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3 PLATO Mission

Prime mission goals:

« detect and characterize a large number of extrasolar transiting planets including Earth-sized planets up
to the habitable zone of solar-like stars

* investigate seismic activity in stars, enabling the precise characterisation of the planet host star, including
its age

PLATO Spacecraft
Payload design drivers:
« Planet detection
—> large number of target stars
« Planet and star characterization
—> bright target stars - wide field-of-view

- multi-camera approach:
— 24 normal cameras (photometry)
— 2 fast cameras (fine-guidance, photometry in red and blue)

Image credit: ESA//ATG Medialab
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J Payload design drivers

80 ppm 1h (planet yield)

planet detection

long baseline (>2yr)
(up to HZ solar-like stars)

600s sampling
> telemetry and data processing requirements
25s sampling

noise requirements
in the Fourier domain

stellar characterization
(up to 10% age for Sun-like star)

requirements on the
residuals of systematic noise

ECSS
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Figure A-1: Example showing the APE, MPE and RPE error indices

pointing

34 ppmiin 1h

(3% Rp; 10% age)
random noise requirements

50 ppmin 1h

)

(5% Rp; 20% age

planet characterization

(down to 3% uncertainty in radius
for Earth-Sun analogs)

V<11

P1 sample requiremen
(radial velocity) sample requirements

requirements

APE: Absolute Performance Error of the pointing.
PDE: Performance Drift Error of the pointing.

MPE: Mean Performance Error of the pointing.

PRE: Performance Repeatability Error of the pointing.
RPE: Relative Performance Error of the pointing

FOV requirements
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Er . PLATO today §
- oday {

The total estimated field of view
is estimated to be approximately 2132 deg?®, with 294 deg® observed by 24 cameras, 171 deg?
observed by 18 cameras, 796 deg? observed by 12 cameras, and 871 deg? observed by 6 cameras.

24 N-CAMs = 294 deg?
18 N-CAMs = 171 deg?
12 N-CAMs = 796 deg?

6 N-CAMs = 871 deg?

Figure 1. Left: Group arrangement of the cameras on the spacecraft. Credits: OHB System AG. Right: Tilt Angle of

9.2° for each of the 4 N-CAM groups. Pertenais et al. 2021
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Ery . PLATO today @
5. oday §

The total estimated field of view
is estimated to be approximately 2132 deg?, with 294 deg? observed by 24 cameras, 171 deg?
observed by 18 cameras, 796 deg? observed by 12 cameras, and 871 deg? observed by 6 cameras.

Nascimbeni et al. 2022

24 N-CAMs | 294 deg? Kepler 105 deg?
18 N-CAMs = 171 deg?
12 N-CAMs | 796 deg? TESS 600 deg?

6 N-CAMs = 871 deg?

45

30

18h00

Figure 1. Left: Group arrangement of the cameras on the spacecraft. Credits: OHB System AG. Right: Tilt Angle of

9.2° for each of the 4 N-CAM groups. Pertenais et al. 2021
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J signal and noise budget
1000 PLATO performance BOL (required) - PIC 1.1.0 = Uninterrupted observations for >2 years
PINE
—— 24 N-CAMs = Duty cycle >93% in-flight

18 N-CAMs (Kepler ~88%, see Burke et al. 2015)

12 N-CAMs

6 N-CAMs _ _
- = Noise budget dominated by:
~ 100 — jitter in the bright end
= — background and readout noise in the
2 faint end
& . — photon shot noise everywhere else
2 i

e Groenrose _fackgoud and But note the particular architecture of the FOV.
10 = jitter noise
6 7 8 9 10 11 12 13
V magnitude i
? Rauer et al. 2024 (submitted)
14.05.2024 - Catania
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) signal and noise budget

noise estimator for GOV star , _
= Uninterrupted observations for >2 years

10000 - |
- PLATO ———
- Keplef)r = Duty cycle >93% in-flight
-CHEOPS —— (Kepler ~88%, see Burke et al. 2015)
- TESS ——
< 1000 — = Noise budget dominated by:
~ - PLATO P5 sample — jitter in the bright end
— - — background and readout noise in the
3 faint end
o .
= 100 L bulk of Kepler | — photon shot noise everywhere else
. - / detections V>14
2 ‘_”—m/ // - But note the particular architecture of the FOV.

PLATO P1 sample (asteroseismology) .
| | | | Rauer et al. 2024 (submitted)

6 8 10 12 14 16

14.05.2024 - Catania

PLATO Mission Performance in this presentation, ppm in 1h should be understood 8
as ppm/sqrt(1h) in the Fourier domain

stellar magnitude



tPIC 2.0.0

CDPP from Q3
(Christiansen et al. 2012)

SPOC CDPP
Sectors 1 to 28

14.05.2024 - Catania

signal and noise budget

absolute frequency

PIC 2.0.0 vs Kepler vs TESS

106.

105_

104.

102,

100 . o
&ﬁé NSR in 1h (ppm)

102
/ CDPP scaled to 1h (ppm)

in this presentation, ppm in 1h should be understood 9
as ppm/sqrt(1h) in the Fourier domain



- lanet yield
J planet yie
planet yield in 2 years

Spectral type distribution for TESS Object of PLATO: V<13 - required performance EOL
Interest (TOI) host stars compared with our 1600 1522 fi;‘ Z’;;[SZZ[232112:7]1p'3a2n§?.anets)
expectations for PLATO. The number of 152: ;gjgo‘jgzis‘[([71571300921171;;':2;*;’
planet detections for each spectral type (K, 1400 TESS >100 days (12 8 7] planets)
G, and F) is plotted as histogram. The values o= PLATO 110 Z‘;f,‘s3([13512]72'22351.“@5)
for TESS are taken from Guerrero et al 1290 mmm PLATO 10-27 days (1128 483 442] planets)
(2021, their Fig. 7) and correspond to all . = Etﬂg 3,71'33?,;’53?[2785738218]1?2,15:‘,”“)
magnitudes. False-positive TOls have been Z‘c;mo
removed. For PLATO we have taken the 5
stellar population from the PIC (Montalto et g 70
al, 2021), which in its current version does e co0
not include M or A stars (hence we do not
show any counts for these spectral types). 100
We have considered the end-of-life (EOL)
performance as per requirements, which is 500
a conservative approach. We compare the
nominal mission of TESS (2 years) with half

of the nominal mission for PLATO (2 years).
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Yield of planets with <2 Re.win the HZ for
the 2+2 scenario assuming 40%
occurrence rate. We include two
definitions for the HZ (the continuous
lines): the optimistic (Kasting and
Harman, 2013, blue) and the more
conservative (Kopparapu et al, 2013,
yellow). Symbols indicate the magnitude
of host or target samples (P1 and P5) as
indicated in the label.

14.05.2024 - Catania
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Rauer et al. 2024 (submitted)
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) stellar physics

The PLATO mission is expected to P1P2:1 LOP, BOL, OVeny = 0.5V4x
produce a catalog sample of extremely 200 BN 730d: 5839 stars
well seismically characterized stars of a 800 1 [ 365d: 5180 stars
quality that is equivalent to the Kepler BN 90d: 3333 stars

. . 7004 B3 30d: 1877 stars
Legacy sample, but containing a number
that is about 80 times greater, when 600 -

observing two PLATO fields for two years
apiece. These stars are a gold mine that

will make it possible to make significant 400 -
advances in stellar modelling.

500 -

300 -
200 -

Histograms of the number of stars from the P1P2 sample
(subgiants of all masses and MS stars with masses M=Mo< 1:6)
with a probability of >99% of positive detection of solar-like

oscillation in the case of (1 LOP, BOL, Ven= 0:5Vima). 4}-'5{] 5[}'00 5250 55'[}0 5750 EUIDD 6250 E'jlﬂﬂ
Terr  Goupil et al. (2024) A&A, 683
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D tests e “
- analogue chain not finished yet (19/26), N-CAM chain not AT0 22 el
4.3. Incompressible Test List finished (13/24), F-CAM chain not started 1, Rev. 6
p ‘ ‘ ‘08.12.2021
Unit Level Analogue | N-Camera F-Camera
(CCD, FEE, TOU) Chain
Offset No No No No
Pixel-to-Pixel Crosstalk No No No No
Readout Noise No No No No
QE and Relative QE No No No No
BFE No No No No
Charge Injection Stability No No No No
PRNU No Yes No No
Gain Yes Yes No No
Linearity and saturation No Yes No No
Radiometric characterisation | No No No No
Boresight-Cube Alignment Yes NA No No
Camera Geometrical Model NA NA No Yes
Best Focus Temperature NA NA Yes Yes




9 tests

offset is not constant in the full-frame CCDs
" jt has a spatial structure (line-start effect)
* it has a temporal variability (odd-even effect)

Brighter Fatter Effect correction parameters are unclear
Gain is computed under certain assumptions that have been challenged

Linearity and saturation
= thereis a certain degree of non-linearity in the front-end electronics
= the saturation suffers from non-asymmetric blooming

Radiometric characterization

= the FOV extends beyond the 18.8 degree limit that is now considered for the generation of the PIC
= ghosts might induce false positive or additional contamination

contact:
First PSM Data Challenge (October 2023) simulations-helpdesk@dlr.de

https://s2e2.cosmos.esa.int/confluence/display/PCOT/Kick-off+telecon+-+October+9th%2C+2023

14.05.2024 - Catania PLATO Mission Performance 17


https://s2e2.cosmos.esa.int/confluence/pages/viewpage.action?pageId=512557115

) data products ,,
“ Centroids and extended masks to mitigate the
imagettes 27 500 impact of false positives from stellar
EIMA i 27 500 contaminants.
saturated imagette ) 1500w How many targets can we validate with PLATO
light curves 73 500 photometry?
@600s
L_FX - <73500 = Which is the optimal mask for a given target?
L_FX_EFX >7 000 (*) < 33700
centroids @600s 3700 (*) = Which is the optimal on-board processing?
L_FX_NCOB - <3700
L_FX_EFX_NCOB_ECOB > 400 (*) <3700
light curves @50s 31 350
S_FX - <31350
S_FX_EFX >3 000 (*) < 11700
centroids @50s 3700
S_FX_NCOB - <3700

S_FX_EFX_NCOB_ECOB > 400 (*) <3700 e



J github repository

We make available to PLATO Mission Consortium @ plato_utiities 1« e
members tools developed by the PLATO Performance e = | B 15w D0mss Q@ oo - - about &

Te a m: . o . No description, website, or topics provided.
& jcabrera271828 added pic 2.1 validation as unit test 2fbc029. 2 weeks age  £5) 9 Commits
h fall he FoV. oo
TO CO m p Ute OW ta rgets a O n t e FO * LICENSES Updated licenses. Updated source code. 2 weeks ago &5 View license

- TO CO m p ute i n St ru m e nt res po n Se . src Updated licenses. Updated source code, weeks ago A Activity

ra

7 O stars
- 1 unit_tests added pic 2.1 validation as unit test 2 weeks ago :
To interface the PIC. - pe2 2wees 00 3aiching
[3 LICENSE.md Updated licenses. Updated source code. 2 weeks ago ¥ tfork
Etc : : :
[ READMEmd repaired broken links (pareces tonto) 2 weeks ago Releases
No releases published
[0 README &[5 License s = Create a new release
Packages

PLATO Utilities e
contact: A

simulations—-helpdesk@dlr.de Description

This is a repository for tools that we provide to the PLATO Mission Consortium to assess some performance aspects
of the PLATO Mission. ® Python 100.0%

Languages

The tools here should help you:
Suggested workflows

» Computing how targets fall on the FoV. Based on your tech stack

+ Computing the PLATO instrument response. @  Python Package using | confi
anfigure

« Interfacing the PLATO Input Catalogue. Anaconda

Create and test a Python package on
multiple Python versions using Anaconda

Background for package management.

PLATO aims at the detection and characterization of terrestrial planets around solar-type stars as well as the study of . )
@ Pylint Configure

their host star properties. The key performance of PLATO is to detect terrestrial planets orbiting in the habitable zone

of these stars. This science goal drives the design and the operations of the mission Lint 3 Python application with pylint.

14.05.2024 - Catania PLATO Mission Performance 19



J instrument response

1.0 1

=
>

Absolute Spectral Response

S
oo

<
N

——  Jannsen+24

--------- required

--------- as simulated
F-CAM Blue
F-CAM Red

...........
.....
.

As part of the PMC, you can contribute
to the analysis of the instrument
performance and use this knowledge to
improve the exploitation of the PLATO
science.

Wavelength, A [nm] adapted from Jannsen et al. (2024) A&A, 681

0.2 -
400 500 600 700 300 900 1000 1100
14.05.2024 - Catania PLATO Mission Performance
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J take-home message: 957

There is abundant information available to the PLATO Mission Consortium on PLATO Performance.
We want to make this information available to the community in a useful way.
We want to involve the PLATO community in the preparation of the exploitation of the PLATO data.

= Goupil et al. (2024) ARA, 683, A78 =
= Jannsen et al. (2024) A&A, 681, A18 (PlatoSim). =
= Betrisey et al. (2024) A&A, 681, A99. =
= Magliano et al. (2024) MNRAS, 528, 2851.

= Betrisey et al. (2023) A&A, 676, A10. =
= Brayetal. (2023) MNRAS, 518, 3637. =
= Canocchi et al. (2023) A&A, 672, A114.

=  Matuszewski et al. (2023) A&A, 677, A133. =
= Heller et al. (2022) A&A, 665, A11. m

= Morello et al. (2022) RNAAS, 6, 248.
= Nascimbeni et al (2022) A&A, 658, A31.

Grenfell et al. (2020) Exp. Ast. 50, 1.

Marchiori et al. (2019) A&A, 627, A71.

Samadi et al. (2019) A&A, 624, A117 (PLATO Solar-like Light-curve
Simulator)

Miglio et al. (2017) AN, 338, 644.

Verhoeve et al. (2016) SPIE 9915 (see also Prod'homme et al.
2016, 2018).

Nascimbeni et al. (2016) MNRAS, 463, 4210.

Rauer et al. (2014) Exp. Ast. 38 (but see also Rauer et al. 2016, AN,
337).

= Cunhaetal.(2021) MNRAS, 508, 5864. and Rauer et al. (2024) submitted, Borner et al. (2024) submitted,
= Montalto et al. (2021) A&A, 653, A98. Krenn et al. (2024) submitted...

= Pertenais et al. (2021) SPIE 11852 (and references therein,
including Ragazzoni et al. 2016; Magrin et al. 20164, b; etc.).
= de Almeida et al. (2020) Exp. Ast. 50, 73.

https://platopub.phys.au.dk/
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J short announcement

Two postdoc positions are open a the department of
Extrasolar Planets and Atmospheres at DLR, Berlin.

http://s.dIr.de/exoplanets

Investigating the interior structure of planets to
determine their composition using observational
constraints.

http://s.dlr.de/c48IL

Investigating the statistical properties of planetary
systems with the aim of understanding the processes
of planetary formation and evolution.

http://s.dlr.de/1FvH4
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