End-to-end simulations as an indispentable
for PLATO's core and complimentary
“ science program

‘ Instltute for Astronom.

" | KU LEUVEN




Overview

1) Performance 2) Core sciences 3) Complimentary sciences

Credit: ESA



The need for simulations

Future challenges:
* Low pixel-sampling of PSF
* Stability of the spacecraft pointing
* Stellar contamination
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What is the dominating spacecraft
systematic(s) for PLATO?

12.5 mag, 1 quarter, with drift

Elapsed time: 0.00 days
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PlatoSim in a nutshell

Goal: realistic modeling of the CCD subfield for all PLATO cameras

b) CCD Subfield* c) Imagette
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Simulations: Mission preparation :

* Performance
Mission studies of the
payload

* Development of
the reduction
pipelines

Core | Comp. * Mechanical
| integration and
alignment

Science \ Science




Mission preparation
Full-frame CCD image Zoom-in on LMC (red box)
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Simulations: Core Science

Mission

Core | Comp.

Science \ Science




Core science validation: Setup 8

Hare and Hound exercise
for a Earth-Sun analogue
(Jannsen+2023, subm.)

Granulation

Pulsations |

Showcase with a G2V host star
of V=10 (P = 10.4) mag 10
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No third bodies and with:
e=0,i=90° 0=103 ppm

Stochastic oscillations

Including granulation noise

and stochastic oscillations
(cf. De Ridder+2006)
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Simulations: Complimentary Science
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Coordinator Manager and Spokesperson
Conny Aerts Andrew Tkachenko

(Conny.Aerts@kuleuven.be) (Andrew.Tkachenko@kuleuven.be)

Stellar Variability Catalogue
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Transient Phenomena
& Extragalactic
Science

Ground-Based Follow-Up

(Spectroscopy, Interferometry & Multicolour Photometry)
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EB of Algol type: V' = 11.58, cadence of 600s
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Target only

Target as field star

Target as cluster member
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400 7;

SMBH binary: V' =17, cadence of 600s

Example: Transients

Flux [ppt]
o

* Super Massive Black Hole o]

Detrended data —— 1d median Input model
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SMBH binary: V' = 18, cadence of 600s
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* Showcase of “Spikey”
observed by Kepler
(Hu+2020)
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SMBH binary: V' = 19, cadence of 600s
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Summery
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* PlatoSim takes us from the raw pixel data y .}Pl_a‘tOSim_. )
to the final light curves we can analyse! Y. e N

* Look out for:

N

New suite of simulations for the
Complimentary Science program

PlatoSim: An end-to-end PLATO camera simulator for modelling
high-precision space-based photometry

N. Jannsen!®, J. De Ridder'@, D. Seynaeve' .S, Regibol , R. Huygen' , P. Royer] , C. Paproth2 \
D. GrieBbach?®, R. Samadi’*®, D. R. Reese’®, M. Pertenais?®@, E. Grolleau’®, R. Heller*®, S. M. Niemi°,
J. Cabrera®®, A. Borner?, S. Aigrain7 , J. McCormac®®, P. Verhoeve’ @, P. Astier’, N. Kutrowski®,

B. Vandenbussche! , A Tkachenko! , and C. Aerts!-10- 11




PLATO PSFs

a) Zemax model

High resolution: ¥ = 3° High resolution: 9 = 18°

?

Diffused: ¢ = 3° Diffused: ¢ = 18°
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Model by Carsten Paproth

b) Analytic model

High resolution: ¥ = 3° High resolution: 9 = 18°
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Diffused: ¢ = 3° Diffused: 9 = 18°
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_a) Noise budget at camera level for BOL |~

Onset of saturation
Moderate saturation
Jitter noise

Photon noise

Sky and read noise
ncay = 1 noise model
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100 ppm for ncay =6
70 ppm for ncay =12
58 ppm for ncay =18

50 ppm for ncay =24

Johnson-Cousin magnitude, V'
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