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Understanding the Sun’s activity
to improve exoplanet radial-velocity detections

Raphaëlle D. Haywood [1]* ,  A. Collier Cameron [1] et al.

We are using high-resolution images 
of the Sun (continuum intensity, 
dopplergrams and magnetograms) 
taken by the HMI instrument 
onboard the So lar Dynamics 
Observatory, and HARPS radial-
velocity (RV) observations of sunlight 
reflected off the bright asteroid Vesta 
to identify activity proxies that will 
enable us to disentangle planet signals 
from stellar activity. 

Image credit: HMI/SDO online database

From HARPS RV observations of the asteroid 
Vesta to the Sun’s radial-velocity variations

Solar RV variations before corrections

≈ two solar rotations

- Remove RV effects of bodies in 
solar system (planets, asteroids,...)
- Remove relativistic Doppler shifts
- Account for Vesta’s axial rotation

Solar RV variations after corrections
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Pixel-by-pixel analysis

Residuals
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Sunspot umbrae

Quiet 
photosphere: 

tilt due to 
granular 
blueshift 

suppression of 
granular blueshift in 
pixels that fall within 
the bright magnetic 
(facular) regions, 
which typically have 
100 < B < 500G

Stronger magnetic fields 
are in dark spots

Map of faculae (red) and sunspots (black) obtained by 
thresholding the magnetic and continuum images.
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Velocity peak above 
zero: suppression of 
granular blueshift in 

faculae (which typically 
have 100<|B|<500G)

Continuum image Dopplergram

Magnetogram

HMI/SDO high resolution images

We corrected the 
HMI images for the 
motion of the SDO 

spacecraft and 
removed the Sun’s 

rotation.
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