
AS3012:AS3012:
ExoplanetaryExoplanetary

ScienceScience

Stephen KaneStephen Kane

srk1srk1

Room 226Room 226



Status of exoplanet searches

Radial velocity:
• Over 100 planets discovered, with masses m sin(i) between ~
0.11 mJ and 12 mJ and orbital radii from 0.04 AU to 5.9 AU.
Observed mass function increases to smaller mp.
• Planet fraction among ~ solar-type stars is at least 5-10%
• Around 1% of solar-type stars have hot Jupiters - massive
planets at orbital radii a < 0.1 AU
• Except at very small radii, typical planet has significant
eccentricity

Microlensing: one detection, implied upper limit of ~1/3 on the
fraction of lensing stars (~ 0.3 Msun) with Jupiter mass planets at
radii to which lensing is most sensitive (1.5 - 4 AU)

Transits: one known planet observed and six others discovered.
Interesting upper limit from non-detection of transits in globular
cluster 47 Tuc





Detection limits



Astrometry limits

For the astrometry method, the astrometric precision achievable
sets the lower mass limit
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Current achievable precision is around 0.5 mas, which would detect
Jupiter in our solar system from a distance of 10 pc

The limits of a detection technique critically depend upon its
capability to find low mass planets



Radial velocity limits
For Doppler surveys, the lowest velocity amplitude measurable
sets the lower mass limit
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Current searches can achieve νobs ≈ 3 m/s which corresponds to a
minimum detectable planet mass of between 20 mE at 0.4 AU and
0.1 mJ at 1 AU



Transit limits
For transit surveys, a detection depends upon the ability to
measure photometric variations which is proportional to the
square of the ratio of planet-to-star radius

The transit method is sensitive to planets with small a because
they create a detectable transit over a wider range of inclinations

For a five year experiment, this limits the range of orbital radii
to about 0.02 ≤ a ≤ 1.5 AU for jovian-size planets





Lack of transits in 47 Tuc

A long HST observation monitored ~34,000 stars in the globular
cluster 47 Tuc looking for planetary transits.

Locally: 1% of stars have hot Jupiters
~ 10% of those show transits

⇒ Expect 10 -3 x 34,000 ~ few tens of planets

None were detected. Possible explanations:

• Low metallicity in cluster prevented planet formation
• Cluster environment destroyed discs before planets formed
• Stellar fly-bys ejected planets from bound orbits

All of these seem plausible - make different predictions for other
clusters.



Current detection thresholds for long-running programs that rely
on planet orbital motion



Detection limits for planets around solar-type stars



Microlensing limits
For microlensing planet searches, effectiveness is limited by
such things as the photometric precision in crowded fields,
source resolution effects, and frequency of monitoring

The actual efficiency with which a given planetary system can
be detected depends on its mass ratio and projected orbital
separation

Microlensing has already been used to place useful constraints
on the frequency of exoplanets



Detection efficiency contours for microlensing planet searches
where the Einstein ring radius equals 3.5 AU and an observational
program of 5 years is assumed



Microlensing limits from PLANET collaboration



Constraint from monitoring of 43 microlensing events. Typically, 
the lenses are low mass stars.

At most 1/3 of 0.3 Solar mass stars have Jupiter mass planets 
between 1.5 AU and 4 AU.

Currently consistent with the numbers seen in radial velocity 
searches - not yet known whether there is a difference in the 
planet fraction between 0.3 - 1 Solar mass stars.

Five year result



• Different indirect methods are sensitive to different portions
of the log mp – log a domain
• Current ground-based capabilities favour the radial velocity
method for short-period planets (a ≤ 3 AU)
• The transit method will help further towards improving statistics
of short-period planets and space missions (such as Kepler) will
be sensitive to terrestrial-size planets
• Ground-based astrometry is favoured for very long-period
planets (a ≥ 40 AU) although the time scale for detection and
confirmation is then on the order of decades
• Microlensing is the only technique currently capable of
detecting substantial numbers of intermediate-period planets
(3 ≤ a ≤ 12 AU)

Summary


