= 0'2 ® 4

.,» -

)

- Lorenzo V. Mugna|
.‘..;MUg{nalL@cardlff.ac.uk)

: 'CARDlFF

UNIVERSITY
PRIFYSGOL »

CARDY®




Why do we need an enc

-to-end

time-domain simula

. 10 prepare the data reduction pip

or?

eline

. 10 assess the impact of known instrumental
and astrophysical systematics on the final

measurements

. 1o develop different methods for the
scientific interpretation of measurements



ExoSIim EXOS'm

O https://github.com/ExoSim/ExoSimPublic
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It requires a data reduction pipeline to analyse the data: AdaRP.

Sarkar et al. 2020
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Detalls are important for
Realistic simulations
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2-D pixel response function used to simulate intra-pixel variation

In responsivity.
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Why ExoSim27?

« Ex0oSIm was developed for Python 2.7 (lot of deprecated packages),
difficult to install and use (no documentation), hard to maintain,
customize and add new features (need to hack the code)

We need a simulator that can EXQSim
. Grow with the Ariel mission

« Be maintained in a 10 years time scale

« Allow the user to add new functionalities > ﬁ ) O%



Inputs Simulation core Products Plotiers

Input parameters
descripion
L - Focal plane Focal plane Plotter
S > andlow frequencies
: simulation

This refactored version is .y &y [
easler to use than its predecessor ) | -

largely customizable o - |
completely written in Python =
tested against Python 3.9+ (“hello future!”),

follows the object-oriented philosophy. e

fast (~3 min for a 10h simulated observation... on 40 cores)

It comes with Stats
- annstaller @ 29,518 Python lines
. documented examples
. a comprehensive guide =5F 12,760 lines - (>250 PDF pages)

94% code tested
and almost every part of the code can be e code teste

replaced by a user-defined function, which

Esjiug\L/JVIZtthe user to include new functionalities to the IFI p'lp install exosim
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Populate focal plane

0 - =
source _L: I ) final
incoming > pixel oversampled
signal : response focal plane
. function
) oversampled
monocromatic focal plane
psf

The focal plane is built considering
. The wavelength and time dependent efficiency
. The wavelength and time dependent signals from the sources

. The wavelength and time dependent PSFs
. The intra-pixel response function
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Sampling the ramp with Sub-

EXposures
| //

ExoSim?2
Includes a
module for the
ramp sampling.

Signal

e v

Time e
Here, given the static
focal planes, we can om0 ime 0080 s - inegration time 0054
introduce the high o
frequency time N
effects, as the R 2
pO|nt|ng Jltter‘ OI" i " num 1 - time 0.719 s - integration time 0.639 s -
astronomical signal. s
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Astronomical signal

Time and wavelength 0.129

dependent astronomical
signals (as transit light
curves) can be injected in 0.127-
ExoSim and will be

0.128

convolved with the 10126/

instrument line shape. §0.125-
0.124; " JW‘U“’;V’
0.1231, ;
0.122!

2 x 10° 3x10° 4x109 6 x 10°
wavelegth [um]
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Data challenge 2024

e Astronomical and
instrumental noise

pointing jitter
detector defects
cosmic rays

Instrumental systematics

Observation

simulations
planetary
transmission
spectrum
Compare <

and 2025

Machine learning
algorithm

Y

Simulated raw images
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0.127;

0.126

Rp/Rs

0.1251

0.124;

0.1231

0.122

2x10° 3x10° 4x10° 6 x 100
wavelegth [um]

Estimated transmission spectrum
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Take home messages

ExoSim 2 is a platform: it does not simulate the physics but it applies the injected models.
Every model must be tested before use.

« Pointing Jitter simulations for Ariel;
« Altitude variation (atmosphere, LoS etc.) for EXCITE;

« Detector effects (linearity, persistence, dark current, etc.)

*Ex0Sim 2 Is as correct and accurate as the input models are: you can simulate any instrument, as
long as your input models are correct and representative.

Example of use case. ExoSim can be used to test a JWST pipeline by injecting the noise
models into ExoSim as external functions and comparing the results against the real data.
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