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Effet Doppler - Vitesses Radiales
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La mesure Doppler

m sin(i)
Période

Eccentricite



https://dacedev.unige.ch/observations/radialvelocities/index?target=209572

Principes d’un spectrographe

Detector

Focal plane

Collimator
Objective

| pixel -> monochromatezr (balaiage en longueur d’onde)
Trame de pixels -> spectrograph (tout le spectre simultanement)



a échelle

un spectre
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La ‘construction’ d’'un spectre a echelle

Plan focal intermediaire
‘le spectre blanc’
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Tous les ordres superposes




La ‘construction’ d’'un spectre a echelle

Plan focal intermediaire
‘le spectre blanc’
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Dispersi

Dispersion principale (réseau echelle) ->



Configuration de HARPS

Image Scrambler/
lodine cell

Vacuum Temperature control



La stabilite, une nécessité

ARV=0.1m/s ARV =0.1m/s
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Expansion thermique du CCD

Sequence D « Red Chip e Blue Chip
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La technique de la référence simultanée
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‘ Object spectrum ‘ ThATr spectrum

[a mesure scientifique

RV (object) = RV (measured) - RV(drift)
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Le bruit photonique
Pour un spectrographe style HARPS: R > 100°000, e1,. = 6%

1) HARPS/ 3.6m

| m/sin |5 onV=I10 star
ESPRESSO@ VLT -> ~50 cm/s on VLT

-> ~|0 cm/s on E-ELT

Texp =900 s

HARPS (3.6m)
2) ESPRESSO/VLT
VlIim = ~8 for 10 cm/s in |5’

=> Many solar-type stars
~700 non-active stars
=> Earth twin search
TRANSITS (TESS/CHEOPS)

HiReS@E-ELT

3) HIRES/E-ELT

| cm/s on star with V<6
|0 cm/s onV=11-12 stars

5~ 1/SNR ~ 1/ Dy, TRANSITS (PLATO)

15
Magnitude m_
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Conservation of the ‘etendue’

The etendue is defined as E=A x O, where A is the area of the beam

at a given optical surface and O is the solid angle under which the
beam passes through the surface.

When following the optical path of the beam through an optical
system, E is constant, in particular, it cannot be reduced

For a telescope, E is the product of the primary mirror surface and
the two-dimensional field (in sterad) transmitted by the optical
system. Normally, the transmitted field is defines a slit width.VVhen
entering spectrograph, the slit x beam aperture at the slit is equal
to the etendue E of the telescope. This implies that at fixed
spectral resolution, the slit width and the beam diameter cannot

be chosen independently, since d© depends on both.
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QE variations
Boron implant / laser anneal (blue end), and fringing (red)

BT ] N
e2v CCD (2K><4K) twilight flats in u®, g , r','and z’ broadband filters
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QE variations
Boron implant / laser anneal (blue end), and fringing (red)

TT | T | 11
e2v CCD (2Kx4K) twilight flats in u*, g’, r’,i’ and z' broadband filters
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La calibration

580nm

570nm

560nm
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The HARPS-NLFC ...,

40000
35000+

30000]|

et | BRI | | | | Courtesy of Alex

. | "
. 20000+ I | ] I ’ | | | y | L ] - - - - - - - - - - - -
o w:-:»a~~|

| | -
o FA SR AN AR AR AR ANAR AR AR ARANARRRATA Glenday, CfA

| | \
) \ J \J L J \J J \ \J L J

1962.168 1962.168 1962.168
2165107 20152717 20851717

Phillips et al., 2012

Photoelectrons (x10-)‘ )

2400 2500 2600 2700 2800 2900




e2v has provided us with new information to HARPS CCD
state that they now have a new stepper for StItCh boundary effect

stitching with 100 nm precision, and this stitch
issue should no longer be an effect.

912 rows by
1024 columns

Beletic — High Performance Sensors for Exoplanet Astronomy — February 2011



Erreur de calibration et repetibilite

ISteinmetz et al., ZOOé
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Erreur de calibration et repetibilite
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lllumination effects

Slit-fed spectrograph Fiber-fed spectrograph

Stored guiding image for QC ‘ Fiber entrance

Image scrambler

Fiber exit

1 arcsec
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Circular fibers alone do not scramble enough ...

Near Field

" Reddest O_rder Central Order Bluest Order

Far Fleld

~20055685 688 691 527 530 533 535 382 384
Ain nm Alnnm Ainnm




Circular fibers alone do not scramble enough ...

Chazelas et al., 201 |
Avila et al. 201 |
Perruchot et al. 201 |

" Reddest O_rder Central Order Bluest Order

-100¢

~20055685 688 691 527 530 533 535 382 384 386
Ain nm Alnnm Ainnm



lllumination

HD166620-GUID

#
: |
235 240 245 ?50 2?55 260 ?65 ?70 ?75 ?80 7?85

JD — 2450000.0 [days] llarps-N ™ : s s

BJD - 2455000

|) Scramble stellar image

2) Use telescope pupil as
new entrance illumination

3) Use octagonal fibers



CTE Problem: SNR test

166620 TEST
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CTE Problem: SNR test I

l*larps-N

166620 TEST
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CTE Problem: SNR test I.I

l*larps-N

CTI(Flux)



CTE Problem: solution I

l*larps-N

HD166620 - SNR Test

¢ WITH CTE correction
* W/O CTE correction
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Correction according to Paul Goudfrooij et al. 2006

9 7 SNR at order 47 31 243




Contaminants: Atmosphere
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Contaminants: Atmosphere
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Contaminants: Close-by objects

Bad seeing Good seeing

Fiber entrance Q

Possible dispersion up to several 100 m/s

Wy,
¢

Large contamination Small contamination

by secondary spectrum by secondary spectrum




Contaminants
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STELLAR INTRINSIC LIMITATIONS
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Simulations of spot effects on radial velocities

Effect of realistic spot models: case for log(R'Hk)=-4.9
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Effect of realistic spot models: case for log(R'Hk)=-4.9




Simulations of spot effects on radial velocities

Effect of realistic spot models: case for log(R'Hk)=-4.9

3 yr

| Filling factor: 0.001

. Spot #: ~90




Simulations of spot effects on radial velocities

Effect of realistic spot models: case for log(R'Hk)=-4.9

3yr

Filling factor: 0.001

3 meas./night each night, log(Rhk) = -4.

Spot #: ~90

Tl 20 cm/s

o |0 emfls




HD20794: Three Earth-mass planets
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Precision au sub-m/s

HD20794
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La sensibilite des vitesses radiales

_284ms” m,sini (m, +m2\

1—6 MJup

(Mi= Sun)
Jupiter @ 1 AU : 28.4 m st
Jupiter @ 5 AU : 127 ms!
Neptune @0.1AU :4.8ms!
Neptune @ 1 AU : 1.5 mst

Super-Earth (5 Mg) @0.1AU :14mst!
Super-Earth (5 Mp) @ 1AU : 0.45 ms!
Earth @ 1AU : 9 cm st



La sensibilite des vitesses radiales

_284ms” m,sini (m, +m2\

Vi-e® M,
(Mi= Sun)
Jupiter @ 1 AU : 284 ms!
Jupiter @ 5 AU : 127 ms!
Neptune @0.1AU :4.8ms!
Neptune @ 1 AU : 1.5 mst
Super-Earth (5 Mg) @0.1AU :14mst!
Super-Earth (5 Mp) @ 1AU : 0.45 ms!
Earth @ 1 AU : 9 cm st

(Planétes geantes
Premicres exoplancte
e.g. Jupiters jusqu’a 5 AU

N
Neptunes et Superterres
Accessibles avec HARPS

|







espress

PROJECT

ESPRESSO FDR 14.05.2013 = 20



: espre Spgm

Télescope plus grand (dont jusqu’a 4! Wow!)
Capteurs monolithique et stabilisés (9k9 e2v)
Fibres octogonal (ex-limitation dans HARPS!)
Source de calibration adaptés (LFC/FP)

Une pipeline de réduction puissante

Flexibilité operationnelle (4 télescope au choix,
changement rapide)! -> Efficacite, echantillonnage en t

ESPRESSO FDR 14.05.2013 = 20
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