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Scientific context



M101, ©STScl/NASA
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MAESTRO/KUL

M>8Mo

>80% binaries

𝜏form~105 years



Massive Star Formation



Massive Star Formation



Massive Star Formation

Star



Massive Star Formation

Star



Massive Star Formation

Star



Massive Star Formation

Star



Massive Star Formation

Star



Companion detections (SMaSH+,Sana+,2014)

fc>0.9



Observational 
difficulties

Rareness and large distances

Short formation 
timescale

Massive Star Formation Problems

Obscured environment



Observational 
difficulties

Rareness and large distances

Short formation 
timescale

Study the properties of the outcome of 
star formation 

Massive Star Formation Problems

Obscured environment

Direct observation of star formation



High-contrast imaging

Raw “Coronographed” image



Coronagraphy

Without coronagraph With coronagraph



©ESO/P. Weilbacher (AIP)/NASA, ESA, and M.H. Wong and J. Tollefson (UC 
Berkeley)

Adaptive optics



©ESO

SPHERE IFS IRDIS

Spectral Range 
(µm) 0.95-1.75 0.95-2.32

FOV (arcsec2) 1.73 11

Pixel Scale 
(marcsec) 7.4 12.25

Bands Y-J-H K (1&2)

©ESO/J.Girard

SPHERE: 
Spectro-Polarimetric High-contrast 

Exoplanet REsearch



Observing strategy



Observing strategy

• ADI: Angular Differential Imaging 



ADI (Marois et al., 2006)Overview



Observing strategy

• ADI: Angular Differential Imaging  

• SDI: Spectral Differential Imaging
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Observing strategy

• ADI: Angular Differential Imaging  

• SDI: Spectral Differential Imaging 

• RDI: Reference star Differential Imaging 

➡Vortex Image Processing (VIP) Package: Gomez-Gonzalez et 
al. 2017 

➡pyKLIP: Wang et al. 2015



https://vip.readthedocs.io



https://github.com/arainot





Data Reduction



Raw frame

26-01-2016



Dark frame

Detector flat-field

Wavelength calibration

Combination of input frames



Dark frame



Bad pixel + dark correction



Dark frame

Detector flat-field

Wavelength calibration

Combination of input frames
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Wavelength calibration



Dark frame

Detector flat-field

Wavelength calibration

Combination of input frames



39 Wavelengths 48 rotations

Reduced IFS data



Data Analysis



• ADI: Angular Differential Imaging  

• SDI: Spectral Differential Imaging 

• RDI: Reference star Differential Imaging 

‣ PCA: Principal Component Analysis 

➡Reference PSF subtraction 

➡Spectrum Extraction

Analysis Techniques



IFS

Raw image Post-processed image



IRDIS

Raw image Post-processed image
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C   H   I   P   S
Carina High-contrast Imaging Project of massive Stars



C   H   I   P   S
Carina close massive star 

region

©ESO/T.Preibisch



C   H   I   P   S
High-contrast Imaging VLT/SPHERE 

@ESO



C   H   I   P   S
Project of massive Stars

Multiplicity 
properties of 93 
massive stars

 faint and low-mass 
companions

46 stars already reduced
47 stars planned
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FOV = 5’, 2MASS

SMaSH+ Image  
Sana et al, 2014
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SMaSH+ Image  
Sana et al, 2014

FOV = 5’, 2MASS

IRDIS

11”x11”

16”x16”

IFS

11”x11” 1.7”x1.7”



Detection method  

Bright red: SNR ≥ 5 

Signal-to-Noise Ratio mapPost-processed image



Detection limits 

IRDISIFS

(Rainot+ 2020)



Stellar characterisation



IFS - QZ Car Ad

(Rainot+ 2020)



IFS - QZ Car Ad
Teff = 8896K log(g) = 4.27

R = 1.72R☉

M = 2.0M☉

(Rainot+ 2020)



SMaSH+ (Sana+,2014) & HST-FGS (Aldoretta+,2015)

(Rainot+ 2020)
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CD-583529
Teff = 4408K

5.37x105yrs
M = 1.3M☉



SMaSH+ (Sana+,2014) & HST-FGS (Aldoretta+,2015)

(Rainot+ in prep.)



(Rainot+ in prep.)

Δmag vs radial separation 



(Rainot+ in prep.)

Age distribution



(Rainot+ in prep.)

Mass distribution



Trumpler 14
• 210 sources detected 

• 50 highly likely to be bound 

• Most sources have an age of ~5x105 yrs 

• Mass range between 0.1 and 0.3 M⊙ 

• No apparent over-density 

• ~0.14 multiplicity fraction in IFS FoV



Sco. OB1
‣ Older (6-8Myrs) population of O-stars and B supergiants 

‣ 39 stars: 15 observed, 14 in the future 

‣ Lower IFS multiplicity than CHIPS: 0.20 companions/ star vs 
0.43 for CHIPS 

‣ Aim: Evolution study of multiplicity with age 



Multiplicity Results - IFS

Images Visible companions
(SNR > 5σ)

Candidates
( 5σ > SNR > 3σ)

46 15 19

‣ Detection ratio ≃ 0.42 companions/star 

‣ Expected ≃ 40 companions / 93 images 



Future work

‣ 85 stars to analyse including 47 to observe 

‣ Bias correction using the whole sample 

‣ Development of SHIPS 

‣ Complementary observations with high-resolution 
spectrographs



With better spectroscopy

(Rainot+ 2020)



Conclusion

‣ Detect and analyse stars at previously unobserving 
windows 

‣ Reach contrast magnitudes of Δm~14 

‣ Obtain masses, ages, and other stellar parameters  

‣ Larger sample yet to be analysed



Thank you!

https://arainot.github.io alan.rainot@kuleuven.be


