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In short

Simulate stochastically-excited oscillations

Include stellar granulation background (and white noise)
Applications (WP 120):

— Stellar science performance study

- Consolidation of the PLATO science case and preparation of
the mission

- Hare and Hounds exercises
Developed in Python

Document : PLATO-LESIA-PSPM-TN-014, issue 1.1, sep. 2015
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General principle

Model of the expected PSD :
P(v)=W+G(v)+O(v)

W : white noise ; G : granulation ; O : Oscillation spectrum

Stochastic nature of the simulated phenomenon ( Anderson et al, 1990's
approach): = :
F(v)=vP(v) (U+iV)

U and V : two Normal distribution ; Hypothesis : uncorrelated phenomenon

Simulated ligth-curve : inverse Fourier transform of F(v)

Simulated PSD : P(V)=|F(v)|2:l_3(v) (U2+V2)
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White noise

The sum of photon noise and other random noises:
W=P+N

Photon noise scales as the square of star flux: ~ P=P_ 10%4(V=vo)
V, : reference magnitude

Other random noise : scales a the star flux (hypothesis): N=N, 100'8(V‘V0)

Instrument Reference magnitude Fy oP,0

(Vo) ppm? /uHz  ppm per hour
CoRoT - seismology channel 6 0.42 7.7
PLATO - 2 F-cameras 8 26.3 60.5
PLATO - 32 N-cameras 11 5.25 27
Kepler 12 8.3 34
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Granulation spectrum

Two components (pseudo-lorentzian): _
h.: height(s)
Z h; t.: characteristic time(s)
i=12 1+(2mwT,v)"

o. : slope(s)

(Kallinger et al 2014)

Origin of the two components not well established ....

Following Kallinger et al (2014) :
» Slopes fixed (=4)
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Granulation spectrum
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T ! characteristic time
' Kallinger et al (2014)

See also:
Mathur et al (2011)

Some theoretical supports:
Ludwig (2006)

Mathur et al (2011)

Samad et al (2013 a&b)

More details in Ludwig's talk

: characteristic amplitude
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Oscillation spectrum

Two types of oscillation spectra:

» Universal Pattern (UP, Mosser et al 2010) with mixed-modes

« Set of theoretical oscillation frequencies derived from a pulsation
code (ADIPLS)

h. : mode height

Resolved mode: (v)= ' - v.: mode frequency
1+(2(v—v,)/T})

1“i : mode linewidth

Unresolved mode: 1 ()= TCZI;I\:II' sinc’[mt(v—v,)]
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Universal pattern

Following Mosser et al (2011)
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Additional term for dipole modes, asymptotic gravity-mode spacing (Mosser et al 2012)
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Universal pattern

Theoretical
spectrum
(“expectation”)

Input parameters:
- vmax

‘N
&
-
4

g
=

- Av
- Teff

- g (coupling)

60
v [uHzZ)

R. Samadi, The Solar-Like Light Curve Simulator, PSPM WP 120 Meeting, 23-24 May 2016




Universal pattern

Oscillations

Grankjlaﬁlon Simulated

| spectrum (for a
jk Ji mlf q ,. given realization)

[ppm” /uHz]

10
i [uHZ]

R. Samadi, The Solar-Like Light Curve Simulator, PSPM WP 120 Meeting, 23-24 May 2016




Set of theoretical mode frequencies

Theoretical adiabatic frequencies : as
given by ADIPLS

Spilling : constant (Ledoux's constant
from ADIPLS)

Surface effects :
Lorentzian component (Sonoi et al
2015)

2 free input parameters (a,b) '
Amplitudes : observationnal scaling \\AAM“‘&

relation from Corsaro et al (2013)
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Line-widths : observationnal scaling
relation from Appourchaux et al (2012) A typical PLATO target
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Set of theoretical mode frequencies
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Set of theoretical mode frequencies

PLATO application
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Conclusion and perspectives

Easy to install and use , fast

Free access for PLATO consortium members

Treatment of the mode line-widths (e.g. results from non-adiabatic
pulsations)

Activity component

Realistic instrumental effects (“red noise”, periodic perturbations, ....)
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Predicted instrumental “red” noise
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Observational scaling relation of mode amplitudes
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Corsaro et al (2013)
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