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Planetary and Brown Dwari Companion Detection Methods

Extrasolar Planets and Brown Dwarfs
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Microlensing Basics

L ens Equation:

b=q-qZ/qg

Microlensing Constraints on the
Frequency of L ow-mass Companions
B. Scott Gaudi, IAS

Angular Einstein Ring Radius

.1/ 2

2 M 0
=300 i
e E go.:slvl*,;,

Physical Radius

e M
= 2AU
e §o.3|v|*

. 1/2
O

2




Microlensing Basics

Single Lens Parameters:
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Planetary (Perturbative) Microlensing

Single Lens Parameter's:
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Planetary (Perturbative) Microlensing

Advantages:
Sensitive to >Jupiters at 1-10 AU (immediately).
No Flux Needed.

Disadvantages.
Follow-up Difficult.
Non-repeatable.
Planetary Companions > Short Timescale Perturbations.

Basic Requirements:
Nearly Continuous Sampling.
Good Photometry for Detection.
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Planetary (Perturbative) Microlensing

“Survey” Collaborations
* Insufficient Sampling
e Rea-timeAlerts
Current and Past Alerts
e EROS
(S per year)
MACHO*
(S0 per year)
MOA
(S0 per year)
e OGLEII*
(75 per year)
N | | Future Alerts
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Planetary (Perturbative) Microlensing
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Follow-up Collaborations
* High Temporal Sampling
* Good Photometry

Current Collaborations

« EXPORT (12 events)
(Tsapras et al. 2001)

e MOA (30 events)
(Bond et al 2002

e MPS (50 events)
(Rhie et al. 2000)

e PLANET (100+ events)
(Albrow et al. 1998)




Planetary (Perturbative) Microlensing

Extrasolar Planets and Brown Dwarfs 05-99 PLANET Data
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*43 Events.

*No viable detections.

«<45% have3M ; planets
between 1-7AU

Excluded M >3M ;

Albrow et al. 2001
Gaudi et a. 2002
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Binary (Non-Perturbative) Microlensing

For q>0.01(M >3M,)
perturbative approach fails
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Binary (Non-Perturbative) Microlensing
“Binaries’

0.1<g<1
30M; <M <300M

Binary nature detectable
for

0.1<d <10
0.2AU <a<20AU
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Binary (Non-Perturbative) Microlensing
“Brown Dwarfs’

0.01<g<0.1
3M, <M <30M,

L ower probability
but still detectable.

o

2.5xlog(Magnification)
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Binary (Non-Perturbative) Microlensing

Survey photometry
==)> <5 % accuracy
m==) ~daily sampling
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Binary (Non-Perturbative) Microlensing

Extrasolar Planets and Brown Dwarfs Survey photometry
W g e i ' ==> <5 % accuracy
i - m==) ~daily sampling

Sufficient to detect most
companions.

L ess prone to biases.

OGLE Il image subtraction
database isideal.
=) 512 events
(Wozniak et al. 2001)

Semi—Major Axis (AU) OGLE Il coming soon!
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Conclusions

Microlensing iscurrently gensitiveto companions with-

> Massratioo >107"(M >0.1M ;)

= Separations: 0.1<d <10(0.2AU <a<20AU)
Two regimes-

> Planetary (Perturbative): 0 <10

= Brown-dwarf/Stellar (Non-perturbative): q>10°
Planetary Constraints-

>>PLANET 5yr Analysis

=2><45% of M-dwarfs have 3 x Jupiter-mass Companions with 1AU<a<7AU.
Brown-dwarf Constraints-

=»Complicated by non-perturbative nature

=»Need homogeneous, unbiased dataset

> Anaysis of OGLE-II dataset would provide interesting constraints.
Future Prospects-

=>OGLE-IIl will provide better sampling and more events.
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