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COS imaging may only be performed with the NUV channel. First, select either
the primary science aperture (PSA) or the bright object aperture (BOA) as the
aperture. The BOA provides an attenuation factor of approximately 200 compared
to the PSA (which is completely open and provides maximum transmission
through the aperture). Both apertures are circular and 2.5 arcseconds in diameter.

Next, select either MIRRORA or MIRRORB. MIRRORA refers to the usual
position of the TA1 mirror on OSM2. MIRRORB refers to the arrangement in
which OSM2 rotates the position of this mirror slightly so that the front surface of
the order sorter filter on this mirror is used. This provides an attenuation factor of
approximately 25 compared to MIRRORA.

Note: MIRRORB and/or the BOA can be used to obtain images of brighter objects,
but MIRRORB produces a secondary image and the BOA produces an image with
coma that degrades resolution; see Chapter 7 of the COS Instrument Handbook.
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Note that the count rate screening limits currently used by the COS ETC for
imaging are different from those given in Section 11.5 of the COS Instrument
Handbook. The previous limits resulted from a misinterpretation of the procedures
executed by the flight software. Observations that exceed any of the count rate
screening limits below will trigger a warning message on the output page. Thisis
particularly useful to check if the observations will exceed the bright-object
protection (BOP) limit of the MAMA. The count rate screening limits for the
NUV detector are as follows (see also GPhase 11 UpdateQ):
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Detector Source type * Type of limit Limiting count rate
Predictable Global 30,000 per stripe

NUV Local 50 per pixel (imaging)
Irregular Global 12,000 per stripe

Local 50 per pixel (imaging)

"Predictable" means the brightness of the source can be reliably predicted for the
time of observation to within 0.5 magnitude.
“Entries are counts per second.
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To specify the exposure parameters, you can give the exposure time (in seconds),
in which case the program will calculate the count rates due to the source and
background, and the resulting S/N ratio. Or, given the required S/N ratio, the ETC
will calculate the required exposure time to achieve this S/N ratio and the
corresponding integrated counts. Further details follow.
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The program calculates the expected count rate for the specified instrument
configuration and finds the S/N ratio and the integrated counts from the source, the
sky background, and the detector background for the specified exposure time.
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The ETC caculates the expected count rate for the specified instrument
configuration and finds the required exposure time so that the observation will
have the specified S/N. (Details of how the number of pixels used in the S/N
calculations are explained in the next section). This exposure time is then used to
calculate the integrated counts from the source and different backgrounds.
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Select either a point source or an extended source with the diameter in arcseconds.
All extended sources are assumed to fill the aperture uniformly. The user can
select a variety of circular extraction apertures within which the S/N ratio will be
computed.
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The output page contains the following:

The exposure time and S/N of the observations

The counts, count rate, and noise from the source and the [detector + sky]
background

The areain pixels used in the S/N calculations

The input parameters specified by the user for the calculation

The highest count rate/pixel in the detector

The global count rate

Whether they exceed any of the count rate screening limits
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Links to both a table and plot with the source spectrum
Links to both a table and plot with the throughput vs. wavelength for the
chosen imaging mode.
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The basic formula used for the calculation of SN is;

SIN =

CS(mrce * 4
\/CSource * I+ N (CBG + CDet) *t

pix

Where:

K K K K K

Csource IS Signal from the astronomical source, in counts sect

Cag is the sky background in counts sec™* pixel™

Coe iS the detector dark count rate in counts sec™* pixel ™

t isthe integration time, in sec

N,ix IS the total number of detector pixelsintegrated to achieve Ceyyree
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Here you can either enter your own input spectrum for the source, the details of
which are given in the next section, or you can choose one of the following (fits
and ascii filesfor all the spectral distribution models described below are available
at ftp://ftp.stsci.edu/cdbs/grid/ ):

¥

Cadstelli and Kurucz Models: The atlas contains about 4300 stellar
atmospherenodelsfor a wide rangeof metallicities, effective temperaturegand
gravities. These LTE models with no convective overshootingcomputed by
Fiorella Castelli, haveimprovedupon opacitiesand abundanes previouslyused
by Kurucz (1990).

Pickles Models. This library of wide spectralcoverage,consistsof 131 flux
calibratedstellar spectra,encompassingll normal spectraltypesand luminosity
classesat solar abundanceand metatweak and metaltrich F-K dwarf and G-K
giant components.

Kurucz Models: There are 24 stellar spectra available. All are Kurucz
models calculated from the Kurucz database (R. Kurucz, CD-ROM No. 13,
GSFC) which have been installed in CDBS. These are the same spectra



used as input spectra by Leitherer et. a. (1996) in ISR STIS 96-024,
MAMA Bright Object Limits for Astronomical Objects.

Bruzual Synthetic Stellar Spectra: There are 77 stellar spectra available.
These spectra, frequently used in synthesis of galaxy spectra, have been
provided by Gustavo Bruzual.

HST Standard Star spectra: 21 HST Calibration Standards are available.
These spectra are available in CDBS and most were chosen from the paper
by Turnshek et. a. (1990): QAn Atlas of HST Photometric,
Spectrophotometric, and Polarimetric Calibration ObjectsQ This section
also includes a spectrum of the Sun. Note that some of these standard
spectra are contaminated by geo-coronal Ly! emission which can have a
significant impact on the source count rate (some of these stars were
observed with IUE). To avoid this problem we recommend you do not use
the following standards when performing calculations using the FUV
gratings that cover the Ly! region at 1216  : G93-48, LB227, LDS749B,
HZ4, GD50, GD108, GRW +70 5824, and HZ21.

Non-Stellar Objects. There are aso a few model spectra of non-stellar
objects available from CDBS: elliptical galaxy, Orion Nebula, spira
galaxy, NGC 1068, and Planetary Nebula. A word of caution is necessary
on the use of these model spectra. These are only “typical” examples, and
individual cases may well have very different spectra. For example, the PN
spectrum is that of NGC 7009, but other PNe with different excitation
classes may have very different spectral characteristics.

QSO: with user supplied redshift. The QSO spectrum refers to the average
of a sample of QSOs, transformed to z = 0. Other QSOs may have very
different spectral characteristics and some caution is advised in using these
model spectra. Two QSO spectra are currently available. One is based on
SDSS data and covers the wavelength range 800 - 6000 « , the other is
based on FOS data and covers the wavelength range 100 - 3387 ¢ . Users
should be aware that high redshifts may put the SDSS-based QSO spectrum
beyond the wavelength region of the grating bandpass, thereby causing the
ETC to return an error. In this case the FOS-based QSO spectrum should be
used. On the other hand, users should also be aware that the FOS-based
QSO spectrum at z = 0 does not cover the full wavelength range required in
imaging mode and awarning will be printed in the output.

Black-body: with a user specified temperature.

Power -law: The flux distribution is given by F(") =" ", where n is specified
by the user.

Flat continuum: Thisis a specia case of the power law, where n = 0. This
distributionis so namedbecausdhe spectrumhasconstant(flat line) energyper
eitherwavelengthor frequencyunits. Pleasenote that countrate calculationsuse
photons per wavelength unisers may choose either F(*) or F(#).

No continuum: Do not use this option with the COS imaging ETC.
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One of the prime features of this ETC isits ability to accept a spectrum supplied
by the user. In section 3 of the ETC input form simply check the box next to "User
Supplied Spectrum”. Y ou may then either type the path of the file in the input box
or use the "browse" button next to the box and then navigate through the local file
system to thefile.
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First, prepare your input spectrum in the form of a file with 2 columns: the first
column should be the wavelength in ¢ , and the second column should be the
relative flux (in erg cm? sec™ « * for point sources, and in erg cm? sec™ « ™
arcsec? for diffuse sources). The wavelengths in the first column must be in
increasing order. If there are any extra lines without data points, make sure that
they start with "#", so that the ETC can ignore them.

The file should be in one of the 2 formats:

¥ an ASCII table with the extension .dat
¥ aFITStablewith an extension .fits or .fit

SDAS tables(files with the .tab extension)areno longersupportedIf you attemptto use
an SDAS table file you will get an error.
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If thefileisan ASCII file, it must contain the following 2-columns:

¥ column 1: wavelength (ine )
¥ column 2: flux in erg cm? sec™ « ** for point sources, and in erg cm sec™
« Tarcsec for diffuse sources

Any comment linesin the file must start with "#" in order to avoid confusion when
it isused in the calculation.
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The SDAStable file format is not portable to different machine architectures and so
support for it has been discontinued. We recommend using the TTools command
"tcopy" to convert all SDAS files to FITS format.

If the file is an SDAS table, it should have one column labeled as
"WAVELENGTH" and another column labeled as "FLUX", with the units
specified appropriately for each column. The TABLES.ttools task tlcol will list the
column names of an SDAS table along with the units. The output for an input
spectrum’'s SDAS table should contain lines similar to this:

WAVELENGTH R %15.7g angstroms
FLUX R %15.7g flam
G?;%

If the file is a FITS binary table, it should have two columns labeled
"WAVELENGTH" and "FLUX", again with the units specified for each column.
The header of the FITS table should then include lines similar to these:

PCOUNT = 0/
GCOUNT = 1/ Only one group
TFIELDS = 2 [ Number of fields per row

EXTNAME = 'f4v_v15 flam.tab' / Name of extension
TTYPE1 =WAVELENGTH' /

TBCOL1 = 1/
TFORM1 =E15.7 ' /
TUNIT1 = angstroms' /
TDISP1 =G15.7 ' | %15.79
TTYPE2 =FLUX /
TBCOL2 = 17/
TFORM2 =E15.7 ' /
TUNIT2 =flam /
TDISP2 =G15.7 ' | %15.79
E#1HS / 30HL7 (

In section3 of the ETC input form simply check the box next to "User Supplied
Spectrum”. You may then either type the path of the file in the input box or usethe
Obrowse®utton next to the box and then navigatethroughthe local file systemto the
file. User supplied spectra should be normalized before use in the ETC.
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The COS ETC currently supports 4 different extinction relations:

¥ An average Galactic extinction law taken from Seaton (MNRAS, 187, 73p,
1979).

¥ An LMC extinction Law taken from Koorneef & Code (ApJ, 247, 860,
1981).

¥ An SMC extinction Law taken from Prevot, et a. (A&A, 132, 389, 1984).

¥ A genera extraGalactic extinction Law taken from Calzetti, Kinney, &
Storchi-Bergmann (ApJ, 429, 582, 1994).

The extinction can be applied either before or after the normalization.
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To add emission lines to the source spectrum enter the line center and FWHM in
Angstroms and the integrated flux in erg/lcm?s. Note: integratedflux units are per
arcseé for extendedsources.All three of the parameters(line center, fwhm and
integrated flux) must be specified for an emission line to be included.
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If you use your own input spectrum, or you use one of the model spectra for the
source, you may choose to normalize the source's continuum flux at some
wavelength. This normalization wavelength does not have to be within the
wavelength region of your observation, but must be within the wavelength range
of the input spectrum. The ETC will use it only for normalization and calculate the
appropriate flux values for the wavel ength range of the observations.

Y our object can be normalized to a magnitude either at a particular Johnson band
(using VEGAMAG) or to either GALEX FUV or GALEX NUV bands (using
ABMAG). Alternatively, your spectrum can be normalized to a flux (erg cm? s*
« 1) value at agiven wavelength.

For diffuse objects, you have to give the extent of the source, and the surface
brightness either in magnitudes per arcsec’, or flux value per arcsec’>. The
information on the extent of the source is used not only to calculate the counts and
the S/N ratio, but also to calculate the global count rates since there is a maximum



global count rate limit for both the detectors. Please refer to the GCOS Count Rate
Screening LimitsOtable above for updated screening limits.

If you supply your own spectrum or use one of the HST calibration sources, you
can either normalize this spectrum to a fixed value, or you can use the "Do not
renormalize" option on the form, in which case the flux values are assumed to
have the units [erg cm™ sec™ » Y] for point sources and [erg cm™? sec™ » *arcsec]
for diffuse sources.
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Whencalculatingexpectedsignatto-noiseratiosor exposurdimes,the backgroundrom
the detector must haken into account. For COS, the detector background is quite small.

The sources of sky background which will affect COS observations include:

¥ Earthshine,
¥ Zodiacal light, and
¥ Geocoronal emission.

The ETC allows the userto selectamongseverallevels of intensity for eachof these
backgrounds, corresponding to different observing environments.
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There are four intensity levels to choosefrom in the ETC, with the following relative
scaling factors:

(shadowaverage high, extremely high= (0.0, 0.5, 1.0, 2.0).

The earthshinas for a targetwhich is 24 degreedrom the limb of the sunlit Earth.Use
Figure 10.2 of the COS InstrumentHandbookto estimde backgroundcontributionsat
other angles. The zodiacal contribution correspondsto a helio-ecliptic latitude and
longitude of 30¥and 180%arespectively,which correspondg¢o my = 22.7 per square
arcsecTheupperlimit to the[Oll] 247lintensityis shown. Notethatthe geocoronatay
glow line intensities are integratedfluxes, in units of 10%° erg cm? sec¢' arcse®.
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Away from the airglow lines, at wavelengthsbetweenabout 1300 and 3000 ¢, the

backgroundis dominatedby zodiacallight, and is generallylower than the intrinsic

detectobackgroundespeciallyfor the NUV detectorFigure10.1of the COSInstrument
Handbookshowsthe zodiac4 light for the "average'level in the ETC. The selectable
levels and the factors by which they are scaled from this are:



(low, average high) = (0.576, 1.0, 1.738).

The contributionof zodiacallight doesnot vary dramaticallywith time, and varies by
only a factor of about three throughoutmost of the sky. For a target near ecliptic
coordinatesof (50,0) or (-50,0), the zodiacallight is relatively bright at my = 20.9,i.e.
about 9 times the faintest valueshaf = 23.3.

Theuseris cautionedo carefuly considersky levelsasthebackgroundebtainedn HST
observationscan cover significant ranges.See Section 10.3.3 of the COS Instrument
Handbook for more information.
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In the ultraviolet, the sky backgroundcontainsimportant contributionsfrom airglow

lines. These vary from day to night and as a function of HST orbital position. The airglow
lines may be an importantconsideratiorfor spectroscopi®bservationsat wavelengths

near the lines, and may be quite importantfor NUV imaging observationsFor more
information see Section 10.3.4 of the COS Instrument Handbook.

Thebrightestgeacoronallineis Ly! at1216e, theonly otherdetectabldinesbeingO |
1302¢, O1 1356« andO 11 2470+ lines. The strengthof the O | 1302 ¢ line rarely
exceedsl0% of Ly! ; the otherlines are significantly weaker.The strengthof the gec
coronalLy! variesbetweenabout2 to 20 kiloRayleighs,dependingon the time of the
observationgndthe positionof the targetrelativeto the Sun,andcanbe keptlow by the
specialrequirementSHADOW". The ETC usesa valueof 20 kiloRayleighs(6.1 x 103
erg cm? sec* arcse®) for the geccoronal Lyman emissionwhen the backgroundis
specified as "High".
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The following tale lists the dark count rate and read noise characteristicof the COS
detectors as measured in ground tests.
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Detector: FUV XDL NUV MAMA

05 per cnf34 per cnt
7.2$107 per pixel2.1$10" per pixel
4.3$10° per rese 1.9$10° per rese

Read noise 0 0

Dark rate
(counts sed)
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For everycalculationperformedwith the ETC, anID numberis providedat thetop of the
outputpage.Userswho reportproblems,or seekhelp on the useof this simulatorshould
mentionthis ID numberwhich will helpusto trackdownthe problem.COSGOswill be
askedto do a calculationwith the ETC, which will be usedfor bright-objectprotection
screening at STScl.
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