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SCALPELS separates "shift-driven" RV signals (which a planet would induce) from
"shape-driven" RV signals arising from patchy gas flows on the star. 

As well as shifting lines, the Doppler effect broadens them - one side of a Sun-like star is

approaching at around 2 km/sec while the other is receding. Any imbalance in the gas

flow pattern on the star thus changes the shapes of the spectral lines. By detecting

these changes in the average line shape, we can correct for the spurious radial-velocity

signals they cause. 

CoRoT-7 hosts a 3-planet system, not a 2-planet system.

CoRoT-7d signal stands out in the planet shift-driven periodogram (See Fig:4).

Refined the mass of the transiting planet CoRoT-7b as M  = 6.06 ± 0.65 Earth mass, 

 making it a rocky planet, like earth. 

Determined the masses of CoRoT7c as M  = 13.29 ± 0.69 Earth masses, and CoRoT-7d

as M   =  17.14 ± 2.55 Earth masses, making structurally similar to Uranus and Neptune

(14.5 and 17.1 Earth masses respectively) 

CoRoT-7 has its own Super earth, Uranus and Neptune - but much hotter! 
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  CoRoT-7 is known to host 2 planets.

  CoRoT-7b with an orbital period of 0.85 days, CoRoT-7c with a period of 3.7 days.

   A 3rd planet, CoRoT-7d  with a period of 8.9 days was reported in 2010.

  CoRoT-7d was later proposed to be an activity artefact . 

Significantly improves our ability to distinguish planet signals from activity. 

Removes the long-term and short-term stellar activity trends.

  Applied SCALPELS to the RV data of an active Sun-like star, CoRoT-7, taken with the

world-class instrument HARPS.

 

Push the detection limit down towards Earth-like exoplanets, whose RVs were

previously below the detection threshold. 

2. Problem

PLANETS  OR  STELLAR  ACTIVITY, 
UNVEILING THE UNCERTAINTY 
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 Background 1.

To detect an Earth twin we would need to measure the star's velocity with a precision

better than 9 cm/s (See Fig:2). The present generation of instruments can do this but

the host star is a problem. The star's visible surface is covered in millions of blobs of

gas rising and falling at speeds of a few km/s. Mostly they average out, but the strong

magnetic fields of starspot regions distort this averaging. It's easy to mistake the

rotation of the star, or its equivalent of the starspot cycle, for a planet signal.   We want

to avoid this.

3.  Aims
   Clean the RV data by eliminating stellar activity contamination, to study exoplanets. 

   Precise determination of masses of known, transiting planets.

4.  Method

9 cm/s solar reflex orbital motion of Earth 
(to scale) 

RV induced by
 solar magnetic

activity 

5.  Target 

Meunier et al. (2010)

SCALPELS decouples the planet-induced shift signals from the RV, contaminated by

the activity-induced shape variations (See Fig:3,4).

6.  Findings

8.9 day signal is a planet ! 
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8.  Impacts

INTRODUCTION

ANALYSIS & RESULTS

Simultaneous modelling of planet  & activity signals 

Enables the detection of low-mass Earth-like exoplanets orbiting around active stars.

Rigorous determination of mass and bulk densities of transiting exoplanets.

 One step closer to finding Earth-twins.
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How can we detect alien planets?
The presence of an Exoplanet (a planet outside our Solar system) can be inferred from

the Radial velocity (RV) data of the host star. Stars use their gravity to keep the

planets in orbit, which in turn exerts a gravitational pull back (See Fig:1). For eg: All

planets in the solar system pull our Sun towards themselves. This makes the star

wobble around a common centre of mass. We can measure this small movement of

the star by measuring the slight periodic variation in the star's velocity (in m/sec) along

the line-of-sight (Doppler line Shift) by studying its spectrum. We call this RV data.

This technique has been used for the detection of the first exoplanet, 51 Pegasi-b in

1995 and more than 900 planets thereafter.

 

Simultaneous modelling of planet signal combined with the activity signal leaves very

little residual signal, remaining after combining them in a single model.
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Blue: Observed radial

velocities(planets+activity)

Orange: SCALPELS line-shape

identification (activity)

Green (=blue-orange): shift-driven

velocities(only planets)

Red: a 3-planet model of star's reflex

motion

Purple(=blue-orange-red): "Noise"

after subtracting SCALPELS

correction and 3-planet model from

observations.
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