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CHALLENGES FOR MEASURING
PRECISE RVS

o = ~10° Angtroms = of a CCD
(R=100000)

e Variation in the index of refraction of air:

e Thermal and mechanical effect ->

. variation (seeing, focus, guiding) -

Lovis & Fischer 10
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INSTRUMENTATION



THE CELL TECHNIQUE

Gas cell with lodine before the stellar light is
fed into the spectrograph. The iodine spectrum
will be affected by the instrument
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THE CELL TECHNIQUE

Gas cell with lodine before the stellar light is
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THE IODINE SPECTRUM
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THE CELL TECHNIQUE

The s affected by the instrument in the
that the stellar spectrum (slit illumination, temperature and
pressure changes, PSF changes)

Observe a with iodine to get the instrument PSF
Observe ,and the spectrum from
the PSF, to get the (the PSF do not change)

Observe the star with the iodine, and model the spectrum as the

The IS the difference between the iodine spectrum and the
observed spectrum
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THE STABILIZED TECHNIQUE
(HARPS-TYPE INSTRUMENTS)

0.01 mbar and 0.01 K -> no PSF changes

scramble light -> reduce slit illumination
variations to < 1m/s

track any instrumental drift
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HOW TO DERIVE PRECISE RV

SPECTRUMm \/
visible spectrum

X

TEMPLATE

synthetic or observed

CCF Cross Correlation function
RV




PROS AND CONS

“‘Cheap”

post processing of the data difficult (17 free parameters for fitting
the PSF)

Limited to ~1.5 m/s of precision

Expensive (HARPS-type ~5 millions)
post processing of the data extremely easy

precision better than 1 m/s and can be improved



INSTRUMENTS

e HIRES (KECK)

e APF (Lick Observatory)
e PFS (Magellan)

e CHIRON (CTIO)
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A
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>3 (3.6m ESO)
OS-N (TNG)

HIE (OHP)

CORALIE (La Silla)



LIMITATIONS OF THE RV
TECHNIQUEF

Challenging but possible

Current limitation
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OSCILLATIONS
a few m/s (Dumusque+ 11)

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

- Alpha Cen B (K1V)
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Credit: Charpinet
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GRANULATION
a few m/s (Dumusque+ 11)

1000 km - 103 m.s1- > 10 min 30000 km - 102 m/s - < 2 days



GRANULATION
a few m/s (Dumusque+ 11)

1000 km - 103 m.s1- > 10 min 30000 km - 102 m/s - < 2 days



GRANULATION
a few m/s (Dumusque+ 11)
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GRANULATION
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GRANULATION
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RV rms for a binning over one night
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GRANULATION
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GRANULATION
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GRANULATION
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GRANULATION

RVs of K DWAREFS are less affected by:

-> GRANULATION
-> OSCILLATION

than G DWAREFS

Dumusque+ 11



ACTIVE REGIONS



CTIVITY INDUCED EFFECT

Spots are cooler and fainter

Plages are hotter and brighter

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

Convection outside
active regions, inhibition

of convection inside
Dravins 81, Lindegren & Dravins 03, Saar 03,

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



ACTIVE REGIONS

F LUX a few m/s (Meunier+ 10)
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ACTIVE REGIONS

F LUX a few m/s (Meunier+ 10)
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RV [m.s ']

RV [m.s ']

ACTIVE REGIONS
a few m/s (Meunier+ 10)
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OW TO PROBE STELLAR ACTIVITY
AND CORRECT FOR IT?



ACTIVE REGIONS ROTATES with the star:

RV [m/s] RV [m/s]

RV [m/s]

ACTIVE REGIONS

-> Signal at the rotational period and harmonics

i

Along =30°

1 | ' | | |

' Along =30°

"\ ' ‘ | I|
I\ ' i | |

M ' I| 1"\ ’A'n |l |

0 ;.-_—wwvvmﬂn‘:vvu’\’\'vw“# 'v\/\l'{\‘ ' | v \Zr\-n—/;\ V

|

1'/\'\ /
|'l \.l ';‘] \/_1j

0.1

- 1 I 1 I ] 1
- Along =60°

0.5

- Along =60

N
T /-\VWNW'\I’.V"\"I | | V’\P_/‘\f

N I

0.5

C Along =120"
20 [

J

A 2 |
” "\ A \

|' 'V\‘/"dl | | V \Z/\/:\.//: V|

J
0 ,_A__..fvmm’:m-wn'fvwﬂ‘ ¢

0.1

0.5
Period [Py,,]

Boisse+ 11



ACTIVE REGIONS

ACTIVE REGIONS ROTATES with the star:
-> Signal at the rotational period and harmonics

FIT SIN WAVES at the rotational period and harmonics
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If the have a period than the

Possible to the data N,

Only for short-period planets
Hatzes 11



MAGNETIC CYCLES



Monthly spot number

MAGNETIC CYCLES

200 . S 1-20 m/s (Lovis+ 11)
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NASA / Solar Physics Lockwood+ 2007
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MAGNETIC CYCLES
1-20 m/s (Lovis+ 11)

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




MAGNETIC CYCLES
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Meunier+ 13 HARPS data
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FUTURE PROSPECTS



EXTREMELY PRECISE VISIBLE

SPECTROGRAPHS
(2017, VLT) & (2021, GMT)
e Extremely
. -> petter scrambling
. for simultaneous

reference -> better track of instrument drift
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Flux

INFRARED SPECTROGRAPHS
Visible

M dwarfs, less massive, less
luminous signal of an Earth bigger

Infrared

!

1T 1 1 1 1°r 1] 1+ & 1517 §& 1171 711
1.5 um 2 um 2.5 pm

Wavelength P. Figuera

S00 nm



INFRARED SPECTROGRAPHS
CARMENES




HARPS-N Solar Telescope
X. Dumusque, D. Phillips, A. Glenday, D. Latham, R. Walworth
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QUESTIONS ?



