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~1h

< 15 min Flares 15min-2d
<1 m/s (only active M)
Oscillations Saar 09 Granulation

a few m/s (Dumusque+ 11) a few m/s (Dumusque+ 11)

Kjeldsen+ 95, Bouchy & Carrier 01,
Butler+ 04, Bedding & Kjeldsen 07

Del-Moro+ 04, Del-Moro 04
Cegla+ 12, Cegla+ 14

tellar

| ignals
I\/IagnetIC Lindegren &
CyCleS Dravins 03

Saar & Donahue 97, Queloz+ 01
Hatzes 02, Meunier+ 10,
Boisse+ 11, Dumusque+ 11,
Lanza+ 11, Aigrain+12,
Boisse+ 12, Reiners+ 13,
Dumusque+ 14, Haywood+ 14,

Rajpaul+ 15, Haywood+ 16

10-5600

1-20 m/s (Lovis+ 11)

Gravitational
Redshift

< 10 cm/s (Cegla+12)

Makarov 10, Dumusque+ 11
Dumusque+ 12, Meunier+ 13

~ 10 yrs
10d - 10 yrs



We want to discover

create



The ‘nner Solar Sys_tem
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Oscillations



Oscillations
a few m/s (Dumusque+ 11)

Kjeldsen+ 95, Bouchy & Carrier 01,
Credit: Charpinet Butler+ 04, Bedding & Kjeldsen 07



Oscillations

Alpha Cen B (K1V)

O &5 10 15 20 25 30 35 40 45 &0

Exposure Time (min)
Credit: Charpinet
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Granulation
a few'm/s (Dumusque+ 11)

1000 km - 103 m.s - > 10 min 30000 km - 102 m/s - < 2 days



(GGranulation
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5 hours




RV rms for a binning over one night

1.000

(GGranulation

Alpha Centauri B
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Dumusque+ 11
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Dumusque+ 11 Period K dwarfs



(GGranulation

RVs of K dwarfs are less affected by:

-> granulation
-> osclllation

than G dwarfs

Dumusque+ 11



Active regions



Spots are cooler and fainter

Faculae are hotter and brighter

Saar & Donahue 97, Queloz+ 01, Hatzes 02,
Lagrange+ 10, Boisse+ 11, Dumusque+ 11,
Boisse+ 12

Convectio
active reg

of convec
Dravins 81, Lindegren & Dravins 03, Saar 03,

Saar 09, Lanza+ 11, Meunier+ 10, Aigrain+12,
Dumusque+ 14

N outside

lons, Inhibition

on inside



Active regions
a few m/s (Meunier+ 10)

FLUX

spot simulation sunspot vrad effect
I [ I I I [

0 2 4 6 8 10 12
time [d]

Estimation using SOAP, Boisse+ 12, Dumusque + 14
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RV [m.s ']

RV[m.s ]

o WU
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Active regions
a few m/s (Meunier+ 10)

FLUX

T~ 1 CONVE

1CTION

SOAP 2.0 Dumusque+ 2014



Magnetic Cycles



Log(R'hk)

—4.85

—-4.90

—-4.95

—5.00

—5.06

-10
53000

Magnetic Cycles

° ®e
o0
)
Y a
(A
N
!Q_gg
...
()
O
o ..:'.‘
()
o
) . °
) )
° '.8
Y -
%. o
] 'o'.
e f °
s . .
(]
() .;
e
53500 54000 54500 55000 55500 56000

JD - 2400000 (d)

56500

o0 ©

57000

HARPS data






Magnetic Cycles
1-20 m/s (Lovis+ 11)

- More active regions,
-> more convective blueshift inhibition
-> positive RV (Meunier+ 10,Lindegren & Dravins 03)




Maanetic Cvcles

Log(R'hk)
(@]
\

—4.98 —~4.96 —~4.94 —4.92 —4.90 —4.88 ~4.86
RV (m/s)

Meunier+ 13 HARPS data



Maagnetic Cvycles
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Magnetic Cycles

Because of smaller convention velocities In

K dwarfs, those stars are less affected by:
-> Magnetic cycles

than G dwarfs
Dumusque+ 11

Lovis+ 11
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< 15 min Flares 15min-2d
<1 m/s (only active M)
Oscillations Saar 09 Granulation

a few m/s (Dumusque+ 11) a few m/s (Dumusque+ 11)

Kjeldsen+ 95, Bouchy & Carrier 01,
Butler+ 04, Bedding & Kjeldsen 07

Del-Moro+ 04, Del-Moro 04
Cegla+ 12, Cegla+ 14

tellar

| ignals
I\/IagnetIC Lindegren &
CyCleS Dravins 03

Saar & Donahue 97, Queloz+ 01
Hatzes 02, Meunier+ 10,
Boisse+ 11, Dumusque+ 11,
Lanza+ 11, Aigrain+12,
Boisse+ 12, Reiners+ 13,
Dumusque+ 14, Haywood+ 14,

Rajpaul+ 15, Haywood+ 16

10-5600

1-20 m/s (Lovis+ 11)

Gravitational
Redshift

< 10 cm/s (Cegla+12)

Makarov 10, Dumusque+ 11
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~ 10 yrs
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(https://rv-challenge.wikispaces.com)
(Google rv challenge wikispace)

Stellar signals
+ Planets

Can we find
the planets ?

Dumusque+ 16, submitted


https://rv-challenge.wikispaces.com

Gaussian Proc. Gaussian Proc.  Moving Average  Apodized Kepl.

e W @ L4 y
o ' o
l\ Filtering +
Pre-withening Filtering dictionary dec.
‘.p ’ ’

Claimed planet and true B Planet not detected with SNR > 0.5
B Planet not detected with SNR < 0.5

I Probable planet and true
B Claimed planet with wrong K or P Bl Probable planet but mistake

B Probable planet but wrong K or P False positive or false negative



Planetary signals Recovery

Gaussian Proc. Moving Average

K K \/ N
~Nr - obs
N RVims 3

Planets with K/N > 7.5 11/15 (73%) 13/15 (87%)

Planets with K/N < 7.5 2/32 (6%) 8/32 (25%)

Mistakes with K/N > 7.5 3 0

| (2 because wrong Prot)
Mistakes with K/N < 7.5 4 2

Dumusque+ 16, submittec




Moving Average
Gaussian Process
Apodized Keplerian

Correlation between measurements

Model comparison

Dumusque+ 16, submitted



RIS Glenday

. Haywood,
D. W. Latham, C. Lovis, J. Maldonado, G. Micela, E. Molinari, F. Pepe, S. Udry



The Sun

Star

NASA/SDO
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Normalized Power

eriodogram sun as a star HVs
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(Gaussian Frocess Hegression

- Amplitude 1.6 ms b
- Coherence time 27d
- Rotation period 27d
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A. Collier Cameron
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Radial Velocity (m

“esiduals after (Gaussian

~rocess Hegression
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—ecover

he Sun’s RV

Haywood+ 2016



Using 5DO 1o

—ecover

he Sun’s RV

Haywood+ 2016
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ata

Sub-m/s RV precision of the Sun as a star
Long-term stabillity

4-5 hours every possible day, with 5-minute cadences
(can go as short as 20 seconds)

oals

Understanding stellar signals
Find correction technigues to mitigate them

Detect the signal of Venus, as proof of concept for
detecting Earth 2.0
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Simu RVs: oscillations + granulation + stel
+ magnetic cycle +
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