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How to detect a planet via microlensing
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What is microlensing good for?

« Extending the exoplanet discovery space: capable of
finding low-mass planets beyond the snow line

Understanding exoplanet architecture: microlensing is
able to characterise multiple-planet analogues of our
solar system

Putting planet formation theories to the test: microlensing
sensitivity is right where core-accretion models predict
the bulk of planet formation takes place




Mass (Earth masses)

Exoplanet discoveries
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Notes:

- Telluric planets scaled to Earth

- Gaseous planets scaled to Jupiter

- Planetary data from:
Hanno Rein's Visual Exoplanet Catalogue
http://exoplanet.hanno-rein.de

- Kepler candidates from:
NASA Exoplanet Archive
http://exoplanetarchive.ipac.caltech.edu
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EUCLID microlensing

lelescope parameters

Besancon model

Diameter (m) 1.2

Central blockage (m) 0.4

Slew + settle time (s) 85(285)
Detector parameters

Instrument VIS NISP

Filter RIZ hd J H

Size (pixels) 24k x 24k 8k x 8k

Pixel scale (arcsec) 0.1 0.3

PSF FWHM (arcsec) 0.18 0.3* 0.36* 0.45*

Bias level (e™) 3807 3807

Full well depth (e™) 216 216

Zero-point (ABmag) 25.58* 24.25**  24.29**  24.92**

Readout noise (e ™) 4.5 T.0" 7.5% 9.1*

Thermal background 0 0.26 0.02 0.02

(e” s 1)

Dark current (e~ s—1)  0.00056° 0.1*

Systematic error 0.001T 0.001f

Diffuse background 21.5% 21.3% 21.3% 21.4%

(ABmag arcsec™2)

Exposure time (s) 540(270) 90 90 54

Images per stack 1 3(1) 3(1) 5(2)

Readout time (s) < 85 5f

Microlensing simulator
S flelds, 870 sec per pointing,
bXx months observing
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Penny, Kerins, Rattenbury, Beaulieu, et al., 2012, MNRAS submitted

PhD Matthew Penny
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EUCLID will detect Earth mass planets
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EUCLID will detect free floating Earth
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EUCLID will detect very low mass planets
M, =0.25My M, =0.03Mg a=167TAU Ax? = 383.923
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EUCLID planet catch with 300 days

1 planet of mass Mp within 0.03-30 AU (pessimistic)
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EUCLID planet catch with 300 days

lOg —A[p / A[] u piter)

z -4 -3 -2 -1 0 1

'9 10000 | | | I I |

= : \Y U

% _ M M B N S J

,é 1000 log-log -
0 _

O L

.

= 100 |

= I

-

S

~ 10 |

2 1E e :
'% / F(Mp) = fo(Mp/Me)*
S o0l RV: f, =036 dex 2 %1, o= —031 -—--
. i pl: fo=024dex 2 x ! a=-0.73 —-——- 1
O log-log: fe=1/3dex?x 1, a=0

g 0.01 I | ! / ! ! !

. -2 -1 0 1 2 3 4

log(My,/Mg)



Constraint on mass function

60, 120, 240, 300 days survey

A Jupiter
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Different population of host stars
complement & overlap with Kepler

| Ome 100-Mg, planet with 0.03 < a < 30 AU per star
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Microlensing program on board the
EUCLID Dark Universe Probe

Currently in additionnal science

EUCLID understood the excellent synergy cosmic shear/microlensing requirements
EUCLID/ML complements parameter space probed by RV and KEPLER

Full census on planets down to Mars mass, getting n.(Abundance of habitable Earth)
Getting free floating planets down to the mass of Earth

From frozen to snow line to habitable planets

Penny,et al. 2012, MNRAS submitted, on astroph

And with 6 months of EUCLID microlensing before WFIRST launch, we can
harvest most of the Science they are targeting...




Microlensing program on board the
EUCLID Dark Universe Probe

Penny et al., 2012, MNRAS, « EXELS: an exoplanet legacy science proposal for the ESA
Euclid mission I. Cold exoplanets, arXiv:1206.5296

Beaulieu et al., 2010, “EUCLID : Dark Universe Probe and Microlensing planet Hunter”,
arXiv:1001.3349







