PLATO hare & hounds: mode frequency extraction

Tiago L. Campante

University of Birmingham

campante@bison.ph.bham.ac.uk

23 May 2016



Scope
Workflow
1/0

Overview of WP128

Challenge

g

Procedures and requirements to
deliver asteroseismic parameters for
solar-type stars

Firm foundations to build on:
CoRoT and Kepler
Development of analysis
methodologies and pipelines

Challenges and work to be done are
“known unknowns"

WP126 5=
Powrer spectrum
fitting tools
W Chaplin
we128 100 i
Average seismic
[parameters
K. Carcia
WP12E 200 p—

Mode fitting tools

WJ. Chaplin

wzsae B
Solar-like stars
W, Chaplin
w128 220

Solar-like stars
with planets

T. Campante

wr1zs 230 e
Multiple Stars

CR. Davies

wr128 240 T
Ensemble Fit

1. Ballot

WP128 250 -

Fitting tools
for evolved stars

5. Hekker

N

11



Analysi
lighteurv

ady

Scope
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Scope

Overview of WP128 Workflow

1/O

Challenges

Inputs
@ L1 light curves must be cleaned for:

e Transits and eclipses
e Rotational modulation of starspots and active regions

@ Available data in the PLATO Input Catalog (PIC)

Outputs
@ Asteroseismic parameters:

o Global parameters (including Av and vmax)

o Individual mode parameters (frequencies, amplitudes,
linewidths)

o Other parameters (e.g., frequency splittings, stellar inclination
angle, peak asymmetries)

@ Granulation parameters

@ Probability density functions of, and correlations between,
parameters



Overview of WP128

Challenges

Front-to-end automation (see Guy's talk)

Dealing with a range of intrinsic stellar properties and data
quality

Tensioning complexity of fitting model with data quality

Validation of uncertainties/confidence intervals

Tests using:
e CoRoT and Kepler data
o Artificial data (e.g., PLATO hare & hounds and AsteroFLAG
data)



Rationale

r's apparent magnitude

PLATO hare & hounds

serving length
Lessons from TESS

Assess accuracy of seismic ages, masses and radii
Studies use “analysis-ready” simulated light curves
Noise characteristics follow PLATO specifications

Focus placed on P1 core target stars (F5-K7, V' <11, 50-sec
cadence)

Analysis followed WP128 workflow prescription (having
employed a Bayesian MCMC peak-bagging procedure)
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Rationale

HH2a: a benchmark V =10 star

ar's apparent magnitude
|

PLATO hare & hounds

@ HH2a properties:
e M=1.18 Mg, R=1.34R;, :
t=3.22 Gyr |
o Non-standard assumptions .
concerning efficiency of |
convection and chemical
composition 2o CTERSE U NS S M

Lt}
—o
(I

e V=10 (corresponding to
PLATO specification)

@ Tops =24 months

Lo b

o Take-home message:
specification of ~0.1 yHz
precision near vy, satisfied




Rationale
benchmark V =10 star

varying the star's apparent magnitude

PLATO hare & h

varying the observing length
Lessons from TESS

Input splitting: vs=0.63 uHz

Input inclination angle: is=36°
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PLATO hare & hounds

o HH2b properties:
e M=1.12Mg, R=1.20Rgp,
t=3.44 Gyr
o Similar to PLATO reference
star (i.e., a GOV star with
M:].M@, R:].R@ and
Ter =6000 K)

e V={9,10,10.5}
@ T,ps =24 months

o Take-home message: number
of modes and frequency
precision obtained for V =10.5
Sun-like star sufficient to
retrieve accurate stellar
properties

Rationale
HH2a: a benchmark V =

0 star

HH2b: varying the star’'s apparent magnitude

HH2b: varying the observ
Lessons from TESS
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Rationale

0 star
pparent magnitude

PLATO hare & hounds HH2b: varying the observing length

Lessons from TESS
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® T,bs=3-24 months (in steps of s 1%
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o Take-home message: For this L T

particular setup, 2 years of
observations are needed to Wl
attain nominal ~0.1 uHz e
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200

2100

2000

3 6 o 12 15 1 2 2
Time series duration (months)
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Rationale
HH2a: a benchmark V =10 star
HH2b: varyi he star’'s apparent magnitude

PLATO hare & hounds

HH2b: vary the observing length

Lessons from TESS
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Detectability of solar-like oscillations with TESS

for a 2-min cadence (Campante et al., submitted to ApJ)
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