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Gravitational Microlensing

Einstein 1936: 

“There is not great chance of observing this phenomenon.”
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Gravitational Lensing    
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   Galactic Microlensing

Einstein (1936), Paczynski (1986):
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   Galactic Microlensing
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What is Gravitational Microlensing?

Gravitational microlensing is the action of compact objects 
of small mass along the line of sight to distant sources

what is “small mass” ?         
" " " " ⇒   10-6  <  M/M☉  < 103

what is “compact” ?    
" " " " ⇒  (much) smaller than Einstein radius

what are the “distant sources”? 
" " " " ⇒   quasars, stars
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  How can we observe micro-lensing ? 

  
⇒ microlensing is a dynamic phenomenon! It is observable:

photometrically
(spectroscopically)
astrometrically

Einstein angle (θE = 0.5 √(M/M⊙◉☉⨀) milliarcsec) << telescope resolution !

⇒ image splitting not directly observable!

However, microlensing affects:
apparent magnitude (magnification)
(emission/absorption line shape)
center-of-light position

AND these effects change with time due to relative 
motion of source, lens and observer:
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Galactic Microlensing

Microlensing by stars in the Milky Way (Halo):" 
proposed by Paczynski (1986) as a test for compact dark matter

Idea: 
 monitor (background) stars in LMC or Milky Way Bulge
 occasionally a random (foreground) star passes in front and  
magnifies background star in characteristic way

 problem: very small probability for stellar ML events (of order 10-6) 
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“The proposed approach is difficult, but not hopeless.”
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Microlensing by Double Lenses 
(Mao & Paczynski 1991, Sackett 1995):

Three additional parameters: 
1) mass ratio q 
2) separation d 
3) angle Φ ⇒ very large variety of light curves! 
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2  ≫ 1 + 1 

In Gravitational Lensing: 
2  ≠ 1 + 1 

Microlensing by Planets (Mao & Paczynski 1991):
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Microlensing by Planets (schematically):
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Microlensing by Planets (quantitatively):

Mi

Wambsganss 1997

Saturn-like planet at about 1 AU 
("resonant lensing")

Typical duration of planetary deviation:
          10 - 30 hours !!!
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Searching for Extrasolar Planets

radial velocity measurements (»Doppler-Wobble«):                                
a                       high precision spectroscopy
positional measurements:  high precision astrometry
brightness measurements: high precision photometry

transits (temporarily getting fainter)

gravitational microlensing (temporarily getting brighter)                                         

pulsar timing: high precision time measurements
direct imaging: high precision, high contrast imaging

First discovery in 1995 (Mayor & Queloz), >550 
exoplanets known as of June 6, 2011, various 

search techniques employed:

⇒ Artie Hatzes

⇒ Francesco Pepe & Michael Perryman

⇒ http://exoplanet.eu

⇒ Magali Deleuil
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probability for individual planet-lensing event very small:  ≲ 10-8/star !

duration of planetary deviation very short: (few) days →  hours  !
planets are very distant (few kpc):

exact distance determination difficult/impossible !
subsequently no detailed investigation of planet possible !

lightcurve shapes very diverse, characterization difficult, sometimes no 
unique relation to planet parameters !
"one-and-only" event: no independent confirmation possible !

Searching for Exo-Planets with Microlensing?

Apparently a method with a lot of "disadvantages":
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Searching for Exo-Planets with Microlensing?

Having heard all this, 
why would anyone bother using 

gravitational microlensing 

in the search for extrasolar planets ???     
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An et al. (PLANET team)
   ApJ 572, 521 (2002): 

EROS BLG-2000-005

(lens mass determination:  
    m = 0.61 M☉)
"One-and-only" event: 

no independent 
confirmation possible?

necessary!

Searching for Exo-Planets with Microlensing!
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probability for individual planet-lensing event very small:  ≲ 10-8  / star !

duration of planetary deviation very short: (few) days →  hours  !
planets are very distant (few kpc):

exact distance determination difficult/impossible !
subsequently no detailed investigation of host star or planet possible !

lightcurve shapes very diverse, characterization difficult, sometimes no 
unique relation to planet parameters !
"one-and-only" event: no independent confirmation possible !

Searching for Exo-Planets with Microlensing!

Apparently a method with a lot of "disadvantages":

These issues are no real problems: 

yes, so what? 

yes, so what? 

yes, possible! 

(partly possible! )

possible with good coverage! 

what about SNe or GRBs?
.... just a question of coverage and signal-to-noise !!!
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Searching for Exo-Planets with Microlensing!
The Advantages

no bias for nearby stars

sensitive to ALL planet host stars (no bias for planets around solar-type/main 
sequence stars)

no strong bias for planets with large masses/short periods

instantanous detection of (relatively) large semi-major axes

Earth-bound observations sensitive down to (almost) Earth-masses

most sensitive for planets within "lensing zone" (roughly corresponding to 0.5 AU 
≤  a ≤ 2.0 AU), overlap with “habitable zone”

multiple planet systems detectable with high-magnification events 

only technique that can detect “free-floating planets”

ultimately best statistics of galactic population of planets                                    

⇒ Microlensing is a very powerful/promising  method     AND                         
a          complementary to other planet search techniques!
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Searching for Exo-Planets with Microlensing!
The Advantages
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Monitoring  > 100 millions of bulge stars few times per week, use 
image subtraction, alert community on “anomalies”:

OGLE - Optical Gravitational Lens Experiment: monitors 170 million stars 
regularly (!); about 800 alerts/season, 1.3m telescope (Chile)
MOA - Microlensing Observations in Astrophysics: similar strategy, new 1.8m 
telescope (NZ), about 500 alerts/season 

Follow-up Networks: monitor  "alerted events" with high frequency 
(few times per hour) and high accuracy:

PLANET - Probing Lens Anomaly NETwork/RoboNET:                                               
5 + x telescopes, mainly on Southern Hemisphere:  good longitude coverage 
("The 24 Hour Night Shift", P. Sackett), partly automated 
 µFUN - Microlensing Follow-Up Network:       one main telescope (Chile), many 
supplementary telescopes around the globe, including amateurs (25cm to 1.8m)                                                         

Searching for Exo-Planets with Microlensing! 

The Strategy and the Teams   
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The PLANET - Team 

PLANET -  Probing Lens Anomaly 
NETwork: “The 24 hour night shift”

international team, follows "alerts"

about 30 astronomers worldwide (from Baltimore, 
Capetown, Christchurch, Copenhagen, Heidelberg, 
Hobart, Paris, Perth, Potsdam, St. Andrews ...)

frequent monitoring of “alerted” microlensing 
events from 4 Southern telescope sites:  "The 24 
hour night shift" (Penny Sackett) in order to 
detect “anomalies”

at any given time: PLANET follows about 20 
events

semi-automated coordination by “homebase”  
during bulge season
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Finding Planets with Microlensing:  First Detection!
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Finding Planets with Microlensing:  First Detection!

Bond et al. (April 2004)

OGLE-2003-BLG-235/
MOA-2003-BLG-053

separation: about 3 AU             
Mass:   2 Jupiter masses!
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Finding Planets with Microlensing:  First Detection!

Bond et al.
(April 2004)

separation: about 3 AU             
Mass:   2 Jupiter masses!
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Finding Planets with Microlensing:  Second Detection!

 Udalski et al. 
August 2005

 OGLE,μFUN, 
MOA, PLANET
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Discovery of a cool planet of 5.5 Earth masses
through gravitational microlensing
J.-P. Beaulieu1,4, D. P. Bennett1,3,5, P. Fouqué1,6, A. Williams1,7, M. Dominik1,8, U. G. Jørgensen1,9, D. Kubas1,10,
A. Cassan1,4, C. Coutures1,11, J. Greenhill1,12, K. Hill1,12, J. Menzies1,13, P. D. Sackett1,14, M. Albrow1,15,
S. Brillant1,10, J. A. R. Caldwell1,16, J. J. Calitz1,17, K. H. Cook1,18, E. Corrales1,4, M. Desort1,4, S. Dieters1,12,
D. Dominis1,19, J. Donatowicz1,20, M. Hoffman1,19, S. Kane1,21, J.-B. Marquette1,4, R. Martin1,7, P. Meintjes1,17,
K. Pollard1,15, K. Sahu1,22, C. Vinter1,9, J. Wambsganss1,23, K. Woller1,9, K. Horne1,8, I. Steele1,24,
D. M. Bramich1,8,24, M. Burgdorf1,24, C. Snodgrass1,25, M. Bode1,24, A. Udalski2,26, M. K. Szymański2,26,
M. Kubiak2,26, T. Więckowski2,26, G. Pietrzyński2,26,27, I. Soszyński2,26,27, O. Szewczyk2,26, Ł. Wyrzykowski2,26,28,
B. Paczyński2,29, F. Abe3,30, I. A. Bond3,31, T. R. Britton3,15,32, A. C. Gilmore3,15, J. B. Hearnshaw3,15, Y. Itow3,30,
K. Kamiya3,30, P. M. Kilmartin3,15, A. V. Korpela3,33, K. Masuda3,30, Y. Matsubara3,30, M. Motomura3,30,
Y. Muraki3,30, S. Nakamura3,30, C. Okada3,30, K. Ohnishi3,34, N. J. Rattenbury3,28, T. Sako3,30, S. Sato3,35,
M. Sasaki3,30, T. Sekiguchi3,30, D. J. Sullivan3,33, P. J. Tristram3,32, P. C. M. Yock3,32 & T. Yoshioka3,30

In the favoured core-accretion model of formation of planetary
systems, solid planetesimals accumulate to build up planetary
cores, which then accrete nebular gas if they are sufficiently
massive. Around M-dwarf stars (the most common stars in our
Galaxy), this model favours the formation of Earth-mass (M%) to
Neptune-mass planets with orbital radii of 1 to 10 astronomical
units (AU), which is consistent with the small number of gas giant
planets known to orbit M-dwarf host stars1–4. More than 170
extrasolar planets have been discovered with a wide range of
masses and orbital periods, but planets of Neptune’s mass or
less have not hitherto been detected at separations of more than
0.15 AU from normal stars. Here we report the discovery of a
5.515.5

22.7M% planetary companion at a separation of 2.611.5
20.6 AU from

a 0.2210.21
20.11M(M-dwarf star, whereM( refers to a solar mass. (We

propose to name it OGLE-2005-BLG-390Lb, indicating a planetary
mass companion to the lens star of the microlensing event.) The
mass is lower than that of GJ876d (ref. 5), although the error bars
overlap. Our detection suggests that such cool, sub-Neptune-mass
planets may be more common than gas giant planets, as predicted
by the core accretion theory.

Gravitational microlensing events can reveal extrasolar planets
orbiting the foreground lens stars if the light curves are measured
frequently enough to characterize planetary light curve deviations
with features lasting a few hours6–9. Microlensing is most sensitive to
planets in Earth-to-Jupiter-like orbits with semi-major axes in the
range 1–5 AU. The sensitivity of the microlensing method to low-
mass planets is restricted by the finite angular size of the source
stars10,11, limiting detections to planets of a few M% for giant source
stars, but allowing the detection of planets as small as 0.1M% for
main-sequence source stars in the Galactic Bulge. The PLANET
collaboration12 maintains the high sampling rate required to detect
low-mass planets while monitoring the most promising of the.500
microlensing events discovered annually by the OGLE collaboration,
as well as events discovered by MOA. A decade of pioneering
microlensing searches has resulted in the recent detections of two
Jupiter-mass extrasolar planets13,14 with orbital separations of a few
AU by the combined observations of the OGLE, MOA, MicroFUN
and PLANET collaborations. The absence of perturbations to stellar
microlensing events can be used to constrain the presence of
planetary lens companions. With large samples of events, upper

LETTERS

1PLANET/RoboNet Collaboration (http://planet.iap.fr and http://www.astro.livjm.ac.uk/RoboNet/). 2OGLE Collaboration (http://ogle.astrouw.edu.pl). 3MOA Collaboration
(http://www.physics.auckland.ac.nz/moa). 4Institut d’Astrophysique de Paris, CNRS, Université Pierre et Marie Curie UMR7095, 98bis Boulevard Arago, 75014 Paris, France.
5University of Notre Dame, Department of Physics, Notre Dame, Indiana 46556-5670, USA. 6Observatoire Midi-Pyrénées, Laboratoire d’Astrophysique, UMR 5572, Université
Paul Sabatier—Toulouse 3, 14 avenue Edouard Belin, 31400 Toulouse, France. 7Perth Observatory, Walnut Road, Bickley, Perth, WA 6076, Australia. 8Scottish Universities
Physics Alliance, University of St Andrews, School of Physics and Astronomy, North Haugh, St Andrews KY16 9SS, UK. 9Niels Bohr Institutet, Astronomisk Observatorium,
Juliane Maries Vej 30, 2100 København Ø, Denmark. 10European Southern Observatory, Casilla 19001, Santiago 19, Chile. 11CEA DAPNIA/SPP Saclay, 91191 Gif-sur-Yvette cedex,
France. 12University of Tasmania, School of Mathematics and Physics, Private Bag 37, Hobart, TAS 7001, Australia. 13South African Astronomical Observatory, PO Box 9,
Observatory 7935, South Africa. 14Research School of Astronomy and Astrophysics, Australian National University, Mt Stromlo Observatory, Weston Creek, ACT 2611, Australia.
15University of Canterbury, Department of Physics and Astronomy, Private Bag 4800, Christchurch 8020, New Zealand. 16McDonald Observatory, 16120 St Hwy Spur 78 #2,
Fort Davis, Texas 79734, USA. 17Boyden Observatory, University of the Free State, Department of Physics, PO Box 339, Bloemfontein 9300, South Africa. 18Lawrence Livermore
National Laboratory, IGPP, PO Box 808, Livermore, California 94551, USA. 19Universität Potsdam, Institut für Physik, Am Neuen Palais 10, 14469 Potsdam, Astrophysikalisches
Institut Potsdam, An der Sternwarte 16, D-14482, Potsdam, Germany. 20Technische Universität Wien, Wiedner Hauptstrasse 8 / 020 B.A. 1040 Wien, Austria. 21Department of
Astronomy, University of Florida, 211 Bryant Space Science Center, Gainesville, Florida 32611-2055, USA. 22Space Telescope Science Institute, 3700 San Martin Drive, Baltimore,
Maryland 21218, USA. 23Astronomisches Rechen-Institut (ARI), Zentrum für Astronomie, Universität Heidelberg, Mönchhofstrasse 12–14, 69120 Heidelberg, Germany.
24Astrophysics Research Institute, Liverpool John Moores University, Twelve Quays House, Egerton Wharf, Birkenhead CH41 1LD, UK. 25Astronomy and Planetary Science
Division, Department of Physics, Queen’s University Belfast, Belfast, UK. 26Obserwatorium Astronomiczne Uniwersytetu Warszawskiego, Aleje Ujazdowskie 4, 00-478
Warszawa, Poland. 27Universidad de Concepcion, Departamento de Fisica, Casilla 160–C, Concepcion, Chile. 28Jodrell Bank Observatory, The University of Manchester,
Macclesfield, Cheshire SK11 9DL, UK. 29Princeton University Observatory, Peyton Hall, Princeton, New Jersey 08544, USA. 30Solar-Terrestrial Environment Laboratory, Nagoya
University, Nagoya 464-860, Japan. 31Institute for Information and Mathematical Sciences, Massey University, Private Bag 102-904, Auckland, New Zealand. 32Department of
Physics, University of Auckland, Private Bag 92019, Auckland, New Zealand. 33School of Chemical and Physical Sciences, Victoria University, PO Box 600, Wellington,
New Zealand. 34Nagano National College of Technology, Nagano 381-8550, Japan. 35Department of Astrophysics, Faculty of Science, Nagoya University, Nagoya 464-860,
Japan.
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Finding Planets with Microlensing:  Third Planet!
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Finding Planets with Microlensing:  Third Planet!

13 

 

Figure 1 : The observed light curve and best fit model plotted as a function of 

time. The data consists of 650 data points from PLANET Danish-I, PLANET 

Perth-I, PLANET Canopus-I, RoboNet Faulkes North-R,  OGLE-I, MOA and are 

plotted in red, cyan, blue, green, black, brown, respectively. The top left inset 

shows the OGLE light curve extending over the previous 5 years, whereas the 

top right one show a zoom of the planetary deviation, covering a time interval of 

1.5 days. The solid curve is the best binary lens model described in the text with 

a planet-to-star mass ratio of q = 7.6 ± 0.7 ! 10-5, and a projected separation d 

= 1.610 ± 0.008 RE (where RE is the Einstein ring radius). The dashed grey 

curve is the best binary source model that is rejected by the data while the dash 

orange line is the best single lens model.  
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10.8.05Time in days

Joachim Wambsganss: “Gravitational Microlensing – A Powerful Method for the Detection of Exoplanets” – 483rd Heraeus Seminar, Bad Honnef, June 6, 2011

30



 

Finding Planets with Microlensing:  Third Planet!

Microlensing event OGLE-2005-BLG-390:
produced by star-plus-planet system with mass ratio 7 × 10-5 
most likely (with model of Milky Way): 

 star of about 0.2 solar masses  
 planet of about 5.5 +5.5-2.7 Earth masses
 (instantanous) separation 2.6 AU
 orbital period 10 years

more recent developments:
Kubas et al. (2008): (no strong) limits on additional planets

©!2006!Nature Publishing Group!

!
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which would correspond to an orbit between
those of Mars and Jupiter in the Solar System.
The planet’s orbit is thus considerably 
larger than those found for planets of similarly
small mass using the Doppler technique, for
which the orbital distances are no more than
0.15 AU.

The evidence for Beaulieu and colleagues’
planet lies in a small amplification effect that
occurs when light from a remote, background
star is deflected, as in the action of a lens, by 
the gravity of a closer, moving object as this
approaches our line of sight to the star 
(Fig. 2). The brightness of the background star
increases continuously and predictably over a
period, generally a few weeks, and then
decreases as the lensing object moves away
again. This effect is generally caused by an
intervening star, but sometimes a companion
planet to this lensing star can also produce a
detectable signal. In looking for such a signal,
the rise in brightness corresponding to the
approach of the star alerts observers to the need
for more intensive observations. The aim is to
detect a smaller brightness change that occurs
on a timescale of around a day: the signature of
an orbiting planet around the lensing star. 

This planetary microlensing signal is chal-
lenging to detect. If seen and carefully traced,

however, it provides an unambiguous mea-
surement of the mass ratio between the planet
and the star, as well as supplying a measure of
the separation of the planet from its star that
depends on both the distance of the lensing
star from Earth and its transverse velocity. The
real mass and separation can then be obtained
through a statistical approach. This uses a
galactic model to estimate the expected dis-
tances and velocities of both the lens and the
source star on the basis of the values antici-
pated for stars of their brightness in that sector
of the sky. 

From the wealth of planets found so far, 
we know that the frequency with which they
are encountered increases with decreasing 
mass3. But Doppler detection of planets with
masses lower than that of Neptune is still a
challenge, and is restricted to planets on 
orbits shorter than a couple of months. The
Neptune-mass planets with short-period
orbits found by Doppler surveys4–7 suggest a
relatively high occurrence of such low-mass
planets orbiting normal stars. Beaulieu and
colleagues’ detection2 further strengthens this
suggestion: they argue that the probability of
detecting a microlensing event from a planet
such as theirs is more than ten times smaller
than that of detecting an event caused by a
giant planet.  

Interestingly, the physical structure and for-
mation history of this new planet, because of
its orbital distance, is likely to be different from
that of the closer low-mass planets discovered
by the Doppler surveys. Whereas these short-
period, Neptune-mass planets are likely to
have migrated inwards and are now enduring
the strong irradiation of their host star, causing
some evaporation8 of their atmosphere,
Beaulieu and colleagues’ planet is certainly
more akin to the ice giants Uranus and 
Neptune of our Solar System.

The discovery by Beaulieu et al.2 demon-
strates that microlensing surveys can detect
sub-Neptune planets with low separations
from their stars. In combination with other
planet-finding techniques, microlensing sur-
veys will play their part in eventually gathering
a complete picture of planet statistics right
down to the regime of rocky planets. A deeper
insight into the physical models of planetary
formation for low-mass giant and high-mass
rocky planets will surely follow. !

Didier Queloz is at the Observatoire de Genève,
51 chemin des Maillettes, 1290 Sauverny,
Switzerland. 
e-mail: didier.queloz@obs.unige.ch

1. Mayor, M. & Queloz, D. Nature 378, 355–359 (1995). 
2. Beaulieu, J.-P. et al. Nature 439, 437–440 (2006).
3. Santos, N. et al. ESO Messenger 110, 32 (2002).
4. Rivera, E. J. et al. Astrophys. J. 634, 625–640 (2005).
5. Santos, N. C. et al. Astron. Astrophys. 426, L19–L23 

(2004).
6. McArthur, B. E. et al. Astrophys. J. 614, L81–L84 (2004).
7. Bonfils, X. et al. Astron. Astrophys. 443, L15–L36 

(2005).
8. Baraffe, I. et al. Astron. Astrophys. 436, L47-L52 

(2005).

Figure 1 | Limits of the Doppler technique. Blue
dots indicate the masses of the extrasolar planets
found so far using the Doppler technique, plotted
against their separation from their star. High-
mass planets on short orbits (and so at a smaller
separation) cause the greatest Doppler variation
of the star’s radial velocity. There is a detection
threshold of accurate Doppler surveys of around
3 m s!1 radial velocity (blue line) below which 
no planet can be found using this technique. 
The grey rectangle indicates the region
(including uncertainties) of the planet found 
by Beaulieu et al.2 using the gravitational
microlensing technique. The new planet is thus
well below the Doppler sensitivity threshold. 
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Figure 2 |Lensing planet. The gravitational microlensing effect exploited by Beaulieu et al.2 results from
the bending of space-time near an object of given mass that is predicted by Einstein’s general theory of
relativity. An object, such as a star, crossing our line of sight to a more distant source star will affect the
light from that star just like a lens, producing two close images whose total brightness is enhanced. If the
lensing star is accompanied by a planet, one can (potentially) observe not only the principal effect from
the star, but also a secondary, smaller effect resulting from perturbation by the planet.
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Finding Planets with Microlensing:  Fourth Planet!

OB05-071: d=1.299, q=0.006 caustic topology 
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Gould et al. (2006)

separation  d ≈  2.7 AU     
     

mass ratio: q = 0.00008 
mass: mPL = 13 M⊕    

– 15 –

caustic

Fig. 2.— Data and best-fit model of OGLE-2005-BLG-169. Lower panel shows difference
between this model and a single-lens model with the same (t0, u0, tE, ρ). It displays the

classical form of a caustic entrance/exit that is often seen in binary microlensing events,
where the amplitudes and timescales are several orders of magnitude larger than seen here.

MDM data trace the characteristic slope change at the caustic exit (∆t = 0.092) extremely
well, while the entrance is tracked by a single point (∆t = −0.1427). The dashed line
indicates the time t0. Inset shows source path through the caustic geometry and indicates

the source size, ρ.

32

OGLE-2005-BLG-169: 

Implication: cool neptuneʼs 
         are common! 

Very high magnification 
event (μ= 800!)
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Discovery of a Jupiter/Saturn Analog
with Gravitational Microlensing:

OGLE-2006-BLG-109Lb 
OGLE-2006-BLG-109Lc

OB05-071: d=1.299, q=0.006 caustic topology 
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Gaudi et al. (Science, Feb 15, 2008)

“We identify two planets with masses of ~0.71 and ~0.27 
times the mass of Jupiter and orbital separations of ~2.3 
and ~4.6 astronomical units orbiting a primary star of 
mass ~0.50 solar mass at a distance of ~1.5 
kiloparsecs.”
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Finding Planets with Microlensing:  Planets #5 and $6:
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Discovery of a Jupiter/Saturn Analog with Gravitational Microlensing

OB05-071: d=1.299, q=0.006 caustic topology 
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2742 data points
in 15 nights
from 12 different
observatories:

5 significant features

Gaudi et al. 
(Science, Feb 15, 2008)
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Discovery of a Jupiter/Saturn Analog with Gravitational Microlensing

OB05-071: d=1.299, q=0.006 caustic topology 
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Discovery of a Jupiter/Saturn Analog 
with Gravitational Microlensing

OB05-071: d=1.299, q=0.006 caustic topology 
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Gaudi et al. (Science, Feb 15, 2008)
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Host star: M  ≈ 0.5 M⊙◉☉⨀ ,   DL  ≈ 1.5 kpc

Two planets:
OGLE-2006-BLG-109Lb:   M ≈  0.71 MJ      d ≈ 2.3 AU
OGLE-2006-BLG-109Lc:   M ≈  0.27 MJ      d ≈ 4.6 AU

Mass ratio, separation ratio, equilibrium temperature of planets:
Quite similiar to Jupiter/Saturn system !

Detection of finite source effects and microlens parallax
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Finding Planets with Microlensing:  Eighth Planet!

OB05-071: d=1.299, q=0.006 caustic topology 
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separation   d ≈  (0.6 - 1.1) AU     
     
mass ratio:  q = (2.6±0.4) x 10-3 

planet mass:  mPL = (0.5 - 1.3) MJ    
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MOA-2007-BLG-400: Cool, jovian-mass planet 
(Dong et al. astro-ph/0809.2997)

high magnification event (m = 628)
very strong finite source effect: 
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 Nature 473, 349  (May 19, 2011): Sumi et al.

38Joachim Wambsganss: “Gravitational Microlensing – A Powerful Method for the Detection of Exoplanets” – 483rd Heraeus Seminar, Bad Honnef, June 6, 2011

38



 

Fi
gu

re
 fr

om
 W

am
bs

ga
ns

s,
 J

., 
N

at
ur

e 
47

3,
 2

89
 (2

01
1)

Joachim Wambsganss: “Gravitational Microlensing – A Powerful Method for the Detection of Exoplanets” – 483rd Heraeus Seminar, Bad Honnef, June 6, 2011

39



 

Figure from Wambsganss, J., Nature 473, 289 (2011)
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Figure from Wambsganss, J., Nature 473, 289 (2011)
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 Nature 473, 349  (May 19, 2011): Sumi et al.
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 Nature 473, 349  (May 19, 2011): Sumi et al.
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 Nature 473, 349  (May 19, 2011): Sumi et al.
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 Nature 473, 349  (May 19, 2011):
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 46

• 50 million bulge stars monitored for 2 years (2006/2007) with very high 
cadence: at least once per hour (>2000 data points)

• 474 isolated microlensing events detected

• 10 of those:  shorter than tE ≤ 2 days    ! 
⇒  m  ≤  mJupiter  !
⇒   a  ≥  10 AU  !

• many more than expected:  1.8        planets per main sequence star

• from direct imaging:  ≤ 0.4 planets per main sequence star    ⇒           
⇒ ~ 1 Jupiter-mass planet per star free-floating through Milky Way !?!

+1.7
- 0.8
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Star-plus-Planet-plus-Moon Caustic:      Moon orbiting planet
(Liebig & Wambsganss, 2010)

Simulation:  Microlensing by star-plus-planet-plus-moon!
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Star-plus-Planet-plus-Moon Caustic:      Moon orbiting planet
(Liebig & Wambsganss, 2010)
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Star-plus-Planet-plus-Moon Caustic:      Moon orbiting planet (Liebig & Wambsganss, 2010)

Simulation:  Microlensing by star-plus-planet-plus-moon!
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Wie geht es weiter mit Planeten?

m ~ 5 MJup

 Current Status & Future Directions
Recent “White Papers”:

astro-ph/0808.004 (Dominik et al.)
astro-ph/0808.005 (Beaulieu et al.)
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Wie geht es weiter mit Planeten?

m ~ 5 MJup

Extrasolar planets  (as of June 6, 2011) 

   552 planets 
> 450 stars with planets
> 60 multiple planet systems

Among them:  

  11  [+ 10]  microlensing planets
   12 pulsar planets
 124 transit planets
 422 radial velocity planets

 Current Status & Future Directions

[ from http://exoplanet.eu ]
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Gravitational Microlensing is a very competitive method for exoplanet 
search, detection & characterization; complementary to other techniques

 Microlensing and the Search for Exo-Planets

Very encouraging results so far: 
more than a dozen (close) exoplanet detections with microlensing
indications of high abundance of low-mass, “cool” planets (“neptuns”)
very recently: >1 Jupiter-mass free-floating planet per MW star!

Very realistic next steps:
improve and automate current survey/follow-up strategy
build wide-field, automated, world-wide 2m class telescope network 
develop microlensing satellite telescope capabilities

Very promising future prospects: 
low(est) planet mass sensitivity!
unbiased with respect to host star!
confirming free-floating planets,  detecting exo-moons!
ideal method for Galactic census of exoplanets!
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