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Main Science Goals . o q.
‘ | ‘ SPiRou

&Y planetary systems around nearby M dwarfs
detect & characterize planetary systems & habltablllty

'\ -

model & filter activity to optimize-detection

-

synergy w/ TESS;JWST, PLATO, CHEOPS, ELT..

@ magnetized star & planet formation |
magnetic topologies of young stars & discs - S o
young close-in giant planets / hot Jupiters*~ = e B
synergy w/ ALMA, SPHERE, JWST . TN Ty PR
© many more science programmes . - |
eg brown dwarfs, Solar System, ISM, galactic archeology i '»

@D SPIRou Legacy Survey ’i" 3
300 CFHT nights over 4 years on two main topics .
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planetary transits > planet radius

lots of detection despite several drawbacks
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SPiRou

, o
@ velocimeti 7 .
reflex motion > planet mass é 4 =3
T

@ photometry
planetary transits > planet radius
lots of detection despite several drawbacks

k]
& structure ;
&, A— K2-229 b
a1
K
~ / (e
- > 100% Co
c
j‘cj /\ £ : TRAPPIST L Theoretical composition (Brugger et al., 2017):
§ . TF§AP|ST—1 d = 50% Mantle + 50% Water
@) i J. ; 100% Mantle
S Time i ¥ o Y -
m > : TRAPPIST-1 h 32.5% Core + 67.5% Mantle (Earth-like)
0.7 ¢ Nonplanetary 68% Core + 32% Mantle (Mercury-like)

1.5 2.0
Planetary mass [Mg]
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~25 known
super Earths
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zone (HZ)
= liquid water @
planet surface

Planet Mass [Earth Mass]

~10%
of nearby planets
known to date
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%04
nearby M Dwarfs %

. @ whyMdwarfs? '

\our nearestﬂg%s eg Proxima Cg

host 2.2+ planets per star, of which 0.5+ in the Habital{Zone (HZ)
compact HZs *¢ HZ planets easiep&"detect |

need nIR velocimeter to maximizé efficiency *¢ SPIRou

magnetic activity & flares ®¢ spectropolarimetry

P
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04
f nearby M Dwarfs ﬁ

e SPiRou

@why M dwarfs!?
~—__our nearest nelghbcrrs\eg Proxima C

host 2.2+ planets per star, of which 0.5+ in the Habital?e/Zone (HZ)
compact HZs ¢ HZ planets eameretect

need nIR velocimeter to maximizé efficiency *¢ SPIRou

magnetic activity & flares ®¢ spectropolarimetry

@ planet search / PS & transit follow-up / tﬁ:
PS: observe ~80 nearby M dwarfs w/ ~200 visits per star
o¢ yield ~80 planets, ~25 Earth-mass ones, ~8 in HZ
TF: follow ~50 M dwarfs w/ transiting planets (eg TESS)
o¢ determine mass & bulk density
¢ characterize atmospheres of close-in giants
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~ Stat / Planet Formation

x 5 g o I E N o e ,-.,o."‘.
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SPIRou PR
Magnetlzed Star / Planet Formatioﬁ

HL Tau, 0.1 Myr
© ALMA / ESO



SPIRou P
Magnetlzed Star / Planet Format!oﬁ

HL Tau, 0.1 Myr
© ALMA / ESO
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Magnetized Star / Planet Formation

@ magnetic fields of newborn stars R C
tomoﬁ'aphlc magnetic |mag|ng of PMS stars =~ =
*magnetized accretion patterns & star-disc mteractlo S
- o> -survey ~|100 T Tauri stars & protostars
need nIR spectropolarimeter w/ K band = «

obwous-synergfwmhALMA PRRRAREL

@youﬂ’ -close-;n giant planzzts ;
| formﬁn[ mlgratlon of hot Jupiters”. . -l?':' .
early architecture of planetary’ systems Bt
i Itef dctivity to unveil planet S|gnals
[ survey ~50 C|ISC IessTTaurl stars - ; ?ﬁ ~

4 5 *
14_ e




9

SEBIRou

Main SC|ence Requwements q.
SPiRou ~—

y | > .
<> u_i, h-resolution nIR spg troscopy

25 actral domain 0.98-2 SeimA(Y]HK)
'S ctral resolvin wer 70k““ 4 3
~ pea SNR’IO in | hr on'M dwarfw/ H~ I

thermal’noise < stellar flux @ 2. 33 W

ecision ve ‘metry
precision ~|

@
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SEBIRou

»

Instrument Modules q.
v SPiRou =

-

E' *sﬁemc high-resolution nIR spectrograph =
own at /5K & stab,lhzed atBetter than ImK A
chete spectrograph)fﬁdual‘pupll fuIIy-dloptrlc de5|gn | o

" H4RG science grade detector , -~ ~~) =y
;’g ‘ ) — \

i(:assegrain modulé & caﬂbfﬁtmn unit

ac:!gmatlc polari w/ ZnSe |/4-wave Fresnel
ospheric disp d

ctor (ADC) & image stabil
calibration unit pr g light from calibration la

\
AN) fiber link

enuation <! 1dB/km Sa
ilslicer to feed spectrog q o

-
@ fluoride (
purified ZBLA

‘} . octogonal fibe



nstrument Modules
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SPiRou

Le SeecTROPoLARIMETRE INFRA ROUGE
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SEIRou

SPIRou @ CFHT q
| SPiRou .

[
g : \ -
. ﬁ}ﬁ Ilzd@CFHT in 2018 Feb "' |
” genic cycle in 2018.Febs" ¥ |
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5 .
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SPIRou @ CFHT
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SPIRou @ CFHT
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Example raw images
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Performances: spectroscopy
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Performances

spectroscopy
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Performances: spectroscopy
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Performances veloumetry g,k
IROU -
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Performances veloumetry
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Performances: velocimetry

SPiRou
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Performances: velocimetry q

ol L=
Gl 699 (M4),
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B curve for GIESS — Z23mav1d 25mav18 28may1d8 27mav13d

G699 RV drift TC3 polarimetric sequences
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Performances spectropolarlmetry q
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Performances: spectropolarimetry

SPiRou

Stokes U signature of BV Lac

Stokes V signature of EY Lac
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SPIROuU .

First science results _

SPiRou

@ exoplanets & activity of M stars

a few tens of M dwarfs monitored SO far w/ up to ~30 visits
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First science results

SPiRou

AD Leo (M3)
magnetic field & Zeeman signature of AD Leo, 2019 Apr 25

activity

>
0
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O
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First science results

SPiRou

AD Leo (M3)
magnetic field & Zeeman signature of AD Leo, 2019 Apr 25

activity

>
0
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O
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Stokes |

molecular lines

0
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9

;-

SPiRou

First science results

RM effect
transit of HD 189733b
(Moutou et al in prep)

'''''''''''''''''''''

RV precision
~5 m/s rms 1

llllllllllllllllllllllll




SPI ROu“

First science results _

SPiRou

@ exoplanet atmo‘spheres
detect atmospheric signatures of tranS|t|ng planets
a few close-in planetS- observed w/ SPIRou during transits

&
—

hot Jupiters, eg HD ‘@973’:5 hot Neptunes, egAU Ml b ied
« He,H;0,CO detected - O2,CH4? " o

2. TR N




First science results

transit
of HD 189733b,

1083 nm He | absorption

(Darveau-Bernier et al

in prep)

Normalized flux
© o o o o =+~ +»
u (@) ~ (0] (o) o =

+2.458383e6

9

SPiRou
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First science results

SPiRou

transit
of HD 189733b,

1083 nm He | absorption

(Darveau-Bernier et al

in prep)
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SPIRou ‘* @
First science resu'l"ts.» ; ,>

SPiRou

@ star / planet formation
detect Zeeman signatures in the spectral lines of the young star
collect times series of modulated I’T‘Erof les & Zeeman S|gnat

investigate accretion from spectral proxies (eg Hel, Pa% ‘
look for close-in giants after filtering activity from radial Ve

© M Romanova B
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First science results , q

SPiRou

TWA 13A
(disc-less T Tauri star)

: Zeeman signature of TWA 13A, 2019 Apr 26
Zeeman signature
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First science results , q

SPiRou

TW Hya
(classical T Tauri star)
Zeeman signature

Zeeman signature of TW Hya, 2018 May 24

Stokes V

Stokes |

50
Velocity (km/s)
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First science results

SPiRou

TW Hya
(classical T Tauri star)
1083 nm He I accretion & TW Hya, 2019 Apr, 1083 nm He line
wind proxy

Relative intensity

Velocity (km/s)
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First science results

SPiRou

V2129 Oph
(classical T Tauri sta
1083 nm He | accretio
wind proxy

V2129 Oph, 2018 July—August, 1083 nm He line

Relative intensity

A

ethifeed
- om accretion
1082.5 1083 1083.5 1084 s-cre siﬁnéy:"he line
ight

Velocity (km/s)



9

JEAN-YVES DUHOO

e - SPiR

A TOULOUSE, A L'iNSTITuT DE RECHERCHE
BN ASTROPHYSIQUE €T PLANETOLOGIE ( i RAP),
ET A LOBSERVATOIRE MiDi-PYRENEES (OMP) wov

ST TRANSMISE AU SPECTROERAPHE
"INFRAROUGE .

TouT EST
RECOUVERT
DE FEUWMUES

11+ ON MET LA DERNIERE MAIN Ad PROTET SPiROU ,
£ SPECTROPOLARIMETRE INFRAROUGE, o P i
L ( wTouS EN TRAIN DE TRAVAILLER
AVANT SON DEPART PoUR HAWAi -  TOULoUSE, _ AUX DERNIERS TESTS DE L'APPAREIL.
LON EST UNE nguNE
A TRAVAILLER SUR LE “eToi b
PROJET, INGENIEURS, < DE L'€ToiLE X
scie»ﬁifigauas, - \ ENUN Dougw VA VOYAGER.
TECHNICIENS ... DES ETOILES ; f / ARC-EN-CiEL.
5 QUE LE SoLE(L, € .
5 A PEINE PLUS CHAUDES QUE DES AMPOULES,
RTouT DE LA LUMIERE (NFRAROUGE.

POUR OBSERVER A LUMIERE' BLECHIRIEMES
INFRAROUGE ; il FAUT REFROIDIR : RANSLUCIDES
A =200°C... CARTOUT CE QUi EST PECOMPoSENT
CHAUD RAYONNE DANS L'INFRAROUGE - 1A LuMiere

EN PLUSIEORS COULEURS,
OU LONGUEUR D' ONDES.

/ b ; - iNDICATIONS QUI VONT NOUS RENSEIGNER SUR (A COMPOSITION
GA SE PASSE DANS LA SAULE BLANCHE. AVOIR _ C . DE L'ATMOSPHERE DE L'ETOILE,
L'AiR EST CONDITIONNE, PAS DE POUSSIERE ! RTURBATON 4 VOIRE DES PLANETES. iCi,

ON OBSERVE LA PRESENCE
D HYDROGENE ET DE FER...

ET AvEC
LE CANADA

ET HAWAIL,
UNE TRENTANE -

PAS DE POUSSIERE, ET UNE
TEMPERATURE STABLE .«

)\ 3 \ iL VA R
= * QUE CE A OMMENCER A
Y UNE FoiS REFRODI, > bt oy prover €57 N\ (R FONCTIONNER. |
SPiRou NEST PLUS 5 EN CHANTiER { \
€BLovi PARLE A SULY s
RAYONNEMENT AMBIANT,
ET PEUT DETECTER (A 2 > g} - T
LUMIERE D'ETOILES, \ } 3 A 4200 METRES
MEME PEU BRILIANTES, 7 p'ACTiTUPE !

charlolie — 7 LE POLARIMETRE VA CAPTER LA LUMIERE
masque —> i : DES ETOILES. i EST PLACE SUR LE TELESCOPE,,
. : LE SPECTROGRAPHE , LU, SE TROWERA ESURER LE CHAMP MAGNETIQUE
blouse —> ; N 2 ETAGES PLUS BAS . C'EST Ui Qui VA PARVIENNENT A ENGENDRER . 4
r f : Mma.m LUMERE ET APPORTER DES - ﬁ-ig &2, 3 « €T ELLE VA Nods
ganls —> : X ini ATIONS SUR LS PLANETES OBSERVEES. £ ] AT ETRE DE FAIRE
e ONT-EUES UNE ATMOSPHERE, DE QUOS é S DESaquEy s o

S 2 i PARLER LA LUMIERE !
EST-EUE CONSTTUEE 2 — :gsn:f:; s
- TROIS OU QUATRE COMMENT LA TERRE
DANS LE MONDE S'EST FORMEE( LE
SYSTEME SOIAIRE
COMMENT A VIE
EST APPARUE !

Surchaussures —

© JY Duhoo - www.ast.obs-mip.fr/donati | gl
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Conclusions

SPiRou

9 SPIRou @ CFHT
installed in 2018 after ~8 yr of engineering design, integration & tests

science observations startedln 201 9a most demanded CFHT mstrument
performances mostly nominal,
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Conclusions ; q

SPiRou

@ SPIRou @ CFHT

installed in 2018 after ~8 yr of engineering design, integration & tests
science observations startedln 201 9a most demanded CFHT mstrument

&9 first results to come | i
velocimetric monitoring & planetary transits of M d v ‘ .
modeling magnetic activity & velocimetric jitter of M ¢ va 1S .
magnetic fields, accretion & hot Jupiters of youngTTau f

ERC-funded PhDs & postdocs o e

D SPIP @ TBL
funded by Région Occitanie, to be installed at TBL in 202
essential for dense phase coverage in dark time




