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Rossiter-McLaughlin effect

From Wikipedia, the free encyclopedia

The Rossiter-McLaughlin effect is a spectroscopic phenomenon observed when either an
eclipsing binary's secondary star or an extrasolar planet is seen to transit across the face of
the primary or parent star. As the main star rotates on its axis, one quadrant of its
photosphere will be seen to be coming towards the viewer, and the other visible quadrant to
be moving away. These motions produce blueshifts and redshifts, respectively, in the star's
spectrum, usually observed as a broadening of the spectral lines. When the secondary star
or planet transits the primary, it blocks part of the latter's disc, preventing some of the
shifted light from reaching the observer. This causes the observed mean redshift of the
primary star as a whole to vary from its normal value. As the transiting object moves across
to the other side of the star's disc, the redshift anomaly will switch from being negative to
being positive, or vice versa. This effect has been used to show that as many as 25% of hot
Jupiters are orbiting in a retrograde direction with respect to their parent stars,['! strongly
suggesting that dynamical interactions rather than planetary migration produce these
objects.
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llustration showing the effect. The viewer is situated at the bottom. Light from the anticlockwise-
rotating star is blue-shifted on the approaching side, and red-shifted on the receding side. As the
planet passes in front of the star it sequentially blocks blue- and red-shifted light, causing the star's
apparent radial velocity to change when it in fact does not.

History

J. R. Holt in 1893 proposed a method to measure the stellar rotation of stars using radial
velocity measurements, he predicted that when one star of an eclipsing binary eclipsed the
other it would first cover the advancing blueshifted half and then the receding redshifted
half. This motion would create a redshift of the eclipsed star’s spectrum followed by a
blueshift, thus appearing as a change in the radial velocity in addition to that caused by the
orbital motion of the eclipsed star.[?]

Further reading

= Ohta, Y.; Taruya, A. & Suto, Y. (2005). "The Rossiter-McLaughlin Effect and Analytic
Radial Velocity Curves for Transiting Extrasolar Planetary Systems". The Astrophysical
Journal 622 (1): 1118-1135. arXiv:astro-ph/0410499 (http://arxiv.org/abs/astro-
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Among the recently discovered transiting extrasolar plane-
tary systems, 1.e., TrES-1 by the Trans-Atlantic Exoplanet Sur-
vey (Alonso et al. 2004) and OGLE-TR 10, 56, 111, 113, 132
by the Optically Gravitational Lens Event survey (e.g., Udalski

et al. 2002¢, 2002b, 2002a, 2003; Konacki et al. 2003; Bouchy
etal. 2004; Pont et al. 2004), TrES-1 has similar orbital period and
mass to those of HD 209458b, but its radius 1s smaller. Thus, 1t 1s
an interesting target to determine the spin parameters via the RM
effect; if its planetary orbit and the stellar rotation share the same
direction as discovered for the HD 209458 system, 1t would be an
important confirmation of the current view of planet formation out
of the protoplanetary disk surrounding the protostar. If not, the
result would be more exciting and even challenge the standard
view, depending on the value of the misalignment angle 4.

We also note that the future satellites COROTand Kepler will
detect numerous fransiting planetary systems, most of which
will be important targets for the RM effect in 8-10 m class
ground-based telescopes. We hope that our analytic formulae
presented here will be a useful template in estimating parame-
ters for those stellar and planetary systems.

In conclusion, we have demonstrated that the radial velocity
anomaly due to the RM effect provides a reliable estimation of
spin parameters. Combining data with the analytic formulae for
radial velocity shift Av,, this methodology becomes a powerful
tool in extracting information on the formation and the evolu-
tion of extrasolar planetary systems, especially the origin of
their angular momentum. Although it is unlikely, we may even
speculate that a future RM observation may discover an ex-
trasolar planetary system in which the stellar spin and the plan-
etary orbital axes are antiparallel or orthogonal. This would
have a great impact on the planetary formation scenario, which
would have to invoke an additional effect from possible other
planets in the system during the migration or the capture of a
free-floating planet. While it is premature to discuss such ex-
treme possibilities at this point, the observational exploration of
transiting systems using the RM effect is one of the most im-
portant probes for a better understanding of the origin of ex-
trasolar planets.
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Measurement of Spin-Orbit Alignment

in an Extrasolar Planetary System
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Mari offers her opinion:
"To me, the lives chosen by the two
younger brothers make the most sense.”

= "True," he concedes. "Nobody wants to go
all the way to Hawalii to stay alive licking
frost and eating moss. That's for sure. But
the eldest brother was curious to see as
much of the world as possible, and he
couldn't suppress that curiosity, no matter
how big the price was he had to pay."

= "Intellectual curiosity.”

o "ExaCtly-" English translation by Jay Rubin
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