits that position to the center of the
target acquisition aperture. The bottom of the figure (c) shows the orientation of the direction per-
pendicular to the dispersion (shown as a dashed line) relative to the HST V2, V3 axes. The FOS
x-axis is parallel to the diode array and positive to the left; the y-axis is perpendicular to the diode

array and positive toward the upper aperture. The angle betwee@3hBL and thed=0S/ RD
slit orientation is 73.6 degrees.
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Figure 1-4: Duty Cycle ver sus READ- TME for RAPI D mode obser vation.
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Percentage of time spent accumulating datain RAPI D mode as a function of READ- Tl ME, telem-
etry rate, and SUB- STEP. The squares mark the SUB- STEP=1 case, the diamonds denote the
SUB- STEP=2 case, and SUB- STEP=4 isindicated by filled dots. The upper three curves, al
dotted, are for the high telemetry rate and the three dashed curves are for the low (32kHz rate).
The thick curves correspond to the default telemetry rate. In all cases OVERSCAN=5 and
NCHNLS=512.
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Figure1-5. FOSwaveplateretardation (Ieft) and polarimeter transmission (Allen and An-
gel, 1982).
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Figure1-6. Measured count rate versustrue count rate (Lindler and Bohlin 1986). The
lower curveisaplot of the upper curve expanded by 10 in the x-direction.
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Table 1-2: FOSInstrument Capabilities

Wavelength coverage FOS/ BL: 1150A to 5400A in several grating settings.
FOS/ RD: 1620A to 8500A in several grating settings.
Spectral resolution Highk/AA = 1300.
Low: A/AA = 250.
Time resolution At > 0.033 seconds.
Acquisition aperture 37x 3.7 (4. 3).
Science apertur8s Largest: 3.7x 1.3' (4. 3).

Smallest: 0.09square paired); 1- PAI R).
Brightest stars observaBle | V=9 for BOV, V=7 for G2V.

Dark count rate FOS/ BL: 0.007 counts™$ diode?
FOS/ RD: 0.010 counts™$ diode?

Example exposure times | F, =2 5 x 103, SNR=20/(1.0A), t=260s.
0.9' (1. 0) aperturé Fogoo=1.3 X 103, SNR=20/(2.0A), t=10sHCS/ BL).
Fog00=1.3 x 103, SNR=20/(2.0A), t=6.65HCS/ RD).

1 See Table 1-3 for grating dispersions and wavelength coverage.
2 See Table 1-4 for available apertures.

3 See Tables 1-10 and 1-11 for brightest objects observable, which are strongly dependent
on spectral type and grating.

4 See Section 1.3 for exposure time calculations, and Table 1-8 for count rates for objects
with avariety of spectral types. The example given hereis per diode for 3C273
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Table 1-3: FOSDispersers

Blue Digicon

Grating DiodeNo. LowA Diodg No. High A Aj\ 1 Blo.cking
at Low A (R) atHigh A (R) (A-Diode™) Filter

G130H 53 1148 516° 1606 1.00 --
G190H 1 1573 516 2330 1.47 --
G270H 1 2221 516 3301 2.09 Si0
G400H 1 3240 516 4822 3.07 WG 305
G570H 1 4574 516 6872 4.45 WG 375
G1le0L 319 1148 516 2508 6.87 --
G650L 295 3540 373 9022 25.11 WG 375
PRISM® 333 1500 29 6000 - -

Red Digicorjl
G190H 503 1599 1 2312 -1.45 --
G270H 516 2222 1 3277 -2.05 SO
G400H 516 3235 1 4781 -3.00 WG 305
G570H 516 4569 1 6818 -4.37 WG 375
G780H 516 6270 126 8500 -5.72 OG 530
G1le0L 124 1574 1 2424 -6.64 --
G650L 211 3540 67 7075 -25.44 WG 375
PRISM® 237 1850 497 8950 - -

a. The blue Digicon Mgffaceplate absorbs light shortward of 1140 A.

b. The photocathode electron image typically is deflected across 5 diodes, effectively
adding 4 diodes to the length of the diode array.

c. The second order overlaps the first order longward of 2300 A, but its contribution is at
a few percent.

d. Quantum efficiency of the blue tube is very low longward of 5500 A.

e. PRISM wavelength direction is reversed with respect to gratings of the same detector.
f. The sapphire prism absorbs some light shortward of 1650 A.

g. The red Digicon fused silica faceplate strongly absorbs some light shortward of 1650A.
h. Quantum efficiency of the red detector is very low longward of 8500 A.

I. Dispersion direction is reversed 160S/ RD relative toFOS/ BL
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Table1-4: FOSApertures

Designation

(Header Number Shape Séz)e Sepzzl’r’;j\tlon Special Purpose
Designation)
0.3 Single Round 0.26 dia NA Spectroscopy
(B-2)
0.5 Single Round 0.43 dia NA Spectroscopy
(B-1)
1.0 Single Round 0.86 dia NA Spectroscopy and
(B-3) Spectropolarimetry
0.1-PAIR Pair Square 0.09 2.57 Object and Sky
(A-4)
0. 25- PAIR Pair Square 0.21 2.57 Object and Sky
(A-3)
0.5-PAIR Pair Square 0.43 2.57 Object and Sky
(A-2)
1.0-PAIR Pair Square 0.86 2.57 Extended Objects
(C-1)
0.25X2.0 Single  Rectangular 0.21x 1.71 NA High Spectral
(C-2 Resolution
0. 7X2.0-BAR Single Rectangular 0.60x 1.71 NA Surrounding
(C-9) Nebulosity
2. 0- BAR Single Square 1.71 NA Surrounding
(C-3) Nebulosity
BLANK NA NA NA NA Dark and Particle
(B-4) Events
4.3 Single Square 3.66x 3.71 NA Target Acquisition
(A-1) and Spectroscopy
FAI LSAFE Pair Square 0.43 and 3.7 NA Target Acquisition
and Spectroscopy

The first dimension given for rectangular aperturesis along the X or dispersion direction
and the second dimension is perpendicular to the dispersion direction. The two apertureswith the
suffix designation "BAR" are bisected by an occulting bar whichis 0.26" wide in the direction per-
pendicular to dispersion.
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Table 1-5: FOSLineWidths (FWHM) asa Function of Aperture Size

Aperture Filled with

Uniform Source Point Source

Designation Size (") at 3400A

G130H (Blue) G570H (Red) FWHM
FWHM FWHM

0.3 0.26(circular) 1.00_+01 0.95 +02 0.92
0.5 0.43(circular) 1.27_+04 1.20 +.01 0.93
1.0 0.86(circular) 2.29 +02 2.23 +01 0.96
0.1-PAIR 0.09(square) 0.97 403 0.92 +02 0.91
0. 25- PAIR 0.21(square) 0.98 1 0.96 +01 0.92
0.5-PAIR 0.43(square) 1.30 #04 1.34 +.02 0.94
1.0-PAIR 0.86(square) 2.65 402 2.71 +.02 0.96
0.25%X2.0  0.21 X 1.71(slity ~ 0.99 +01 0.96 +01 0.92
0. 7X2. 0- BAR 0.60 X 1.71 1.83_+02 1.90 +01 1.26
2. 0- BAR 1.71 5.28 +.07 5.43 +04 1.34
4.3 3.66 X 3.71 122 0.1 12.2 0.1 0.96

The FWHM are given in units of diodes. A diode is0.31" wide and 1.29" high.
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Table1-6: S,, FOS/ BL Inverse Sensitivity (erg-cm™>-A-count?) : 3.7 x 1.3’ (4. 3) aperture

Wavelength G130H G190H G270H G400H G160L PRISM

1200 5.010E-13 1.250E-13

1250 1911E-13 4.200E-14

1300 1.467E-13 2.935E-14

1350 1.305E-13 2.233E-14

1400 1.164E-13 2.093E-14

1450 1.077E-13 1.732E-14

1500 1.041E-13 1.888E-14 | 1.085E-12
1550 O.774E-14 1.665E-14 | 6.667E-13
1600 1.024E-13 | 6.627E-14 1.373E-14 | 4.804E-13
1650 5.509E-14 1.254E-14 | 3.467E-13
1700 4.901E-14 1.207E-14 | 2.738E-13
1750 4.397E-14 1.143E-14 | 2.391E-13
1800 4.108E-14 1.059E-14 | 1.689E-13
1850 3.831E-14 9.770E-15 | 9.628E-14
1900 3.601E-14 9.453E-15 | 5.263E-14
1950 3.446E-14 9.515E-15 | 3.520E-14
2000 2.969E-14 8.762E-15 | 2.129E-14
2050 2451E-14 7.011E-15 | 1.372E-14
2100 1.876E-14 5513E-15 | 7.731E-15
2150 1.556E-14 4.598E-15 | 4.934E-15
2200 1.258E-14 3.927E-15 | 3.062E-15
2250 1.070E-14 | 9.207E-15 3.365E-15 | 2.526E-15
2300 9.392E-15 | 7.784E-15 2.893E-15 | 1.741E-15
2350 7.067E-15 2.514E-15 | 1.261E-15
2400 5.645E-15 2.186E-15 | 1.017E-15
2450 4.850E-15 1.928E-15 | 8.319E-16
2500 4.243E-15 1.742E-15 | 6.960E-16
2550 3.796E-15 5.645E-16
2600 3.463E-15 4.559E-16
2650 3.238E-15 3.738E-16
2700 3.090E-15 3.091E-16
2750 2.998E-15 2.668E-16
2800 2.928E-15 2.326E-16
2850 2.850E-15 2.070E-16
2900 2.770E-15 1.852E-16
2950 2.717E-15 1.690E-16
3000 2.717E-15 1.562E-16
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Table1-6: S,, FOS/ BL Inverse Sensitivity (erg-cm™>-A-count?) : 3.7 x 1.3’ (4. 3) aperture

Wavelength G130H G190H G270H G400H G160L PRISM
3050 2.740E-15 1.451E-16
3100 2.751E-15 1.352E-16
3150 2.761E-15 1.276E-16
3200 2.763E-15 1.210E-16
3250 2.726E-15 | 2.076E-15 1.141E-16
3300 2.673E-15 | 2.004E-15 1.070E-16
3350 1.955E-15 1.019E-16
3400 1.918E-15 9.692E-17
3450 1.879E-15 9.165E-17
3500 1.846E-15 8.756E-17
3550 1.821E-15 8.283E-17
3600 1.804E-15 7.938E-17
3650 1.796E-15 7.634E-17
3700 1.804E-15 7.446E-17
3750 1.832E-15 7.255E-17
3800 1.887E-15 7.163E-17
3850 1.967E-15 7.107E-17
3900 2.066E-15 7.108E-17
3950 2.177E-15 7.145E-17
4000 2.296E-15 7.213E-17
4050 2.419E-15 7.310E-17
4100 2.543E-15 7.392E-17
4150 2.672E-15 7.546E-17
4200 2.809E-15 7.673E-17
4250 2.971E-15 7.907E-17
4300 3.183E-15 8.097E-17
4350 3.474E-15 8.321E-17
4400 3.815E-15 8.585E-17
4450 4.157E-15 8.897E-17
4500 4.475E-15 9.268E-17
4550 4.801E-15 9.713E-17
4600 5.210E-15 1.025E-16
4650 5.732E-15 1.090E-16
4700 6.364E-15 1.169E-16
4750 7.144E-15 1.268E-16
4800 8.121E-15 1.327E-16
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Table1-7: S,, FOS/ RDInverseSensitivity (erg-cm™>-A-1-count?) : 3.7' x 1.3 (4. 3) aperture

A G190H G270H G400H G570H G780H G160L G650L PRISM
1600 | 9.841E-13 6.418E-14 1.085E-12
1650 | 4.246E-14 7.447E-15 3.131E-13
1700 | 2.100E-14 4.472E-15 1.025E-13
1750 | 1.606E-14 3.642E-15 8.171E-14
1800 | 1.326E-14 3.201E-15 5.898E-14
1850 | 1.315E-14 3.296E-15 3.774E-14
1900 | 1.122E-14 3.315E-15 1.866E-14
1950 | 1.047E-14 3.068E-15 1.274E-14
2000 | 9.849E-15 2.638E-15 7.700E-15
2050 | 7.245E-15 2.123E-15 4.431E-15
2100 | 5.733E-15 1.702E-15 2.699E-15
2150 | 4.902E-15 1.457E-15 1.814E-15
2200 | 4.403E-15 1.352E-15 1.309E-15
2250 | 4.132E-15 | 4.134E-15 1.248E-15 9.984E-16
2300 | 3.764E-15 | 3.670E-15 1.214E-15 7.907E-16
2350 3.227E-15 1.128E-15 6.435E-16
2400 2.820E-15 1.039E-15 5.269E-16
2450 2.508E-15 4.358E-16
2500 2.322E-15 3.710E-16
2550 2.187E-15 3.184E-16
2600 2.044E-15 2.742E-16
2650 1.915E-15 2.353E-16
2700 1.846E-15 2.068E-16
2750 1.849E-15 1.821E-16
2800 1.879E-15 1.624E-16
2850 1.889E-15 1.463E-16
2900 1.876E-15 1.317E-16
2950 1.860E-15 1.202E-16
3000 1.861E-15 1.107E-16
3050 1.868E-15 1.020E-16
3100 1.862E-15 9.420E-17
3150 1.852E-15 8.807E-17
3200 1.836E-15 8.200E-17
3250 1.802E-15 | 1.456E-15 7.689E-17
3300 1.376E-15 7.274E-17
3350 1.318E-15 6.832E-17
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Table1-7: S,, FOS/ RDInverseSensitivity (erg-cm™>-A-1-count?) : 3.7' x 1.3 (4. 3) aperture

A G190H G270H G400H G570H G780H G160L G650L PRISM
3400 1.272E-15 6.457E-17
3450 1.226E-15 6.030E-17
3500 1.178E-15 5.620E-17
3550 1.132E-15 1.835E-14 | 5.195E-17
3600 1.087E-15 3.221E-15 | 4.824E-17
3650 1.049E-15 1.043E-15 | 4.476E-17
3700 1.022E-15 6.275E-16 | 4.165E-17
3750 1.012E-15 4.405E-16 | 3.898E-17
3800 1.022E-15 3.511E-16 | 3.700E-17
3850 1.040E-15 3.043E-16 | 3.533E-17
3900 1.051E-15 2.787E-16 | 3.380E-17
3950 1.050E-15 2.617E-16 | 3.261E-17
4000 1.046E-15 2490E-16 | 3.141E-17
4050 1.050E-15 2.381E-16 | 3.021E-17
4100 1.058E-15 2.274E-16 | 2.905E-17
4150 1.065E-15 2.190E-16 | 2.800E-17
4200 1.069E-15 2.116E-16 | 2.702E-17
4250 1.078E-15 2.051E-16 | 2.609E-17
4300 1.101E-15 1.994E-16 | 2.519E-17
4350 1.134E-15 1.945E-16 | 2.433E-17
4400 1.164E-15 1.902E-16 | 2.369E-17
4450 1.179E-15 1.865E-16 | 2.300E-17
4500 1.186E-15 1.831E-16 | 2.240E-17
4550 1.193E-15 1.807E-16 | 2.192E-17
4600 1.206E-15 | 7.290E-16 1.788E-16 | 2.149E-17
4650 1.227E-15 | 7.296E-16 1.773E-16 | 2.106E-17
4700 1.258E-15 | 7.303E-16 1.762E-16 | 2.080E-17
4750 1.297E-15 | 7.315E-16 1.754E-16 | 2.045E-17
4800 7.330E-16 1.751E-16 | 2.018E-17
4850 7.351E-16 1.750E-16 | 1.993E-17
4900 7.380E-16 1.751E-16 | 1.969E-17
4950 7.419E-16 1.755E-16 | 1.947E-17
5000 7.467E-16 1.761E-16 | 1.926E-17
5100 7.613E-16 1.780E-16 | 1.883E-17
5200 7.829E-16 1.805E-16 | 1.847E-17
5300 8.117E-16 1.837E-16 | 1.811E-17
5400 8.478E-16 1.877E-16 | 1.782E-17
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Table1-7: S,, FOS/ RDInverseSensitivity (erg-cm™>-A-1-count?) : 3.7' x 1.3 (4. 3) aperture

A G190H G270H G400H G570H G780H G160L G650L PRISM
5500 8.890E-16 1.927E-16 | 1.758E-17
5550 9.104E-16 1.954E-16 | 1.748E-17
5600 9.309E-16 1.983E-16 | 1.738E-17
5700 9.730E-16 2.048E-16 | 1.725E-17
5800 1.020E-15 2.127E-16 | 1.716E-17
5900 1.079E-15 2.212E-16 | 1.712E-17
6000 1.150E-15 2.308E-16 | 1.713E-17
6100 1.227E-15 2417E-16 | 1.720E-17
6200 1.304E-15 2.548E-16 | 1.728E-17
6300 1.383E-15 | 1.029E-15 2.688E-16 | 1.743E-17
6400 1.469E-15 | 1.076E-15 2.848E-16 | 1.760E-17
6500 1.568E-15 | 1.126E-15 3.042E-16 | 1.787E-17
6600 1.692E-15 | 1.182E-15 3.253E-16 | 1.822E-17
6700 1.852E-15 | 1.244E-15 3.497E-16 | 1.858E-17
6800 2.055E-15 | 1.320E-15 3.782E-16 | 1.892E-17
6900 1.416E-15 4.142E-16 | 1.953E-17
7000 1.538E-15 4.550E-16 | 2.002E-17
7100 1.690E-15 4.913E-16 | 2.080E-17
7200 1.878E-15 2.161E-17
7300 2.106E-15 2.248E-17
7400 2.377E-15 2.369E-17
7500 2.713E-15 2.510E-17
7600 3.134E-15 2.689E-17
7700 3.667E-15 2.879E-17
7800 4.358E-15 3.131E-17
7900 5.271E-15 3.438E-17
8000 6.519E-15 3.828E-17
8100 8.322E-15 4.274E-17
8200 1.095E-14 4.850E-17
8300 1.501E-14 5.668E-17
8400 2.199E-14 6.602E-17
8500 3.795E-14 7.926E-17
8600 9.352E-17
8700 1.229E-16
8800 1.523E-16
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Table 1-8: T,, Point Source Post-COSTAR FOS Aperture Throughputs(rel. 4. 3 = 1)

1500 2250 3400 5000 7500

1.0 0.89 0.91 0.94 0.96 0.97
0.5 .76 8l .90 91 .90
0.3 .67 72 .80 .86 .83
0.25X2.0 712 .76 .84 .89 .86
1.0-PAIR .92 92 .95 97 97
0.5-PAIR .76 .83 .92 .92 91
0. 25- PAIR .61 71 g7 81 .79
0.1-PAIR 54 .64 .64 .58 47
2. 0- BAR A3 10 .09 .08 10

. 7X2. 0- BAR 10 .08 .08 .07 .07

Fraction of light transmitted by the apertures as a function of wavelength, relative to the
throughput of the 3.7" x 1.3" (4. 3) aperture, after deployment of COSTAR for aperfectly centered
point source, based upon ST Scl modeling with the TIM code. These values should be used in ex-
posure time calculations. Note: actual 0. 1- PAI R throughputs will be strongly dependent on tar-
get centering and in practice may be up to 50% smaller than the values given in this table.

Listed immediately below are the theoretical absolute throughputs of the 3.7" x 1.3" (4. 3)
aperture. These values are provided for use in some cal culations involving extended sources and
so that the theoretical absolute throughputs of all apertures may be calculated if desired.

1500 2250 3400 5000 7500

4.3 0.940 0.962 0.974 0.975 0.971
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Table 1-9: Expected counts-sec'l-diode™® at specified wavelengthsfor V=15 unreddened objectsin the
3.7"x1.3" (4. 3) aperture

Type B-V | G130H | G190H | G270H | G400H | G570H | G780H | G160L | G650L | PRISM
FOS/ BL
A 1600 2300 2650 3250 4600 --- 2400 4000 4000
orv -0.32 1.6 6.1 13. 11. 2.5 --- 24, 20. 190.
BOV -0.30 1.3 5.0 11. 10. 2.3 --- 19. 20. 175.
A6V +0.17 --- 0.15 0.6 13 1.7 --- 0.5 10. 95
Gav +0.63 --- --- 0.15 0.9 13 --- --- 5.5 42
al=1 --- 011 0.8 2.2 2.8 14 --- 35 8.0 68
al=2 --- --- 0.34 11 1.7 11 --- 1.8 5.7 47
FOS/ RD
A --- 2300 2650 3600 4600 6300 2400 4400 4000
orv -0.32 --- 15. 22. 14. 10. 2.0 49, 44, 370.
BOV -0.30 --- 11. 18. 14. 9.7 19 40. 42. 350.
AV +0.17 --- 0.38 0.9 34 7.0 2.2 1.0 27. 210.
Gav +0.63 --- --- 0.25 15 5.1 2.9 --- 20. 170.
al=1 --- --- 21 3.7 4.7 6.0 3.0 6.7 22. 195.
al=2 --- --- 0.9 18 3.0 4.9 34 3.0 19. 187.

L WhereF, O v™©.
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Table 1-10: FOS/ RD Brightness Limits

Type | B-V | G190H | G270H | G40OH | G570H | G780H | G160L | G650L | PRISM | MIRROR
o7V 032 | 87 9.4 8.8 7.7 55 | 103 | 82 | 103 14.8
BOV | -030 | 85 0.1 8.8 7.7 556 | 101 | 81 | 102 14.6
BL5V | -025 | 82 9.0 8.6 7.7 556 | 100 | 81 | 101 14.5
BV | -020| 75 8.3 8.4 7.7 55 95 8.1 9.7 14.0
BeV | -015 | 7.3 8.2 8.3 7.6 55 9.3 8.0 9.6 13.8
B8V | -011 | 65 75 8.3 7.6 55 9.0 8.0 9.3 135
AlV | +001| 53 6.6 7.9 76 5.6 8.6 7.9 8.9 13.1
A2V | +005| 5.1 6.4 7.9 76 5.6 85 7.9 8.8 13.0
A6V | +017 | 45 6.1 7.8 76 5.6 8.4 7.8 8.7 12.9
ATV | +020 | 44 6.0 7.7 76 5.7 8.3 7.8 8.7 12.8
AV | +028 | 40 5.8 76 76 5.8 8.2 7.7 8.6 12.7
Fov | +030| 38 5.7 7.6 75 5.8 8.2 7.7 8.6 12.7
F5V | +0.44 | 32 5.7 7.4 75 5.9 8.1 7.6 8.6 12.6
F7V | +048 | 25 5.2 7.3 75 5.9 8.0 76 8.4 125
F8V | +052 | 23 5.0 7.2 75 5.9 8.0 7.6 8.4 125
G2v | +063| 20 4.9 7.2 75 6.0 7.9 76 8.4 12.4
GeV | 4070 | - 48 7.1 7.6 6.0 7.9 75 8.4 12.4
KOV | +081 | - 4.0 6.9 7.6 6.0 7.8 75 8.3 12.3
KOl | +1.00 | - 3.2 6.5 75 6.1 7.7 75 8.2 12.2
K5V | +115 | - 3.2 6.2 75 6.2 7.6 7.4 8.1 12.1
Kalll | +#1.39 | - 2.0 5.9 7.4 6.3 75 7.3 8.0 12.0
M2l 171 - 5.4 7.3 6.3 7.3 7.2 7.8 11.8
a2=1 6.3 75 7.8 7.7 6.2 8.8 7.8 9.1 133
q2=2 5.2 6.7 7.4 7.6 6.5 8.4 7.7 8.8 12.9
q?=o | -046 | 96 9.9 9.0 7.8 5.6 0.9 82 | 106 15.4
50,000° | - 9.0 95 8.8 7.7 55 | 104 | 82 | 103 14.9

1 The FOS can be damaged if illuminated by sources that are too bright. If illuminated by targets
brighter than the V magnitude limits given here, the instrument will go into safe mode, shutting its
aperture door and stopping operations. Tableisfor objects observed in the 3.7" (4. 3) aperture.

2WhereF, O v,
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Table1-11: FOS/ BL Brightness Limits!

Type | B-V | G130H | G190H | G270H | G40OH | G570H | G160L | G650L | PRISM | MIRROR
o7V 032 | 66 7.6 8.8 8.0 5.0 98 | 65 | 95 14.3
BOV 030 | 64 7.4 8.6 7.9 5.0 97 | 64 | 93 14.2
BL5V | -025 | 6.0 7.1 85 7.8 4.9 95 | 63 | 92 14.0
B3V 020 | 52 6.4 7.8 75 49 | 89 | 63 8.7 134
B6V 015 | 48 6.3 7.7 7.4 49 | 87 | 61 8.6 13.2
B8V 011 | 39 5.4 7.0 7.3 49 | 82 | 62 8.2 12.7
ALV | +001 | 20 43 6.0 6.9 48 75 | 60 | 77 12.0
A2v | +005 | - 4.1 5.9 6.9 48 74 | 60 76 11.9
A6V | +017 | - 35 5.6 6.8 4.7 72 | 58 75 11.7
AV | 4020 | - 35 5.6 6.7 47 72 | 58 7.4 11.7
AV | +028 | - 2.8 5.4 6.6 4.7 71 | 57 7.3 11.6
FOV +030 | - 2.6 53 6.5 4.6 70 | 56 | 72 115
F5V 1044 | - 2.1 53 6.4 46 69 | 55 | 71 114
F7v +048 | - 4.9 6.3 45 | 67 | 54 | 69 11.2
F8V +052 | - 4.7 6.2 45 | 66 | 53 6.8 11.1
GV | +063 | - 46 6.2 45 65 | 53 6.8 11.0
GeV | +070 | - 45 6.0 44 | 64 | 52 6.7 10.9
Kov | +081 | - 37 5.8 44 | 61 | 51 6.4 10.6
KOl | +1.00 | - 2.8 5.4 43 | 57 | 48 6.0 10.2
K5V | +115 | - 2.8 5.0 4.2 54 | 46 5.7 9.9
Kalll | +139 | - 4.7 40 | 50 | 43 | 53 95
M2l +171 | - 42 38 | 46 | 40 | 49 9.1
a2=1 36 5.2 6.9 6.9 46 80 | 57 | 80 12.5
q2=2 2.4 4.2 6.2 6.5 45 74 | 54 | 75 11.9
a?=o | 046 | 80 8.5 9.2 8.2 50 | 106 | 66 | 98 15.1
50,000° | - 6.9 7.9 8.9 8.0 50 | 100 | 64 | 95 14.5

1 The FOS can be damaged if illuminated by sources that are too bright. If illuminated by targets
brighter than the V magnitude limits given here, the instrument will go into safe mode, shutting its
aperture door and stopping operations. Tableisfor objects observed in the 3.7" (4. 3) aperture.
2WhereF, O v,
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2. TARGET ACQUISITION

In this chapter we describein detail the various methods of FOS target acquisition and pro-
vide examples and tipsfor using the most important target acquisition modes. We discuss how ba-
sic science requirements (photometric accuracy, wavelength accuracy, desired S/N) affect the
choice of target acquisition strategy and we provide guidelines for choosing between the various
methods of FOS target acquisition. We also give in a convenient tabular format the parameters
required by RPS2 for the specification of the most commonly used FOS acquisitions.

TIP: The importance of exercising care and consideration in FOStarget acquisition can
not be overestimated. The most common problems encountered with FOS proposals have to do
with target acquisition. Paramount among these are failure to obtain sufficient pointing accuracy
to achieve the desired science objectives, and insufficient allocation of orbit time to the target ac-
quisition sequence.

2.1 Background for FOS Target Acquisition

HST pointing is quite accurate and reliable. For target positions given in the Guide Star
Catalog reference frame, about 70% of all blind pointings are within 1" of FOS aperture center.
The FOS acquisition apertureis 3.7" x 3.7" square (4. 3). Giventheforegoing, in order to have a
95% chance of placing atarget in thisaperture, the target must have an RM S positional error with
respect to the guide stars of lessthan 1.0". After theinitial blind pointing, however, an onboard
target acquisition is till necessary with the FOS to properly center the target in any science aper-
ture.

TIP: ALL FOStarget positions MUST be specified in the Guide Star Catalog reference
frame.

Three (non-interactive) onboard acquisition modes (ACQ' Bl NARY, ACQ' PEAK, and

ACQ FI RMAARE) and the interactive acquisition mode (set with the Special Requirement | NT
ACQ) are described below. During an onboard acquisition, the FOS performs the acquisition, cal-
culates the small offset required to center the target in a science aperture, and makesthe offset. In
contrast, during an interactive acquisition there must be a real-time contact with HST, and the ob-
server normally must be present at the ST Scl to interpret the resultant image. Because of the prob-
ability of confusion when looking at an FOS white light picture, we believe that in nearly all cases
aWFPC2- assisted target acquisition will be a better scientific choice than an interactive FOS ac-
quisition. However, special mode ACQ provides an important means of verifying, after the fact,
where the FOS aperture was positioned on the target during a science exposure. An Instrument
Scientist should be consulted if you are considering an interactive acquisition.

2.2 Overview of FOS Target Acquisition Strategies

FOS target acquisitions can be divided into three broad categories. 1) those that utilize
ACQ Bl NARY, at least for the first stage of acquisition; 2) those that require ACQ PEAK; and 3)
those that require consultation. The applicability of one or more of these categoriesto a particular
acquisition is determined by many characteristics of the target (e.g., variability, brightness distri-
bution, geometry, target environment) and importantly, by the pointing accuracy required for the
science.
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TIP: Observationsrequiring precise wavel ength accuracy should be centered as accurate-
ly as possible in the science aperture. Normally such observations require pointing accuracies of
order 0.04".

TIP: Observationsrequiring SN =30 require high precision measures of the photocathode
granularity (flat field). Asa result, such observations require pointing accuracies of order 0.04"

ACQ BI NARY can be used (at least for the first stage of acquisition) for al single, not
very bright, not highly variable (up to £ 1 magnitude) objeets,(stars, some QSOs, extragalac-
tic planetary nebulae that are not extended, and not highly variable AGN with dominant point-like
nuclei in the 2000-5000A range).

ACQ PEAK is used for any required later stages of acquisitions commencing@gth
Bl NARY, for acquisitions of objects too bright for the FOS MIRROR (see Tables 1-10 and 1-11
for FOS brightness limits), for variable objects, for AGN without dominant point source nuclei in
the 2000-5000 A range, or fany observations requiring precise centering (see above for a dis-
cussion of the pointing requirements of observations that need high SN or wavelength accuracy).

Contact an Instrument Scientist or the Help Hotdep@stsci.edu, for the following
types of situations:

(a) extended target).2’),

(b) crowded fieldsX 2 objects separated ky.3"),

(c) slit, barred, or 0.090. 1- PAI R) aperture observations,
(d) objects fainter than V=19,

(e) objects with emission lines, but little continuum,

(f) peculiar geometry as in gravitational lenses,

(g) objects with E(B-V) > 0.1, or

(h) acquisitions using offset stars and slews of more than 30

Table 2-1 presents a summary of each individual pattern (or step) that is commonly used
in FOS acquisition sequences. Table 2-2 presents commonly recommended sequences as a func-
tion of science aperture and desired pointing accuracy. Note that, for strategies commencing with
ACQ Bl NARY, different sequences are employedR@S/ RD andFOS/ BL detectors since
ACQ BI NARY pointing accuracies are quite different for the two detectors, but sequences com-
mencing withACQ PEAK are independent of detectdturther, the ACQ Bl NARY pointing
accuracies are one-sigma values, whereas ACQ' PEAK values derive directly from pattern geome-
try and, in the limit of very high SN, are upper limits to the pointing uncertainty. The instrumen-
tal overheads for each step and complete sequence are also provided in the tables.

Following the tables are more detailed descriptions of each type of FOS target acquisition
as well as discussions of special strategies that can make observing more efficient, such as FOS
“side-switching,” FOS-assisted GHRS target acquisition, GHRS-assisted FOS target acquisition,
and the new “reuse_target_offset” procedure).

Software that can guide the user through the details of conventional FOS acquisitions is
also currently under development. This “TA Tool” will provide recommendations for acquisition
strategy and exposure time based upon user-supplied information concerning required pointing
accuracy, target type, and target brightness. The tool will be run from the FOS WWW Homepage.
Please refer to the ADVISORIES section of the FOS Homepage after 1 June 1995 for further
information.
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Table 2-1: FOS Target Acquisition Pattern Pointing Accuracies and Over heads

Aperture Pattern St_aarch- St_aarch- Step-size-X | Step-size'Y :2 (I:Etrlancg/ Ov_erhead
Name | size-X sizeY (arcsec) (arcsec) (arcsec) (minutes)

4.3 A 1 3 - 1.23 - 7

1.0 Bl 6 2 0.61 0.61 0.43 12

0.5 C1 3 3 0.29 0.29 0.21 10

0.3 D1 5 5 0.17 0.17 0.12 17

D2 5 5 011 011 0.08 17

D3 5 5 0.052 0.052 0.04 17

El 4 4 0.17 0.17 0.12 14

E2 4 4 0.11 011 0.08 14

E3 4 4 0.052 0.052 0.04 14

F1 3 3 0.17 0.17 0.12 10

F2 3 3 011 011 0.08 10

1.0-PAIR B2 6 2 0.61 0.61 0.43 12

0.5-PAIR C2 3 3 0.29 0.29 0.21 10

0.25-PAIR P1 5 5 0.17 0.17 0.12 17

P2 5 5 0.11 0.11 0.08 17

P3 5 5 0.052 0.052 0.04 17

P4 4 4 0.11 011 0.08 14

2.0-BAR BD1 1 11 - 0.052 0.03 11

0.7-BAR BD2 1 11 - 0.052 0.03 11

SLIT S 9 1 0.057 - 0.03 10

ACQ/BIN Z - - - - 0.12 9
RED (1-sigma)

ACQ/BIN Z - - - - 0.08 9
BLUE (1-sigma)
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Table 2-2: Commonly Recommended Tar get Acquisition Sequences and Their Overheads

i ence Ei?#t'.rr?g Sequences Starting with ACQY Bl NARY Sequenceﬁ Starting
Of’\mg " A(;fg;a;y RED Detector (a‘gd BLUE Detector Oh‘é:rd ng')toth Se?eth’OEéf Oh‘é:rd
4.3 >0.1 Z 9 Z 9 A+B1+C1 29
0.12 Z+E1 23 Z+F1 19 A+B1+Cl1+F1 39
0.08 Z+D2 26 Z+E2 23 A+B1+C1+E2 43
0.04 | Z+C1+F1+D3?P | 46 | Z+C1+F1+D32P | 46 | A+B1+C1+F1+D32| 96
1.0 >0.1 Z 9 Z 9 A+B1+C1 29
0.12 Z+E1 23 Z+F1 19 A+B1+C1+F1 39
0.08 Z+D2 26 Z+E2 23 A+B1+C1+E2 43
0.04 | Z+C1+F1+D3?P | 46 | Z+C1+F1+D32P | 46 | A+B1+C1+F1+D3?| 56
0.5 0.12 Z+E1 23 Z+F1 19 A+B1+Cl1+F1 39
0.08 Z+D2 26 Z+E2 23 A+B1+C1+E2 43
0.04 | Z+C1+F1+D3?P | 46 | Z+C1+F1+D32P | 46 | A+B1+C1+F1+D32| 56
0.3 0.08 Z+D2 26 Z+E2 23 A+B1+C1+E2 43
0.04 | Z+C1+F1+D3?P | 46 | Z+C1+F1+D32P | 46 | A+B1+C1+F1+D32| 96
1.0-PAIR >0.1 Z 9 Z 9 A+B2+C2 29
0.12 Z+E1 23 Z+F1 19 A+B2+P1 36
0.08 Z+P2 26 Z+P4 23 A+B2+C2+P4 43
0.04 Z+P1+P3 43 Z+P1+P3 43 A+B2+P1+P3 53
0.5-PAIR 0.12 Z+E1 23 Z+F 19 A+B2+P1 36
0.08 Z+P2 26 Z+P4 23 A+B2+C2+P4 43
0.04 Z+P1+P3 43 Z+P1+P3 43 A+B2+P1+P3 53
0.25-PAIR 0.08 Z+C2+P4 33 Z+C2+P4 33 A+B2+C2+P4 43
0.04 Z+P1+P3 43 Z+P1+P3 43 A+B2+P1+P3 53
0.1-PAIR,
2.0-BAR, CONTACT INSTRUMENT SCIENTIST
0.7-BAR, SLIT

aQccasionally, C1+F1 may be replaced with D1 for more efficient orbit packing.
b Z+D2+D3 can have smaller overheads, but does not always yield more efficient orbit packing.
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2.2.1 ACQ BI NARY

ACQ Bl NARY isthe method of choice for targets with well known energy distributions,
but should not be used for variable sources, sources of unknown color, or sources extended by
much more than 1 diode, or 0.3". The method has a restricted dynamic range of brightness. Spe-
cifically, target brightness uncertainty should be less than 1.0 magnitude for the use of ACQ BI -
NARY. Objects of poorly known color should be acquired with ACQ' PEAK.

During an ACQ' Bl NARY, the camera mirror images the FOS focal plane onto the photo-
cathode. Acquisition of thetarget is performed not by moving the telescope, but by deflecting the
photoel ectrons from the image of the target acquisition aperture on the photocathode until the tar-
get has been placed on the Y-edge of the Digicon diode array. ACQ Bl NARY finds first the num-
ber of starsinthe 3.7" x 3.7" (4. 3) acquisition aperture by integrating at three different positions
inthe Y -direction. The program findsthe target in one of the three strips, measuresits count rate,
and locates the target in the X-direction. The algorithm then positionsthe target on a'Y -edge of the
diode array by deflecting the image across the diode array through a geometrically decreasing se-
guence of up to eight more Y -deflections until the observed count rate from the star is half that of
when the object is positioned fully on the diode array. If the binary search algorithm failsto con-
verge on aposition with half the counts of the original target, the telescope slewsto the last step of
the binary search pattern, i.e., to the X-position of thetarget and the last Y -deflection. RPS2-spec-
ified ACQ Bl NARY times allow for a maximum of 11 sub-exposures, that is, the actual exposure
time onboard for each sub-exposure is 1/11 the RPS2 exposure time. ACQ' Bl NARY isthe pre-
ferred acquisition modefor point sourcesand isthe mode that usesthe least instrumental overhead.

For ACQY BI Nto succeed there should be about 400 counts observed in the so-called “peak
pixel” (pixel for which the diode is perfectly centered over the point source target). If the number
of counts in the peak is significantly larger than 400, the tolerances for when the target is on the
edge of the diode array become very small since they are bagdtdstatistics. ACQ Bl NARY
1 o centering uncertainty is 0.08r FOS/ BL and 0.12 for FOS/ RD. Therefore, science obser-
vations in apertures smaller than the'® 0) aperture following a\CQ Bl NARY require at
least one additional stage &iCQ PEAK.

A target must lie within the range of counts specified by the optional paranB&Re@GHT
andFAI NT. We recommend th&RI GHT andFAI NT normally be set to allow for targets 30
times brighter and approximately 13 times fainter than expected, tB&ll i§HT=132000 é.9.,
400 x 30 x 11 possible sub-exposures) BAHNT=330. See section 2.2.11 for more details.

Although ACQ BI NARY is designed to obtain the Nth brightest star in a crowded field by
setting the optional parametdFHSTAR, acquisitions in crowded fields have not been attempted.
The default value iINTHSTAR=1. Please consult an Instrument Scientist prior to utilization of the
NTHSTAR capability as subtleties abound in this procedure.

An example of a\CQ BI NARY is given in Visit 01 of the sample FOS RPS2 proposal in
Appendix F.

2.2.2 ACQ PEAK

During ACQ' PEAK the telescope slews and integrates at a series of positions on the sky
with a science aperture in place. Atthe end of the slew sequence (with the default optional param-
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eter TYPE=UP) the telescope is returned to the position with the most counts, i.e., no positional
interpolation is performed. In the case of an ACQ PEAK into abarred aperture, or when using the
optional parameter TYPE=DOWN, the telescope is returned to the position with the fewest counts.
ACQ PEAK isarelatively inefficient procedure because a minimum of approximately 30 seconds
per dwell isrequired for the telescope to perform the required small angle maneuvers. Tables 2-1
and 2-2 list the recommended combinations of peak-upsfor acquisition of targets according to the
size of the science aperture and desired telescope pointing accuracy. These tables also give the
overhead times involved in each stage of an ACQ PEAK. Overheads for many FOS peak-up pat-
ternswill bereduced relativeto previous cycles by as much as 25% with new spacecraft command-
ing that will be effective 1 July 1995. Tables 2-1 and 2-2 and RPS2 include these new overheads.

» Example: A peak-up into the 0.260. 3) aperture for science observations that require
pointing accuracy of 0.0§typically for observations requiring S/N < 30 and photo-
metric accuracies no better than 5%) would utilize sequence A+B1+C1+E2 from
Tables 2-1 and 2-2; that is, a 1X3 peak-up into thex83.7' (4. 3), followed by a
6X2 peak-up into the 0"91. 0) aperture, followed by a 3X3 peak-up into the 0.43
(0. 5) aperture, and lastly a 4X4 peak-up into the '0(R6 3) aperture. The over-
head time required for this four-stage peak-up is 43 minutes. See Visit 02 of the sam-
ple FOS RPS proposal in Appendix F for the RPS2 coding for this example.

An additional example of aCQ PEAK is given in Visit 03 of the sample FOS RPS2 pro-
posal in Appendix F.

This mode is used for objects too bright to acquire with the camera mirror in place, for ob-
jects too variable to acquire witACQ Bl NARY, for centering targets in the smallest apertures,
and for positioning bright point sources on the bars of the occulting apertures in order to observe
any surrounding nebulosity. For bright object acquisitions, the science grating is put in place before
the acquisition.

TIP: FOSACQ PEAK isnow available for moving targets.

TIP: Specification of awavelength rangefor ACQ PEAK limitsthe amount of data actually
read-out and evaluated onboard. This may be very useful in certain circumstances, however
please do NOT simply specify wavelength ranges routinely as you may lose data you really need.

Target acquisitions requiring high pointing precision (pointing accut@®g'), e.g., to
acquire objects into the smallest FOS apertures, specifically the(0.28), 0.2' (0. 25- PAI R),
0.09' (0. 1- PAI R), and 0.2X 1.7" slit (0. 25X2. 0), should use a so-called “criticakCQ/
PEAK exposure in the last stage of the acquisition. The “critk@Q PEAK exposure must pro-
duce a high number of counts 10000) in order to discriminate the precise pointing in the center
of these smallest apertures. Normal non-crid€®]) PEAK stages require shorter exposure times
(typically to produce= 1000 counts) and spacing between dwells of order half the aperture size.
See Tables 2-4 and 2-5 and section 2.2.11 below for exposure times.

Of course, count rates must not exceed the safety limits for the mirror or the grating select-
ed (see Tables 1-10 and 1-11).
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2.2.3 SPECIAL CASES: FOS Side-Switch Acquisitions

Once atarget has been acquired into a science aperture and observed with one detector, a
slew can be performed to place the target directly into an aperture for the other detector in order
to allow science observations to continue without a complete new Guide Star acquisition. Such
“side-switch” slews are accurate enough to center objects directhei®9” (1. 0) and larger
apertures. (Please consult the ADVISORIES section of the FOS WWW Homepage after 1 July
1995, as an aperture location calibration currently in prognagselax this requirement some-
what.) Science observations with the “new” detector and any aperture smaller thah ¢the@®).,9
require at least one stageAfQ PEAK to re-center the target. Therrent recommendation is to
use a stage of peakup identical to the last stage used in the initial acquisition.

TIP: Approximately 50-55 minutesarerequired for the transition between detectors. How-
ever, if exposures are arranged to fill the last orbit before the side-switch, much of thistime can be
“hidden” in target occultation and the subsequent guide star re-acquisition period. NOTE: There
IS a 2-3 minute shorter transition betwde@S/ BL-to-FOS/ RD than forFOS/ RD-to-FOS/ BL. In
practice this difference rarely affects scheduling efficiency.

TIP: Contrary to statements in earlier versions of the FOS Instrument Handbook, there are
no restrictions on side-switching other than normal observational constraints.

2.2.4 SPECIAL CASES. FOS-assisted GHRStar get acquisitionsand GHRS-assisted
FOStarget acquisitions

Dueto the presence of COSTAR the FOS and GHRS aperture locations are now separated
by such arelatively small distance that targets can be sometimes offset from one instrument to the
other using the same guide stars. This technique of target acquisition is called an FOS-assisted or
GHRS-assisted target acquisition.

The standard FOS-assisted GHRS target acquisition usesthe FOS/ BL detector to acquire
the target and then offsets the target into the GHRS large science aperture (LSA). Thisis possible
because the separation between the FOS/ BL detector and the GHRS aperturesis only 78.72".
Unfortunately, the separation of the GHRS and FOS/ RD detector aperturesis morethan 2.5'.
Since the same guide stars must be kept for the FOS- and the GHRS-part of the observations, the
guide stars will move more than 2.5' across the Fine Guidance Sensor (FGS) field-of-view during
such an FOS/ RDto GHRS maneuver. Only under very limited situations will it be possible to find
guide stars which are within the Field of View of the FGS from the beginning to the end of an
operation involving the FOS/ RD detector and the GHRS. Therefore, we anticipate that most FOS-
assisted target acquisitions will involve FOS/ BL to GHRS transitions and that very few FOS-
assisted target acquisitions from the FOS/ RD detector will actually be possible.

Calibration observations using ACQ Bl Nwith the FOS followed by an offset into the
GHRSLSA have shown that the target was placed to within 0.2"+0.1" of the LSA center. There-
fore, the accuracy of an assisted acquisition instrument-to-instrument slew is precise enough to
alow direct GHRS science in the LSA without any further peakup.

An FOS-assisted target acquisition should be used if the observations are best done with
the GHRS and the target cannot be acquired at all with the GHRS. FOS-assisted target acquisi-
tion is more commonly used if the target isin a brightness range such that it can barely be
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acquired with the GHRS. In this case, a GHRS acquisition will often have substantial overhead,
either through a sideswitch or through a Side-1 acquisition with the maximum steptime. Thus, if
the associated GHRS target acquisition overhead time is a significant (=30%) fraction of the sci-
ence time, then an FOS-assisted target acquisition is recommended.

One can reverse the above target acquisition strategy and use the GHRS to acquire atarget
for an FOS science observation, but, there are some difficulties with this procedure. A GHRS-
assisted FOS target acquisition is recommended only if the observations are best done with the
FOS and the target cannot be acquired at all with the FOS. Unfortunately, the magnitude of
uncertainty in the position of the GHRS L SA aperture islarge enough that a direct target acquisi-
tion into the FOS apertures smaller than 0.9” (1. 0) may not be efficient. Note that if observa-
tionswith the small FOS apertures are required, the GHRS-assisted target acquisition into the 0.9”
(1. 0) aperture hasto be followed by a peak-up acquisition sequence. In such cases, the overhead
time saved by using a GHRS-assisted target acquisition may not be substantial. Further, if the
FOS science observations are predominantly using the FOS/ RD detector, there may be great diffi-
culty in obtaining guide stars, as noted above. Therefore, a GHRS-assisted FOS target acquisition
isnormally recommended only for the 0.9" (1. 0) and the 3.7"x1.3" (4. 3) apertures.

An assisted target acquisition isarestricted resource as the number of available guide stars
will generally be small because two instruments are used in the same observation set. Typically,
substantial savingsin overhead time for an FOS-assisted target acquisition are achieved if a
binary acquisition can be used. If a peak-up has to be used, the observer must decide if a 2-stage
peak-up acquisition pointing accuracy is sufficient. Otherwise the FOS target acquisition over-
head comes close to the GHRS overhead when a Side-1 acquisition is possible. Of course, if a 3-
stage peak-up acquisition is the only way to acquire a particular target, then there is no other
choice but to use that strategy.

An example of an FOS-assisted GHRS acquisitionis given in Visit 03 of the sample FOS
RPS2 proposal in Appendix F.

TIP: Observers considering the use of either FOS- or GHRS-assisted target acquisition
should contact an FOS or GHRS Instrument Scientist to discuss technical feasibility and schedul-
ing constraints.

2.25 SPECIAL CASES: reuse target offset

If an FOS observing program requires more than one visit to an object within 3-4 weeks,
then under certain circumstances the majority of alengthy acquisition sequence need not be per-
formed onvisits after thefirst. If the same guide stars can be used at the same positionsin the FGS
field-of-view for the two visits, then the reuse_target_offset procedure may be invoked. A mini-
mum of four daysisrequired to guarantee receipt of the necessary telemetry at ST Scl and then up-
link the offset to the spacecraft. Hencethefirst return visit can occur no earlier than four days after
theinitial visit. Additional return visits can execute immediately following the first return if nec-
essary. This procedure may be used only for purely ACQ PEAK target acquisition scenarios.

A routine ACQ' PEAK acquisition sequence is used for thefirst visit. Subsequent returns
must use SAME ORI ENT so that the same guide stars may be used in the same positionsin the
FGSfield-of-view. Return pointings of thistype are typically accurate to approximately 0.03".
Nonethel ess, we recommend that one stage of peak-up (such as pattern E3 from Table 2-1) be per-
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formed on the return visits.

Anexample of areuse target_offset acquisitionis provided in Visits 03 and 04 of the sam-
ple FOS RPS2 proposal in Appendix F.

TIP: Reuse target_offset can save nearly two orbits on each return visit for programsre-
quiring precise pointing accuracy. Please consult an Instrument Scientist for further details.

Reuse target offset Summary:
* ACQ PEAK only

* return visits aBAME ORI ENT within 3-4 weeks (intervals of up to about 40 days are
possible, but have not been tested to date).

« the first return visit must be at least 4 days after the initial acquisition; subsequent
returns may follow immediately.

» perform single stage of peakup on return visit.
2.2.6 | NT ACQ

The modeACQ when used with the Special RequireméNT ACQ FOR, maps the ac-
quisition aperture into 64 rasters and sends the image to the ground in real time. The apparent elon-
gation of stars in the Y-direction caused by the shape of the diode%XQL39) is removed on
the ground by multiplying the picture by an appropriate matrix. After the picture has been restored,
the astronomer measures the position of the target on the image. The small offset required to move
the target to the center of one of the science apertures is calculated and uplinked to the telescope.
After the slew is performed the science observations begin. Centering accuracB fACQ
are the same as those AZQ Bl N, specifically 1o centering uncertainty is 0.08r FOS/ BL
and 0.12 for FOS/ RD. As a result, science observations in apertures smaller than'the 0.9
(1. 0) aperture following ah NT ACQrequire at least one additional stageA@3Q PEAK.

TIP: In order to produce the same effective exposure in the most densely exposed pixel as
for ACQ Bl NARY (400 counts), the ACQexposure time must be 64/11 (roughly 6) timesthe ACQ/
Bl NARY exposure time (64 rasters in ACQ versus maximum of 11 sub-exposuresin ACQ Bl NA-
RY). Normally, we recommend at least 1000 counts in the most densely exposed pixel of an FOS
image (requires 15 times the ACQ' Bl NARY exposure).

A modified form of interactive acquisition, the dispersed-light interactive acquisition uti-
lizing | MAGE mode, may be employed for acquisition of sources in which spectral features of
known wavelength are prominent. This method has proven quite useful for planetary satellite ac-
quisitions. Spacecraft overheads for this procedure are no different than the overheads for conven-
tionall NT ACQ Contact an Instrument Scientist for more information on this procedure.

2.2.7 ACQ Confirmatory

The special modaCQ can also be used after any other type of acquisition to provide a pic-
ture which shows where HST is pointed in FOS detector coordinates. Visit 01 of the sample FOS
RPS2 proposal in Appendix F contains an illustration of a confirm&ogy

TIP: Use the same exposure guidelinesasfor | NT ACQ.
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2.2.8 ACQ FI RMAVARE

ACQ FI RMAARE is an engineering mode that maps the camera-mirror image of the aper-
turein X and Y with small, selectable Y increments. The FOS microprocessor filters the aperture
map and then finds the Y -positions of the peaks by fitting triangles through the data. Firmwareis
less efficient than ACQ BI N, and failsif more than one object is found within the range of counts
set by the observer (BRI GHT and FAI NT). This mode is not generally recommended and an In-
strument Scientist should be consulted prior to its use.

2.2.9 Early Acquisition Using WFPC2

TIP: Sncetheduration of Cycle 6 may be as short as 6 months, the utility of WFPC2 early
acquisition may be diminished for many programs.

We recommend using an “early” WFPC2 assisted target acquisition when it is &pown
ori that an offset acquisition will be required, when there will be more than two stars in the
3.7'x1.3' (4. 3) acquisition aperture, or when there will be intensity variations across the acqui-
sition aperture which are larger than a few percent of the mean background intensity. A WFPC2
image (made up of three chips of size 1@ba side and a fourth chip Odh a side) of the field
is taken several months in advance of the science observation. The positions of the target and an
offset star are measured in the image and then (at least 2 months later) the positions are updated in
the RPS2, the offset star is acquired with a normal FOS acquisition scemgarCQ Bl N or
ACQ PEAK, and finally the FOS aperture is offset onto the target. The same guide stars used for
the WFPC2 early image will not be in the Fine Guidance Sensors (FGS) when the subsequent FOS
observations are made. With new guide stars,dhentertainty in any position is aboutQ.3'he
1o uncertainty in the position of the telescope aftéradféet slew (due to the accuracy with which
the WFPC2 rotation angle is known with respect to V2, V3) is of ordet,@0d science pointing
accuracy requirements must therefore be carefully considered.

TIP: Offsetslarger than 30" should be discussed with an FOS Instrument Scientist as ad-
ditional peak-ups may be necessary on the science target.

The first step in a WFPC2-assisted target acquisition is to use a Special Requirement in the
RPS2 exposure level to specify the exposure &ARhY ACQwhich must be taken at least two
months before the FOS observations. The camera, exposure time, filter, and centering of the target
in the image should be chosen such that the picture will show both the target and an isolated (no
other star within %) offset star which is brighter than® 19 and more than 1 magnitude brighter
than the background (in magnitudes per square arcsecond). In order to insure that an appropriate
offset star will be in the WFPC2 image, the centering of the target in the WFPC2 field should be
chosen by measuring a plate or CCD image. The Target List for the FOS exposures should provide
the offset star with nominal coordinates and with position givaiBRs EARLY. The Target List
also should list the position of the offset staRas OFF, DEC- OFF, and FROMthe target.
Alternatively, the offsets can be given &s- OFF andETA- OFF, or R, PA.

TIP: If ACQ Bl NARY islikely to be used for acquisition of the offset star at the time of
the FOS science observations, then we recommend that two exposures (for example, B and V) be
obtained with WFPC2 or, if possible, ground-based colors be obtained for your candidate offset
star. Thiswill greatly improve the chances for success with the ACQ' Bl NARY methodology,
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which requires some knowledge of the spectral energy distribution of the target.

After the WFPC2 exposure has been taken and the data have been received, the next steps
are to choose an offset star, measure its color, right ascension, and declination, and measure the
right ascension and declination of the target relative to the offset star. Naturally, all such coordi-
nates must be in the Guide Star Catal og reference frame. Please contact your Program Coordinator
or aWFPC2 Instrument Scientist for details on this procedure. Based on your choice of an offset
star, the ST Scl will choose a pair of guide stars for the FOS observations which will stay in the
FGSfield-of-view during the move from the offset star to thetarget. The probability that asuitable
pair of guide stars can be found increases and the positional uncertainty after the offset slew de-
creases as the separation of the offset star and the target decreases. So, choose the offset star as
close asfeasible to thetarget. Thefina step isto send the position of the offset star and the posi-
tional offsetsto the ST Scl to update the RPS2 proposal information for your FOS observations

TIP: Check the HST Archive for pre-existing non-proprietary WFPC or WFPC2 images of
the target that may include an offset star.

2.2.10 Acquisitions of Specific Types of Objects

Thefollowing section gives examplesfor acquiring different types of astronomical objects
based on the strengths and weaknesses of the various target acquisition methods.

» Example: Single Stars

The FOS can be damaged if illuminated by sourcesthat aretoo bright. Theinstrument will
go into safe mode, shut its aperture door, and stop operationsif illuminated through the 3.7"x1.3"
(4. 3) aperture by targets brighter than the unreddened visual magnitudes given in Tables 1-10
(FOS/ RD) and 1-11 (FOS/ BL). The exact limits depend on the spectral type of the target and on
the combination of spectral element and detector used as indicated in these tables.

Starsthat are too bright for ACQ Bl NARY (spectral element M RROR) can be acquired by
using ACQ' PEAK with one of the high dispersion gratingsinstead of the cameramirror. If the vi-
sual magnitude of asingle star or point source is fainter than the M RROR limits given in Tables
1-10 and 1-11, if the star does not vary by more than 1.0 magnitude, and if its colors are known,
use ACQ BI NARY for the acquisition.

» Example: SarsProjected on Bright Backgrounds

ACQ BI NARY can successfully find a star projected enigorm background provided the
target acquisition integration time is long enough to giv®0 peak counts from the star and the
star is at least one magnitude brighter than the background surface brightness in magnitudes per
square arcsecond. If star magnitude and the background magnitude differ by less than 1 magni-
tude, the star can still be acquired wNGQ' Bl NARY, though with increased risk of failure, by
increasing the integration time. An Instrument Scientist should be consulted for such situations.
Alternatively, the acquisition can be accomplished by using an early acquisition with WFPC2, fol-
lowed two months later by an FOS acquisition and blind offset.

A different problem arises when thackground varies across the acquisition aperture.
Since the logic in thACQ Bl NARY program drives the star to the edge of the diode array by find-
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ing the position which gives half the maximum number of counts, any change in the background
inthe Y -direction will biasthe derived Y -position of the star. Werecommend ACQ PEAK for such
Cases.

» Example: Diffuse Sources and Complex Fields

The FOS onboard acquisition methods were designed to acquire point sources. Conse-
guently, diffuse sources and complex fields must be observed by first acquiring a star and then off-
setting to the desired position in the source. The most accurate positioning of the FOS aperture on
the source will be accomplished by using an early WFPC2-assisted target acquisition. In many
programs, the interesting positions in the source will be chosen on the basis of WFPC2 images. |If
the imaging program is planned as described in the section on WFPC2-assi sted target acquisitions,
the science images can be used for the acquisition.

» Example: Nebulosity Around Bright Point Sources

The optimal FOS aperture position for a bright point source surrounded by nebulosity will
depend on the distribution and brightness of the nebulosity relative to the point source. If high spa-
tial resolution images show that the nebulosity has a scale length of a few tenths of an arcsecond
and is relatively symmetrical around the source, then the signal-to-noise ratio may be maximized
by placing the stellar source on the occulting bar of one of the occulting apertures and observing
simultaneously the nebulosity on both sides of the occulting bar. A normal FOS acquisition strat-
egy should be employed to first position the source near the center of the occulting aperture then
peak-down in the Y-direction to position the stellar source on the occulting bar. Exposure times
for the peak-down stage should be chosen that will produce approximately 50,000 counts for the
unobscured source through the"d®. 0) aperture. An Instrument Scientist should be consulted
for any peak-down acquisitions.

If high-resolution images show that the nebulosity is rather asymmetrical, the best approach
may be to observe the nebulosity with one of the small circular apertures. In that case the bright
stellar source could be acquired wit6Q' Bl NARY, followed by amrACQ' PEAK, followed by an
offset onto the nebulosity.

2.2.11 Acquisition Exposure Times

* Example: ACQ Bl NARY exposure times

There should be about 400 countsin the peak of the Y -step that is centered on the star in an
ACQ Bl NARY exposure. The maximum number of Y -steps which can be taken during ACQ BI -
NARY is11. Tables2-4 and 2-5 summarizethetotal exposuretimefor an ACQ Bl NARY, i.e., the
time per Y -step multiplied by 11, for varioustypes of stars. The exposuretimesin Tables 2-4 and
2-5, scaled to the magnitude of the target, are the times that should be entered in RPS2. Thereis
aminimum integration time of 0.66 sec that can be entered in RPS2 for an ACQ' Bl NARY exposure
(see Table 2-3). If your expected ACQ Bl NARY exposure time must be larger than that cal culated
from Table 2-4 or 2-5 to accommodate the minimum time, the values for the optional parameters
BRI GHT and FAI NT must be set to reflect the total number of counts expected.

- 42 -



FOS Instrument Handbook - Version 6.0

BRI GHT = 132,000 x 0.665¢ / TIMErapie 2.4 0r 2.5
FAI NT = 330 x 0.66sec / TIMETabIe2-4or 2.5

For example, for an FOS/ RD ACQ Bl NARY of an unreddened V=125 KOIIl star, 0.45
seconds is the exposure time derived from Table 2-4, but the minimum allowed exposure time is
0.66 seconds. The default values of BRI GHT and FAI NT must then be multiplied by the factor
0.66/0.45 = 1.47, so that BRI GHT = 194000 and FAI NT = 480.

» Example: ACQ PEAK Exposure Times

The peak-up exposure timesin Tables 2-4 and 2-5 are calculated to produce 1000 counts
in the peak of the target image, which is the number of counts recommended for a non-critical
ACQ PEAK. We recommend a “criticaRCQ PEAK into small apertures with exposures produc-
ing 10,000 total counts in order to achieve a centering error that corresponds to a signal loss of less
than about 2% for the apertures smaller thah. &8r a critical peak-up, the values in Tables 2-4
and 2-5 relating to peak up must be multiplied by a factor of 10. Peak-down exposures should be
designed so as to produce 50,000 counts for the unobscured target if it were observed through the
0.9" (1. 0) aperture, so times in Tables 2-4 and 2-5 must be multiplied by 50 for peak-down stages
of acquisition.

The times in Tables 2-4 and 2-5 do not include the overhead involved in the initial setup of
parameters or the analysis time, since that overhead should not be included in the RPS2 specifica-
tions. The overhead times f&€Q PEAK patterns are given in Tables 2-1 and 2-2. Note we have
provided special strategies for peakups into the smaller apertures that are designed to efficiently
pack orbits. In many cases these special strategies are different from those recommended in prior
cycles.

TIP: Since overhead dominates ACQ PEAK exposuresfor short dwell times, do NOT spec-
iIfy less than 1 second for exposure time. The count levels given above are lower bounds and, UN-
LIKE the case with ACQ' Bl NARY pose no problem for the algorithm,

» Example: Very Faint Sources

TIP: Extrapolations of acquisition exposure times for sources fainter than V=19.5 should
not be made from Tables 2-4 or 2-5 because of the influence of background noise. Consult an In-
strument Scientist for such situations.

Table 2-3: Minimum Exposure Times to be Entered in RPS2 Exposure Level

ACQ Bl NARY 0.66 sec
ACQ FI RWARE | 0.96 sec
ACQ PEAK 0.003 sec
ACQ 3.84 sec
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Table 2-4: FOS/ RD Acquisition Exposure Times!23

Spectral | o\, | Peak/up | Peak/up Peak/up | Peak/up | Peak/up | Peak/up | Peak/up | Pesk/up | ACQ

Type G190H | G270H | G400H | G570H | G780H | G650L | PRISM | MIRROR | BI N
o7V 032 | 02 0.1 0.2 0.5 3.8 0.3 0.1 0.1 0.39
BOV -030 | 02 0.1 0.2 05 3.8 0.4 0.1 0.1 0.46
B15vV |-025| 0.3 0.1 0.3 0.5 3.8 0.4 0.1 0.1 0.53
B3V -020 | 06 0.3 0.3 0.5 37 0.4 0.1 0.1 0.8
B6V -015 | 07 0.3 0.3 05 3.9 05 0.1 0.1 1.0
B8V 011 | 16 0.6 0.4 0.5 3.8 0.5 0.1 0.2 1.3
A1V +0.01 | 45 1.4 0.5 0.5 3.7 0.5 0.2 0.2 2.0
A2V +0.05| 49 1.6 0.5 0.5 35 0.5 0.2 0.2 2.1
A6V +0.17 | 93 2.2 0.5 0.5 33 0.5 0.2 0.2 2.4
A7V +0.20 | 10 2.3 0.5 0.6 3.1 0.5 0.2 0.2 2.4
A9V +0.28 | 16 2.6 0.6 0.6 3.1 0.6 0.2 0.3 2.7
FOV +0.30 | 20 2.8 0.6 0.6 3.1 0.6 0.2 0.2 2.8
F5V +0.44 | 44 3.0 0.6 0.6 2.7 0.6 0.3 0.2 3.0
F7V +0.48 | 62 4.1 0.7 0.6 2.6 0.6 0.3 0.2 33
F8Vv +052 | 72 5.0 0.7 0.6 2.6 0.6 0.3 0.3 34
G2V +0.63 | --- 6.2 0.8 0.6 25 0.6 0.3 0.3 35
G6V +0.70 | --- 6.3 0.9 0.6 2.5 0.7 0.3 0.3 37
KOV +0.81 | --- 14 1.0 0.6 2.3 0.7 0.3 0.4 4.0
KOl +1.00 | - 32 1.5 0.6 2.2 0.7 0.4 0.4 45
K5V +1.15 | - 30 2.0 0.6 2.1 0.8 0.4 0.4 4.9
K4l +1.39 | - 2.8 0.7 1.9 0.8 0.5 0.5 5.4
M2l +1.71 | - 4.0 0.7 1.9 0.9 0.6 0.5 6.2
a=1 1.9 0.6 0.5 0.5 2.0 0.5 0.2 0.2 15
a=2 4.9 1.2 0.6 0.6 1.6 0.6 0.3 0.2 2.2
a=-2 046 | 0.2 0.1 0.2 0.5 3.6 0.3 0.1 0.1 0.23
50,000 0.2 0.2 0.3 0.5 3.6 0.4 0.1 0.1 0.35
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Table 2-5: FOS/ BL Acquisition Exposure Times!23

Spectral B-V Peak/up | Peak/up | Peak/up | Peak/up | Peak/up | Peak/up | Peak/up | Peak/up | ACQY
Type G130H | G190H | G270H | G400H | G570H | G650L | PRISM | MIRROR | BI' N
orv -0.32 15 0.5 0.2 0.4 5.9 16 0.1 0.1 16
BOV -0.30 17 0.6 0.2 0.3 6.1 1.6 0.1 0.1 1.8
B15v | -0.25 2.3 0.8 0.3 0.4 6.7 18 0.1 0.1 2.2
B3V -0.20 5.0 1.6 0.5 0.6 6.2 1.9 0.2 0.2 3.6
B6V -0.15 1.2 1.9 0.4 0.5 7.0 2.1 0.2 0.2 4.4
B8V -0.11 17 4.2 0.9 0.6 7.0 2.1 0.3 0.2 6.8
AlV +0.01 12 2.0 0.8 14 2.5 0.5 0.5 12.
A2V +0.05 14 2.6 0.8 7.1 2.5 0.5 0.5 14.
A6V +0.17 27 35 0.9 8.2 2.9 0.6 0.6 16.
ATV +0.20 28 3.6 1.0 8.2 3.0 0.6 0.6 17.
A9V +0.28 48 4.1 11 8.2 3.4 0.7 0.7 20.
FOV +0.30 --- 53 4.5 14 8.7 34 0.8 0.8 20.
F5V +0.44 --- --- 5.0 16 9.0 4.0 0.8 0.8 24.
Frv +0.48 --- 6.2 18 9.2 4.3 0.9 0.9 28.
F8V +0.52 --- 1.7 2.0 9.2 4.4 11 11 30.
G2v +0.63 8.5 2.1 9.2 4.6 1.2 12 32.
G6V +0.70 8.8 2.2 9.4 5.2 13 13 36.
KoV +0.81 19. 2.7 11. 5.8 1.7 1.7 44,
KOl +1.00 39 3.9 11 7.3 2.5 2.5 66.
K5V +1.15 42 5.7 13 9.0 31 31 88.
K41l +1.39 --- 7.9 16. 12 4.8 4.8 130.
M2l +1.71 13 19. 16. 7.0 7.0 180.
o=1 21. 5.0 1.0 1.0 8.6 3.2 0.4 0.4 8.4
a=2 64. 123 1.9 14 9.6 4.2 0.6 0.6 15
a=-2 -0.46 0.4 0.3 0.1 0.3 5.6 14 0.1 0.1 0.88
50,000 1.0 0.4 0.2 0.4 6.5 16 0.1 0.1 14
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Notesto Tables 2-4 and 2-5

Note: Exposuretime must be multiplied by 1004V-19),

1 Optimal exposuretimesfor ACQ Bl NARY and ACQ' FI RMWARE are cal cul ated to detect
400 peak countsin the peak pixel of the target.

2 Last stage of ACQ PEAK into the 0.26" (0. 3) aperture requires 10000 total counts.

s Exposure times for ACQ' PEAK into all apertures are calculated to detect 1000 total
counts for non-critical acquisitions. For critical centering (< 0.08"), multiply the exposure times
by afactor of 10. Notethat the exposuretimefor ACQ PEAK must be multiplied by the in-
ver sethroughput of theapertureused (T, see Table 2-6 below). Although the exact factor de-

pends on the input spectrum, the approximate multiplicative factors given below are sufficient for
most acquisition purposes.

Table 2-6: Average Aperture-Dependent Exposure Correction Factors(relativeto 4. 3=1)

Aperture Inverse
Throughput
1.0 11
0.5 12
0.3 1.25
0.25X2.0 12
1.0-PAIR 11
0.5-PAIR 12
0. 25-PAIR 1.33
0.1-PAIR ~2.5

For the wavelength-dependence of aperture throughputs please refer to Table 1-8.
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3. INSTRUMENT PERFORMANCE AND CALIBRATIONS
3.1 Current Calibration Status

After the deployment of COSTAR, an extensive calibration program was carried out during
SMOV and Cycle 4, and the performance of the post-COSTAR FOS has been characterized in de-
tail. In Cycle 5, we expect to maintain the routine calibration situation for the FOS. Our calibration
program is divided into two parts. (1) a set of monitoring tests which aim to check the stability of
the instrument performance, and (2) a set of specific tests designed to maximize the instrumental
performance.

As ageneral guide to the FOS calibration programsin Table 3-1 we provide alist of the
calibration tests which are being performed in Cycle 5. For each calibration program we give the
proposal 1D, title, accuracy goal, number of orbits required, and comments which may include
scheduling information. For detailed information regarding the Cycle 5 calibration program see
Appendix I.

The routine monitoring proposals are designed to monitor those aspects of the FOS perfor-
mance that are known to show time variations. The focus test is conducted only once during the
cycle because we know that the variationsin the FOS focus are not large and do not affect the pho-
tometric accuracy of the data dramatically. The high voltage settings for the Digicons are al'so
checked onceacycle. Sincethe FOS detectors are aff ected by external magnetic fields, thelocation
of spectra on the photocathode and the FOS internal background observations will be conducted
once every month. Similarly, the stability of the internal wavelength calibrations will be checked
once every month. Some FOS detector/disperser combinations have shown temporal variationsin
their flat field structure during previous cycles. Severa, though not all, flat fields will be moni-
tored as frequently as every 2 months. The absolute photometric calibration of some spectral ele-
ments have shown modest temporal variations during Cycle 4; we will monitor these aspects of
FOS sensitivity aso once every 2 months.

The special calibration proposals are designed to characterize those aspects of the FOS
performance which have been specially requested by Cycle 5 GOs.

The accuracies specified in Table 3-1 are the minimum goals of the Cycle 5 calibration
program. The requirementsfor the success of the calibration program are slightly less stringent.

We expect that the Cycle 6 calibration plan will be similar to that of Cycle5. We
expect to monitor instrument modes that have been previoudly characterized. We do not
anticipatethe expansion of the calibration beyond the areasdescribed in the Cycle5 plan. If
the calibration accuracies specified here areinsufficient to meet science program require-
ments, then proposer s should be prepared to provide extra calibration timein their pro-
gramsto meet their specific calibration needs.
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Table 3-1: Summary of FOS Cycle 5 Calibration Programs

Time (orbits)

S

ID Proposal Title Accuracy- Notes
External| Internal
Routine Monitoring Programs
6163 Focus, X-pitch, Y-pitch Monitor the FOS focus;
N/A 4 0 .
test scheduled for mid-cycle
6165 Discriminator Test N/A 0 12 every 3 months
6167 Dark Monitoring 5% 0 48 Monitor the background every
month; always in occultation
6166| Y-base Monitoring and 10 Check stability of the location off
& Y-bases 0 104 spectra on the photocathode;
6236/ |nternal Wavelengths 0.03 every month;
diodes always in occultation
6202 Spectrql Flat Field 1% 29 0 Monitor flqt flglds;
Calibration at least twice in cycle
6203 Photometric Calibratior 3% 48 0 Monitor inverse sensitivity
Special Calibration Programs
6206, Polarimetry Calibration D.5% 20 5 Characterlze polarimetry mode;
mid-cycle
6204 Internal External Offsef 0.1 Determine the wavelength
and diodes calibration and characterize the
21 0 e
Scattered Light Test 5% nature of UV scattered light;
mid-cycle
6205 Location of 1..0aperture Verify the stability of the FOS
and the FOS PSF 0.05 12 0 apertures and determine the FQ
PSF; mid-cycle
TOTAL TIME (including all executions) 127 256

3.2 Wavelength Calibration

Unlike the IUE, all FOS wavelengths are vacuum wavelengths both below 2000A and

above.

Wavelength offsets between the internal calibration lamp and a known external point

source are currently based on observations of the dwarf emission line star AU Mic that have been
corrected for geomagnetically induced image drift (Kriss, Blair, and Davidsen 1992). On the red
side, the mean offset between internal and external sources is +@ 1 diodes. On the blue
side, the mean offset is -0.182.100 diodes. These offsar®included in the pipeline reduction
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wavelength calibration. If the target iswell-centered in the science aperture, velocity measure-
ments based on single lines in FOS spectra have alimiting accuracy of roughly 20 km st if wave-
length calibrations are obtained at the same time as the science observations and with no filter-
grating wheel motion between the science and the wavel ength exposures. (See Appendix D for line
lists and spectra of the comparison lamps for each detector/disperser combination.) If ssmulta-
neous wavelength calibrations are not obtained, the non-repeatability of order 0.35 diodesin the
positioning of the filter-grating wheel will dominate the errorsin the zero point of the wavelength
scale (Hartig 1989). Visit 03 of the sample RPS2 FOS program in Appendix F presents an example
of a science exposure and accompanying high-precision wavelength calibration.

Wavelength Calibration Summary:

* Filter-grating-wheel repeatability is of order 0.35 diodes.

» FOS wavelength accuracy limit approximately 20 km/sec.

» Precision wavelengths require center@y04' and science and wavecal exposures
must be observed consecutivelg,, with no move of filter-grating wheel in between.
See example in Visit 03 of the sample RPS2 FOS program in Appendix F.

3.3 Absolute Photometry

The post-COSTAR absolute photometric calibrations have been performed by observing
the standard stars G191B2B (WD0501+527), BD+28D4211, BD+75D325, HZ-44, GD153, GD71,
HZ-43, and BD+33D2642 in the 3.X 1.3' (4. 3) and the 0.9(1. 0) apertures. Cycle 5 and 6
calibrations will be based primarily on BD+28D4211 and G191B2B. See Tables 3-2 and 3-3 for
a summary of the detector/disperser/aperture combinations to be calibrated during Cycle 5.

Observations of these spectrophotometric standard stars have been used to produce inverse
sensitivity functions for all usable FOS detector/disperser combinations and all apertures except
the0. 1- PAI R, 2. 0- BAR, and0. 7X2. 0- BAR. A highly precise target acquisition strategy
(multi-stageACQ PEAK with pointing uncertainty of 0.03is used for these observations so that
filter-grating wheel repeatability (0.16 0.35 diodes) is the dominant source of uncertainty in
photocathode sampling.

The standard star reference flux scale used for photometry is accurate to 1%. Limiting ac-
curacies of FOS photometry are approximately 1.6% @3/ BL and 2.0% foFFQS/ RD for well-
centered targets (accura=.04') in the 3.7 x 1.3' (4. 3) and 0.9 (1. 0) apertures. Modest
temporal changes have been documented iF@% RD G190H and G270H sensitivity in the
post-COSTAR period. The standard data reduction pipeline will include corrections for the influ-
ences of time dependence. As of May 1995 the sensitivities for all other detector/disperser com-
binations have been constant at the 2% level in the post-COSTAR epoch.

The dominant error in FOS photometry is due to the location of the target in the aperture
(see chapter 16 of th¢ST Data Handbook for the sources of photometric error). Centering accu-
racies 0k0.08" are required for better than 5% photometric accuracies. Uncertainties in the in-
strumental magnetic deflection (the Y-base) required to direct photoelectrons from the
photocathode to the diode array can affect the accuracy of photometry of extended sources ob-
served through apertures comparable in size to the diode®.©' (1. 0) aperture and larger).

Pre-COSTAR photometry was strongly dependent upon the combined effects of Optical
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Telescope Assembly (OTA) focus changes and time-dependent degradation of the FOS sensitivity.
Nonetheless, limiting photometric accuracies similar to those quoted above are possible for prop-
erly re-calibrated pre-COSTAR data.

Absolute Photometry Calibration Summary:
« absolute reference system accuracy of 1%.

* observational accuracies strongly dependent upon telescope jitter, target centering,
aperture used, and stability of requisite instrumental magnetic deflection (Y-base).

« limiting accuracies of approximately 1.6%06/ BL) and 2% FQOS/ RD) require large
apertures and precise centerigg.04’).

3.4 Flat Fields

Observations of two hot spectrophotometric standard stars (G191B2B and BD+28D4211)
are used to produce spectral flat fields for all usable FOS detector/disperser combinations. A high-
ly precise target acquisition strategy (multi-stAg€Y PEAK with pointing uncertainty of 0.0%
is used for these observations so that filter-grating wheel repeatability ©.0.35 diodes) is the
dominant source of uncertainty in photocathode sampling. All post-COSTAR flat fields have been
derived via the so-called superflat technique (described in Lietch&ICAL/FOS-088; flat field
article by Keyes in HST Calibration Workshop, ed. Blades and Osmer (1994); and Part VI, Chapter
16 in theHST Data Handbook, ed. Baum (1994)).

Appendix G provides figures showing flat field structure for most usable FOS detector/dis-
perser combinations derived from Cycle 4'X7..3' (4. 3) aperture superflat observations.

It must be emphasized that FOS flat field corrections are intended to remove photocathode
granularity typically on the scale of 10 pixels or less. If high precision flat fields are required for
scientific objectives, observers should attempt to attain the same pointing accuracy (described
above) used for FOS flat field calibration observations so that the science target illuminates the
same portion of the photocathode as was sampled by the calibration observations.

During Cycle 4 several observations have been made to attempt to quantify the change in
flat field granularity structure as a function of target mis-centering perpendicular to dispersion.
Most pixel ranges in typical flat fields display deviations of 1-2% about the mean value of unity or
about a local running mean. However, some substantial (5-50% deviations from local mean) fea-
tures do occur. Initial evidence indicates that photocathode granularity in these strong features can
change by 25% on the scale of a diode height (1.28hould such a feature occur in the vicinity
of an important spectral line and target centering be less accurate than that of the flat field calibra-
tion observation, then the observed flux could be affected by a potentially unknown amount. We
note that there is such a prominent (30%) feature in the 1500-1550 A range (affects C IV resonance
doublet) of thed=QOS/ BL G160L spectrum, which impacts all single apertures and all lower paired
apertures, but isot present in any upper paired aperture G160L spectrum.

Normally one epoch of flat field measurement is made per cycle with th€10.9) aper-
ture for each detector/disperser combination to be used. Additional individual detector/disperser/
aperture combinations are calibrated depending upon use or known flat field variability. Please
refer to Tables 3-2 and 3-3 for a summary of planned Cycle 5 calibrations.
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In the pre-COSTAR era substantial temporal variation in FOS/ RD G190H was observed.
Between launch in April, 1990 and November, 1991 degradation of the 1800-2100 A. region of the
FOS/ RD G190H and G160L flat fields proceeded at the approximate rate of 10% per year. The
variation slowed in early 1992 and little change was noted in the pre-COSTAR era after November,
1992. Smaller changes also occurred on the same timescale at additional wavelengths for both
gratings and in theQOS/ RD G270H spectral region. Cycle 4 flat field observations have indicated
the presence of some time-variability for these three spectral elements since Marcihes94.
gratings will continue to be monitored at approximate two month intervals during Cycle 5.

Since time dependence has been observed in the red side flat fields, red side data taken after
January 1992 should be flat fielded with the data most appropriate to the observation. On-line ref-
erence guides accessed through the FOS WWW Homepage refer the user to the appropriate flat
field. Red side data taken between October 1990 and January 1992 will be difficult to flat field be-
cause of the lack of time-dependent flat fields available in that interval.

Flat Field Calibration Summary:

* must use precise target centerig@.04') to achieve flat field accuracies appropriate for
science goals of S280.

« deviations from STScl calibration flats as a function of distance perpendicular to disper-
sion not well calibrated at present. These deviations can be significant.

3.5 Sky Lines

The lines of geocoronal loyA1216 and OA1304 appear regularly in FOS spectra, with a
width determined by the size of the aperture (see Table 1-4). Occasionally, when observing on the
daylight side of the orbit, the additional sky lines ofAB56 and of OIA2470 can also be seen.
Second order Ly sometimes appears x2432.

3.6 Polarimetry

FOS/ BL G130H polarimetry observation will not be feasible. Gratings G190H, G270H,
and G400H will be usable with both FOS detectors. The(0.9) aperture should be used to
obtain the highest polarimetric precision. Only H@&S/ RD 0.9' (1. 0) aperture will be
calibrated in Cycle 5. The instrumental polarization introduced by the COSTAR reflections is
<2% and is wavelength dependent. Actual polarimetric accuracies depend on the measured
signal, of course. For very bright sources, the Cycle 5 limiting linear polarization uncertainty goal
is of the order of 0.2%. Our preliminary analysis of the Cycle 4 calibration indicates a linear
polarization accuracy of approximately 0.7%, however. Naturally, for faint sources the accuracy
is limited by the photon statistics obtained and by the intrinsic polarization of the object (see
section 1.6). Please refer to the FOS WWW Homepage after 1 June 1995 for further updates on
polarization accuracies and uncertainties.

3.7 Scattered Light

Extensive modeling of scattered light which has its origin in the diffraction patterns of the
gratings, the entrance apertures, and the micro-roughness of the gratings has been performed by
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M. Rosa (see Appendix C). Predictions from these models will be tested in Cycle 5 by
comparison of FOS G130H and GHRS G140L observations of asingle target. The Rosa
modeling code isavailable at STScl for use as a post-observation parametric analysistool. Please
contact an Instrument Scientist for more information.

A routine wavel ength-independent correction for scattered light plus uncorrected
background (dark) is performed in the post-observation data reduction pipeline for those gratings,
such as G130H, which have regions of zero sensitivity to dispersed light. Some gratings have no
regions of zero sensitivity and therefore no pipeline correction is made in these cases.

3.8 Detector Background (Dark)

FOS background corrections applied in the standard pipeline reduction may be
approximately 30% too small in some cases. Naturally, this affects only observations of faint
sources. Approximate mean background count rates are 0.010 counts-sec -diode™® for FOS/ RD
and 0.007 counts-sec*-diode™ for FOS/ BL. The FOS team is presently analyzing all available
background measures in order to derive corrected reference files and tables. New information
will be posted in the ADVISORIES section of the FOS Homepage as appropriate. Background
measures will continue to be made monthly throughout Cycles 5 and 6.

3.9 Dead Diodes

Occasionally, one of the 512 diodesonthered or the blue side becomes very noisy or ceases
to collect data. Since launch 3 diodes on the blue side and 2 diodes on the red side have stopped
functioning. In addition, several diodes on each side have become noisy and have been disabled.
With the inclusion of the diodes known to be dead or troublesome from pre-launch there are cur-
rently 26 FOS/ BL diodes disabled and 15 disabled for FOS/ RD. See Appendix B for the current
disabled diodesist (several diodes are "under scrutiny” at present, but no new additionsto the list
have been made since December 1993).

3.10 Additional Calibration I nfor mation

Although not needed for Phase | planning, additional information on instrument perfor-
mance may be found in FOS Instrument Science Report CAL/FOS-130 (Keyeset al, 1994) which
is a complete discussion and a synopsis of the Cycle 4 calibration status of the FOS through No-
vember, 1994. Seealso Calibrating the Hubble Space Telescope: Proceedings of a Workshop, ed.
Blades and Osmer (1994) and Part V1 of the HST Data Handbook, ed. Baum (1994). These and
other calibration-related documents are accessible on-line from the FOS WWW Homepage (http:/
Imwww.stsci.edu/ftp/instrument_news/FOS/topfos.html).
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Table 3-2: FOS/ BL Cycle 5 Calibration Chart

G130H | G190H | G270H | G40OH | G570H | G780H | G160L | G650L | PRISM
4.3 FS FS FS FS FS FS
1.0 FS FS FS FS FS S
0.5 S S S S S
0.3 AeFS | AdFS | AdFS | AFS | A AFsS A A
0. 25x2.0
1.0-PAIR
0.5- PAIR
0.25-PAIR | AS AS S S A AFS
0.1-PAIR A A A A
2. 0- BAR
0. 7x2. 0- BAR

Table 3-3: FOS/ RD Cycle 5 Calibration Chart

G130H | G190H | G270H | G40OH | G570H | G780H | G160L | G650L | PRISM
4.3 FS FS FS FS FS FS FS FS
1.0 FS FS FS FS FS FS S S
0.5 S S S S S S S S
0.3 AeFS | AeFS | AgFS | AdFS | AS | AS AS A
0. 25x2. 0
1.0- PAIR
0.5- PAIR
0. 25- PAIR AFS | AFS S FS S AS S A
0.1-PAIR A AF A A
2. 0- BAR
0. 7x2. 0- BAR

A: interna source wavelength calibration ONLY

Ao externa source and internal source wavelength calibration
F: flat field calibration

S. photometric (inverse sensitivity) calibration
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4. SSIMULATING FOS: SYNPHOT

We provide a software package that can be used to simulate FOS spectrafor any input spec-
trum. Thissimulator isavailablein the Space Telescope Science Data Anaysis System (STSDAS)
package synphot. Details about the STSDAS synphot package can be found in the Synphot User's
Guide, by H. Bushouse, Sep. 1993, STScl, and in Appendix D of the HST Data Handbook (1994,
Baum). The synphot reference data, which are not part of standard STSDAS, must be retrieved
and installed to run synphot.

* Logging on to STEIS: To log onto STEIS, tyfpe ftp.stsci.edu or ftp 130.167.1.2. If
prompted for Name, entanonymous. Otherwise entaiser anonymous. The pass-
word is your full e-mail address. You are now in a UNIX-FTP environment. Enter
get README to transfer the instructions to your home account. Most information
relevant to data reduction is located within the /instrument_news and the cdbs direc-
tories. (For detailed information on STEIS, see the HST Data Handbook, Part XI,
Chapter B, ed. Baum 1994.)

Synphot can be used to “observe” an arbitrary input spectrum with any FOS configuration
to produce a predicted spectrum of detector couhtiiade™. This can be done using one of sev-
eral tasks in the synphot package, includiogntrate, calcspec, and plspec. The operation of each
of these tasks involves specifying the desired FOS observing mode, the input spectrum, and the
form of the output spectrum. The choice as to which task to use depends on the desired results. For
producing spectra in units of countSdiode® thecountrate task is the easiest to use and its input
parameters are set up to mimic those found in FOS RPS2 exposure level usage.

For example, to reproduce a count rate spectrum for the FOS blue side with grating G190H
and the 0.9(1. 0) aperture, the parameters for tloeintrate task would be set as given in Table
4-1. Note the inclusion of the argument “costar” in the aperture parameter, which is necessary for
the task to use the aperture throughput data that are appropriate for the PSF and plate scale provided
by COSTAR. In this example the input spectrum is specified using the unit function, which pro-
duces a spectrum that has constant flux as a function of wavelength. The two arguments for the unit
function specify the flux level and units (here, 1.0 *4@rgs &' cm® AL or “flam”).

The task evaluates the spectrum on a wavelength grid that is automatically selected to
match the dispersion (Angstroms didd®f the chosen observing mode. The computed spectrum
will be written to the STSDAS table “spectrum tab”, which will contain two columns of wave-
length and flux values, where the wavelengths will be in units of Angstroms and the spectrum in
units of counts diodé. With exptime=1, as in this example, the flux units are then essentially
counts & diodel. The spectral data in this table can be plotted using, for example, the STSDAS
tasksgraph (e.g. sgraph “spectrum.tab wavelength flux”).

In addition to the unit function used in this example, synphot also has built-in blackbody
and power-law functions that can be used to synthesize spectra of those forms. For example, in the
countrate task you could set “synspec = bb(8000)” and “synmag = 14.5 V” to synthesize an 8000
K blackbody spectrum that is normalized to a V magnitude of 14.5. You could also specify
“synspec = pl(3500,2)” and “synmag = 13.9 V" to obtain a power-law spectrum of the foym F(
proportional tov™? (which has constant flux in wavelength space), normalized to a V magnitude of
13.9.
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The userspec parameter can al so be set to read spectral datafrom an existing table, such as
data you may already have for a particular object. There are several spectral atlases available on
STEISthat you can use asinput to synphot. Current holdingsincludealibrary of HST standard star
spectra, Kurucz model atmospheres, a spectrum synthesis atlas from G. Bruzual, the Bruzual -Per-
sson-Gunn-Stryker spectral atlaswhich haswavel ength coverage from thenear-UV tothe near-1R,
and the optical stellar atlas from Jacoby, Hunter, and Christian (1985). See Appendix B of the Syn-
phot User’s Guide for information on how to obtain these data.

Table 4-1: Example parametersin Synphot countrate task to ssimulate an FOS obser vation

of aflat-spectrum source with flux=1.0 x 10 % ergsst cm? Al
Parameter Setting Definition
output spectrum.tab | Output table name
instrument fos Science instrument
detector blue Detector used
spec_elem g190h Spectral elements used
aperture 1.0,costar Aperture/ field of view
cenwave INDEF Central wavelength (HRS only)
userspec unit(1.e-14,flam) | User supplied input spectrum
Synspec Synthetic spectrum
synmag Magnitude of synthetic spectrum
refwave INDEF Reference wavelength
reddening 0. Interstellar reddening in E(B-V)
exptime 1. Exposure time in seconds
verbose yes Print resultsto STDOUT?
count_tot INDEF Estimated total counts
count_ref INDEF Estimated counts at reference wavelength
refdata Reference data
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APPENDIX A : Taking Datawith FOS

Two sets of nomenclature are used to describe the taking of FOS data - those used in the
RPS2 exposure level to command observations, and those used in the FOS data headers. Table A-
1 givesthe tranglation between the two, together with defaults and definitions. This Appendix de-
scribes the manner in which FOS observations are constructed and also provides important infor-
mation on the limitations of the calculation of observation start times.

FOS observations are performed in a nested manner, with the innermost nest being the
livetime of theinstrument plusthedeadtime (LT + DT). Table A-1liststhe parametersin the order
inwhich FOS observations are nested. In the most common mode of data-taking spectra are taken
by sub-stepping the diode array along the dispersion in the X-direction, and then by performing the
sub-stepping five times over adjacent diodes to minimize the impact of dead diodes. The sequence
isthen

(LT +DT) x 4 x 5.

The minimum livetime is 0.003 seconds. The minimum livetime plus deadtime is 0.030
seconds. Using the minimum livetime resultsin very inefficient observations, since dataare being
taken only 0.003/0.03 = 0.1 of the time.

The user hasaccess only to those parametersthat can be set in RPS2. For example, the user
cannot set the livetime, but can set the product of livetimeand INTS(STEP- TI ME=LT X INTS).
Likewise, the user cannot explicitly set the deadtime, but in PERI OD mode, the user can set the
ratio of livetime to deadtime (DATA- RATI O=LT/DT).

For the most common mode, ACCUM an FOS integration is constructed in the order
(LT+DT), INTS, NXSTEP, OVERSCAN, Y STEPS, NPATT, and finally NREAD. The total
elapsed time (time from start to finish of an observation in seconds) of anintegration isthen given

by
At = (LT+DT) x INTS x NXSTEP x OVERSCAN x YSTEPS x NPATT x NREAD.

where NXSTEP = SUB- STEP, and YSTEPS =Y- S| ZE, sotheelapsed timefor the observation
for standard ACCUMmode is equal to

At = (LT +DT) xINTSx4x5x1xNPATT x NREAD.

The number of patterns, NPATT, is set after the setting of sub-step (NXSTEP), OVER-
SCAN, and Y STEP, to achieve the exposure time requested. When NPATT has reached the max-
imum to which it can be set (256), then INTSisincremented. Obviously, this must be donein an
optimal way to ensure that the efficiency (O LT/DT) remainshigh. The maximum valuefor INTS
Isalso 256.

For a RAPI D observation, an FOS integration is built up in adightly different order;
(LT+DT), INTS, NXSTEP, OVERSCAN, YSTEPS, NPATT, and finally NMCLEARS. Thetotal

elapsed time of the observation is
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At = (LT+DT) x INTS x NXSTEP x OVERSCAN x YSTEPS x NPATT x NMCLEARS.
which isusually equal to
At=(LT+DT)xINTSx4x5x1x NPATT x NMCLEARS.

However, the sub-stepping, the overscan values, and the wavel ength range can be lowered
in RAPI D to accommodate shorter time between the taking of spectra.

Alternatively, for RAPI D mode one can also use the READ- Tl ME (the time from the start
of one exposure in a RAPI D series to the start of the next). For completeness, we include a de-
scription of how READ- Tl ME is constructed:

READ- TI ME = (LT + DT) x INTS x SUB- STEP x OVERSCAN x YSTEPS x NPATT + ROT

where SUB- STEP is usually set to 4, OVERSCAN may be 1 or 5 (normally 5), Y STEPS= Y-

S| ZE and isalmost always set to 1, and where ROT refersto the Read-Out Time (the time to read-
out the diode array). The Read-Out Time for FOS is dependent on the telemetry rate, and on the
amount of data to be read out, which is dependent on the number of diodes being used (i.e., the
wavelength range being observed), as well as on the sub-stepping.

ROT = (15/ 14) x (1024 / RATE) x NSEG(WORDS) x SUB- STEP x YSTEPS.
where RATE isthe telemetry rate, and NSEG(WORDYS) is given by
NSEG =1if WORDS< 51
NSEG = 1 + NINT{0.499 + [(WORDS-50) / 61]} if WORDS>50

where WORDS = (NCHNLS + OVERSCAN - 1), NCHNL Sisthe number of diodesto beread out
(with amaximum of 512 and a minimum of 46 for an OVERSCAN of 5), and NINT roundsto the
nearest integer (NINT[.499]=0; NINT[0.5]=1). To achievethefastest READ- Tl MES, the RATE of
reading data can be increased from the default telemetry rate of 32kHz to 365kHz, the wavelength
region can be decreased, and sub-stepping set to 1. The amount of data being taken by FOS must
be decreased to achieve the fastest READ- Tl IVE because a smaller amount of data can be read out
in afaster time. The relation between number of diodes read out and wavelength coverage can be
derived from Table 1-3.

The observer should be aware of the fact that the percentage of time spent accumulating
datain RAPI D can be very small depending on how the parameters are set. Figure 1-4, taken from
Welsh et al (1994), shows the duty cycle, or ratio of time spent accumulating data over READ-

Tl ME, asafunction of READ- Tl ME. Given the two values of telemetry rate (32,000, and
365,000) and the three possible values of SUB- STEP (4, 2, and 1), there are six duty cycle curves
in Figure 1-4. The parameters should be set to maximize duty cycle, while maintaining the reso-
lution and wavelength coverage necessary for the scientific objectives.
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For a PERI OD mode observation, an FOS integration is built up of
At=(LT +DT) X INTS x NXSTEP x OVERSCAN x YSTEPS x SLICES x NPATT

where SLICES = Bl NS. Aswith RAPI D, NXSTEP and OVERSCAN values can be lowered to
result in a greater number of SLICES (Bl NS).

The equations above give the elapsed time of an observation, so, in principle, they can be
used to calculate the actual start time of any observation, by subtracting them from the first packet
time (FPKTTIME) which is given in the group parameter at the beginning of every group of
“multi-group” data.

Start Time = FPKTTIME At

Unfortunately, there is an uncertainty of 0.125 seconds in the accuracy of FPKTTIME due
to limitations in the precision with which the onboard clock time is read out to the ground. If rel-
ative timings of individual exposures irRAPI Dtime series must be known more accurately than
0.125 seconds, we recommend the calculation of the start time of each individual group by succes-
sive addition oREAD- Tl ME to the FPKTTIME-derived start time of the first group. (Of course
the uncertainty of the precision of the first FPKTTIME will limit absolute timings, but relative tim-
ings will then be accurate.) As noted in section 1.5.3, iREAD- Tl ME is less than 1.2 times the
default minimum values dREAD- Tl ME given in Table 1-1, theRAPI D mode timings become
very complex and an FOS Instrument Scientist must be consulted in order to compute correct start
times.

The start time of the entire observation is also given in the data header as EXPSTART. All
times in the header, including the first packet time, and the start time, are given in units of Modified
Julian Date, which is the Julian date minus 2400000.5. For example, the Modified Julian Date for
1996 is given by:

MJD = 50082.0 + day of year + fraction of day frofnLoT.

Note that aModified Julian Date starts at midnight U.T. whereas the more traditionally em-
ployed Julian Date starts at noon U.T.
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Table A-1: FOS Observing ParametersListed in Order of Execution.

RPS2 Exposure

FOS

Level Header Default Definition
LIVETIME 0.500 sec | (LT) Time FOS s integrating.
DEADTIME 0.010 sec | (DT) Overhead time.
INTS Number of timesto execute (LT+DT)
SUB- STEP NXSTEP 4 Number of steps of size diode/NXSTEP in direc-
tion of dispersion.
covB OVERSCAN* YES Whether or not to execute x stepping to remove
the effects of dead diodes. For COVB= YES,
MUL=5. For COVB= NO, MJL=1.
Y- Sl ZE Y STEPS 1 Number of steps perpendicular to dispersion.
Bl NS SLICE 5 For PERI OD only, equal to 1 otherwise. Number
of binsto divide one period into.
NPATT Number of times to execute the pattern so asto
achieve the exposure time.
NREAD For ACCUMonly, equal to 1 otherwise. For read-
outs short enough to correct for GIM
NMCLEARS For RAPI D only, equal to 1 otherwise. Number
of timesto clear data so as to read new data.
STEP-TIME | LT XINTS 0.5 Availablein RAPI D and PERI OD.
DATA- RATI O | LT/DT Maximum | Availablein PERI OD only.

* The FOS header value for OVERSCAN is equal to the value for MUL.
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APPENDI X B : Dead Diode Tables

C. Taylor

Occasionally one of the 512 diodes on thered or the blue side becomesvery noisy, or ceases
to collect data. Since launch, the FOS has lost 3 diodes on the blue side and 2 diodes on the red
side. In addition, several diodes on each side have become noisy and have been disabled. When a
diode goesbad in orbit, thereisadelay beforethat diode behavior isdiscovered, and another delay
beforethat diodeisdisabled so that its effect isremoved from the data. TablesB-1 and B-2list the
current (asof December 6, 1993) disabled diodes. Tables B-3 and B-4 list the history of the diodes
that have been disabled, when they were discovered to be bad, and when they were disabled. The
channels are numbered in thistable from 0 to 511, while they are numbered in the STSDAS tasks
from 1to 512.

TableB-1: FOSDEAD AND NOISY CHANNEL SUMMARY®: FOS/ BL

DISABLED DISABLED DISABLED ENABLED
Dead Noisy Cross-Wired But Possibly
Channels Channels Channels Noisy
49 31 47 8

101 73 55 138
223 144 139
284 201 209/210
292 218 421
409 225 426
441 235
471 241

268

398

415

427

451

465

472

497

8 16 2 6

Total Blue Disabled: 26
1 Diode numbering range is 0-511
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Table B-2: FOSDEAD AND NOISY CHANNEL SUMMARY: FOS/ RD

DISABLED DISABLED ENABLED
Dead Noisy But Possibly
Channels Channels Noisy
2 110 153
6 189 142
29 285 174
197 380 258/259
212 381 261
308 405 410
486 409
412
7 8 6

Total Red Disabled: 15

1 Diode numbering range is 0-511.
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TableB-3: FOSDEAD AND NOISY CHANNEL SHISTORY®: FOS/ BL

Deien | omreom | DATE
49 2/17/88 2/17/88
101 8/28/91 12/14/91
223 4/6/88 4/6/88
284 2/17/88 2/17/88
292 9/7/93 10/11/93
409 2/17/88 2/17/88
441 6/20/91 8/3/91
471 6/1/91 8/3/91
DISABLED
Noisy DATE Noticed DATE Disabled
Channels
31 3/11/88 11/1/90
73 Prelaunch Prelaunch
144 3/17/93 5/3/93
201 Prelaunch Prelaunch
218 Prelaunch Prelaunch
225 Prelaunch, ? 5/18/90,(enabled 6/11/90),11/1/90
235 10/1/90 11/1/90
241 10/3/90 11/1/90
268 Prelaunch Prelaunch
398 12/90 2/20/91
415 Prelaunch,10/92 Prelaunch, (enabled 2/20/91), 2/15/93
427 Prelaunch, 3/5/92 Prelaunch, (enabled 2/20/91),4/13/92
451 Prelaunch Prelaunch
465 Prelaunch Prelaunch
472 Prelaunch Prelaunch
497 3/11/88 11/1/90
219 Prelaunch Prelaunch,ENABLED 2/20/91

- 64 -




Table B-4: FOSDEAD AND NOISY CHANNEL SHISTORY!: FOS/ RD

FOS Instrument Handbook - Version 6.0

e | oatevier | LPATE
Channels
2 Prelaunch Prelaunch
6 Prelaunch Prelaunch
29 10/27/91 1/7/92
197 12/90 2/20/91
212 Prelaunch Prelaunch
308 10/12/93
486 Prelaunch Prelaunch
DISABLED
Noisy DATE Noticed DATE Disabled
Channels
110 7/16/90 9/14/90
189 9/91 12/14/91
285 Prelaunch Prelaunch (formerly DEAD)
380 7191 8/3/92
381 Prelaunch,5/93 Prelaunch,(enabled 8/27/90),10/11/93
405 Prelaunch Prelaunch
409 Prelaunch Prelaunch
412 11/91 10/11/93
235 Prelaunch Prelaunch,ENABLED 8/27/90
261 Prelaunch Prelaunch,ENABLED 8/27/90
344 Prelaunch Prelaunch,ENABLED 8/27/90

! Diode numbering range is 0-511.
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APPENDIX C: Grating Scatter

M. Rosa
Space Telescope European Coordinating Facility,
Garching bel Munchen, Germany

C. 1. Digpersion and diffraction of light in the FOS

The FOSisasingle pass spectrometer with blazed, ruled gratings. Both the blue and the red
side detectors cover wide spectral ranges. Therefore, the FOS is subject to “scattered" light which
has its origin primarily in the diffraction patterns of the gratings and the entrance apertures, as well
as the micro roughness of gratings due to their ruled surfaces. These limitations are brought about
by physical principles.

Additional scattering due to contamination of optical surfaces or unbaffled stray light wors-
ens the situation. However, the analysis of laboratory and in-flight FOS data shows that the actual
instrument performance is very close to the performance anticipated from ideal optical surfaces.
Therefore, the contamination of observations by scattered light can be predicted with reasonable
accuracy.

For illustration of the above arguments, let the target spectrum be the model atmosphere
appropriate for the Sun (Kurucz 1993), observed in the FOS BLUE G190H mode through the 0.9
(1. 0) round aperture. The detector covers a rangelo#7 degrees of the diffracted angle, corre-
sponding to the wavelength range 1573 A to 2330 A. The 3 panels of Figure C-1 cover the range
-10 to +23 degrees in diffracted angles (0 A to 7800 A in first order). Figure C-1 shows, in log-
arithmic count rates (offset by +1 in the y direction),

» the “ideal" spectrum as observed by an unphysical instrument that relates wavelengths
one-to-one to diffracted angles;

» the “grating” spectrum as dispersed by the blazed grating; orders visible on the graph
are 0, 1 and 2;

» the “model observationsi'g., the dispersed spectrum convolved with the additional
scattering imposed by the finite size aperture, the ruled surface of the grating and a
minute amount of dust on the optical surfaces.

The shapes of the zero order peaks in the lower panel of Figure C-1 reflect the actual line
spread function (LSF). The far wings of this LSF carry light from the peak of the original distribu-
tion into domains where the target spectrum, filtered by the total throughput of all optical elements
and the detector efficiency, produces very few intrinsic counts. In addition this LSF moves photons
from the zero order peak into the adjacent parts of the 1st order seen by the detector--although the
zero order peak itself is correctly baffled.

In Figure C-2 are shown the actual observed count rates for the star 16 Cyg B, very similar
to the Sun, overlaid with the “ideal" and the “model" observations from Figure C-1. For a solar-
like target spectrum, the scattered light component ranges between 0.999 and 0.01 of the observed
signal in the BLUE G190H mode.
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C. 2. Predicting the contamination

UV observations of intrinsically red spectra are subject to severe contamination. A rough
idea of the contamination can be obtained from Table C-1, where the log of the count ratio (Scat-
tered+Intrinsic/Intrinsic) islisted for avariety of target spectra and high dispersion FOS modes.

Asaqguide to the wavelength range where scattered light will dominate over the signal for
agiven target spectrum, one determines the signal count rate spectrum:

N)\:F)\*E)\

where N, isthe count rate per diode, F,, istheincident spectrum, and E,, isthe efficiency asafunc-
tion of wavelength for the spectral range (FOS mode) of interest, and for the adjacent modes (wave-
length ranges) towards the red. Scattered light will dominatethe signal in regionswere N, falls off
more rapidly than the L SF. The medium range (10-500 diode) wings of the L SF can be approxi-
mated by an inverse square function (diode-di odeo)'z, the conversion from A-space into diode-
spaceisprovided in Table 1-3 (FOS Dispersers).

In order to accurately predict the contamination by scattered light for a given grating/detec-
tor/aperture combination, an appropriate estimate of the intrinsic energy distribution of the target
isrequired; and the properties of all optical components have to be taken into account in detail.
Software to model the resultant count rate spectrawill soon be made available in the IRAF/STS-
DAS FOS analysis package.

C. 3. Adviceto proposers

scattered red light in the low resolution modes of the GHRS.

reduce the amount of far red scattered photons.

UV spectra shortward of 2500 A of very red targets may be obtained almost free of
Use the BLUE Digicon for very red targets (later than K3) for G190H observations to

Consult Table C-1 to find the wavelength range where the scattered light starts to dom-

inate. Observations of continuum sources shortward of this range are absolutely use-
less, unless the intrinsic spectra flatten off. For example, the coronal emission in
Ori (MOlab) can be traced in a G130H spectrum, but a quantitative assessment is

impossible.

Contaminated data with a ratio of scattered counts over intrinsic counts of up to 5 can

likely be correctegbrovided the intrinsic target spectrum is known for longer wave-
lengths,and provided the exposure times are chosen such as to give enough S/N for
the weak signal in the total of signal+scattered counts. It is also advisable to obtain a

target spectrum at longer wavelengths, at least with the adjacent FOS range.

- 67 -



C.4. Appendix C. References

Ayres, T.R.: 1993, “Scattered Light in the G130H and G190H Modes of the HST FOS" , CAL/

FOS Instrument Handbook - Version 6.0

FOS-0115, STScl

Caldwell, J. and Cunningham, C.C : 1992, Science Verification 1343 Interim Report
Kinney,A.L., Bohlin,R.C.: 1993, “Background due to scattered light", CAL/FOS-0103, STScl
Rosa, M.R.: 1993, “Scattered light in the FOS: An Assessment using science data" , CAL/FOS-

0114, STScl = ST-ECF Newsletter No. 20, p. 16

Stroke, G.W.: 1967, “Diffraction Gratings", Encyclopedia of Physics - Handbuch der Physik,

S.Fligge (ed.), Springer, Berlin, p.427-754

Table C-1: Logarithmic ratios of count rates (Scattered+Intrinsic)/(Intrinsic)} for

unreddened stars. FOS, blue detector

AO V G5V K3 il
G130H G190H G270H

A | log[(S+D} A log[(S+M] | A | log[(S+)/1])
1170 0.98 1600 2.92 2250 1.49
1215 1.73 1700 1.00 2350 1.15
1250 0.18 1800 0.41 2500 0.52
1300 0.02 1900 0.19 2700 0.24
1400 0.01 2000 0.07 3000 0.02
1600 0.00 2300 0.01 3300 0.00
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Figure C-1: FOS Blue G190H Count rate spectrafor a G5 V model atmosphere in the de-
tector plane. See text. Note that the real detector only covers the wavelength range marked by a
thick bar.
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Figure C-2: FOS Blue G190H datafor the G5 V star 16 Cyg B. The count rate spectrum
due to intrinsic photons and the composite of intrinsic and scattered photons are overlaid.
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This appendix provides maps of the FOS Pt-Cr-Ne comparison spectrum for each FOS
detector/disperser combination except the prism. The spectra are plotted as count-rates versus
wavelength in Figures D-1 through D-14. Table D-1 contains alisting of the vacuum wavelength
and element-of-origin for 159 potentially usable FOS comparison lines in the spectral range 1200-
8800 Angstroms. The wavelength of each of these lines is indicated by a diamond symbol in the
figures. Please note that some of the lines marked on any particular plot may not be used in actual

FOS Instrument Handbook - Version 6.0

FOS dispersion-relation calibration computations.

Appendix D : FOSWavelength Comparison Spectra

Table D-1: Wavelength and I dentification of FOS Comparison Lines

Vacuum Element Vacuum Element Vacuum Element
Wavelength Wavelength Wavelength
1238.852 Pt 1907.494 Ne 2390.262 Pt
1248.610 Pt 1911.710 Pt 2440.797 Pt
1271.793 Pt 1916.083 Ne 2487.919 Pt
1309.496 Pt 2037.089 Pt 2509.195 Pt
1327.432 rés 2050.097 ” 2603.913 Pt
1378.956 Pt 2076.139 Pt 2628.815 Pt
1382.046 Pt 2129.283 Pt 2640.132 Pt
1410.135 ” 2144.922 Pt 2651.641 Pt
1482.826 Pt 2165.872 Pt 2703.205 Pt
1494.726 Pt 2175.352 Pt 2706.696 Pt
1509.272 Pt 2191.000 Pt 2734.770 Pt
1524.704 Pt 2235.610 Pt 2763.736 Ne
1530.199 res 2246.215 ” 2772.490 Pt
1534.894 Pt 2263.363 Pt 2810.327 Cr
1554.929 Pt 2269.542 Pt 2876.693 Pt
1574.322 Pt 2275.083 Pt 2890.137 Cr
1581.399 ” 2293.085 Pt 2894.720 Pt
1621.718 Pt 2311.668 Pt 2930.652 Pt
1688.358 Ne 2319.007 Pt 2956.594 Ne
1723.158 Pt 2340.894 Pt 2964.156 Ne
1867.100 Pt 2357.825 Pt 2087.111 Cr
1883.079 Pt 2378.002 Pt 2998.845 Pt
3022.460 Cr 3970.873 Cr 5946.479 Ne
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Table D-1: Wavelength and I dentification of FOS Comparison Lines

Vacuum Element Vacuum Element Vacuum Element
Wavelength Wavelength Wavelength
3089.126 7 3977.795 Cr 6031.672 Ne
3204.966 7 3985.026 Cr 6076.024 Ne
3219.139 Ne 3992.249 Cr 6097.851 Ne
3245.086 Ne 4127.875 Cr 6144.763 Ne
3298.689 Ne 4255.528 Cr 6165.298 Ne
3302.810 Pt 4276.013 Cr 6219.003 Ne
3310.732 Ne 4290.938 Cr 6268.226 Ne
3324.706 Ne 4345.731 Cr 6306.536 Ne
3379.250 Ne 4352.993 Cr 6336.184 Ne
3409.107 Pt 4372.508 Cr 6384.757 Ne
3418.880 Ne 4386.202 Cr 6404.022 Ne
3448.688 Ne 4581.334 Cr 6508.330 Ne
3473.564 Ne 4602.040 Cr 6534.688 Ne
3521.476 Ne 4627.477 Cr 6600.775 Ne
3543.912 Ne 4647.452 Cr 6680.127 Ne
3569.549 Ne 4653.463 Cr 6718.897 Ne
3594.575 Cr 4757.421 Cr 6931.385 Ne
3606.349 Cr 4923.655 Cr 7034.353 Ne
3634.705 Ne 5039.156 Ne 7175.920 Ne
3665.154 Ne 5081.797 Ne 7247.170 Ne
3695.251 Ne 5117.927 Ne 7440.953 Ne
3728.140 Ne 5299.666 Ne 7490.937 Ne
3744.954 Cr 5332.264 Ne 8084.688 Ne
3778.232 Ne 5402.063 Ne 8138.653 Ne
3819.774 Pt 5411.286 Cr 8302.612 Ne
3909.867 Cr 5658.231 Ne 8379.914 Ne
3920.270 Cr 5749.896 Ne 8420.745 Ne
3929.762 Cr 5806.062 Ne 8497.699 Ne
3942.616 Cr 5854.114 Ne 8656.766 Ne
3964.811 Cr 5883.522 Ne 8783.038 Ne
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Comparison Spectrum: FOS/BLUE G130H
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Comparison Spectrum: FOS/BLUE G190H
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Comparison Spectrum: FOS/BLUE G570H
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Comparison Spectrum: FOS/BLUE G160L
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Comparison Spectrum: FOS/RED G190H
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Comparison Spectrum: FOS/RED G780H
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Comparison Spectrum: FOS/RED G160L
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APPENDIX E : Faint Object Spectrograph Instrument Science Reports
CAL/FOS-series Instrument Science Reportsas of 1 May 1995

134 - Cycle 3 FOS Red Sde Super-Flats, D. Lindler, R. Bohlin, and C. Keyes, January 1995.
133 - Location of FOS Spectra: Cycle 4, A. Koratkar, C. Keyes, and S. Holfeltz, January 1995.
132 - FOS Target Acquisition Strategies (SHORT VERS ON for Cycle 5 Phase |1 Reference), C.
D.(Tony) Keyes, A. P. Koratkar, and I. N. Evans, January 1995

131 - Post-COSTAR FOS Aperture Wheel Repeatability Measurements, M. Dahlem and A.
Koratkar, December 1994.

130 - Calibration Product Review for the Faint Object Spectrograph, C. D. Keyes, A. P.
Koratkar, and A. L. Kinney, November 1994,

129 - Recalibrating Pre-COSTAR FOS Data, H. A. Bushouse, November 1994.

128 - Failure Analysis of the New FOS Peakup Algorithm, J. Skapik and J. Fitch, September
1994,

127 - The FOS Scattered Light Model Software, M. R. Rosa, September 1994.

126 - FOSPre-COSTAR Target Pointing Anaylsis, C. J. Taylor, August 1994.

125 - Pre-COSTAR Photometric Calibration of the Faint Object Spectrograph, D.J. Lindler and
R.C. Bohlin, June 1994.

124 - High Speed Spectroscopy using the FOSin Rapid Mode, W. Welsh, D. Chance, C. Keyes,
and M. Reinhart, May 1994.

123 - SMOV Report V: FOSPlate Scale and Orientation, A. Koratkar, T. Wheeler, |. Evans, O.
Lupie, C. Taylor, C. Keyes, and A. Kinney, May 1994.

122 - FOSPre-COSTAR Blue Sde: Target Acquistion Accuracy, E. Vassiliadis, R. Bohlin, A.
Koratkar, | Evans, April 1994.

121 - SMOV Report 1V: The Absolute Locations of the FOS 1.0 Apertures, |. Evans, A. Koratkar,
C. Taylor, and C. Keyes, May 1994.

120 —FOS Aperture Transmissions for Point Sources, R.C. Bohlin, February 1994.

119 —The Faint Object Spectrograph Binary Search Target Acquisition Smulator B4, | Evans,
February 1994.

118 —-SMOV Report I11: FOSBaseline Sensitivity, C. Keyes, A. Kinney, A. Koratkar, C. Taylor,
January 1994,

117 —SMOV Report I1: FOS Coarse Alignment 4907, A. Kinney, A. Koratkar, O. Lupie, C. Tay-
lor, and C. Keyes.

116 —SMOV Report I: Location of FOS Spectra, A. Koratkar, C. Taylor, A. Kinney, and

C. Keyes.

115 —Scattered Light in the G130H and G190H Modes of the HST Faint Object Spectrograph,
T.R. Ayres, November 1993.

114 —Scattered Light in the FOS An Assessment Using Science Data, M.R. Rosa, November
1993.

113 -Reference Guide and Complete History of FOS Calibration ReferenceFiles and Tables, C.
J. Taylor and C. D. Keyes, August, 1994.

112 -FOS Dead Diode Reference Files: A Quick Reference Guide to the Appropriate File for a
Particular Date and Instrumental Configuration, C, J. Taylor, August 1994.

111 - not completed.

110 —Location of FOS Spectra: Cycle 3 Results, A. Koratkar, December 1993.
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109 —FOS Calibration Plan for Cycle 4, A. Koratkar, A. Kinney, C. Keyes, |. Evans, and

C. Taylor, November 1993.

108 —FOS Calibration Plan for SMOV, A. Koratkar, C. Keyes, A. Kinney, I. Evans, and C. Tay-
lor, November 1993.

107 —Pre-COSTAR FOS Aperture Throughputs for Mis-centered Targets Derived from PSF Mod-
els, I.N. Evans, November 1993.

106 —Pre-COSTAR FOS Aperture Transmissions for Point Sources and Surface Brightness of Dif-
fuse Sources, R.C. Bohlin, October 1993.

105 —Pre-COSTAR FOS Aperture Throughputs from Models, I.N. Evans, September 1993.
104 —Pre-COSTAR FOS Point Soread Functions and Line Spread Functions from Models, I.N.
Evans, September 1993.

103 —Background Due to Scattered Light, A.L. Kinney and R.C. Bohlin, September 1993.
102 —-FOS Aperture Throughput Variations Due to Focus Changes, D.L. Lindler and R.C. Bohlin,
August 1993.

101 —Removal of Sraylight in FOS Observations, E. Kinney and R. Gilmozzi, June, 1994.
100 — Greclel/Cycle2 Discriminator Settings, C.J. Taylor and A.L. Kinney, February 1994.
099 —Serendipitous Background Monitoring of the Hubble Space Telescope’s Faint Object Spec-
trograph, J.E. Fitch and G. Schneider, August 1993.

098 —Correction of the Geomagnetically-1nduced Image Motion Problem on the Hubble Space
Telescope’s Faint Object Spectrograpl. Fitch, GF. Hartig, E.A. Beaver and R.G. Hier, August
1993.

097 —Light Lossin FOSas a Function of Pointing Error, R.C. Bohlin, August 1993.

096 —Location of FOS Spectra: Cycle 1 and Cycle 2 Results, A. Koratkar and C. J. Taylor, August
1993.

095 —Location of FOS Polarimetry, Anuradha Koratkar and C.J. Taylor, June 1993.

094 —FOS Calibration Plan for Cycle 3, C. D. (Tony) Keyes and A. Koratkar, June 1993.
093 —FOS Inverse Sensitivity Reference Files: A Quick Reference Guide to the Appropriate File
for a Particular Date and Instrumental Configuration, C.J. Taylor and C.D. (Tony) Keyes, June
1993.

092 —The Post COSTAR Rotation Matrices for Calculating V2,V3 Offsets in Mode 2 FOS Target
Acquisition, A.P. Koratkar and O. Lupie.

091 —A Rough Photometric Calibration for FOS, BLUE, G160L, ORDERQ, K. Horne and M.
Eracleous, August 1993.

090 —FOSFlat Field Reference Files: A Quick Reference Guide to the Appropriate File for a
Particular Date and Instrumental Configuration, C. Keyes and C. Taylor.

089 — not completed.

088 —FOS Flats From Super Spectra, D. Lindler, R. Bohlin, G. Hartig, and C. Keyes, March
1993.

087 —FOSBlue Detector Plate Scale and Orientation, A. Koratkar, May 1993.

086 —Analysis of Photometric Sandards following July 1992 FOS Over-light Safing Event, C. J.
Taylor and C.D. Keyes, December 1992.

085 —FOS Aperture Throughput Variations with OTA Focus, D. Lindler and R. Bohlin, August
1992.

084 —Photometric Calibration of the Faint Object Spectrograph and Other HST Scientific Instru-
ments, R.C. Bohlin and J.D. Neill, July 1992.
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083 —Faint Object Spectrograph On-Orbit Sky Background Measurements, R.W. Lyons, W.
Baity, E.A. Beaver, R.D. Cohen, V.T. Junkkarinen, and J.B. Linsky, August 1992.

082 —Lab Test Results of the FOS Detector Performance in a Variable External Magnetic Field,
E.A. Beaver and P. Foster, June 1992.

081 —FOS Onboard Target Acquisition Tests, S. Caganoff, Z. Tsvetanov, and L. Armus, April
1992.

080 —FOS On-Orhit Background Measurements, R. W. Lyons, J.B. Linsky, E.A. Beaver, W. A.
Baity, and E. I. Rosenblatt, April 1992.

079 —FOS Operation in the South Atlantic Anomaly, W. A. Baity, E.A. Beaver, J.B. Linsky and R.
W. Lyons, April 1992.

078 —FOSPolarimetry Calibration [update of CAL/FOS055], R.G. Allen and P.S. Smith, March
1992.

077 —Photometric Calibration of the FOS, J. D. Neill, R. C. Bohlin, and G. Hartig, June 1992.
076 —Analysis of FOS On-Orhit Detector Background with Burst Noise Rejection, E.A. Beaver
and R. W. Lyons, April 1992.

075 —FOS Spectral Flat Field Calibration (Science \erification Phase Data), S.F. Anderson,
February 1992.

074 —On-Orbit Discriminator Settings for FOS, R.D. Cohen, July 1992.

073 —Scattered Light Characteristics of the HST FOS, F. Bartko, G.S. Burks, G. A. Kriss, A.F.
Davidsen, R.D. Cohen, V.T. Junkkarinen, and R. Lyons, April 1992.

072 —Aperture Calibrations During Science Verification of the FOS, L. Dressel and R. Harms,
May 1992 (never completed).

071 —An Analysis of FOS Background Dark Noise, E.l. Rosenblatt, W.A. Baity, E.A. Beaver,
R.D. Cohen, V.T. Junkkarinen, J.B. Linsky, and R. Lyons, April 1992.

070 —Internal/External Offsets in the FOS Wavelength Calibration, G.A. Kriss, W.P. Blair, and
A.F. Davidsen, February 1992.

069 —FOS Red Detector Flat-field and Sensitivity Degradation, G. Hartig November 1991

068 —FOS Red Detector Plate Scale and Orientation, B. Bhattacharya and G. Hartig, November
1991.

067 —In-Flight FOS Wavelength Calibration—Template Spec&a. Kriss, W.P. Blair, and A.F.
Davidsen, February 1991.

066 —Geomagnetic Image Deflection Problem in the Faint Object Spectrograph, V.T.
Junkkarinen, E.A. Beaver, R.D. Cohen, R. Hier, R. Lyons, and E. Rosenblatt, April 1992.
065 —The Rotation Matrix for Calculating V2, V3 Offsetsin Mode 2 FOSTA, A.L. Kinney and G.
Hartig, March 1990.

064 —FOS Dead and Noisy Channel Update, R. Cohen and E. Beaver, October 1989.

063 —FOS Project Data Base Aperture Files, A.L. Kinney and C. Cox, October 1989.

062 —Long Term FOS Calibration Plan, A.L. Kinney and G.F. Hartig, August 1989.

061 —FOS Optical Focus and Resolution, T. Ed Smith and G. Hartig, October 1989.

060 —FOSFilter-Grating Wheel Repeatability: Dependence on Motor Selection, G. Hartig, May
1989.

059 —Scattered Light Perpendicular to the Dispersion in the FOS A. Uomoto, W.P. Blair and
A.F. Davidsen, March 1989.

058 —Scattered Red Light in the FOS, W. P. Blair, A.F. Davidsen, and A. Uomoto, March 1989
(never completed).

057 —Image Drift After HV Turn-on, W. Baity and E. Beaver, February 1989.
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056 —FOS Internal/External Wavelength Offsets, W.P. Blair, G. A. Kriss, and A.F. Davidsen,
December 1988.

055 —FOSPolarimetry, R.G. Allen and P.S. Smith, November 1988 (never completed).
054 —Revised FOSWavelength Calibration, G.A. Kriss, W.P. Blair, and A.F. Davidsen, November
1988.

053 —Laboratory Calibration of FOS Throughput, G. Hartig, January 1989.

052 —Results of TA Related Tests, A. Kinney, February 1989.

051 —Dead and Noisy Diode Summary, R. Cohen, April 1989.

050 —FOSDiscriminator Settings, R. Cohen, E. Beaver, and D. Tudhope, May 1990.

049 —FOSFilter Grating Wheel Repeatability (Revised), G. Hartig, October 1988.

048 —FOSWavelength Calibration Exposures, G. Hartig, October 1988.

047 —FOS Exposure Limits, G. Hartig, October 1988.

046 —FOS Aperture Wheel Repeatability, R. Harms and R. Downes, October 1988.

045 —FOS Linearity Corrections (Revisited), D. Lindler and R. Bohlin, August 1988.

044 —Limiting Accuracy of FOSWavelengths Calibration, R. Bohlin, M. Sirk, and G. Hartig,
October 1987.

043 —FOS Target Acquisition Cook Book, A. Kinney and R. Antonucci, May 1988.

042 —FOS Target Acquisition for Moving Targets, A. Kinney, June 1987 (never completed).
041 —Wavelength Offsets Among Internal Lamps and External Sources, M. Sirk and R. Bohlin,
April 1987.

040 —Results of Target Acquisition Tests: Feb. 1987, A. Kinney, March 1987.

039 —FOS Entrance Aperture Transmittance for Point Sources, G. Hartig, November 1986.
038 —FOSWavelength Scale Below the Calibration Lamp Cutoff at 1239A (Lab. Calibration
Plan 13B), M. Sirk and R. Bohlin, October 1986.

037 —Ambient QE Measurements of the FOSRed Sde, G. Hartig, October 1986.

036 —TV Monitoring of the F8 Detector Red Sensitivity (Test SegmentMONTHLY), G. Hartig,
August 1986.

035 —Results of TA Testsat LMSC: Feb. 1986, A. Kinney, August 1986.

034 —FOS Throughput Optical Test Results, G. Hartig, August 1986 (never completed).

033 —Thermal Vac Measurements of the FOSFilter Grating Wheel Repeatability, G. Hartig,
August 1986.

032 —An Automated Method for Computing Absolute Instrumental Sensitivity Curves for FOS
Results of Testing on IUE, D. Lindler and R. Bohlin, August 1986.

031 —Commanding FOS Target Acquisition, T.M. Gasaway and A. Kinney, June 1986.

030 —Limiting Magnitudes for FOS Target Acquisition, A. Kinney, April 1986.

029 —FOS Entrance Aperture Offsets (Calibration Plan 136), M. Sirk and R. Bohlin, May 1986.
028 —Exposure Times for FOS Wavelength Calibration—Apr. 188€irk and R. Bohlin, April
1986.

027 —Firmware Target Acquisition, A. Kinney, R.G. Hier, and H. Ford, June 1986.

026 —-FOSWavelength Calibration - Jan 1986 (Laboratory Calibration Plan 13b), M. Sirk and R.
025 —FOS Linearity Corrections - Jan. 1986, D. Lindler and R. Bohlin, January 1986.

024 —Results of Binary Search Target Acquisition Tests of August, 1985, A. Kinney and H. Ford,
November 1985.

023 —Mode 2 Target Acquisition: Binary Search Parameters, Oct. 1985, A. Kinney and H. Ford,
October 1985.
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022 —Locating Spectra on the FOSDigicons & The Photometric Consequences of Errorsin Posi-
tion, Oct. 1985, J. Wheatley and R. Bohlin, October 1985 (never completed).

021 —LMSC NSSC-1 Target Acquisition Tests of Feb. 1985, D. Lindler, A. Kinney, and H. Ford,
September 1985.

020 —Scattered Light from Bright Emission Lines (Calibration Plan 12B), M. Sirk and R. Bohlin,
September 1985.

019 —FOSEntrance Aperture Szes (Calibration Plan 10B), D. Lindler and R. Bohlin, July 1985.
018 —FOS Line Widths (FWHM) as a Function of Aperture Sze, A. Kinney and H. Ford, May
1985.

017 —Improvementsin Filter/Grating Whedl Repeatability, G. Hartig, May 1985.

016 —Absolute Photometric Calibration of the FOS, G. Hartig, June 1985.

015 —Scattered Light from Bright Emission Lines Preliminary Version (Calibration Plan 12B),

M. Sirk and R. Bohlin, March 1985.

014 —Internal FOS PT-CR-Ne Calibration Lamps—Performance in the FaMJ@irk and R.
Bohlin, March 1985.

013 —Scattered Red Light—Preliminary Version (Calibration Plan 12R)Sirk and R. Bohlin,
January 1985.

012 —FOSFilter Grating Wheel Repeatability (Calibration Plan 10D), G. Hartig, R. Bohlin, H.
Ford, and R. Harms, December 1984.

011 —Scattered Light Background Perpendicular to the Dispersion—Preliminary Version (Cali-
bration #19) D. Lindler and R. Bohlin, January 1985.

010 —High \oltage Settle (FOS Calibration #08), D. Lindler and R. Bohlin, December 1984.
009 —FOS Firmware Target Acquisition, H. Ford, June 1984.

008 — FOS Aperture Repeatability & Filter—Grating Wheel Repeatability (Calibration Plan 10C
& 10D), J. Wheatley, H. Ford, and R. Bohlin, March 1984.

007 —FOS Scattered Light Measurements (Cal. Plan #128), J. Wheatley and R Bohlin, March
1984.

006 —FOSFlat Field Calibration (FOS Calibration #15), D. Lindler and R. Bohlin, March 1984.
005 —FOS Scattered Red Light (Red Tube), J. Koornneef, January 1984.

004 —FOSWavelength Calibration, J. Wheatley and R. Bohlin, December 1983.

003 —Recent FOS Calibration at GSFC, J. Wheatley and R. Bohlin, November 1983.

002 —FOS Entrance Aperture Szes, J. Wheatley, R.C. Bohlin, and H. Ford, October 1983.
001 —Lab. Calibration of the FOS Absolute Sensitivity (First Results for the Blue Sde), J.
Koornneef, R. Bohlin and R. Harms, August 1983.

SCS-series (Standard Calibration Source) I nstrument Science Reports

002 —Preliminary Comparison of the HST and White Dwarf Absolute Flux Scales, R. Bohlin,
December 1993.
001 —Updates to HST Sandard Sar Fluxes, R. Bohlin and D. Lindler, July 1992.
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APPENDIX F : Sample RPS2 Proposal for FOS Observations

In this Appendix we present the RPS2 code for a sample FOS observing proposal. This
proposal contains four visits:

 Visit 01: AnACQ BI Nwill be performed. It will serve both as an onboard acquisition
for FOS observations and as an FOS-assisted target acquisition for GHRS observa-
tions that follow the FOS exposures. The FOS observations consist of a confirming
ACQimage, a standartfiCCUMspectroscopy exposure, and a polarimetry observation.
The GHRS exposures that follow are a WAVECAL and a standard Si@€uMin
the spectral region where GHRS sensitivity is superior to that of FOS. Note: all FOS
observations are withOS/ BL.

» Visit 02: A four-stageACQ PEAK peak-up sequence to provide pointing accuracy of
0.08' will be performed. The last stage of this sequence has a “critical” exposure
designed to obtain 10,000 counts. The acquisition is followed#\PaD mode
exposure that will produce a time-series with 20-second intervals between successive
samplings. ThiREAD- Tl ME is sufficiently long that the low telemetry rate will be
used.

* Visit 03: Visits 03 and 04 are designed to execute within 4-15 days of each other. Both
require very high pointing accuracy (0"D4s the intended science will strive for high
S/N. Visit 03 will contain the standard 5-stage high-preci8ioQ PEAK strategy,
however, Visit 04 will use reuse_target_offset in order to save at least one orbit in the
target acquisition and, on the assumption of a limited TAC allocation, make the sec-
ond visit possible. The last stage of the peak-up sequence is again a “critical” expo-
sure designed to obtain 10,000 counts. The acquisition is followis@dyl NT
ACCUMmode WAVE and science exposures to insure no motion of the filter-grating
wheel and hence to obtain a high-precision wavelength calibration.

* Visit 04: This return visit will be between 4 and 15 days after Visit 03 (note that 4 days
is the minimum separation between the first visit and ANY subsequent visit that uses
a reuse_target_offset acquisition). A confirming 4x4 peak-up stage is performed to
re-center the target and science immediately follows.

The sample RPS2 for this FOS observing proposal follows:

Pr oposal | nformation

Title: FOS CYCLE 6: TEST PROPCSAL TO | LLUSTRATE EXAMPLES FOR RPS2
Proposal _Cat egory: CAL/ FCs

Scientific_Category:

Cycl e: 6

I nvestigators

Pl _nane: CHRI STENSEN, JENNI FER
Pl Institution: STSC

Col _Nane: KEYES

Col _Institution: STSC

Cont act :
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Abstract: This proposal illustrates howto enter different types
of exposures into RPS2. You wll
find exanples of: an ACQ BI N acqui sition,
a confirmatory ACQ i nage, a four-stage
ACQ PEAK peak-up, an ACCUM npbde exposure,
a RAPI D node observation, a POLSCAN
pol ari netry observation, an FOS-assi sted
acquisition (and science) precedi ng GHRS
sci ence, a high-precision five-stage
ACQ PEAK peak-up acquisition, and a
reuse target offset followup visit.

Questions
bservi ng_Descri ption:
Real Tinme_Justification:
Calibration_Justification:

This is to help you
Addi ti onal _Coment s:

Good | uck.
Fi xed_Targets
Tar get _Number : 1
Tar get _Nane: NGC188- 255
Al t er nat e_Nanes: GSC- 3788900057
Descri ption: STAR
Posi ti on: RA=00H 44M 21.171S +/- 0.01S,
DEC=+85D 26’ 29.10" +/- 0.1",
PLATE- | D=2277
Equi nox: J2000
FI ux: V = 13.42 +/- 0.1
B-V=0.19 +/- 0.1
Comment s:
Visits
Vi sit_Nunber: 01
Vi sit_Requirenments: BETWEEN 7- Cct-1996 AND 15- Cct - 1996
On_Hol d_Coment s:
Exposur e_nunber: 10
Tar get _Nane: NGC188- 255
Confi g: FOs/ BL
Opnode: ACQ Bl NARY
Aperture: 4.3
Sp_El erment : M RROR
Wavel engt h:

Opti onal _Paraneters: BRI GHT=132000

Nunber of iterations:1

Ti me_Per _Exposur e: 3.6S

Speci al _Requi r enent s: ONBOARD ACQ FOR 30-70

Conments: ACQ FOLLOWED BY BOTH FOS AND GHRS EXPOSURES
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Exposur e_nunber: 30

Tar get _Name: NGC188- 255
Confi g: FOS/ BL
Opnode: ACQ
Aperture: 4.3

Sp_El erment : M RROR
Wavel engt h:

Optional _Paraneters:
Number of iterations:1

Ti me_Per _Exposur e: 64S

Speci al _Requi renents:

Conmment s: CONFI RM NG ACQ | MAGE

Exposur e_nunber: 40

Tar get _Name: NGC188- 255
Confi g: FOS/ BL
Opnode: ACCUM
Aperture: 1.0

Sp_El erment : GL90H
Wavel engt h:

Opti onal _Par amet er s:
Number of iterations:1

Ti me_Per _Exposur e: 10M

Speci al _Requi r enent s: MAX DUR 200%

Comment s:

Exposur e_nunber: 50

Tar get _Name: NGC188- 255
Confi g: FOs/ BL
Opnode: ACCUM
Aperture: 1.0

Sp_El enent : &70H
Wavel engt h:

Opti onal _Par anet ers: POLSCAN=8B
Number _of iterations:1

Ti me_Per _Exposur e: 10M

Speci al _Requi r enent s: MAX DUR 200%
Conment s: PCLARI METRY OBSERVATI ON NEXT WE GO TO GHRS

Exposur e_Nunber: 60
Tar get _Name: WAVE
Confi g: HRS
Opnode: ACCUM
Aperture: SC2
Sp_El erment : GL40L
Wavel engt h: 1300

Opti onal _Par amet ers:

Nunber of Iterations:1

Ti me_Per _Exposur e: 60S

Speci al _Requi renent s:

Conmrent s: | NI TI AL GHRS WAVECAL OBSERVATI ON FOLLOW NG FCOS- ASSI ST
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Exposur e_Nunber:

Tar get _Nane:

Confi g:

Opnode:

Aperture:

Sp_El erment :

Wavel engt h:

Optional _Paraneters:
Nurmber of Iterations:
Ti me_Per _Exposur e:
Speci al _Requi renents:

70

NGC188- 255
HRS

ACCUM

2.0

Gl40L

1300

1
60S

Comment s: GHRS SCI ENCE OBSERVATION END OF VISIT

Vi sit_Nunber:
Visit_Requirements
On_Hol d_Coment s:

Exposur e_nunber:

Tar get _Name:

Confi g:

Opnode:

Aperture:

Sp_El enent :

Wavel engt h:

Opti onal _Par amet er s:
Nurmber of _iterations:
Ti me_Per _Exposur e:
Speci al _Requi renent s:
Comments: STAGE 1 OF

Exposur e_nunber:

Tar get _Name:

Confi g:

Opnode:

Aperture:

Sp_El erment :

Wavel engt h:

Opti onal _Paramet ers:
Y=2, SEARCH- S| ZE- X=6

Nurmber of _iterations:

Ti me_Per _Exposur e:

Speci al _Requi renent s:

Comments: STAGE 2 OF

02

10
NGC188- 255
FOS/ BL
ACQ PEAK
4.3

&70H

SCAN- STEP- Y=1. 204, SEARCH S| ZE- Y=3, SEARCH SI ZE- X=1
1

1S

ONBOARD ACQ FOR 20

4 STAGE PEAKUP W TH PO NTI NG ACCURACY OF 0. 08 ARCSEC

20

NGC188- 255
FOS/ BL
ACQ PEAK
1.0

G270H

SCAN- STEP- Y=0. 602, SCAN- STEP- X=0. 602, SEARCH- SI ZE-
1
2S

ONBOARD ACQ FOR 30
4 STACE PEAKUP
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Exposur e_nunber: 30

Tar get _Name: NGC188- 255
Confi g: FOS/ BL
Opnode: ACQ PEAK
Aperture: 0.5

Sp_El erment : &70H
Wavel engt h:

Optional _Paraneters:
SCAN- STEP- Y=0. 3, SCAN- STEP- X=0. 3, SEARCH- S| ZE- Y=3, SEARCH- SI ZE- X=3
Number of iterations:1
Ti me_Per _Exposur e: 2S
Speci al _Requi r enent s: ONBOARD ACQ FOR 40
Comments: STAGE 3 OF 4 STAGE PEAKUP

Exposur e_nunber: 40

Tar get _Name: NGC188- 255
Confi g: FOS/ BL
Opnode: ACQ PEAK
Aperture: 0.3

Sp_El enent : &70H
Wavel engt h:

Opti onal _Par anet ers: SCAN- STEP- Y=0. 11, SCAN- STEP- X=0. 11, SEARCH SI ZE- Y=4,
SEARCH- Sl ZE- X=4

Ti me_Per _Exposur e: 13S

Speci al _Requi r enent s: ONBOARD ACQ FOR 60

Conments: CRITICAL STACE 4 OF 4- STAGE ACQ PEAK FOR PO NTI NG ACC 0. 08 ARCSEC

Exposur e_nunber: 60

Tar get _Name: NGC188- 255
Confi g: FOs/ BL
Opnode: RAPI D
Aperture: 0.3

Sp_El enent : &70H
Wavel engt h:

Opti onal _Paraneters: READ Tl ME=20

Nunber of iterations:1

Ti me_Per _Exposur e: 20M

Speci al _Requi renents:

Comments: RAPI D MODE EXP; W LL USE LOW TELEMETRY RATE
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Vi sit_Nunber:
Visit_Requirenents:
On_Hol d_Comment s:

Exposur e_nunber:

Tar get _Nane:

Confi g:

Opnode:

Aperture:

Sp_El enment :

Wavel engt h:

Optional _Paranet ers:

Nurmber of iterations:

Ti me_Per _Exposur e:

Speci al _Requi renent s

Comments: STAGE 1 OF
H GH S/N

Exposur e_nunber:

Tar get _Name:

Confi g:

Opnode:

Aperture:

Sp_El enent :

Wavel engt h:

Opti onal _Par amet er s:
Y=2, SEARCH- S| ZE- X=6

Nurmber _of _iterations:

Ti me_Per _Exposur e:

Speci al _Requi renent s:

Comment s: STAGE 2

Exposur e_nunber:

Tar get _Name:

Confi g:

Opnode:

Aperture:

Sp_El erment :

Wavel engt h:

Opti onal _Paranet ers:

03
BETWEEN 1-Jul -1996 AND 7-Jul - 1996

10

NGC188- 255
FOS/ RD
ACQ PEAK
4.3

&70H

SCAN- STEP- Y=1. 204, SEARCH S| ZE- Y=3, SEARCH SI ZE- X=1
1

1S

ONBOARD ACQ FOR 20

5- STAGE PEAKUP FCR PO NTI NG ACCURACY 0. 04 ARCSEC FOR

20
NGC188- 255
FOS/ RD
ACQ PEAK
1.0

&70H

SCAN- STEP- Y=0. 602, SCAN- STEP- X=0. 602, SEARCH- SI ZE-

1
1S

ONBOARD ACQ FOR 30
OF 5- STAGE PEAKUP

30

NGC188- 255
FOS/ RD
ACQ PEAK
0.5

G270H

SCAN- STEP- Y=0. 3, SCAN- STEP- X=0. 3, SEARCH- S| ZE- Y=3, SEARCH- S| ZE- X=3

Nurmber of _iterations:
Ti me_Per _Exposur e:

Speci al _Requi renent s:
Comrent s: STAGE 3

1
1S

ONBOARD ACQ FOR 40
OF 5- STAGE PEAKUP
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Exposur e_nunber: 40

Tar get _Name: NGC188- 255
Confi g: FOS/ RD
Opnode: ACQ PEAK
Aperture: 0.3

Sp_El erment : &70H
Wavel engt h:

Optional _Parameters: SCAN STEP-Y=0.17, SCAN- STEP- X=0.17, SEARCH S| ZE- Y=3
SEARCH- S| ZE- X=3

Ti me_Per _Exposur e: 2S

Speci al _Requi r enent s: ONBOARD ACQ FOR 50

Comment s: STAGE 4 OF 5- STAGE PEAKUP
Exposur e_nunber: 50

Tar get _Name: NGC188- 255

Confi g: FOS/ RD

Opnode: ACQ PEAK
Aperture: 0.3

Sp_El erment : &70H

Wavel engt h:

Opti onal _Par anet ers: SCAN- STEP- Y=0. 052, SCAN- STEP- X=0. 052, SEARCH- SI ZE- Y=5,
SEARCH- Sl ZE- X=5

Ti me_Per _Exposur e: 10S

Speci al _Requi renent s: ONBOARD ACQ FCR 60- 70

Conments: CRITICAL STACE 5 OF 5- STAGE PEAK- UP; CET 10, 000 COUNTS

Exposur e_nunber: 60

Tar get _Name: WAVE
Confi g: FOS/ RD
Opnode: ACCUM
Aperture: 0.3
Sp_El enent : &70H
Wavel engt h:

Opti onal _Par amet ers:

Number _of iterations:1

Ti me_Per _Exposur e: DEF

Speci al _Requi renent s: SEQ 60- 70 NON- | NT

Comments: WAVECAL FOR HI GH PRECI SI ON WAVELENGTHS; DO NOT MOVE FI LTER-
GRATI NG WHEEL BETWEEN EXPOSURES 60 AND 70

Exposur e_nunber: 70

Tar get _Name: NGC188- 255
Confi g: FOS/ RD
Opnode: ACCUM
Aperture: 0.3

Sp_El enent : &70H
Wavel engt h:

Opti onal _Par amet ers:
Nunber of iterations:1

Ti me_Per _Exposur e: 1300S
Speci al _Requi renent s:
Comrent s:
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Vi sit_Nunber: 04
Visit_Requirenents: BETWEEN 11-Jul -1996 AND 15-Jul - 1996
On_Hol d_Comments: RE- USE TARGET OFFSET FROM VI SIT 3

Exposur e_nunber: 10

Tar get _Name: NGC188- 255

Confi g: FOS/ RD

Opnode: ACQ PEAK

Aperture: 0.3

Sp_El enment : &70H

Wavel engt h:

Opti onal _Par anmet ers: SCAN- STEP- Y=0. 052, SCAN- STEP- X=0. 052, SEARCH- Sl ZE- Y=4,
SEARCH- Sl ZE- X=4

Ti me_Per _Exposur e: 10S

Speci al _Requi r enent s: ONBOARD ACQ FOR 20

Comment s: CONFI RM NG PEAK- UP AFTER REUSE_TARGET_OFFSET ACQ

Exposur e_nunber: 20

Tar get _Name: NGC188- 255
Confi g: FOS/ RD
Opnode: ACCUM
Aperture: 0.3

Sp_El enent : &70H
Wavel engt h:

Opti onal _Par amet er s:

Number of iterations:1

Ti me_Per _Exposur e: 1300S

Speci al _Requi renent s:

Commrent s: SCI ENCE AFTER REUSE_TARGET_OFFSET ACQ

Data_Distribution

Medi um 8WM

Bl ocki ng_Fact or: 10

Shi p_To: Pl _Address
Shi p_Vi a: UPS

Reci pi ent _Enmai | :
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Appendix G : Post-COSTAR FOSInverse Flat Fields

This appendix provides plots of the 3.7" x 1.3" (4. 3) aperture flat field granularity
structure for all FOS detector/disperser combinations except the prisms. These plots are of the
inverse flat field, which is applied as a multiplicative operator in routine PODPS pipeline
processing. The inverse flats shown are the first post-COSTAR flat field reference filesand are
based upon standard star “superflat” observations obtained in early March, 1994.
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APPENDIX H: Comparison of Post-COSTAR FOSand GHRS Side 1 Sensitivities

Table H-1: Comparison of Post-COSTAR FOS and GHRS Side 1 Sensitivities

i | 155 | T | S cnaros | SE
1200 8.23x10%? 2.00x10%? - 4.1 6.8
1250 15.2x10%? 5.24x10% - 29 4.8
1300 16.8x10* 6.82x10%? - 2.5 4.2
1350 16.6x10* 7.66x10"? - 2.2 3.7
1400 14.6x10% 8.59x10"? - 1.7 2.8
1450 11.4x10% 9.29x10%? - 12 2.0
1500 8.93x10%? 9.61x10%? - 0.93 16
1550 6.70x10"%? 10.2x10%? - 0.65 11
1600 4.39x10% 9.77x10%? 15.1x10* 0.45/0.29° 0.75/0.5°
1650 4.00x10% - 18.2x10%* 0.22 0.37
1700 3.20x10%? - 20.4x10%? 0.16 0.27
1750 2.07x10%? - 22.7x10%? 0.09 0.15
1800 1.08x10* - 24.3x10%? 0.04 0.07
1850 0.40x10%? - 26.1x10%? 0.02 0.03
1900 0.01x10%? - 27.8x10%? 0.004 0.01

a.) Sensitivity for the LSA (2.0" square)

b.) Sensitivity for the 3.7"x1.3" (4. 3) aperture

c.) Ratio of sensitivities

d.) Ratio of sensitivities with GHRS re-binned to FOS resolution

e.) GHRS/ G130H ratio followed by GHRS / G190H ratio
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APPENDIX | : FOSCalibration Plan for Cycle5

May 1995

This appendix presents a detailed description of each program in the FOS Cycle 5 Calibra-
tion Plan.

After the deployment of COSTAR, an extensive calibration program was carried out dur-
ing SMOV and Cycle 4, and the performance of the FOS post-COSTAR has been characterized in
detail. In Cycle 5, most of the calibration program is devel oped to produce an updated measure of
the Cycle 4 calibration observations. Thus in Cycle 5, we expect to maintain the routine calibra-
tion situation for the FOS. Our calibration program is divided into two parts: (1) a set of monitor-
ing tests which aim to check the stability of the instrument performance and (2) a set of specific
tests designed to maximize the instrumental performance.

A summary description of each program is given that includes proposal number, primary
targets (if any), detectors, apertures and spectral elements used. A description of target acquisition
techniquesiif required is also given. Also provided are the scientific justification, a description of
the observations and the calibration accuracies expected.
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Proposal ID 6163: FOS Cycle 5: Focus, X-pitch, Y-pitch

Purpose: The observationsin this proposal will be used to verify the focus, X-pitch, Y-pitch dur-
ing the cycle, since the FOS focus is sensitive to external magnetic fields.

Description: A good instrumental focusis the first stage of the data acquisition process and thus
impacts all FOS observations. The FOS focus will be determined by obtaining spectrawith the
0.1-PAIR aperture, G190H, and the Pt-Ne lamp at various voltages until the maximum voltage is
23.86 kV (blue detector) or 22.8 kV (red detector). Once an optimal HV setting for the focusis
determined and updates made to the PDB, a series of spectra at three different X-Bases will be
made to determine the corresponding X-Pitch. Additionally, measurements with the TALEDs
through the 0.1-PAIR aperture will be used to determine the Y-Pitch. This program may result in
an instruction flow change to the detector high voltage setting, the X-pitch value, and the Y-pitch
value. The focus will be checked oncein agiven cycle.

Primary External Targets: N/A
Target Acquisition Technique: N/A
Detectors: Blue and Red
Apertures. 0.1-PAIR-B
Dispersers: G190H
Fraction of GO/GTO Programs Supported: 100%
Resour ces:
Duration (orbits): 4 orbits of non-prime time
Special Requirements: These observations MUST occur during non-SAA impacted orbits.

Accuracy: The observations are to verify that the FOS focus has not changed. Thus this proposal
aims to maintain the present FOS focus. Small changes in the FOS focus do not affect the photo-
metric quality of the data dramatically.

Accuracy Requirement: Maintain the present FOS focus

Products: The analysis of the data obtained may lead to an Instructional Management Database
(IMDB) update which will occur within two weeks of the observations. There are no reference
filesto be delivered.
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Proposal ID 6165: FOS Cycle 5: Discriminator Test

Pur pose: The observationsin this proposal will be used to verify the stability of the discriminator
Settings.

Description: If the diodes are not maintained at their optimal high voltage settings, the resultant
datatendsto look like a noisy diode and compromises the observations. Thus, thistest is con-
ducted to verify the discriminator settings for each FOS diode. Noise and gain are known to be
temperature sensitive, and it istherefore likely that some fraction of the channels will experience
some change in their optimal discriminator settings on orbit. Hence, the stability of these settings
hasto be verified. Thisinternal test must be run once per cycle. The FOS high voltage will be
brought to approximately one-half the nominal operating voltage followed by a 60S wait to allow
the high voltage to stabilize. Then observations will be obtained of the INTFLAT lamp.

Primary External Targets. N/A

Target Acquisition Technique: N/A

Detectors: Blue and Red

Apertures: N/A

Dispersers. N/A

Fraction of GO/GTO Programs Supported: 100%
Resour ces:

Duration (orbits): 12 orbits of non-prime time

Special Requirements: The detector high voltage will be set to a non-nominal value. Overlight
protection will have to be disabled.

Accuracy: The observations are to verify the FOS discriminator settings.
Accuracy Requirement: Maintain/verify the discriminator settings

Products: The analysis of the data obtained will lead to an IMDB update which will occur within
two months of the observations. There are no reference filesto be delivered.
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Proposal ID 6166 and 6236: FOS Cycle 5: Location of Spectra and Wavelength Calibration

Purpose: The observationsin this proposal will monitor both the Y location of spectra and the

wavelength scale for all reasonable aperture/disperser/detector combinations. This proposal has
the highest priority because our ability to acquire spectra and minimize photometric calibration
errors depends on our knowledge of Y-base values.

Description: Inthiscyclethetwo separate monitoring programs (Part 1: location of spectra, and
Part 2: internal wavelength calibration) have been combined to minimize the number of on/off
cyclings of theinternal calibration lamps and to facilitate scheduling of the program as interleav-
ers executed in Earth occultation.

Part 1: The primary objective of the first part of this proposal isto determine and monitor
the Y-base measurements corresponding to the Y location of spectrafor each aperture/disperser/
detector combination every month using the 0.3" aperture, and the internal Pt-Ne lamps and
TALEDs. The observations will map the face of the photocathode using 24 y-steps and 1 x-step.
Although the ideal technique isto obtain Y-base maps for each aperture/disperser/detector combi-
nation, the amount of time to perform such measurementsis prohibitive. Hence, Y-base maps will
be obtained to determine the locations of spectra and the coarse aperture location for the 0.3”
aperture for all grating settings in both the FOS detectors. Y-bases for all the other apertures will
be measured once with the G190H or G400H to determine the location of spectra for the single
and paired apertures and both detectors. The small number of observations should suffice and the
difference in the location of the spectra should be solely due to the single versus the paired aper-
tures. This test has to be conducted once every month because previous cycles have shown that
the locations of the spectra have drifted with time.

Part 2: The second part of this proposal is to monitor the stability of the FOS wavelength
scale. ACCUM mode measurements of the Pt-Ne lamp will be obtained with both FOS detectors
for all standard gratings with the 0.&rcular and either the 0.Dbr 0.25 paired apertures. The
observations taken through the smallest circulaf’Y@gerture will be used to determine accurate
wavelength scales for all disperser/detector combinations. The WAVECAL lamp has a fairly con-
stant output, so that these data are a secondary monitor of any changes in the FOS internal sensi-
tivity.

The visits in this program have been structured into groups no longer than approximately 25
minutes to facilitate scheduling as interleavers in occultation. It is necessary to conduct this pro-
gram many times during the cycle since we know from previous cycles that the location of the
spectra has drifted with time, and to check the stability of the FOS wavelength scale. The com-
plete program can be scheduled as an interleaver observation and should be repeated every month
for a total of 194 occultation periods. Due to the restrictions in RPS2 the program had to be
divided into two separate proposals one for the FOS red detector (6166) and one for the FOS blue
detector (6236).

Primary Targets: N/A
Target Acquisition Technique: N/A
Detectors. Blue and Red

Apertures:
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Part 1: 0.3" circular, 1.0" circular, 0.5" circular, 1.0-PAIR, 0.5-PAIR, 0.25-PAIR, 0.1-
PAIR, 0.25"x2.0" SLIT, 2.0-BAR and 0.25x2.0-BAR

Part 2: 0.3” circular, 0.1-PAIR or 0.25-PAIR
Dispersers.

Part 1: G130H, G190H, G270H, G400H, G570H, G160L, G650L, PRISM (Blue side and
0.3' circular)

G190H, G270H, G400H, G570H, G780H, G160L, G650L, PRISM (Red side and
0.3’ circular)

G190H (Blue side, and'Xclcular, 0.3 circular, 1.0-PAIR, 0.5-PAIR, 0.25-PAIR,
0.1-PAIR, 0.258x2.0" SLIT, 2.0-BAR and 0.2%2.0-BAR apertures)

G400H (Red side, and' Liécular, 0.3 circular, 1.0-PAIR, 0.5-PAIR, 0.25-PAIR,
0.1-PAIR, 0.258x2.0" SLIT, 2.0-BAR and 0.2%2.0-BAR apertures)

Part 2. G130H, G190H, G270H, G400H, G570H, G160L, G650L, PRISM (Blue side and
0.3’ circular)

G190H, G270H, G400H, G570H, G780H, G160L, G650L, PRISM (Red side and
0.3’ circular)

G270H, G400H, G650L, PRISM (Blue side, 0.1-PAIR)
G130H, G190H, G570H, G160L (Blue side, 0.25-PAIR)
G400H, G570H, G780H, G650L (Red side, 0.1-PAIR)
G190H, G270H, G160L, PRISM (Red side, 0.25-PAIR)
Fraction of GO/GTO Programs Supported: 100%
Resour ces:
Duration (orbits): 194 occultation orbits
Special Requirements: None
Accuracy:

Part 1: The Y-location of the spectra on the photocathode affect both the Binary acquisition
strategy and the FOS photometric accuracy. The scatter in the location of the blueside spectra
seem to be time dependent and tbetcuracy we hope to achievetid0 YBASE units. The
scatter in the location of spectra on the redside spectra is random aodhttidacy we hope to
achieve ist 20 YBASE units. These accuracies will allow @ Rinary acquisition accuracy of
0.08' for the FOS Blue detector and 0:X8r the FOS Red detector. The photometric accuracy in
the 4.3 and the 1.Dapertures is affected the most because the size of the aperitwdhe size
of the diode array and all the photons in the point spread function are not collected. Further, this is
not a simple matter of losing a percentage of light, but the effect is also wavelength dependent. On
average an YBASE uncertainty of 20 YBASES leads 380 photometric uncertainty in the 1.0
aperture. The loss could be larger for extended objects.
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Part 2: The dominant error in the wavelength accuracy for atypical FOS spectrum is due to
the filter grating wheel non-repeatability of the order of 0.35 diodes. The FOS spectra have alim-
iting accuracy of 0.03 diodes if thereis no motion of the filter grating wheel.

Accuracy Requirement: + 10 YBASE unitsfor Blueside, £ 20 YBASE unitsfor Redside, 0.1
diodes

Accuracy Goal: £ 10 YBASE units, 0.03 diodes

Products: The analysis of the data obtained will lead to a PDB update for the location of spectra.
The PDB updates will be made at least twice during the cycle and more often if required. There
are no reference files to be delivered for the location of spectra part of the proposal. The analysis
of the internal wavelength calibration will lead to an update of the RSDP. There are wavelength
calibration reference files (CCS6) to be delivered.
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Proposal ID 6167: FOS Cycle 5: Dark Monitoring

Purpose: The observationsin this proposal will be used to measure the internal background as
seen by the FOS, as a function of position on the sky, the South Atlantic Anomaly (SAA), and
electromagnetic interference (EMI) sources.

Description: In this program measurements of the instrumental background (dark) will be
obtained as internal observations with the FOS in the standard IMAGE mode. The observations
will also be used to verify the dark count model used in the calibration pipeline. These data will
also allow usto verify the instrumental noise, the derived limiting magnitude, and enable usto
determine which channels should be disabled. This test will be conducted every month for a total
of twelve different epochs during Cycle 5.

The observationsin this program consist of eight sets of four exposures per epoch. An individ-
ual set of exposuresis specified to be grouped WITHIN 4 DAY S; all observationsin such a set
should be scheduled on the same calendar, if possible. The visitsin this program have been struc-
tured into groups no longer than approximately 30 minutes to facilitate scheduling as interleavers
in occultation. The complete program can be scheduled as an interleaver observation and should
be repeated every month for atotal of 48 occultation periods.

Primary External Targets. N/A

Target Acquisition Technique: N/A

Detectors: Blue and Red

Apertures: N/A

Dispersers. N/A

Fraction of GO/GTO Programs Supported: 100%

Resour ces:
Duration (orbits): 48 occultation orbits

Special Requirements: The observationsin this program consist of eight sets of four exposures
per epoch. Anindividual set of exposuresis specified to be grouped WITHIN 4 DAY S; all obser-
vationsin such a set should be scheduled on the same calendar, if possible.

Accuracy: The FOS is affected by the geo-magnetic field and thus the instrumental background
needs to be properly quantified. The error due to an incorrect background fileisinsignificant in
the case of strong sources (number of source counts = number of background counts), but causes
substantial errorsin the derived flux and spectral shape of weaker sources (number of source
counts < number of background counts).

Accuracy Requirement: 10%
Accuracy Goal: 5%

Products: The analysis of the data obtained will lead to an RSDP update which will occur within
3 months of the final observations. There are background reference files (CCS8, BACHFILE) to
be delivered.
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Proposal ID 6202: FOS Cycle 5: Spectral Flat Field Calibration

Purpose: The observationsin this proposal will be used to monitor some of the FOS detector/dis-
perser combinations that have shown temporal variationsin their flat field structure during previ-
ous cycles.

Description: Some FOS detector/disperser combinations have shown temporal variations in their
flat field and need to be monitored to achieve good FOS data calibration accuracy. This set of
observations will produce additional flat field calibrations appropriate to the Cycle 5 time period.
At two epochs during Cycle 5, high S/N spectrawill be obtained for G191B2B, which hasarela-
tively featureless spectrum and which has been the primary target for earlier flat field observa-
tions. On each epoch observations are made through the 1.0" aperture and either the 4.3" or 0.3"
aperture with al usable detector/disperser combinations. These observations also double as
inverse sensitivity measurements and must be scheduled in the designated time period. On four
other occasions three red side spectral elements will be monitored with 1.0 aperture in the com-
panion proposal 6203. This proposal will provide a contemporaneous flat field for the PODPS
pipeline calibration of Cycle 5 data.

Primary External Targets: G191-B2B

Target Acquisition Technique: ACQ/PEAK for a pointing accuracy of 0.04”
Detectors: Blue and Red
Apertures: 4.3', 1.0' circular, 0.3 circular, 0.25-PAIR, and 0.1-PAIR
Dispersers. G130H, G190H, G270H, G400H, G160L, PRISM (Blue)
G190H, G270H, G400H, G570H, G780H, G160L, G650L, PRISM (Red)
Fraction of GO/GTO Programs Supported: 100%

Resour ces:
Duration (orbits): 22 external orbits

Special Requirements: It is imperative that these observations be scheduled in the requested
time frame, in order to coordinate with all other FOS flat field and IVS observations.

Accuracy: FOS superflats show that there are not many strong features (greater than 5% devia-
tion from unity). The typical flat field deviations are of the order of 1-2% about the mean value of
unity. The flat field corrections are only intended to remove photocathode granularity typically on
the scale of 10 pixels or less. Higher precision requires simultaneous flat field calibration observa-
tions, so that the science target illuminates the same portion of the photocathode as the calibration
observations. There is some time dependence which needs to be quantified.

Accuracy Requirement: 2%
Accuracy Goal: 1%

Products: The analysis of the data obtained will lead to an RSDP update which will occur within
3 months after the final observations. There are flat field reference files (FLnHFILE) to be deliv-
ered.
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Proposal ID 6203: FOS Cycle 5: Photometric M onitor

Purpose: The observationsin this proposal will be used to determine the absolute photometric
calibration of both FOS detectors, and to determine the aperture throughputs. Many of the obser-
vationsin this program also provide simultaneous flat fields.

Description: These measurements will determine the full photometric re-calibration of the FOS
for Cycle 5 and determine the stability of the instrument. A measurement of the absolute sensitiv-
ity of both FOS detectorswill be performed using a UV standard star. All the highest priority grat-
ings (6 blue detector and 8 red detector-grating combinations) will be used with the 4.3" and 1.0"
apertures. To assure registration of the spectrum on the diode array, the stars will be observed at 3
Y-bases with an 15-20 micron separation. Most of the spectrawill be obtained in the 4.3" and 1.0”
aperture, however, one star (BD+28D4211) also will be observed with all usable dispersers
through the 4.3", 0.5", 0.3" and 0.25-PAIR apertures to calibrate aperture throughputs. Measure-
ment of aperture throughput ratios will be made for both detectors with all usable spectral ele-
ments for the single apertures expected to be most commonly used in Cycle 5. A multi-stage
peakup on the standard star should provide excellent centering in the small apertures (0.04" accu-
racy).

Primary External Targets: BD+28D4211, G191-B2B
Target Acquisition Technique: ACQ/PEAK for a pointing accuracy of 0.04”

Detectors: Blue and Red
Apertures: 4.3' square, 1.0circular, 0.3 circular, 0.3 circular, and 0.25-PAIR

Dispersers: G130H, G190H, G270H, G400H, G160L, PRISM (Blue side)
G190H, G270H, G400H, G570H, G780H, G160L, G650L, PRISM (Red side)
Fraction of GO/GTO Programs Supported: 100%
Resour ces:
Duration (orbits): 48 external orbits
Special Requirements: None

Accuracy: The dominant error in the photometry is due to miscentering of the target and the aper-
ture size. The other sources of error are (1) decline in the FOS sensitivity, (2) flat fields, (3)
change in telescope focus, (4) location of spectra, (5) thermal breathing, (6) jitter, (7) GIMP, and
(8) calibration system offsets. The internal repeatability of the FOS is 1-2%. The photometric cal-
ibration of a typical FOS spectrum is accurate to ~5-10% for the large apertures depending on the
many factors given above and progressively worse for the smaller apertures.

Accuracy Requirement: 5% for the large apertures and 15% for the small apertures
Accuracy Goal: 3% for the large apertures

Products: The analysis of the data obtained will lead to an RSDP update within 3 months of the
final observations. Inverse sensitivity reference files (IVNnHFILE) will be delivered.
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Proposal ID 6204: FOS Cycle 5: Wavelength Calibration: Internal/External Offsets and
Scattered Light

Purpose: The observations in this program will be used to determine the wavelength offsets
between the internal and external light sources and to determine the scattered light properties of
the FOS. The two tests (calculation of offsets and scattered light) have been put together to save
expensive target acquisition time and make the total calibration program more time efficient. The
observations will ssimultaneously compare the FOS and GHRS wavel ength scales.

Description:

Part 1: The observationsin thefirst part of this proposal will determine the FOS wave-
length scale for all commonly used disperser/detector combinations. In this test, we will obtain
spectraof external and internal wavelength calibration sources, and compare the resulting channel
versus wavelength rel ationships to search for any offset between the two. The external objects, as
well asthe internal Pt-Ne lamp, will be observed through one aperture, the 0.3 aperture in the
standard FOS ACCUM mode. The primary velocity target, NGC 6833, has insufficient linesin
the G130H spectral region, so the second target (HD 207757) isrequired for this grating. Both
sources are observed with sufficient RED and BLUE spectral elementsin order to place al obser-
vations on the same velocity system. Internal sources make up asmall fraction of the exposure
time and must be acquired at the same time as the external sources, so they can NOT be scheduled
as parallel observations. Derived wavelength offsets can be applied to the polynomial fit of pixel
number versus wavelength determined from the linesin the internal Pt/Cr-Ne lamp.

Part 2: This part of the test will determine the impact of light from wavelengths longer

than 3000 A scattered off the FOS UV gratings. HD 207757 will be observed with the FOS UV
gratings, and will be compared with HRS Side 1 observations. Since HRS Side 1 is insensitive to
wavelengths longward of approximately 2000 A, any additional light detected in the FOS obser-
vations is attributable to longer-wavelength continuum light scattered off the FOS gratings. The
object will also be observed throughout the visible with FOS/BL to provide a direct instrumental
comparison between total detected long-wavelength counts and scattered long-wavelength
counts. This will allow us to test our scattered light simulator in STSDAS. The observations with
GHRS will allow us to compare the FOS and GHRS wavelength scales.

Primary External Targets: NGC 6833 and HD207757

Target Acquisition Technique: ACQ/PEAK for a pointing accuracy of 0.04ACQ with
GHRS

Detectors: Blue and Red FOS detectors and the GHRS side 1
Apertures: 0.3’ circular, 4.3 square and 1'Ccircular for the FOS and the GHRS 2.0
Dispersers. G130H, G190H, G270H, G400H, G570H (Blue side; @iBcular)
G190H, G270H, G400H, G570H, G780H (Red sideciécBlar)
G140L (GHRS)

Fraction of GO/GTO Programs Supported: 100% of the programs will be affected by the
wavelength calibration part of the proposal, while ~60% by the scattered light part of the pro-
posal.
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Resour ces:
Duration (orbits): 21 external orbits

Special Requirements: For the wavelength calibration part of the proposal, the internal sources
make up a small fraction of the exposure time and must be acquired at the same time as the exter-
nal sources, so they can NOT be scheduled as parallel observations.

In the time between the individual exposure pieces for the scattered light test, the FOS fil-
ter grating wheel MUST NOT be moved. Thisincludes the homing of the instrument that would
occur if anon-FOS observation isinserted in the time between the pieces. Thisrestriction also
appliesto the internal WAV E observations - the filter grating wheel MUST NOT be moved
between the external and internal observations. Internal Pt/Cr-Ne lamp observations must imme-
diately follow each external observation.

Accuracy:

Part 1: The wavelength calibration accuracy is affected by the errorsin the zero point of the
wavelength scale. These offsets can be calculated to £0.2 diodes for the FOS. In atypical FOS
observation, which is not accompanied by a wavelength calibration, the wavelength error is dom-
inated by the non-repeatability of the filter-grating wheel. The error is of the order of 0.35 diodes.
For an FOS observation accompanied by awavelength calibration and obtained with no filter-
grating wheel motion, the wavelength accuracy is roughly 0.1 diodes.

Part 2: The scattered light in the FOS is due to grating scatter and is a major source of error
for red objectswhich are observed in the UV gratings. A full correction for scattered light requires
an understanding of the spectral energy distribution of the target across the FOS wavelength sen-
sitivity range. A model prediction exists and needsto be verified.

Accuracy Requirement: 0.2 diodes for wavelength calibration,
Accuracy Goal: 0.1 diodes for wavelength calibrations

Products: Wavelength offsets found between internal and external sources will need to be incor-
porated into the dispersion coefficients used by the PODPS pipeline. The analysis of the wave-
length calibration data will thus lead to an RSDP update which will occur within 2 months after
the final observations. There are wavelength calibration reference files (CCS6) to be delivered.
The scattered light part of the proposal will not lead to any database update, and therefore there
are no reference filesto be delivered. The analysiswill lead to testing of the present scattered light
model.
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Proposal ID 6205: FOS Cycle 5: Location of the 1.0" aperture and the FOS PSF

Pur pose: The observationsin this proposal will be used to determine the location of the FOS 1.0”
circular aperture, the PSF in the FOS focal plane, and to determine the amount of light scattered
by a nearby bright object into the FOS 1.0" aperture.

Description: This proposal has ahigh priority because the stability in the location of the apertures
will be checked by comparing with Cycle 4 observations of the location of the 1.0" aperture, since
this technique provides the most precise (V2,V 3) locations. Further the observations can also be
simultaneously used to determine the amount of light scattered into the FOS 1.0" aperture by a
nearby target, which isimportant for a number of proposals that are and will be using the FOS to
observe faint sources closeto very bright targets. The location of the 1.0" aperture and the amount
of light scattered into the 1.0" aperture will be determined by performing araster step and dwell
sequence in the FOS aperture along two perpendicular directions in the aperture to find the maxi-
mum throughput for the aperture out to 5". This test has to be conducted for both the RED and
BLUE detectors. This test will be conducted once during Cycle 5.

Primary External Targets. STAR-073628-594316 (CVZ)
Target Acquisition Technique: ACQ/BINARY followed by ACQ/PEAK (accuracy < 0.08")
Detectors: Blue and Red
Apertures: 1.0" circular
Dispersers. N/A
Fraction of GO/GTO Programs Supported: 100%
Resour ces:
Duration (orbits): 12 external orbits

Special Requirements: All observationsin this program MUST occur in non-SAA impacted
orbits.

Accuracy:
Accuracy Requirement: 0.1"
Accuracy Goal: 0.05"

Products: The analysis of the data obtained may lead to an PDB update which will occur within 3
months of the final observations. There are no reference files to be delivered.
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Proposal ID 6206 FOS Cycle 5: FOS Polarimetry Calibration

Purpose: The observationsin this proposal will be used to determine the spectrophotometric cal-
ibration of the FOS for polarimetry using the UV gratings for the red detector, and determine the
stability of the spectropolarimetric modes relative to Cycle 4 observations.

Description: The polarimetric calibrations are needed to establish a number of parameters that
will be needed to determine the polarimetric capabilities of the FOS. This goal will be achieved
by determining the locations of the polarization spectra, the transmission of the polarizer, the
angles of the Wollaston prisms and wave platesin celestial coordinates, and the instrumental
polarization. Since a number of parameters have to be determined in a sequence the proposal has
been divided into three parts for ease.

Part 1: Measurements of the internal Pt-Ne lamps will be used to locate the two oppo-
sitely polarized spectrathat occur with the polarimeter. The positions of the split spectrawill be
compared to those of spectra taken without the polarimeter. The datawill be used to determine a
wavelength scale for the most commonly used modes of the polarimeter.

Part 2: Theinstrumental polarization, flat-field corrections, and throughput of the pola-
rimeter will be measured by observing the polarimetric and photometric standard BD+28D4211.
Observations with the polarimeter will be taken at two roll angles separated by 45 degrees.

Part 3: The angles of the Wollaston and wave plates will be measured in celestial coordi-
nates by observing the polarized standard BD+64D106 at two roll angles 45 degrees apart.

Primary External Targets. BD+28D4211 and BD+64D106
Target Acquisition Technique: ACQ/PEAK for a pointing accuracy of 0.04"
Detectors. Red
Apertures: 1.0" circular
Dispersers. G190H, G270H, G400H
Fraction of GO/GTO Programs Supported: ~5%
Resour ces:
Duration (orbits): 20 external orbits and 2 non-prime orbits

Special Requirements: The observationsin Part 1 must precede those in Parts 2 and 3. At least
two to three weeks should be allowed after the data from Part 1 are in hand before scheduling
Parts 2 and 3. Observationsin Part 1 can be done in parallel with another instrument prime. It is
preferable for Part 2 to occur before Part 3, but it is not essential. Note that for the Y-base maps
with the polarizer, the map is normally centered on the Y-base for the lower of the two polariza-
tion spectra. We have therefore broken the maps into two segments, one to be centered on the
lower spectrum, and one to be centered on the upper. The lower will use the default Y-value, while
the upper should be +750 Y-units from the lower. Polarimetric observations need to be taken as a
single sequence of observations. Changes in background, position angle of the spacecraft, and
other variables can all adversely affect the results. Thistest is stray light sensitive.

Accuracy: Theinstrumental polarization due to COSTAR is<2% and is wavelength-dependent.
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The calibration goal isto achieve rms polarimetric uncertainties of <0.2% for the bright polari-
metric standard used.

Accuracy Requirement: [10.5%
Accuracy Goal: 20.2%

Products: The analysis of the data obtained will lead to an RSDP update which will occur within

4 months of the final observations. There are polarimetry reference files (CC4, RETHFILE) to
be delivered.
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