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COS will help answer some fundamental questions:

= What is the large-scale structure of matter in the Universe?
» How did galaxies form out of the intergalactic medium?

= What types of galactic halos and outflowing winds do star-
forming galaxies produce?

= How were the chemical elements for life created in massive stars
and supernovae?

= How do stars and planetary systems form from dust grains in
molecular clouds?

= What is the composition of planetary atmospheres and comets in
our Solar System (and beyond)?



Seiantifie GeelE

The study of the origins of large sca
formation and evolution of gala>
planetary systems and the cold ir

Measure the structure and compc
concentrated in the ‘cosmic web” b

= The cosmic web is shaped by the gravity
ordinary matter serves as a [uminous mat

=  Will observe faint distant quasars with abso
material (composition pecific locatio

= Observations covering v. ACross spa
information on both cture of the
changes in chemical ;

Normal Matter

Inside galaxies



Present

(13.7 billion years
after the Big Bang)
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cCOS lns'“uﬁ nent PDescription

m Designed for ultre
point sources with

= Optimized for hlgh
resolution of compact

m COS has 2 channels:
= Far Ultrav1ole (FUV) coveri

Grating (Channel) Approximate Useful Wavelength Range Resolving power (MAA)
G130M (FUV) 115-145nm 20,000 - 24,000
G160M (FUV) 140 -178 nm 20,000 - 24,000
G140L (FUV) 123 - 205 nm 2,000 - 5,000
- G185M (NUV) 170 -210 nm 16,000 - 20,000
| G225M (NUV) 210 - 250 nm 20,000 - 24,000
G285M (NUV) 250 - 320 nm 20,000 - 24,000
G230L (NUV) 170 - 320 nm 1,550 - 2,900
TA1 170 - 320 nm Target acquisition imaging mode
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COS Instrus ent Descri ption

Material reflectivity is low (~75%) ir .. h
Slit-less spectrograph: 2.5” aperture
FUV: modified Rowland Circle s

concave grating focuses, diffracts
and aberrations from extreme off-

Light is focused onto two 85x10 mm
FUV detector is curved to match the spe
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cCOS ms‘u nentbescription

@  NUV channel has 3 med1um and ]
Imaging mode with ~1.0 ar

m  Modified Czerny-Turner de
camera mirrors which direc
mm Multi Anode Microchanne

@  The imaging mode is primarily i

=

Calibration Platform
4 lamps, 3 beam splitters

NCM3a, 3b, 3¢

(Focusing mirrors) NUV Detector

(MAMA)

NCM2
Collimating mirror)

FUV Detector
Head (DVA)

External Shutter
(not shown)

Calibration
Fold Mirror
Aperture Mechanism OSM2 - O?Mfl4 '
positions 1 of 2 Apertures positions 1 of 5 optics ;;ocslltlo‘ns (;‘ﬁ- ogtlc
2 degrees of freedom 1 degrees of freedom egrees o1 reedom

(rotation, focus)

(x & y translation) (rotation)
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ol ¢ phlc Grating

@  Fabrication of holographlc sratin
«  highly-polished and precisely-figus
= coated with a layer of photos
= exposed to fringes created by
= chemical treatment of the photos

@  Different design and configuration ¢
= plane and concave gratings (parallel gro

= variable-spaced grooves gratings for full ab

@  Holographic recording geometry requires very

O] The shape of the g

10log aphlc
sinusoidal (very oW

efficien

@  Jon etching can sc

laser bea

volume of
interference
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photosensitive layer
laser beam
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cCOS m;u'u 11ent Pescription

Wavelength calibratio:
Focus adjustment t
Wavelength range by 1

Aperture mechanism:
= PSA, WCA, BOA (ND2), FC
= Can be moved in cross-dispet
NCM2: mirror -view
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O Thermal-Vac
drift of OSM me
reached (relaxation

= To keep tr
turned ~

m Drift ca




‘rarga' uisition

Slit-less: absolute wavelength p051t10n on de
aperture o

Sophisticated FSW algorithms avail
ACQ/SEARCH iral pattern search
pattern dlsperse or imaging). Returns
ACQ/PEAKXD: centers target in disperse
dispersion by moving target across apertu

ACQ/PEAKD: centers target along dispersio
closel}r IP{aced linear pattern along dispersion.
or BRIGHTEST

ACQ/IMAGE: NUV image o after the initie
needed to center the object (so ay be too b

» Requires precise knowledge

e

Relative throughput of PSA at 1450 A - ' ' 3x 3 spiral search pattern
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CSIL06339205015 1 rawtag a gc.fits.gz SEGA

1953 2002 434483 zoom = &4
Targname =
00
Detector = FUV
Aperture = PSA-FUV

1413 2157 28¢

Histogram Equalized Display
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Histogram Equalized Display

Targname =

00

Detector = NUV
Aperture = PSA-NUV
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combined files fits

His am Equalized Display
0.00000

L 121,000

Targname =
CI Cl

Detector = NUV
Aperture = WCA-NUV



FUV detector is a windowless
Optimized for 1150 to 1775 A
Surface is curved (r=826 mm
Photons striking the photocatho
3 curved MCP in a stack for each
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delay line : -

Output electron cloud is several mm i
Each anode has separate traces for the d
Position in either axis is determined by di

(CUTAWAY VIEW)
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VADETector

Time-Tag or ACCUM mode ]
No physical pixels: location on
Pixel location dependent on tempera

Injected STIM pulses used to correct for te

Geometric distortion de ssembly of de

ACCUM mode fo y "
Gain sag with photoc
Dark counts ~1.5e-6 cot

Grid shadows, hot sj
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FUV Datactyy f"

Pixel Size (microns)

B —

Typmal P|><e\ Size \/arlat|ons (FU\/O1—A)
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Dispersion Axis (pixels)

Pixel size variations for segment A of the FUV detector in: a) dispersion, b) cross-dispersion direction.

ometric Distortions

Pixel Size (microns)

Typical Pixel Size Variations (FUV0O1—A)
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FUVY \  |dted Spectra
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FUY T

)

Baseline Reference Frame

Raw TTAG Data

v

Add +/-0.5 pixel random
noise to each event

v

Data (Reference File)

Apply Thermal Distortion
Correction

Calculate Time Dependent
Live Time Corrections

v

PR S

Flat Field Data (Reference

Rectify the Photon Positions

v

File)

)

Data Quality Look Up Table

Assign ¢ Correction Factors

v

(Reference File)

Wavelength Calibration

Associate Data Quality
Factors

v

(Reference File)

Corrected TTAG List Data
Product

Calculate Preliminary
Wavelengths (xd)

v

Apply Doppler & Heliocentric
Corrections to xd

Geometric Distortion Map
(Reference File)

M)

HST Orbital & Target

v

Filter Data (PHD & time
based events)

Location Parameters

—

CE—

Error Logs (?)

—

Pulse Height Thresholds
(Reference File)

v

Create 2-D Image
(counts/sec)

v

v

Corrected 2-D Image
(counts/sec)

Create 2-D Image
(effective counts/sec)

Create Error Array
(effective counts/sec)

¥

Corrected 2-D Image
(effective counts/sec)

v

Error Array
(effective counts/sec)

a0 Data Analysis

(counts/sec)

i

Corrected 2-D Image

Extraction Regions
(Reference File)

i
Corrected 2-D Image
(effective counts/sec)

Extract spectrum in full pixel
resolution

v

Extract background spectrum

Data Quality Look Up
Table (Ref. File)

v

Create data quality flags
(mdq & adq)

v

Create background
subtracted spectrum

s

Scatter Model
Parameters (Ref. File)

v

Subtract inplane grating &
OTA scatter *

* This step shall be omitted in the
standard reduction pipeline.

(

Wavelength Calibration
(Ref. File)

v

?

Create wavelength vector

Inflight Wavecal Spectra

Sensitivity Calibrations
(Ref. File)

A 4 \4

Convert spectrum from
counts to flux

~

Science Spectrum Data
Product




NUV detector is a MAMA (Multi-Anc
Semi-transparent cesium telluride
Photons striking the photocatho
25.6mmx25.6mm into 1024x1024, 2.
Pixel location determined by anode
Time-Tag or ACCUM mode: {time, X,
No temperature correction and geometric

3 [ T Y 1 B 1 R 1 R |

MULTI-ANONDE MICROCHANNEL ARRAY
four -fold comncidence-ancae orray

FECDBACK-FREE
MICAOCHANNEL PLATE

COINCIDENCE - ANODE
ARRav UPPER PLANE
CODING ELECTROOES

CPAQUE PHOTOCATHODE

INPUT-FACE ELECTROCE
(=-2000V)

FEECBACK-FREE MCP
(C-PLATE)

LOWER PLANE
CODING ELECTROCES

QUTPUT CHARGE PACKET {~10% electrons per pulse}

LOWER PLANE COOING ELECTROCES (~75V)

QUARTZ SUBSTRATE
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Observed Rote {cnt/sec)

MAMA gain sag with e
Dark counts ~2.6e-6 co
Each stripe only covers &

Many central wavelengths
= GI185M: 1670- 2127A in 15 setting
= G225M: 2070- 2527A in 13 settings
= G285M: 2480-3229A A in 17 settings
= G230L: 1334-3560A ing

Deadtime effec

MCP Goin vs. Accumulated Use

NUV Deadtime (Robs=Rtr * Exp(—Rtr*ZBOnsec)) 7.0 x105 Y T T Y
. 6.0x10° :
8x10° - -
: ' T 5.0x10°
i 9 5
i . < 4.0x10
3 5
L )
xI°H B — 3.0x10
s vg 5
° .
[ o 2.0x10 Mm-mum Threshold |
2x10% - 5 Pre~ 5“ r Life E
| 1.0x10° | condntuonmgd‘ of STIS E o
» -1
0:’_ - 0 ' 1 1 1
B B o A B 0.0 05 1.0 1.5 20 25 30 35
0 2x10° 4x10° 6x10° ax10® 1x10°

Extracted Chorge (C Cm_z)

True Rote (ent/sec)




NOVEIITES g Data Analysis
/ oo ~/ Somezon

Raw TTAG Data
Calculate Time Dependent Filter Data
Live Time Corrections {tme based events) Emor Logs (7)
. N
Flat Field Data . §
(Ref. Fie) Assign z Correction Factors
\ y, T
. ™
Data Qualty Look Up Associate Data Quality
Table (Ref. File) Factors
) v
(
Wavelength Calbration Calculate Prefminary
(Reference File) Wavelengths (xd)
N J T
Corrected TTAG List Data Apply Doppler & Heliocentric HST Orbital & Target
Product Correcticns to xd Location Parameters
l v v
Create Error Array Create 2-D Image Array Create 2-D Image Array
(effective counts/sec) (counts/sec) (effectve counts/sec)
Error Array 2-D Image Array Comected 2-D Image Amray
(effective counts/sec) (counts/sec) (effectve counts/sec)

BJ

Caomrected 2-O Image

Extract spactrum In ful phes!
rezokon from court Image

T~

=

Scatter Mcdel N

Create data qualty fapgs
(ma33 & adq)

* This step shall be cmitiad In the
standard reduction pipeiine.

Cenvert spectrum from
counts to flux




“S O grving Strategy

Identify scienc
COS configuratic

Estimate exposure

check the feasibility, in
volume, cou rollover, ¢
Identify any

acquisitio

required.

Det 1 '




COS ime CGalculator (ETC)

@ Spectroscopy

» Calculates count ra
source in a COS spec

Spectroscopy Target Ac

» Calculates count rates and
source in a COS spectroscopic

Imaging , S

= Calculates c N for a
source lII.‘ - On

Imaging Taz

= Calculates

source in a C
Mirror) o

OS Tean -




COS Exposurs Ty EUdlE I (16

cos spectroscopy ETC 3. Choose one of the following spectral distributions for the source:

Please note: for User supplied and uploaded spectrum, please use only FITS or text format files.

This form will calculate the count rales and SIN ralo for a simulated spectrum of ONE source in a COS spectroscopic
observation. For general help on how to use this Exposure Time Calculator or for help on various topies, click on the appropriate

highighted worcs O uoload soectum Fie:
e
-/ Other HST Spectrum:

Please read the current release notes, updated on 03/24/2008. coBS ” o ]

(Subm Slmulmn) (Rem Al Pararnmrs) O Castelli and Kurucz Models: [Sp Tetf leglg) log(z)=0)
)
\ Pickles Mode's: ((osv3ssiox g (Sp Teff)

1. Select one Detector+Grating and an aperture: a-
O kuves voes:

FUV NUV O Bruzual Synthetic Stellar Spectra:
Grating: ~ Cen. Wave. Grating: ~ Cen. Wave. O uST Standard Star spectra: (Goso a2, 1409 )

® Non-Steliar Objects: [ Q50 (5058 bases, (800,6000A 203 14
n
' a Black-body with temperature T = | 10000

N
. aPowerlaw: FA=A"" -1

A
' a Flat continuum in @

O ataou O esm
®reom O oo
Oera O eomsm

U

N
/G230 O No continuum. If selected, at least one emission line must be specified below, and the reference wavelength from part 2
above must correspond to one of the lines.
Aoertre —— Specify the extinction E(B-V) ((average Galactic 189 =00 |
2. Specify the exposure parameters: Extinction appiied normalization.
O Exposure Lme needed to oblain a SIN ratic of | 60.0 Specily the redshift 2 = F‘
r\ ) ) 1
/SN ratio reached in an exposure tme of 500 seconds. Add emission lines to the input spectrum (optional):
SIN o exposure tme specified lor a wavelengthof 1500 A, LineConter  FWHM  Integrated Fhux
(A) A (onycmzls)
Select the source type: (vacuum)
The photemetric extraction region is the same for both point and extended sources. 47 pixels high and a 6 pixel wide
resoluton element for the FUV. 8 pixels high and a 3 pixel wide resolution element for the NUV. lo. | o | e |
®  Point Source o1 e | e !
() Extended Source (N B N
Diameter is 8 arcsec Note: integrated flux units are per arcsec® for extended sources. All three of the parameters (line center, fwhm and integrated

flux) must be specified for an ermission line to be included.



COS Exae imeGalculator (ETC)

4. Normalize the target's flux:

®

‘JONON®

5. Spec

O®*

ON®

O0O®@c

()
~—

[ sohnsansv o = [ 15 ](Voga magnitudes) (arcsec™ for extended sources) or
| Galex FLV g = [ 1s ] (AB magnitudes) (arcsoc'2 for extended sources) or

1.5¢-13 ergs emZs! A {arcsac'2 for extended sources) at 1310 }& or

Do not Renormalize Peoint Scurce Spectrum. Use only for User input Spectrum or Calibration Spectra.

ify the expected background levels :
Specily normalization for zodiacal background

Standard zediacal light nermalizations:

Compute zediacal light on sky position:

A.A.: 0000:00 (hh:mm:ss or decimal)
Dec.: | +00-00:00 (dd:mm:ss or decimal)

either OA-ASun:[m_|degrees
-or- ® Date: [ 2005 144 [january 184 [+ 149

Normalize zodiacal light 1o magnitude:

Scale zodiacal light by factor (1.56 = average):
Specify normalization for earth shine background

Standard earth shine light normalizations: [ Average )

Normalize earth shine light 1o magnitude: 30.0

Scale earth shine light by factor (0.5 = average): | 1.0
Air Glow

( Average e

( Submit Simulation ) ( Reset All Parame!ers)

30.0

9




COS Exposurs Thus CllaiEltga(= e

Exposure 1D: COS103676

Requested Signal/Noise Ratio = 60.00 at wavelength 1500.00 A (per resolution element)

gives: Time = 8,361.1893
Exposure time calculation HAD WARNINGS.

WARNING MESSAGE: Partial overlap exists between normalization band and input spectrum. This may result in over-optimistic
SNR and/cr exposure time estimates.

5804.00
Detailed Information Countrate Total counts Associated noise
(counts/s)  (counts) (counts) Sere.%0
Counts (box 47 pixels high) (1 pixel) (B pix resel) 4353.00
Source 0.072 3,601.77 60.01
Background 3.525E-5 1.77 1.33
5.470E-11 274E6 1.66E-3 3627.50
Dark Current 3.525E-5 1.77 133
Total in selected region 0.072 3,603.54 60.03 2902.00 7
Brightest Pixel (1547.49 A) 0.015
Count rate entire detector 1,542.855 2176.50
Count rate segment A 459.824
Count rate segment B 1,083.031 1451.00
Buffer time (sec) 1528 725,50
For APT purposes, the recommended buffer time
should be 2/3 of the buffer time calculated 0.00
above, or the exposure time, whichever is shorter.
Please refer to the COS Instrument Handbook ne 1999 w"l::f:m" 1700 180
for more details
Legend
Target [point source] Eloark/Re
Maodel 1D = 392 Wsky/RE
[JSource/RE

+ QS0 (gso_template.fits)

Exposure 1D: COS103676
View results in tabular form

Back 1o resulls page

Integrated Counts for COS

Renormalized 1o Johnson V = 15 in magnitudes relative 1o Vega
Instrument name: COS
Mode: Spectroscopy
Detector: FUV
Central wavelength: 1600
Grating: [G160M] Grating (R ~ 20,000-24,000)
Aperture: Primary Science Aperture

D Log X s10 X plot size

DLogY 450 Y plot size

Selected background:
Sky Background:
Earth Shine: Average
Zodiacal Light: Average -Re-plol
Air Glow: Average

View results in tabular form

Plots

Plots

( Total Counts ) ( Slqnal-ta-me) (Sgur:g spectrum ) ( Trroughput ) ( Total Counts ) ( Signal-ta-noise ) ( Source spectrum ) ( Throughput )




COS AstrononS eage posal ool
N(APT)

m Software use to s
proposals

= Integrated toolset co
= Editors for filling out pro
= Orbit Plar determining
= Visit Planner ing scl
and reporti
= Bright Ol
= Integrated

specificatio1
1 Arct
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