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explorlng nearby habltab e worlds

an international prolect for pioneering suence
France, Canada, CFHT, Brazil, Talwan SW|tzerIand & Portugal




SPIRou @ CFHT

exploring nearby habitable worlds

§ studying Earth-mass planets around M?
detect & characterize low-mass planets - re: their | ‘S,;»
modeling the activity jitter to improve detectability®
logical follow-up of GTO / LPs on HARPS / Soph
synergies w/ TESS, JWST, ExTrA, CHEOPS, SP
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| very few HZ
super Earths
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observing red dwarfs in the nIR
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# surveying ~380 nearby M dwarfs in th

80% of stars in the galaxy & in the solar neighborhood
habitable exoEarths much easier to detect .
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SPIRou @ CFHT

observing red dwarfs in the nIR

# nIR velocimetry & spectropolarit ~330 M dwarfs
detect & characterize ~180 superEarths, ~30 1Z Par ary
% estimate occurrence frequency of habitable plan€ts in‘sc ar heigﬁbbﬁwood
o synergies w/ CHEOPS, SPHERE & GAIA > 2
use spectropolarimetry to model activity, magnetic field & RV jitter
¢ improve detection threshold & characterization of ha
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SPIRou @ CFHT

observing red dwarfs in the nIR
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80% of stars in the galaxy & in the solar neighborhql
habitable
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detect & characterize ~180 superEarths, ~30 1L S
S s olar nei'gi-'\bdﬁ\dod

o estimate occurrence frequency of habitablg
o synergies w/ CHEOPS, SPHERE & GAIA |
use 4
®¢ improve detection threshold & characterlza %,

Y |
b tabl|lt)' i@,

Q follow-up of ~50 transiting planet ¢t %j,« tes
establish planetary rg:ure of candidates & estimate'a g;" Ianet denS|ty
o> best candidates from TESS, ExTrA and later on PL ‘ \ﬁ
arch for atmospherlc markers in nearest HZ exoEar w7j ST &-E -E
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observing red dwarfs in the nIR

(.

80% of stars in the galaxy & in the solar neighborhg
habitable e
%

MR warf
detect & characterize ~180 superEarths, ~30 _
o estimate occurrence frequency of habitabléd S IeSolar nelghbd‘%
= synergies w/ CHEOPS, SPHERE & GAIA .
use Ls WS
*¢ improve detection threshold & characterlza ?S‘ ) tability g
. . W 4

| ‘”‘a\ :\ 35

establish planetary Ffl:l"e of candidates & estimaté agep énet denS|ty
gandidates fr@n TESS, ExTrA and later on PL =

B - atmospheric

agnetic fields of M <‘:Iwarfs

dynamo processes / bistability in fully-convective bodie &&&
impact of stellar / planetary magnetic fields on planet habitabili
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expToring nearby habitable worlds
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detect & cha%riza lo'w%w nlanetr *Fe: their haBisability :
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modeling the acClyity jitter g improve detectabilife - .*.
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# studying the formation of stars & planets
magnetic topologies of young protostars (class I, cTTSs, wTTSs)
looking for hot Jupiters around disc-less protostars (WTTSs)

logical follow-up of MaPP / MaTYSSE LPsw/ ESPaDQﬁS
synergies w/ ALMA, SPHERE | \ >~

E
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-
investigating star & planet formation
\\\\ : __ &

. Sl -

§ focussing on class-l, =II'(cTTSs) & -l (WTTSs) PMS stars

magnetic field of star & C|ISC modifies accretion & outflows o

impacts internal stfucture & rotation of stars .~

impacts formation, migration & survival of planets
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\- ° . °
investigating star & planet formation
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; oPs - diSC s acdretion & outflows -
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nigl SUTVvivalLoMpIanet:

9 nlR spectropolarimeti?yé:f—~ 140 'PMS stars
model magnetic topologies of ~20 class-I (embedded) protostars, ~40 cTTSs &
~80 wTTSs in nearby SFRs (e.g., TW Hya, Tau/Aur, p Oph, ONC, Lupus)
¢ origin & evolution of field, impact on star & planet formation

o synergies with ALMA & JWST \
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inve\Stigating star & planet formation

S) & jI!!-*;w- 1Ss) BMS"Stars
1c@retion & out

impacts internal
impacts for

nod I (embedded) profostars, ~40 cT#hs &
> \' :
~80 v s in, nea - )
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# velocimetry 8f wTTSs \r !
model activity & activity jitter of wT'TSs w/ & search for hot Jupitelisl""'

¢ formation / migration / survival of giant planets PO

o¢ synergies with SPHERE & ALMA ' :
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modeling the activity & RV curves of T Tauri stars

surface

Log surface brightness Radial magnetic field

Spo.'.s 0.50 0.50

large-scale
B field

Azimuthal magnetic field Meridional magnetic field
0.50 0.50




modeling the activity & RV curves of T Tauri stars

Sur‘face Log surface brightness Radial magnetic field

0.50 0.50
spots large-scale

B field

Azimuthal magnetic fiel
0.50

RV precision
~60 m/s rms

Radial Velocity (km/s)
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Rotation phase




modeling the activity & RV curves of T Tauri stars

SUI"fGCe Log surface brightness Radial magnetic field

0.50 0.50
spoTs large-scale

B field

Azimuthal magnetic fiel
0.50

RV precision
~60 m/s rms

Radial Velocity (km/s)

0.4 0.6

Rotation phase

synergies with ALMA & SPHERE
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modeling the activity & RV curves of T Tauri stars
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additional science goals

=: their habitabil
ectability
..,\’, YO ine
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synergies

§ additional science goals

weather patterns on brown dwarfs
properties & formation of massive stars
exoplanet & solar-system planet atmospheres
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S|multaneous wavelength domain: (
spectral resolution: 75 000 / RV p

= circular & linear achromatic pola
. SIN~100 (per 2.3 km/s bin) @ HF
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rument performanc
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ain dcience requireme
- S|multaneous wavelength domain:|
ral resolution: 75 000 / RV g

T .|rcular & linear achromatic pola
~100 (per 2.3 km/s bin) @ Hf®
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& instrumental conce hedule

Cassegrain unit w/ polarlmé ritage from ESPaDOnS & HARPS

fluoride optical fibers & pupil slice patlble witl

cryogenic spectrograph cooled do e 80 K and
first light @ CFHT:2017 ¢ in phase with TESS & JWST
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sim multaneous wavelength domain:
aspectral resolution: 75 000 / RV g

Specircular & linear achromatic polz
g =5/N~100 (per 2.3 km/s bin) @ HJ®
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hedule

# instrumental concek

Cassegrain unit w/ polarimet
flioride optical fibers & pupl

~Alad AAv

$# nIR bonus in instrument sensitivity
3+ mag gain in velocimetry vs HARPS for M dwarfs
¢ outperform ESPRESSO@VLT for M dwarfs

5+ mag gain in spectropolarimetry vs ESPaDOnRS for M dwarfs & TTSs
¢ | 0x more efficient than CRIRES+@VLT
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SPIRou science
short- & long-term prospects

& the worldwide S cience Consortium - .
| 00+ scientists from s in France, Canada, Brazil, Talwan SW|tzerIand & -
® science communit d in ~25 working groups ’ )
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SPIRou science
short- & Iong-term prospects

cience Consortium?

s in France, Canada, Brazil, Talwan SW|tzerIand
d in ~25. worklng Groups _eas R

he worldwidesSI @
| 00+ scientists from
s =:u,fnmunit

l

» & the 500- nlght SPI Q_,__.{j_u, .1._,, ey @ CFHT
Planet Search (275n) + Tre -ollow-up

*¢ concept approved by CFHT Bo
¢ final proposal to be submr
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SPIRou science
short- & long-term prospects

- worldwideiS cience Consortium?
|00+ scientists from s in France, Canada, Brazil, Taiwan, Switzerland & Portuga
ommunity o d in ~25.working groups ' il

approved DySSSEEE
ysal to be " 1Dr
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# SPIRou clones & compl 8 1entary surveys .=
SPIRou-S in south:eﬁlhemisphere funded by Canada / CFl (2(%5
SPIP @ 2m TBL (Pic du Midi) funded by Région Midi Pyrenees (2019) Y N
® improved synergie's}bvith TESS, JWST, ALMA, PLATO (2024) & E-EL'ILQ025+) NN
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2015 June : SPIRou parabolic mirror in construction .

The Zerodur blank of the main SPIRou parabolic mirror is being controlled at SESO

£ Instrument @& Observations




