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Abstract 
Time-resolved spectroscopy of transits of the super-Earth 55 
Cnc e was obtained with HARPS-N. The high precision and 
quality of the data allowed us to devise a correction for the 
"color-effect" on the radial velocities. Using that correction, we 
detected a signal that can be interpreted as a Rossiter-
McLaughlin anomaly. This anomaly would have the smallest 
amplitude measured so far (~60 cm/s), and the super-earth 
55 Cnc e would also be the smallest exoplanet with such a 
detection. The derived sky-projected obliquity is λ = 72.4° 
(+12.7°/-11.5°), indicating that the planet orbit is prograde, 
highly misaligned and nearly polar compared to the stellar 
equator. The entire 55 Cancri system may have been highly 
tilted by the presence of a binary companion. 



The 55 Cancri planetary system 

•  Host star 55 Cnc A: bright (V=5.9) G8V star; 
•  55 Cnc B: M4V likely-bound companion; 
•  5 detected exoplanets: 
 
Planet Mp sin i (MJup) Period (days) 

e 0.03 0.74 
b 0.80 14.7 
c 0.16 44.4 
f 0.17 261.2 
d 3.54 4909 

Butler et al. (1997); Marcy et al. (2002); McArthur et al. (2004); Fischer et al. (2008); Dawson & Fabrycky (2010); Winn et al. (2011); 
Demory et al. (2011); Endl et al. (2012); Gillon et al. (2012); Dragomir et al. (2014); Nelson et al. (2014) 

Transiting planet 
Mp = 7.99 ± 0.25 Mearth 
Rp = 1.99 ± 0.08 Rearth  



Dynamical studies of that closely 
packed system in an binary system 

•  Coplanar?  
•  Dynamically stable? 
•  Misaligned? 

Kaib et al. (2011) 
Nelson et al. (2014) 

Boué & Fabrycky (2014a,b) 
Hansen & Zink (2015)   

Measure the obliquity through RM anomaly!  



5 transits observed with HARPS-N   

S/N variations also during each run, 
due to weather and airmass variations. 



5-planet Keplerian model: 

Transit 
duration: 

1.6 hr 



Run A 
Best correlation found with 
Bayesian information criterion 
(BIC, to avoid over-fitting).  

Empirical  
correction  

of the  
color effect 

Color ratio: 

: S/N in the spectral order 
k at orbital phase ϕ 
(k=[0-68] for HARPS-N). 



Empirical correction of the color effect 
Raw data Run A 

Data with empirical correction 

σ = 1.92 m/s 

σ = 0.23 m/s 



For each Run, the empirical correction also allows a reduction of the dispersion by 
comparison with the standard DRS color correction (factor 1.4 to 2.5 improvement on σ).  

For each Run, the empirical correction allows the dispersion to be 
significantly reduced (factor 1.7 to 8.3 improvement on σ).  



Run E 

Best color ratio:  
SNR21/SNR28 



Out transit: 
σ = 28 cm/s 

All residuals: σ = 28 cm/s 

λ = 72.4° 

Accuracy on systemic RV: ±8 cm/s. 

F-test: >90% probability that the fit improvement is due to RM detection. 
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Validation tests on Run E 
•  BIC or Δχ2; 
•  Resampling of observations (Kipping 2010); 
•  Ephemeris (T0, P, tduration): 

–  ± 1σ values; 
–  T0 from Gillon et al. (2012) 8 min later than Dragomir et 

al. (2014); 
•  Model parameters: 

–  Limb darkening; 
–  Convective blueshift; 
–  Keplerian parameters of the 5 planets; 
–  Transit parameters of 55 Cnc e; 

            è  no significant changes. 



Color-effect standard 
DRS correction 

Color-effect empirical 
correction 

-9.0° 
+7.4° λ = 72.4° 

v sin i* = 3.3 ± 0.9 km/s  

-9.9° 
+9.3° λ = 88.6° 

v sin i* = 2.9 ± 1.3 km/s  

σ = 39 cm/s 

σ = 28 cm/s 



Δχ2= 

•  Symmetrical 
•  50° < λ < 110° 
•  0.5 < v sin i* < 5 km/s 



According their accuracies, Runs A-D agree with the Run-E detection. 
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•  All runs:  
λ = 68.3° +/- 6.6° 
 
•  Run A only:  
bad fit 
 
•   Run B only:  
λ = 77.1° +/- 7.3° 
  
•  Run C only:  
λ = 65.9° +/- 15.2° 
  
 
•  Run D only:  
no detection 
 
 
 
•  All runs but E:  
λ = 65.2° +/- 8.4° 
 

Different observing modes 

Additional noise (stellar?) 

F-test: <50% 



-11.5° 
+12.7° λ = 72.4° 



HARPS+HARPS-N 

RM anomaly amplitude < 0.35 m/s 

v sin i* = 0.2 ± 0.5 km/s 

López-Morales et al. (2014):  
6 additional transits of 55 Cnc e (4 with HARPS-S, 2 with HARPS-N) 

No detection! 



Conclusions 
•  Possible detection of the smallest Rossiter-McLaughlin anomaly amplitude 
of an exoplanet so far (~60 cm/s). 

•  The super-Earth 55 Cnc e would be the smallest exoplanet with a Rossiter-
McLaughlin anomaly detection. 

•  λ = 72.4° (+12.7/-11.5): the planet orbit is prograde, highly misaligned and 
nearly polar compared to the stellar equator. 

•  The entire 55 Cancri system may have been highly tilted by the presence 
of a stellar companion. 

•  The detection mainly stand on one observation: it should be confirmed with 
other transit observations in good weather conditions. 

•  We devised an empirical correction for the “color effect” on the spectra, 
which significantly improves accuracy of radial velocities, below 30 cm/s. 

•  The potential of this correction on long-term RV measurements could be 
explored. 


