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The NIRSpec instrument performance
simulator (IPS) software

_ NIRSpec IPS-1
Fle View Database Window Help
@l NIRSPEC IPS-1 Tasks,
[Name  [sttus  |Progress |[started
Compute exposure 1 Run % Thu Sep 20 16:34:48 2007
[a] Compte exposure 1
o ] Input electron rate frame:

Select detector model

® Apply Cross Talk (if present)
% Apply Dark Current (F present)

Multiaccum parameters

Define reset mode : [Pixel to pixel |~

Neme  [oe [Descrption
wp101S. .. 2007-05-0. . Detector model Used ortesting the ran mode.

~31p101S. . 2007-05-0,..Detector model used for the testing of the elec. .

aIpLOLS... 2007-090... Generlc detector model.

% Apply Non Linearly
% Apply Hot and Dead Pixels (f present)

nf: [4 ng: [10 nint: [2 1 1 nif2: [1

t#(s) [10 tg(s): [40 nef1 : [0 naf2: [0 ndi3: [0

® Selectannput fame
Neme  [oate |Descrption =]
SpIOLS... 2007.05-... Elctron ra.
atpl01S... 2007-090... Electronrat.
S1pL0LS.. 2007.05-0.. Electronrat. ¢
[[L-ato119..2007:09-0,  Electron e g

Compute dark-current exposure

Outputinformation

ObsID: PsraAKE [ADASSOT |

Help cancel || Finish
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Why developing an IPS?
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« The IPS is used to generate realistic on-ground or in-orbit
synthetic exposures.
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The end-product for the simulation of an exposure is a set
of 2 FITS files in NIRSpec raw-data format.

- It is used to provide:

- Inputs to performance-related trade-offs and to the early
verification of the instrument performances

Inputs and support for/to the preparation and execution of the
verification and calibration campaigns

- Inputs and support for/to the development of the data reduction
software (pipeline, pipeline algorithms)

- Simulated scientific exposure to support the preparation of the
NIRSpec observation strategies / operation.
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Models, models...

Modelling exposures of NIRSpec in its 4 modes:
*  multi-object spectroscopy (MOS)

- slit spectroscopy (SLIT)
- integral field spectroscopy (IFU)
- Imaging (IMA)

Modelling the performances of the cryogenic test setup:

- using the test equipment (telescope simulator)
- using the internal NIRSpec calibration assembly

Modeling the in-orbit performances of JWST/NIRSpec

. for the observation of various astronomical scenes
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Numerous challenges...

Several instruments in one...
- Models for the MOS, IFU, SLIT and imaging modes...

From aberration-dominated to diffraction-limited
regimes (0.6 to 5.0 ym)

- Going for Fourier optics modeling

Going from the usual optical performance simulations to

exposure simulations
- Computation intensive, memory hungry software...

- Make use of every object property that can simplify or speed up
the computation...
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Numerous challenges...

Huge number of input parameters
« Instrument, simulation and exposure parameters

Need for a full traceability of the simulation inputs
«  Model and simulation database

Additional development constraints
- one or several user interfaces running simultaneously
«  MMI (GUI) for all IPS functions
*  (Industrial quality standards for development and documentation)
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. a PSF simulator

Distortion map Residual map

Legend Reference [ e
Fit residual in ouput plane:

Distortion map view:

Fit quality: RMS: [7.77689¢-08 m

Distortion and residuall maps viewir
~Display il
Wavelength: (6e07_|-] Rotation angle: [-41.5 File name: p-sTOP_MSAZ pef
Forward fit
Model description:
[ I i
image planes Magnification/Focal: o saciovard e || [Not sssodated 1o 3 model
Input; [FIELD-STOP x: [0.616
Display

output: [MsA ¥ [0616

varance: [£648e-15

Webb Sp

* an exposure simulator
. an instrument model database

NIRSpec IPS-1

Name

ew

tabase

Compute exposure 1 Run

Q Compute exposure|1

Detector mode!

s

es

[ T ||| Residualamplfication:

Distortion amplification:

Help Print

Distortion and Residual maps display for a value of wavelength 6e-07 meters in backward mode

- Jam

1

Close || cancel

- 6 main software components:

a Fourier optics module
- a coordinate transform computation and fitting software
* a radiometric response / sensitivity computation tool

NIRSpEC IPS-) Tasks

Status Progress [Started
0%

Thu Sep 20 16:34:48 2007

Select detector model

[Name
1015,

aLp1015.

%) Apply Cross Talk (i present)
% Apply Dark Current (if present)

[oste [Descrpton

2007-09-0... Detector model used for testing the main mode

~Btpl019.., 2007-09-0.., Detector model Used for the testing of the elec. .

2007-09-0... Generic detector model.

% Apply Non Linearity

% Apply Hot: and Dead Pixels (if present)

Inputt electron rate frame

® Select an Input frame

[Name Date [Description =]
T atp1015... 2007050... Electron fat.| |
atp1019... 2007-09-0... Electron rat.
2p1015 05.0..._Electron ra. -

lectr

1019... 2007-05-0.

Compute dark-current exposure

Define reset mode

tf(s): [10 tg(s): [40 ndfL : [0

Muliaccum parameters

o [a ng: [io s 2] em: [T ] nm [T

Pixel to pixel [~

na2:[0 | nd3:[o

Output information
Obs ID: IPSFAKE [ADASSO1]

Help \ {gance\ \ Finish
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Generic workflow

EHe‘ View Database Window
New model
Load model

Compute

Detector model
SCA model
<Expert> OTE model
<Expert> OGSE model
<Expert> RCSS model
<Expert> CAA model

Exit

<Expert> MSA model
<Expert> IFU model
pert> NIRSpec mod

<Expen= o moael Create an IPS model
Import ZEMAX data

Prepare exposure simulation

Standard user

Load SGA : atp1018_22 497 19032008 _1
Name the SCA model: [atp1019_22_492_19032008_1
Description: [model created for atp1019

SCA characteristics

P Form - [Preview]
IPS model

ZEMAX filename:
Name of this IPS model:
IPS model description:

OTE/OGSE/CAA model

OTE/OGSE/CAA model name :

OGSE with RCSS
RCSS model name :

NIRSpec model

NIRSpec model name :

OGSE without RCSS

FWA posiion :
GWA posttion :

IFUMSA model

M

finiti

n

IFUMSA model name :

Generate electron r
maps
(major module)

Output | | Output Il | Output Il | Output IV | Output V - &
Reset offset (in electron): 1000 §
Reset offset fluctuation (KTC noise, 1 sigma, in electron): (100
Single frame readout noise (1 sigma, in electron); 50 g
Gain (in ADU electron-1) 1 -
ADC threshold (in electron): 400

Create detector models

SCA input files
% Locate dark current map file: [9032008_1/SCADarkCurrent.fits \ Browse...

% Locate cross-talk map file: [2_19032008_1/SCACrossTalk.ctm | | Browse...

J
% Locate hot and dead pixel list: [19032008_1/SCABadPixels.list | Browse.. |

%/ Locate detector non-linearity map file: [S/TestNonLinearity.dnl| | Browse..

Help Print Cancel Save
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P 4 Simulate detector exposure(s)

Load

Load

Load

». The main IPS software components

—) IPre-compute PSF I

| IPS model |

Compute and view distortion fit
Compute and view PSF
Compute and view radiometric
response

Residunl map

Legend Fereren: ied e qualty: AV (777538608 m | Verbnce: (6036815

Feresious!in auput piane;

)X E AR
X X X Mo X0 x
¢ K K X Ko <
KR TN K Xx X x " x
Ky X w Fx x5 x . <X <
K X R X5 X K X <
XEXEE IR EREEEER o
*XEE PR X
X ik
KRR <5

Distorton ampificaton

[T | resiuaismpireston

ves | P Cose | cancel
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y#4). Simulating coherent and non-
coherent sources

9

- Used for point sources

« Used for the computation of
the light losses in the pupil

Input wavefront Output;vefront COherent prOpagation

Optical module
W
plane (so-called diffraction

Basic optlcal losses)
parameters
Wavefront errors
Intensity mask of (design, manufacturing

the optical module and alignment errors)

Coherent propagation

Intensity i fhe PSF of the Non-coherent
input plane optical module p ropagatl on
Other objects

. « Must take into account the
l actual coordinate transform
>
Intensity in the

of the optical modules

« PSF non-uniformity is to be
taken into account when
output plane necessary

Convolution
(if the PSF is uniform)

Non-coherent propagation

X Jamés Webb Space TeleScop'".e
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», Computing the (noiseless) electron
| rate map for a "'scene”

Field of view
description

Object #1| [Object #2 | e Object #k | s T

L

cope’

’

A “scene” is made of

Final (noiseless) electron-rate maps
for the object #k

- one per SCA (two detector arrays)

| - one for each grating order if relevant

o)
I spaii : . . . _
patial properties S th Spatiall I Point
rRd  of the obiect background S P ot a cc3)llde_fcft|on to‘f obg.elc,:cs
° Irrerent spatia
P l types
8 Spectral Continuurrl[ Spectralllynlégresolved Spectrally con;plex Each Object contains a
i components .
A8 components LT ° collection of spectral
n- the object #1 #2| - #n #1 #2| .. #n com ponents
(/)] - 3 different “spectral”
v \ 4 v types
a IPS electron-rate IPS electron-rate IPS electron-rate vP . \\ : ”
n map computation IPS r:SeIer;’rmn-mtn | e electrc-)n — Generatl ng nOISeleSS
IP tron-rat =
o mapigfn;%r’:al:c?oi map computation electron rate Maps
; ¥ IPS module N N Number of electrons
0 l per second for each
detector pixel
Q
©
ﬂ
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Coordinate transforms from plane
to plane

Need to track the position of an object from the entrance of
NIRSpec to the detector

A dedicated formalism has been developed based on the
combination of two transforms:

III

A transform corresponding to the equivalent “idea
system

paraxial

Fifth degree polynomial functions corresponding to the “distortion”
of the actual system

Includes a modeling of the dispersers
Mirror, gratings, prism...

3rd ELIXIR school - What will it look like to observe with NIRSpec? - ESA/ESTEC 26-27/09/2012 #10



Coordinate transforms from plane
to plane

~ Fop"g . @\

* From sky to the plane of the MSA

3 - JWST telescope
T)' «  NIRSpec fore-optics
=
~ QO

O,

©.

Q.

:g - From the plane of the MSA to the -

e detectors

£ .. - Collimator and camera

" . Disperser

Q «  Micro-shutter and slit positions

E ’ - Focal plane layout

®
R
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Example of the simulation of a
calibration exposure

- Simulation of a calibration exposure
«  One micro-shutter out of 4 is opened to make a “dashed-slit”

»

- Flat-field illumination with a continuum spectrum \
- R=1000 grating (G140M) in the 1.0-1.8 ym domain
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Detector exposure simulation

- Simulated detector exposure generated from a (noiseless)

map of the electron rates per pixel

- Detector effects that can be included: T

Zoom on pinholes in the electron rate map.

- Detector non-linearity

. Detector saturation

- Detector bad pixels list
«  Dark-current

- Reference pixels
Cross-talk

«  Cosmic rays

1E+04

ZE<04__ dE+048

- James Webb Spacé Telescope

3rd ELIXIR school - What will it look like to observe with NIRSpec? - ESA/ESTEC 26-27/09/2012
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Conclusion

\
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8 - A complex instrument performance simulator

2’8 - Based on the Fourier optic formalism but going much

d’ w . ”

ik further than the usual “performance evaluation” type of
- software
' 8 - Exposure simulations including detector effects

@

Q.

:g * Next steps:

% - Still quite a lot of things to be improved (fidelity of
. the detector simulation; optimization of the

0 computation times...

‘g « Generate more simulations of scientific exposures.
=
-
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White board experience...
Slit and diffraction losses

cop’ e 4

»

Slit losses for a centered object (grating configurations)

N 0.6
Q — 1x1_HR The easy one,
Y — 1x3 '
) X300 the slit losses.
- - 0311 A 200
' @ — A 400

o % - - PJakobsen values

L 204}
©. <
Q. <
(/s g

Eo03}

2 2
2
é 0.2} 7 T~ ]
m\ /_—’”/
Q b5 10 15 20 25 30 35 40 45 50
E Wavelength (microns)

- 2008-09-23T07:16:25.252528
]
-
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® 0.10 ‘s 100
S | / :
\ % of
0.05 | | <
- \, =
\ ‘ / & 100
0.00 200}
-150 -100 -50 0 50 100 15
ZEMAX x-axis (in mas)

White board experience...
Slit and diffraction losses

Diffraction losses (1x1 MS aperture, grating configuration)

' More difficult, the

diffraction losses...

Diffraction-loss map (1x1 MS aperture, grating configuration)

Optical plane : MSA

0.368

0.328

10.288

0.248

0.208

10.168

0.128

0.088

30860 200
2008-09-23T709:35:34.204226  wavelength : 5.0 microns
Optical plane : MSA
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: 8‘ 025}
N. % 0.20}
Q. =
7
P go1st
'3 . 0.10
; ) 0.05}
N
Q 0.0
E Q.
= 3
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White board experience...
Slit and diffraction losses

Diffraction losses for a centered object (grating configurations)

— 1Ix1 HR
— 1x3

— A 100
—— A 200
— A 400

- = SRD requirement

5

1.0 15 20 25 30 35 40 45 50
Wavelength (microns)
2008-09-23T709:33:01.382674
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