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SPIRou @ CFHT 
exploring nearby habitable worlds

studying Earth-mass planets around M dwarfs                      
detect & characterize low-mass planets - re: their habitability                                 
modeling the activity jitter to improve detectability                                  
logical follow-up of GTO / LPs on HARPS / Sophie                                               
synergies w/ TESS, JWST, ExTrA, CHEOPS, SPHERE, GAIA, PLATO, E-ELT
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SPIRou @ CFHT 
observing red dwarfs in the nIR

surveying ~380 nearby M dwarfs in the nIR                                              
80% of stars in the galaxy & in the solar neighborhood                                                                 
habitable exoEarths much easier to detect                   
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surveying ~380 nearby M dwarfs in the nIR 
80% of stars in the galaxy & in the solar neighborhood                                                                 
habitable 

nIR velocimetry & spectropolarimetry of ~330 M dwarfs                                                
detect & characterize ~180 superEarths, ~30 of which in HZ                                                 
✒ estimate occurrence frequency of habitable planets in solar neighborhood                                                  
✒ synergies w/ CHEOPS, SPHERE & GAIA                                                          
use spectropolarimetry to model activity, magnetic field & RV jitter                             
✒ improve detection threshold & characterization of habitability 
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Figure 10. Planets found with the discovery phase survey (360 stars, 300 nights). Filled circled indicate detected 
planets, open circles undetected ones and red circles (both filled and open) represent transiting planets. A rough 
indication of the limits of the habitable zone, both in mass and temperature, is indicated by dotted lines. Most 
planets with >2M� in the habitable zone are detected, including two transiting. Interestingly, a sample of sub-
M� planets with >350 K is also detected. Whether this population of planets exists remains to be seen, but this 
could be an interesting side-product of the RV search.  
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SPIRou @ CFHT 
observing red dwarfs in the nIR

surveying ~380 nearby M dwarfs in the nIR 
80% of stars in the galaxy & in the solar neighborhood                                                                 
habitable 

nIR velocimetry & spectropolarimetry of ~330 M dwarfs 
detect & characterize ~180 superEarths, ~30 of which in HZ             
✒ estimate occurrence frequency of habitable planets in solar neighborhood                                                  
✒ synergies w/ CHEOPS, SPHERE & GAIA                                                          
use 
✒ improve detection threshold & characterization of habitability 

follow-up of ~50 transiting planet candidates                 
establish planetary nature of candidates & estimate average planet density                                                
✒ best candidates fromTESS, ExTrA and later on PLATO                                           
✒ search for atmospheric markers in nearest HZ exoEarths w/ JWST & E-ELT
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surveying ~380 nearby M dwarfs in the nIR 
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habitable 

nIR velocimetry & spectropolarimetry of ~330 M dwarfs 
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use 
✒ improve detection threshold & characterization of habitability 

follow-up of ~50 transiting planet candidates        
establish planetary nature of candidates & estimate average planet density                                                
✒ best candidates fromTESS, ExTrA and later on PLATO                                           
✒ search for atmospheric 

magnetic fields of M dwarfs                                     
dynamo processes / bistability in fully-convective bodies                                      
impact of stellar / planetary magnetic fields on planet habitability 



SPIRou @ CFHT 
exploring nearby habitable worlds

studying Earth-mass planets around M dwarfs 
detect & characterize low-mass planets - re: their habitability                                 
modeling the activity jitter to improve detectability                                  
logical follow-up of GTO / LPs on HARPS / Sophie                                               
synergies w/ 

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 LPs w/ ESPaDOnS                                      
synergies w/ ALMA, SPHERE



SPIRou @ CFHT 
investigating star & planet formation

focussing on class-I, -II (cTTSs) & -III (wTTSs) PMS stars                                    
magnetic field of star & disc modifies accretion & outflows                                     
impacts internal structure & rotation of stars                                                             
impacts formation, migration & survival of planets
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investigating star & planet formation

focussing on class-I, -II (cTTSs) & -III (wTTSs) PMS stars 
magnetic field of star & disc modifies accretion & outflows                                     
impacts internal 
impacts formation, migration & survival of planets

nIR spectropolarimetry of ~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, ρ Oph, ONC, Lupus)                                      
✒ origin & evolution of field, impact on star & planet formation                                       
✒ synergies with ALMA & JWST 
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investigating star & planet formation

focussing on class-I, -II (cTTSs) & -III (wTTSs) PMS stars 
magnetic field of star & disc modifies accretion & outflows                                     
impacts internal 
impacts formation, migration & survival of planets

nIR spectropolarimetry of ~140 PMS stars 
model magnetic topologies of ~20 class-I (embedded) protostars, ~40 cTTSs & 
~80 wTTSs in nearby SFRs (e.g.,  
✒ origin & evolution of field, impact on star & planet formation                                       
✒ synergies with ALMA & JWST 

velocimetry of wTTSs                                                     
model activity & activity jitter of wTTSs w/ & search for hot Jupiters                                    
✒ formation / migration / survival of giant planets                                         
✒ synergies with SPHERE & ALMA                                                              
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modeling the activity & RV curves of T Tauri stars
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Magnetometry & velocimetry of the wTTSs V819 Tau & V830 Tau 11

Figure 9. RV variations (in the stellar rest frame) of V819 Tau (left) and V830 Tau (right) as a function of rotation phase, as measured
from our observations (open circles) and predicted by the tomographic maps of Fig. 4 (green line). RV residuals (expanded by a factor of
2 for clarity), are also shown (pluses) and exhibit a rms dispersion equal to 0.033 km s−1 for V819 Tau and 0.104 km s−1 for V830 Tau.
Red, green, dark-blue, light-blue, magenta, grey, orange and purple symbols depict measurements secured at rotation cycles 0, 1, 3
(including phase 2.999), 4, 6, 7, 8 and 9 respectively (see Table 1 and Fig. 3). Given the asymmetric and sometimes irregular shapes of
Stokes I LSD profiles (see Fig. 3), RVs are estimated as first order moments of the Stokes I LSD profiles rather than through Gaussian
fits. RV estimates and residuals are depicted with error bars of ±0.04 and ±0.06 km s−1 for V819 Tau and V830 Tau respectively. This
figure is best viewed in color.

Figure 10. RV residuals of V830 Tau after applying our filtering
process to the spectropolarimetric data set. A sine fit to the points
with an orbital period of 2.2Prot ≃ 6.0 d and a velocity semi-
amplitude of 0.11 km s−1 (dashed line) provides a good match to
the observations (rms dispersion of 0.074 km s−1), suggesting the
possible presence of a giant planet orbiting close to V830 Tau.
More observations are obviously needed to confirm or reject this
preliminary result. The color code used for this plot is the same
as that of Fig. 9 (right panel). This figure is best viewed in color.

ter the central magnetospheric gaps of cTTSs and no longer
experience the inward torque from the disc.

The predicted activity jitter and filtered RV curves we
derive for V819 Tau and V830 Tau are shown in Fig. 9,
with RVs being estimated as first order moments of the
(often asymmetric and irregular) Stokes I LSD profiles.
The filtering process is found to be quite efficient for
v819 Tau, with RV residuals exhibiting a rms dispersion
of only 0.033 km s−1 (for a full RV amplitude prior to the
filtering process equal to ≃1.6 km s−1). The error bar on
these measurements is conservatively set to ±0.04 km s−1,
reflecting mostly the intrinsic RV precision of ESPaDOnS

(of 0.03 km s−1 rms, e.g., Moutou et al. 2007; Donati et al.
2008) and in a smaller part the intrinsic error of our fil-
tering process (scaling up with the width of spectral lines,
and estimated to be 0.02 km s−1 rms in the present case).
This suggests that V819 Tau is unlikely to host a hJ with
an orbital period in the range of what we can detect (i.e.
not too close to the stellar rotation period or its first har-
monics, see Donati et al. 2014), with a 3σ error bar on the
semi-amplitude of the RV residuals equal to 0.07 km s−1.

For V830 Tau however, the RV curve exhibits significant
scatter at several rotation phases (0.05, 0.35 and 0.65, see
Fig 9 right panel), causing the RV residuals after filtering to
reach a rms dispersion of 0.104 km s−1 (i.e., about twice and
thrice those reported for LkCa 4 and V819 Tau respectively)
and to exceed the value (of ≃0.1 km s−1) that potentially
suggests the presence of a hJ (according to the results of our
preliminary simulations, see Donati et al. 2014). The error
bar on our individual RV residuals is set to ±0.06 km s−1,
identical to those of LkCa 4 given the very similar widths
of spectral lines and noise levels in our data. A closer look
reveals that this enhanced dispersion is mainly caused by
3 points (at rotational cycles 3.654, 8.051 and 8.362, see
Fig. 10) that depart (RV-wise) from the bulk of our ob-
servations. The temporal variations of the RV residuals are
compatible with a sine wave with a period of either 4.0±0.2 d
or 6.0 ± 0.2 d and a semi-amplitude of 0.11 ± 0.03 km s−1.
Bringing a χ2 improvement of ≃22 for 4 degrees of freedom,
this fit suggests that the RV residuals do indeed contain a RV
signal, with a confidence level of 99.98%. However, given the
very limited sampling, we cannot firmly conclude that the
RV signal we find is truly periodic, the false alarm probabil-
ity on the period detection (as derived from a Lomb-Scargle
periodogram) being of the order of 35%.

Experimenting the new technique proposed by Petit
et al. (2015), whose advantage is to model both surface fea-
tures and orbital parameters simultaneously, and thus to
minimize crosstalk between the two and to maximize the

c⃝ 0000 RAS, MNRAS 000, 000–000

hJ detected ??

hot Jupiters around young Suns 
modeling the activity & RV curves of T Tauri stars



SPIRou @ CFHT 
additional science goals

studying Earth-mass planets around M dwarfs 
detect & characterize low-mass planets - re: their habitability                                 
modeling the activity jitter to improve detectability                                  
logical follow-up of GTO / LPs on HARPS / Sophie                                               
synergies w/ 

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 LPs w/ ESPaDOnS                                      
synergies w/ ALMA, SPHERE

additional science goals                                                              
weather patterns on brown dwarfs                                                   
properties & formation of massive stars                                           
exoplanet & solar-system planet atmospheres 



main science requirements                                    
simultaneous wavelength domain: 0.98 - 2.35 µm (YJHK bands)                          
spectral resolution: 75 000  / RV precision: 1 m/s                                                
circular & linear achromatic polarimetry                                                              
S/N~100 (per 2.3 km/s bin) @ H~11.0 in ~1 hr exposure

SPIRou @ CFHT 
instrument performances



MAIT MID TERM REVIEW – AITV

Schematic view of the integration / verification plan that we envision for SPIRou
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SPIRou Flow-Up Specifications versus Validation Tests

- P2IS Building - - P2IS Building – 3D View of integration facilities -

- P2IS Building – 3D view of SB02 Room -

At IRAP, AITV activities are done in 'P2IS building' 

- P2IS Building – 3D view of Ctr/Cmd Room

Cassegrain Unit

- 3D view of Cassegrain Unit -

- 3D view of the Climatic chamber -

Test equipments & tools

- Tilting system for the Cassegrain Unit -

- Cassegrain Unit with Artificial Star on Trolley -

- Vertical support for the Cassegrain Unit -

- Cassegrain Unit with End to End Calibration and Visu ColdStop on tilting system - - Cassegrain Unit with End to End Calibration and 
Visu Field Mirror System -

- 3D view of Spectrograph Unit -

Spectrograph Unit

main science requirements                                    
simultaneous wavelength domain: 0.98 - 2.35 µm (YJHK bands)                          
spectral resolution: 75 000  / RV precision: 1 m/s                                                
circular & linear achromatic polarimetry                                                              
S/N~100 (per 2.3 km/s bin) @ H~11.0 in ~1 hr exposure

instrumental concept & schedule                                 
Cassegrain unit w/ polarimeter ✒ heritage from ESPaDOnS & HARPS                                
fluoride optical fibers & pupil slicer (compatible with RV precision)  
cryogenic spectrograph cooled down @ 80 K and stable @ 2 mK                                                     
first light @ CFHT: 2017 ✒ in phase with TESS & JWST

SPIRou @ CFHT 
instrument performances



MAIT MID TERM REVIEW – AITV

Schematic view of the integration / verification plan that we envision for SPIRou
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Integration flow chart and associated team ( Example of step (1a) )
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SPIRou Flow-Up Specifications versus Validation Tests

- P2IS Building - - P2IS Building – 3D View of integration facilities -
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At IRAP, AITV activities are done in 'P2IS building' 

- P2IS Building – 3D view of Ctr/Cmd Room

Cassegrain Unit

- 3D view of Cassegrain Unit -
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Test equipments & tools
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Visu Field Mirror System -

- 3D view of Spectrograph Unit -

Spectrograph Unit

main science requirements                                    
simultaneous wavelength domain: 0.98 - 2.35 µm (YJHK bands)                          
spectral resolution: 75 000  / RV precision: 1 m/s                                                
circular & linear achromatic polarimetry                                                              
S/N~100 (per 2.3 km/s bin) @ H~11.0 in ~1 hr exposure

instrumental concept & schedule                                 
Cassegrain unit w/ polarimeter 
fluoride optical fibers & pupil slicer (compatible with RV precision)  
cryogenic spectrograph cooled down @ 80 K and stable @ 2 mK                                                     
first light @ CFHT: 2017 

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 ESPaDOnS for M dwarfs & TTSs  
✒ 10x more efficient than CRIRES+@VLT          

SPIRou @ CFHT 
instrument performances
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Planet Search (275n) + Transit Follow-up (100n) + PMS star survey (125n)                                                                        
✒ concept approved by CFHT Board of Directors in 2014 Dec                                                                     
✒ final proposal to be submitted to TAC by 2017

SPIRou clones & complementary surveys                                                                                     
SPIRou-S in southern hemisphere funded by Canada / CFI (2018)                        
SPIP @ 2m TBL (Pic du Midi) funded by Région Midi Pyrénées (2019)                                                                                           
✒ improved synergies with TESS, JWST,  ALMA, PLATO (2024) & E-ELT (2025+)                                                                                                                                

SPIRou science 
short- & long-term prospects



spirou.irap.omp.eu

thanks !


