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This talk is brought to you by:

Pierre Ferruit, Laure Piqueras, Emeline Legros,
Aurelien Pons, Pierre-Jaques Legay, Arlette
Pecontal, Xavier Gnata, Camilla Pacifici,

Stephane Charlot

The research leading to these results has received funding from the
European Community's Seventh Framework Programme (FP7/2007-2013)
under grant agreement n° PITN-GA-2008-214227 - ELIXIR
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Overview

® NIRSpec simulations: How and what!?

® Electron rates for spectra: Spatial and spectral
features

® Readout simulation: final data example

ELIXIR school EADS/Astrium 02/06/2010



How: the Instrument
Performance Simulator (IPS)

® Development of CRAL (pigueras et al. 2010)
® Simulate JWST OTE + NIRSpec
® Modules for

» Fourier propagation

» Geometrical transforms

» Radiometry

» Detector readout

ELIXIR school EADS/Astrium 02/06/2010



How: IPS model data and results

ELIXIR school EADS/Astrium 02/06/2010



How: IPS model data and results

System data

Instrument

ELIXIR school EADS/Astrium 02/06/2010



How: IPS model data and results

System data Source data

Instrument Electron rate
maps

ELIXIR school EADS/Astrium 02/06/2010



How: IPS model data and results

Readout

System data Source data . :
simulation

Instrument Electron rate Realistic
model maps exposure

ELIXIR school EADS/Astrium 02/06/2010



What: ground & space

® Ground calibration (setup described by Xavier
Gnata)

» Prepare test campaign (simulations, fake data)
» Verification of IPS and instrument

® |n orbit
» Observation preparation and verification

» Possible input for data processing

ELIXIR school EADS/Astrium 02/06/2010



Source: CLS NIRSpec optics:
Broadband flatfield Clear filter, prism

MSA: Dispersion
Long slit




IPS spectrum of the CLS FF-BB source

NIRSpec optics:
Clear filter, prism

Spectral radiant intensity (W m-1 sr-1)

—  With relay mirror.
— Without relay mirror.

-2 | | | | |
10 0 1 2 3 4 5 6
Wavelength (in microns)

Reference: NIRS-MSSL-TR_1021 B _FF_and PS5 _only.csv 2010-04-19T16-43-15.034431

MSA: Dispersion
Long slit




CLEAR/PRISM - throughput at BOL - 15 % system margin included
10 T T T T

IPS spectrum of the CLS FF-BB source

o
o

=
~

Throughput (unitless)

o
o

CLEAR only

| ; S b PRISM only

With relay mirror. MIRRORS only

; : : Without relay mirror. optical train
-2 ' i i | L ' i i |

1075 2 3 4 5 6 04 2 3 5

Wavelength (in microns) Wavelength (in microns)
Reference: NIRS-MSSL-TR_1021 B _FF_and PS5 _only.csv 2010-04-19T16-42-16 034431 Reference: /Users/pferruit/Documents/workspace/verification/throughputNiRS 20/ 2010-05-28T07:32:46.469635

Spectral radiant intensity (W m-1 sr-1)

MSA: Dispersion
Long slit




IPS spectrum of the CLS FF-BB source CLEAR/PRISM - throughput at BOL - 15 % system margin included
I I I I 10 T I I I

o
o

=
~

Throughput (unitless)

o
o

CLEAR only
: - PRISM only
With relay mirror. MIRRORS only
: : : Without relay mirror. ; ; ; optical train

-2 i i i | 1 ' i i |
107, 1 2 3 4 5 6 0.4 2 3 5

Wavelength (in microns) Wavelength (in microns)
Reference: NIRS-MSSL-TR_1021 B _FF_and_PS_only.csv 2010-04-19T16-:42-16. 034431 Reference: /Users/pferruit/Documents/workspace/verification/throughputhNiR520/ 2010-05-28T07-32-46.469635

Spectral radiant intensity (W m-1 sr-1)

MSA pattern

Dispersion




IPS spectrum of the CLS FF-BB source CLEAR/PRISM - throughput at BOL - 15 % system margin included
I I I I 10 T I I I

o
o

=
~

Throughput (unitless)

o
o

CLEAR only
: - PRISM only
With relay mirror. MIRRORS only
: : : Without relay mirror. ; ; ; optical train

-2 i i i | 1 i i i |
107, 1 2 3 4 5 6 0.4 1 2 3 5

Wavelength (in microns) Wavelength (in microns)
Reference: NIRS-MSSL-TR_1021 B _FF_and_PS_only.csv 2010-04-19T16-:42-16. 034431 Reference: /Users/pferruit/Documents/workspace/verification/throughputhNiR520/ 2010-05-28T07-32-46.469635

Spectral radiant intensity (W m-1 sr-1)

Spectral resolution curves for PRISM

MSA pattern 5 ; ; g

Spectral resolution (unitless)

50

0 | | | |
0 2 3 4 6

PRISM Wavelength (in microns)

2.2 pixel per spectral resolution element 2010-05-11T14-:327-51 033374




Flatfield, broadband, prism:
overview

Electron rates SCA 491 Electron rates SCA 492
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IPS spectrum of the CLS FF-BB source 1%LEAR/PRISM - throughput at BOL - Spectral resolution curves for PRISM
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atfield, broadband, prism:
spectrum trace

Profile of the spectra on the FPA

|, | — A200_1 491
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M | — A200 2 491

z .r:l_DGGD .‘_ T A4DD 491 | , IPS spectrum of the CLS FF-BB source

— A1600 491
— B200 492
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— CLEAR only
— PRISM only
— With relay mirror. — MIRRORS only
— Without relay mirror. — optical train

Spectral radiant intensity (W m-1 sr-1)

2 3 4
Wavelength (in microns)
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NIRSpec optics:

LP100, G140M
(band | medium)

Source; CLS
Band | flatfield

MSA: Dispersion
Long slit




IPS spectrum of the CLS FF-I/1I/1II (FFI/1I/1I) source

NIRSpec optics:

LP100, G140M
(band | medium)

Spectral radiant intensity (W m-1 sr-1)

—  With relay mirror.
— Without relay mirror.

-1 | | | |
10 0 1 2 3 4 5 6
Wavelength (in microns)

Reference: NIRS-MSSL-TR_1021 B _FF _and PS_only.csv 3010-04-10T16-43-22 253215

MSA: Dispersion
Long slit




IPS spectrum of the CLS FF-I/1I/1II (FFI/1I/1I) source F100LP/G140M - throughput at BOL - 15 % system margin included
T T T 1.0 T T T T T

o
oo
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Throughput (unitless)

e
o

F100LP only
: : -3 S Y SS G140M only
With relay mirror. MIRRORS only
: : Without relay mirror. 5 optical train

-1 I I 1 | I I 1 I I
107 1 2 3 4 5 6 04 1.0 1.2 1.4 1.6 1.8

Wavelength (in microns) Wavelength (in microns)
Reference: NIRS-MSSL-TR_1021 B _FF_and PS_only.csv 3010-04-19T15-42-32 253215 Reference: /Users/pferruit/Documents/workspace/verification/throughputNIRS20/ 2010-05-28T07-32-49. 715920

Spectral radiant intensity (W m-1 sr-1)

MSA: Dispersion
Long slit




IPS spectrum of the CLS FF-I/1I/1II (FFI/1I/1I) source F100LP/G140M - throughput at BOL - 15 % system margin included
T T T 1.0 T T T T T
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- - G140M only
With relay mirror. MIRRORS only
: : Without relay mirror. ' ; optical train

-1 I I 1 | I I 1 I
107 1 2 3 4 5 6 04 . 1.2 1.4 1.6

Wavelength (in microns) Wavelength (in microns)
Reference: NIRS-MSSL-TR_1021 B _FF _and PS_only.csv 2010-04-19T165-42-22 253215 Reference: /Users/pferruit/Documents/workspace/verification/throughputNIR520/ 2010-05-28T07-32-49.715920

Spectral radiant intensity (W m-1 sr-1)

MSA pattern

Dispersion




IPS spectrum of the CLS FF-I/1I/1II (FFI/1I/1I) source F100LP/G140M - throughput at BOL - 15 % system margin included
T T T 1.0 T T T T T

: r,l' L /- e . .-\.___\ — 'J;_,---'--.‘_‘ )
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Throughput (unitless)
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F100LP only
; - G140M only
With relay mirror. MIRRORS only
: : Without relay mirror. ' ; optical train

-1 I I 1 | I I 1 I I
107 1 2 3 4 5 6 04 1.0 1.2 1.4 1.6 1.8

Wavelength (in microns) Wavelength (in microns)
Reference: NIRS-MSSL-TR_1021 B _FF _and PS_only.csv 2010-04-19T165-42-22 253215 Reference: /Users/pferruit/Documents/workspace/verification/throughputNIR520/ 2010-05-28T07-32-49.715920

Spectral radiant intensity (W m-1 sr-1)

Spectral resolution curves for G140M

MSA pattern 5 ; ; g g
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Spectral resolution (unitless)

I | I | I
20%.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

G140M Wavelength (in microns)
2.2 pixel per spectral resolution element 2010-05-11T14-28-01 153705




Flatfield, continuum, MR
grating: | overview

Electron rates SCA 491 Electron rates SCA 492
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IPS spectrum of the CLS FF-I/1I/lIl (FFI/1I/Il1) source lF%ODLP/GMOM - throughput at BOL - 15 % system margin included Spectral resolution curves for G140M

Spectral radiant intensity (W m-1 sr-1)
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G140M Wavelength (in microns:
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Flatfield, continuum, M
grating: | overview

Electron rates spectra SCA 491 Electron rates spectra SCA 492
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Electron rate per pixel (electron s-1 pixel-1)

500 1000 1500 2000 2000 1500 1000 500
World pixel x World pixel

IPS spectrum of the CLS FF-I/1I/lIl (FFI/1I/Il1) source F100LP/G140M - throughput at BOL - 15 % system margin included Spectral resolution curves for G140M
1.0
F100LP only

G140M only

With relay mirror. : MIRRORS only
— Without relay mirror. optical train ! .
3249715920
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10 2 3 G 5 - X 12 16

Wavelength (in microns)
Reference: NIRS-MSSL-TR_1021_B_FF_and_PS_only.csv
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Spectral resolution (unitless)
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Flatfield, continuum, MR
grating |: spectrum trace

Profile of the spectra on the FPA - Order -1 only.
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Flatfield, continuum, MR
grating |: spectrum trace

Profile of the spectra on the FPA - Impact of order overlap

A200 1 order -1 o 7
A200_2 order -1 | N ' —
A 4 D D o rd er - l 10° FL00LP/GLAOM - throughput at BOL - 15 % system margin included
A1600 order -1 | | oo~

B200 order -1 .

All orders included

F100LP only
. —  G140M only
——  With relay mirror. —  MIRRORS only
— Without relay mirror.

2 3 4 5 1.0 12 14 1.
Wavelength (in microns; ) Wavelength (in microns; )
ind_PS_only.csv 2010.04.19716.4222 253215 teference

Spectral resolution curves for G140M
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NIRSpec optics:
LP100, GI140H

(band | high)

Source: CLS Argon
emission lines

MSA: Perfect Dispersion
all closed




OGSEO5 - NIST Ar lamp emission lines after attenuation

NIRSpec optics:

L TERTRE L (band | high)

10-12

Radiant intensity at the exit of the CLS (W sr-1)

-13 . i i i
10 0.5 1.0 1.5 2.0 2.5 3.0

Input data: attenuatedNIST_Argon_only.emjifgtelength (in microns) 2010-04-19T16:49:39.084613

MSA: Perfect Dispersion
all closed




OGSEO5 - NIST Ar lamp emission lines after attenuation F100LP/G140H - throughput at BOL - 15 % system margin included
1.0 I T T T T

Throughput (unitless)

u 5 ; ; | | e
: : ; j Sh i G140H only

optical train

Radiant intensity at the exit of the CLS (W sr-1)

10-13 | 1 | I D 4 i I : I
0.5 1.0 y 1.5 2.0 2.5 3.0 ' 1.0 1.2 1.4 1.6
Input data: attenuatedNIST_Argon_only.emjifgtelength (in microns) 2010-04-19T16:49:39.084613 Wavelength (in microns)

Reference: JUsars/prerruityDocuments/workspace/verification/throughputiR520/ 2010-05-28T07:32:59 579355

MSA: Perfect Dispersion
all closed




OGSEO5 - NIST Ar lamp emission lines after attenuation F100LP/G140H - throughput at BOL - 15 % system margin included
T ]-G I I I I I

Throughput (unitless)

10 | ; | o | | FLOOLP only

: : : 5 Sl G140H only
: : : : : | optical train

Radiant intensity at the exit of the CLS (W sr-1)

10-13 | | | | 0.4 : | | I I
0.5 1.0 y 1.5 2.0 2.5 3.0 ' 1.0 1.2 1.4 1.6 1.8
Input data: attenuatedNIST_Argon_only.emjifgtelength (in microns) 2010-04-19T16:49:39.084613 Wavelength (in microns)

Reference: JUsars/prerruityDocuments/workspace/verification/throughputiR520/ 2010-05-28T07:32:59 579355

Spectral resolution curves for G140H

MSA: Perfect
all closed

Spectral resolution (unitless)

I | I | I
50%.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

GI140H Wavelength (in microns)
2.2 pixel per spectral resolution element 2010-05-11T14-38-11 305693




Flatfield, emission lines, HR
grating |: overview

Electron rates SCA 491 Electron rates SCA 492
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OGSEO5 - NIST Ar lamp emission lines after attenuation 1F(}OOLP/GMOH - throughput at BOL - 15 % system margin included Spectral resolution curves for G140H
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Flatfield, emission lines, HR
grating |: overview
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OGSEO5 - NIST Ar lamp emission lines after attenuation 1F(}OOLP/GMOH - throughput at BOL - 15 % system margin included Spectral resolution curves for G140H
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Spectral resolution (unitless)
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Radiant intensity at the exit of the CLS (W sr-1)
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Flatfield, emission lines, HR
grating |: spectrum trace

Profile of the spectra on the FPA -

Order -1 only.
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Source: Galaxy NIRSpec optics:
spectrum at z=6 Clear filter, prism

MSA: Perfect Dispersion
all closed




. Input spectra - fov_Camilla_z6two_zod
10° . : !

— filename
— Zodiacal light integrated over 0.2x0.1 arcsec?2
ot N

NIRSpec optics:
Clear filter, prism

100 U e 1 iy

10715 b

Spectral irradiance (W m-2 m-1)

1 i i i i i
10 0 1 2 3 4 5 6

Wavelength (in microns)
ference: Galaxy spectrum provided by Camilla on the 24/05/2010 - z&6two_fits 2010-05-27T07:19:12 260406

MSA: Perfect Dispersion
all closed




Input spectra - fov_Camilla_z6two_zod CLEAR/PRISM - throughput at BOL - 15 % system margin included
10 T T T T
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CLEAR only
PRISM only
MIRRORS only
: : : : : : : : optical train
17 ' i i i ' ' i i |
107, 2 3 4 6 0.4 2 3 5

Wavelength (in microns) Wavelength (in microns)
ference: Galaxy spectrum provided by Camilla on the 24/05/2010 - z6two_fits 2010-05-27T07-19-12 260406 Reference: /Users/pferruit/Documents/workspace/verification/throughputNiR520/ 2010-05-28T07:32:46 469635
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MSA: Perfect Dispersion
all closed




0 Input spectra - fov_Camilla_z6two_zod CLEAR/PRISM - throughput at BOL - 15 % system margin included
107 ! T T T T 1.0 T T T T !

— filename
— Zodiacal light integrated over 0.2x0.1 arcsec?2

10—12

o
o

10-13

=
~

107

Throughput (unitless)

o
o

10—15

Spectral irradiance (W m-2 m-1)

: : : : : : : : CLEAR only

20718 b S b PRISM only

: : : : : : : : MIRRORS only

: : : : : : : : optical train
17 ' i i i ' i i i |

1070 2 3 4 6 0.4 1 2 3 5

Wavelength (in microns) Wavelength (in microns)
ference: Galaxy spectrum provided by Camilla on the 24/05/2010 - z6two_fits 2010-05-27T07-19-12 260406 Reference: /Users/pferruit/Documents/workspace/verification/throughputNiR520/ 2010-05-28T07:32:46 469635

Spectral resolution curves for PRISM

MSA: Perfect
all closed

Spectral resolution (unitless)

50

0 | | | |
0 2 3 4 6

PRISM Wavelength (in microns)

2.2 pixel per spectral resolution element 2010-05-11T14-:327-51 033374




Point source, galaxy z=6,
prism: overview

0.9 1.2
Electron rate per pixel (electron s-1 pixel-

Input spectra - fov_Camilla_z6two_zod CLEAR/PRISM - throughput at BOL - 15 % system margin included Spectral resolution curves for PRISM
1.0

filename
Zodiacal light integrated over 0.2x0.1 arcsec2

n (unitless)

adiance (W m-2 m-1)

Throughput
Spectral resolut

Spectral

CLEAR only
PRISM only
MIRRORS only
optical train
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Spectral irradiance (W m-2 m-1)

Reference: Galaxy spectrum provided by Camilla on the 24/05/2010 - 26two.fi
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Point source, galaxy z=6,
prism: overview

Input spectra - fov_Camilla_z6two_zod

filename
Zodiacal light integrated over 0.2x0.1 arcsec2

1

3 4 5
Wavelength (in microns)
e 2010.05.27707.19.12.260406

1%LEAR/PRISM - throughput at BOL - 15 % system margin included
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Electron rate per pixel (electron s-1 pixel-1)

CLEAR only
PRISM only
MIRRORS only
optical train
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Wavelength (in microns)
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Spectral resolution curves for PRISM

Spectral resolution (unitless)

1

PRISM
2.2 pixel per spectral resolution element

2 3 4
Wavelength (in microns)
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Point source, galaxy z=6,
prism: spectrum collapsed

Profile of the spectra on the FPA
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Source: Galaxy Source: Galaxy
spectrum at z=2 spectrum at z=2

Source: Galaxy Source: Galaxy
spectrum at z=6 spectrum at z=6
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Point source, MOS sky
scene, prism: overview
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Point source, MOS sky
scene, prism: zoom
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Point source, galaxy z=6
prism: 22x4 readout (902 s)
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Spectral resolution curves for PRISM
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Conclusion

® |PS does realistic end-to-end simulation

® Separation of electron rates + readout allows
study of different effects

® Prepare FM tests and start with science
simulations
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