
Dealing with the activity signal 

1.   Pre-whitening 
2.   Trend fitting 
3.   Floating chunk offset 



M = 2.1 ± 0.1 MJ 

Cleaned with 
Period04 

The Mass of WASP-33b 

Lehmann et al. 2015 



A simulated activity signal from SOAP: 



“I question the validity of using a multi-sine component to fit 
the underlying activity signal.”  

A continuous function can be 
represented by a linear combination of 
basis functions. Sine functions form a 
basis. 

Gaps in the data and noise complicates the process and makes 
pre-whitening (Fourier Component Analysis) tricky. 

Can we  Pre-whitening an activity signal? 



We will use Fourier pre-whitening to fit activity RV 
variations with multi-sine components 



CoRoT-7 RVs 

Transiting Superearth with a 0.85-d orbital period 



DFT Raw 

0.043 = 23.3 d 

Data – f1 

0.11 = 9.01 d 

Data – f1 – f2 – f3 

0.27 = 3.7 d 

Data – f1 – f2 – f3 –f4 

0.17 = 5.9 d 

Data – f1 – f2 – f3 –f4 –f5 

0.094 = 10.6 d 

Data – f1 – f2 



What are these frequencies? 

0.043 1/d = 23.2 d = stellar rotation period 

0.110 1/d =  9  d = Planet (?) 

0.270 1/d =  3.7  d = Planet (?) 

0.170 1/d =  5.9  d = Planet (???) 

0.094 1/d =  10.6  d = Prot/2 



0.17 + 1.0 = 1.17 c/d 

 0.85 d = orbital period of 
CoRoT-7b 

This is the one day alias 

If you want to detect 
a period at 0.85 d 
do not  make only 
one measurement 
per night! 





P = 0.853538 d  K = 4.16 ± 0.27 m/s 

Best fit solution (#3) 

e = 0.07 ± 0.07  



P = 3.7 d K = 5.03 m/s 



P = 9.03 d K = 6.23 m/s 





A 67-d RV period was attributed to a planet in the 
“habitable zone”. This is probably the signature of stellar  
activity 



Hα variations from Robertson et al.  



Hα variations from Robertson et al.  

Hatzes in prep. 
Orbital frequency of 
GL 581d 



Scarge Periodogram of the Hα residual 
variations 



All data binned 
red: Halpha 
blue: RV 

Subset data 



Local trend filtering 



Gaps in the data and noise complicates the process and makes 
pre-whitening (Fourier Component Analysis) tricky. 

Two approaches: Pre-whitening and local trend 
filtering… 



…with consistent results 



Period = 3.24 d 

Msini = 1.13 MEarth Is Alpha Cen Bb really there? 

(?) 



Orbital Motion of Binary 



α Cen Bb 

The Fourier Amplitude Spectrum of 

α Cen B  

Binary motion removed 





Pre-whitening of the RVs of  
α Cen B 



ν


(1/d)

P  
(days) 

K 
(m/s) 

Comment 

0.0259 38.6 1.69 frot 

0.0013 763.4 1.15 f2 

0.0816 12.25 1.05 2frot 

0.1045 9.57 0.84 f3 

0.0060 165.8 0.97 
0.0663 15.8 0.71 
0.033 101.11 0.67 
0.0784 12.75 0.77 
0.3090 3.24 0.41 α Cen Bb? 

Pre-whitening α Cen B 

σ = 1.19 m/s 

The sum of the first 8 frequencies is our “activity signal” 



Pre-whitened  result 



False alarm probability (FAP) = 0.004 



Result is consistent with Dumusque et al. result 

P = 3.2356 ± 0.0001 d 

K = 0.42 ± 0.08 m/s 

FAP = 0.4 % 

P = 3.2357 ± 0.008 d 

K = 0.51 ± 0.04 m/s 

FAP = 0.02 % 

Fourier Dumusque et al.  



FAP = 0.0001 

Simulations show that α Cen Bb should have been detected with 
much higher significance 









Local Trend Fitting 

Exploit the fact that you know two time scales: the rotation 
period (38 d) and the orbital period of the planet (3.2 d). 
Assume that the spot distribution does not change in one 
rotation. Fit the the „local“ variations of the activity over a 
short time span Δt: 

Pplanet < Δt < Protation 

Try to avoid large data gaps, use data on consecutive 
nights when possible 



Local Trend Fitting 

red line: trend fit, blue: planet orbit 





55680 55690 



False alarm probability = 0.4 

False alarm probability = 0.00010 

Data 

Fake Planet 

Planet signal is not present! It should have been found 
with high significance 



0.8 

The Power Behavior of the Real and Simulated Data 



A Simulated Data Set 

Scargle periodogram of residuals after removing 
activity signal. 

P = 3.244 d 

FAP = 0.0004 



A Nice planet detection… 

K = 0.6 m/s 



The Simulated Data: 

1.   Took activity signal: multi-sine fit without 
the planet signal 

2.   Sampled this the same way as the data 

3.   Added random noise (σ = 2 m/s) 

4.   Filtered the data using pre-whitening 



“Science is a way of trying not to fool yourself. The 
first principle is that you must not fool yourself, 
and you are the easiest person to fool.” 

– Richard Feynman 



Floating Chunk Offset Periodogram 



Ac#vity, addi#onal 
planets, systema#c 
errors, etc. 

Each night the orbital motion of the planet is part of a sine-curve. 
We just have to stich the segments together as long as the rotation 
period is much longer than the orbital period 

For short period planets we can use a trick 
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Let‘s try this on CoRoT-7b (known orbital period) 



Zero point offset and phase are the only free parameters. The 
period is kept fixed  transit phase recovered! 

A least squares solution with period fixed to transit period 

K = 4.8 ± 1.1 m/s 



The Floating Chunk Offset Periodogram 

1) Search for periods much shorter than the stellar rotational period 

3)  RV contribution from activity, long-period planets, systematic 
errors (long term) is constant 

2)  For periods less than about a day most of the variations on a 
given night are due to the planet and represent a segment of the 
orbit (sine curve) 

5)  Vary period and minimize χ2 

4)  For a given trial period, vary the nightly offset until you have a 
good fit to the sine function. Look at χ2 

6)  Only works if you have good sampling (N>2) on a given night 



RV variations from a simulated activity signal 

• Activity signal with Prot 
= 12 d plus harmonics 
but different for each 
epoch 
• Amplitude ~20 m/s, but 
varies from epoch to 
epoch 

RV Amplitude of planet 

RV Variations of activity 

PPlanet = 0.35 d 
K = 1.5 m/s 
σ = 2.4 m/s 



FCO of the simulated data 



FCO acts as a high pass filter: 

Periodogram raw RV 

Periodogram after 
applying offsets 



FCO Periodogram of CoRoT-7b Radial Velocities 

Pplanet = 0.85 d 
Protation = 23 d 



Sanchis-Ojeda et al.  2013 

Application to Kepler-78b 

Although we know the orbital 
period of Kepler-78b (0.355 
d), let’s assume that we do not. 

Kepler transit curve 

RV Confirmation 

Pepe et al 2013.  
Howard et al. 2013 

R  = 1.16 
REarth 

K = 1.96 ± 0.32 m/s 
M  = 1.86 MEarth 

K = 1.66 ± 0.40 m/s 
M  = 1.69 MEarth 



The RV variations are dominated by the activity 

Keck RVs 

HARPS RVs 
By combining both data 
sets you should get an 
improved measurement of 
the mass 

FCO provides a natural 
way of combining the data 



The FCO Periodogram of the Kepler-78 RVs (HARPS + Keck) 



The orbital curve of Kepler-78b using only data with N ≥ 3 
observations per night 

K = 1.34 ± 0.25 m/s 

M = 1.31 ± 0.24 MEarth 



Summary 

•  Pre-whitening can be an effective tool for filtering out the 
activity signal, BUT check your results with other methods. 

•  Local trend fitting can check pre-whitening results, but 
only for proper periods (Fourier speak: planet orbit has a 
high frequency and you are fitting low frequencies to the 
activity)  

•  The FCO periodogram/method is an effective high pass 
filter that can detect ultra-short period (< 1 d)  planets with 
orbital periods less than the rotation period of the star (or 
harmonics)  Need a phase change of ~ 0.1 in one night, and 
orbital period ~ 1/10 shortest period harmonic of rotation 

•  Good time sampling is important 


