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PLATO mission consortium: core stellar science

Stellar Science work package (WP12)
255 members

Before operations
- Specifies the Stellar Analyses System pipeline (SAS)

(architecture and algorithms)

- Provides external tools (stellar model+frequencies grids, 
spectroscopic parameter tables, ... )

- Validates the pipeline and evaluates its performances 

During operations
- Updates the algorithms specifications and tools

- Validation of mission data-products DP3 to DP5



The PLATO stellar programs

The PLATO Core Program
Designed to fulfill the science objectives of the mission

● FGK dwarfs and subgiants (F5 to K7)
● Cool dwarfs (M)

The Science Calibration and Validation stars (scv)
Designed to test, improve and validate stellar models

● Red giant stars 
● γ Doradus stars
● Eclipsing binaries
● Photometrically stable stars

→ regimes out of reach by the core program 
→ Parameters derived using model-independent methods

Complementary Science Program
Designed to serve the wider community 

with photometric obso

● Binary and multiple stars
● Pulsating stars (earlier than F5)
● Magnetic stars and rotational variables
● Stars with mass loss
● young stellar objects and stars with 

debris disks
● Galactic structure
● Transient phenomena and 

extragalactic science



The core program stellar samples
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From ESA-PLATO-ESTEC-SCI-RS-001

P1 sample
FGK dwarfs and subgiants 
Vmag<11

P2 sample
FGK dwarfs and subgiants 
Vmag<8.5

P4 sample
M dwarfs Vmag<16

P5 sample 
FGK dwarfs and subgiants 
Vmag < 13



The PLATO data products
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+ Additional data products:
• Analyses-ready cleaned light curves
• Additional seismic parameters: splittings, heights, inclination angles, mean density  
• Additional stellar parameters: effective temperature, metallicity, abundances, …



The Stellar Analysis System pipeline (SAS)

Science Modules
• MSAP1 « Preparation of analysis-ready light-curves » 

Lead: A. Moya & N. Lanza

• MSAP2 « Classical stellar parameters determination » 

Lead: T. Morel

• MSAP3 « Stellar oscillation modes detection and measurement » 

Lead: W.J. Chaplin

• MSAP4 « Stellar rotation and activity measurement » 

Lead: N. Lanza

• MSAP5 « Stellar properties determination »

Lead: M. Cunha, A. Miglio

• Grids of stellar models and frequencies  Lead: A. Palacios

Function of the Pipeline

✓ processes DP1 light curves from P1, P2, P4, and P5 samples 
✓ produces DP3 (oscillations), DP4 (rotation + activity), and DP5 

(mass, radius, age) for all the targets



Expected yield: Asteroseismology 

photon noise

granulation

oscillations

From Goupil et al. (2024), based on PIC 1.1.0

● Estimated number of PLATO seismic targets
● P1, P2 and P5 samples
● Expected performances in terms of mass, radius 

and age

Mode detection probability

N
b 

Number of independent frequency bins in 
oscillation envelope band

(S/N)
thresh

 Signal-to-noise ratio for which the false 
alarm probability is 0.1%

(S/N)
mode

 Signal-to-noise ratio of the oscillations 
(total oscillation power/total noise power in the 
same frequency range)
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N
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oscillation envelope band
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 Signal-to-noise ratio for which the false 
alarm probability is 1%
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 Signal-to-noise ratio of the oscillations 
(total oscillation power/total noise power in the 
same frequency range)



Expected yield: Asteroseismology P1-P2 samples 
PLATO-LIRA-PSM-TN-0098 

based on PIC 2.1.0.1  

Goupil et al. (2024) 

based on PIC 1.1.0
Expected yield after 2 years for 

P1 and P2 samples

● Oscillations detected in 71% of 
P1/P2: 8291 stars

● Oscillations detected in 60-70% 
of P1-P2 with M < 1.2 M

sun
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Expected yield: Asteroseismology P1-P2 samples 
PLATO-LIRA-PSM-TN-0098 

based on PIC 2.1.0.1  

Goupil et al. (2024) 

based on PIC 1.1.0
Expected yield after 4 years for P1 

and P2 samples

● Oscillations detected in 79% of 

P1/P2: 8685 stars (4220 MS)

● Individual frequencies of 

oscillations in 8670 stars (4205 MS)

T
eff R M

From Goupil et al. (2024)



Expected yield: Asteroseismology P5 sample 
Expected yield after 2 years for 

P5 sample

● Oscillations detected in 7% of 
P5: 9491 mostly subgiant stars

● Detection rate of MS stars 
positive after a year



From Goupil et al. (2024)
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Expected yield: Asteroseismology P5 sample 
Expected yield after 2 years for 

P5 sample

● Oscillations detected in 7% of 
P5: 9491 mostly subgiant stars

● Detection rate of MS stars 
positive after a year



PLATO Science Requirements

Mass better than 15%, 
Radius better than 2%, 

Age as low as 10% 

reference star
 1M

sun
 , 1R

sun
 and T

eff 
= 6000K.

Expected yield: MRA inference (P1-P2 samples)
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PLATO Science Requirements

Mass better than 15%, 
Radius better than 2%, 

Age as low as 10% 

reference star
 1M

sun
 , 1R

sun
 and T

eff 
= 6000K.

seismic inferences based on measurements of individual modes.
→ δM/M, δR/R and δA/A are directly related to δ𝜈

2-year baseline, P1-P2, MS, M< 1.2 Msun

Expected yield: MRA inference (P1-P2 samples)



Comparison with Kepler yield

% 67 stars in the Kepler legacy sample

Creevey et al. (2017)



Thank you?
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Expected yield: rotation (P1-P2)

MSAP4 output
● Rotation period
● Long term modulation 

(Sph index, cycle period)
● Granulation
● model-independent log g

For rotation and cycle 
periods → ROOSTER



Expected yield: rotation (P1-P2)

From Breton et al. (2024)

● Simulated light curves for P1-P2 
samples (based on PIC 1)

● Estimated recovery rate for 
rotation and cycle periods



Expected yield: rotation (P1-P2)

From Breton et al. (2024)

● Simulated light curves for P1-P2 
samples (based on PIC 1)

● Estimated recovery rate for 
rotation and cycle periods



Expected yield: rotation (P1-P2)

From Breton et al. (2024)

● Simulated light curves for P1-P2 
samples (based on PIC 1)

● Estimated recovery rate for 
rotation and cycle periods

Rotation recovery

● Criterium: δP
rot

/P
rot

 < 10%
● Very good recovery rate after 

1 or 2 years
● Smaller spread for shorter 

periods and longer baseline



Thank you!
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PLATO % TESS

≤ 50 ppm

Comparison of PLATO 
and TESS’s design



The PLATO Input Catalog 2.0

From PLATO_SCI_UPD_TN_0020

Distribution in terms of mass



Predicted seismic yield with PLATO (update with PIC 2.1.0.1)
From Goupil et al. in rev.

The probability that the power spectrum holds oscillations to a detectable level is given by: 

avec

● S/N_ → the S/N threshold above which the probability that the signal is due to noise is      

               lower than 1%.

●                            → le global S/N due to the total power in oscillations, 

P
tot 

: total power in oscillations  B
tot

 : background in the oscillations frequency interval 

photon noise

granulation

oscillations B
tot

 = B
inst

 + 
B

gran
 

scaling law: power of 𝜈
max

with PINE for PIC targets

P
tot

 
scaling laws

 
based on 

stellar parameters

→ Detection probability for samples P
1
, P

2
 and P

5
 targets of the PIC



Predicted seismic yield with PLATO (based on PIC 1.1.0)

From Goupil et al. in rev.

PLATO-LIRA-PSM-TN-0098 

for one LOP:

7 009 stars the P
1
-P

2
 samples

130 140 stars in the P5 sample 

for 2 instrumental conditions:

Beginning Of Life //

End Of Life (22 cameras only allowing for 

degradation of the instrument)

T
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Samples P
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