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the Rossiter-McLaughlin effect for an extrasolar
transit planetary system  HD209458

in transit

Stellar rotation and planetary orbit
Queloz et al. (2000) A&A 359, L13

ELODIE on 193cm telescope

out of transit

HD209458 radial velocity data
http://exoplanets.org/



Spectroscopic transit signature: 
the Rossiter-McLaughlin effect
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Velocity anomaly due to the Rossiter effect
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Analytic templates for the velocity anomaly 
due to the Rossiter -McLaughlin effect

Limb darkening: 
B= 1- ε (1-cos θ)

Ohta, Taruya & Suto: 
ApJ 622(2005)1118
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Ohta, Taruya & Suto: ApJ 622(2005)1118

Indeed my motivation was to find a retrograde planet !



Measurement of Spin-Orbit alignment 
in an Extrasolar Planetary System

Joshua N. Winn (MIT),  R.W. Noyes,  M.J. 
Holman,  D.B. Charbonneau, Y. Ohta, A. Taruya,  
Y. Suto,  N. Narita, E.L. Turner, J.A. Johnson,  
G.W. Marcy,  R.P. Butler,  &  S.S. Vogt

ApJ 631(2005)1215 (astro-ph/0504555)



Precision analysis of the Rossiter-
McLaughlin effect for HD209458

Modified the formula of Ohta et al. (2005)

HD209458 re-examined with the latest data
radial velocity data (Keck)

optical photometry (HST)

infrared photometry (Spitzer)

the first detection of the misalignment 
between the stellar spin and the planetary 
orbital axes by (－4.4±1.4)deg

more than an order-of-magnitude improvement of the 
previous error-bar (maybe useless but impressive result !)

c.f., 6 degree misalignment for the Solar system

λ

4.14.4 oo ±−=λ



first 
detection of 
non-zero λ !

4.14.4 oo ±−=λ
3σ detection !

Winn et al.  astro-ph/0504555 ApJ 631(2005)1215
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Collaborators: Y.Ohta + A.Taruya



Citation history of the RM papers

R.A. Rossiter
ApJ 60(1924)15

D.B. McLaughlin
ApJ 60(1924)22



Digression: EPR “paradox”



Discovery of a retrograde orbit 
of HAT-P-7 with Subaru via the RM effect

Origin of the retrograde orbit is unknown

Narita et al. 
astro-ph/0908.1673

Winn et al. 
astro-ph/0908.1672

HAT-P-7
UT 2008 May 30

λ= -132.6 (+12.6, -21.5) deg.

HAT-P-7
UT 2009 July 1

λ= 182.5 ±9.4 deg.



Toward a more accurate analytic 
template for the RM effect

Bias in the amplitude of the velocity anomaly ?
Winn et al. (2005) found that the OTS formula 
systematically underpredicts the velocity anomaly by 
～20% compared with the output Keck analysis routine 
of mock data for HD209458.
Johnson et al. (2008) and Winn et al. (2008) did not 
find any systematic bias for HAT-P-1 and TrES-2.

Real analysis routines do not use the simple 
moment method as OTS adopted.

The moment method does not depend on the stellar 
absorption line width.



New analytic template using 
the cross-correlation method

Find the shift Δλ
which minimizes the 
cross-correlation 
function: dC/dx=0

Hirano, Suto, Taruya, Narita, Sato, Johnson & Winn,
ApJ (2010) in press, arXiv:0910.2365
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Dependence on the stellar line 
width (effect of rotation 

broadening)

Hirano et al. ApJ (2010) in press, arXiv:0910.2365

Parameters for 
the HD209458 
system
Approximate the 
line by Gaussian
Three different 
values assumed 
for the Gaussian 
width 



Application to existing exoplanets

Hirano et al. ApJ (2010) in press, arXiv:0910.2365



Lessons that we learned
Quantitative interpretation of the RM velocity 
anomaly has to be done carefully

Outputs from specific analysis routines (usually a black 
box for end users) have to be interpreted in terms of the 
same modeling
In particular, estimate of the RM velocity anomaly, and 
therefore of the stellar spin rotation velocity is sensitive 
to the model of line profile (Gaussian approximation is 
reasonably good, but not perfect in some cases)
Misalignment angle λ is fairly robust against the details 
of the modeling

What is the physics behind the retrograde planet 
formation ? 



Signatures of planetary rings ?

Ring’s inner and outer 
radii, gap, planet’s 
radius imprints strong 
features in the 
photometric and 
spectroscopic data
Statistical analysis of 
the residuals with 
respect to the best-fit 
ringless model

Spectroscopy (Rossiter)

Photometric 
light curve

Ohta, Taruya & Suto:  ApJ 690(2009)1



Detectability of a ring

time
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anomaly 

due to the 
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effect

Photometric 
signature

residual
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a hypothetical ring 
around HD209458

1.5Rpl<Rring<2Rpl

deviation from a 
best-fit single planet
δv～1m/s
δF/F～0.1%

marginally 
detectable level 
even with the 
current technology

Ohta, Taruya & Suto: 
ApJ 690(2009)1



How about hot Jupiter and Saturn rings ?

Hot Jupiter： edge-on rotation due to the tidal locking
Saturn：30 deg. inclined, but spin of the Sun is small
Worse in either case, but still detectable potentially (S/N=3)

Ohta, Taruya & Suto:  ApJ 690(2009)1
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