Development of multi-lens
modelling codes

Nicholas James Rattenbury
The University of Auckland, New Zealand

R BYSYS) THE UNIVERSITY OF

Soe AUCKLAND

Te¥Whare Wananga o Tamaki Makaurau

NEW ZEALAND




Development of multi-lens
modelling codes

Nicholas James Rattenbury
The University of Auckland, New Zealand

L 4 @NJREttenbury

the ROYAL 5Y»%®] THE UNIVERSITY OF
SOCIETY of * K
NEW ZEALAND TEA'WH &aﬁo& nﬁ ENE

TE APARANGI NEW ZEALAND




Efficient model exoplanet model i
discovery using GPU accelerated 3 Reversible J.ump )
code and Nested Sampling. » w | Markov Chain Metropolis

Hastings Monte Carlo
I i ]
"

Ashna Sharan

: N=1]2]|3]...

iure 2012, 481, 167-169  Sumd, T., f al, 2001, Matu

Exoplanet Microlensing Survey

UL L o

Microlensing Observations in Astrophysics




Figlh ol 8 ol
PR ok SN -M d
. ...r.._-h... -"v...-..“.n .._..H. .‘G

s _

TrrE Cpern

FreE per

: iy =
- my.
FEFE Cprr _ —
Jrere guren _— ¥

L
360

DTS
THD — 245000

a360

1
H3dA

PPN EPRPEPEN SRR SR 1 AU
RV R a1 I at-

e dup ueryEspIuFe

Sumi, T., et al.; Bennett D., et al




Sumi, T., et al.;: Bennett D., et al

EANbiEEO){
FINITE =
‘/int ANDb1
‘double yratio=]
-1.
e -1.
ouble tN = dJD/tE
' rAmap Xx0==999.9) Amap
(Amap_y©==999.9) Amap
-1.0*R0OI
1.0*ROI

-1.0*ROI*
1.0%ROI*

Magnification

1

tN1
tN2
uminl
umin2

1.5

Magnification
1

1.3

IIII|IIII|IIII|IIII

eScience

Infrastructure

AA
-10 1

=

h—e—mlﬂjrmd

—H—ras Ak

h—iﬂ!‘%)

IIIIII I]II|I

HID — 245000




Figlh ol 8 ol
PR ok SN -M d
. ...r.._-h... -"v...-..“.n .._..H. .‘G

s _

TrrE Cpern

FreE per

: iy =
- my.
FEFE Cprr _ —
Jrere guren _— ¥

L
360

DTS
THD — 245000

a360

1
H3dA

PPN EPRPEPEN SRR SR 1 AU
RV R a1 I at-

e dup ueryEspIuFe

Sumi, T., et al.; Bennett D., et al




- Q
ROYAL ASTRONOMICAL SOCIETY

MNRAS 454, 946951 (2015) doi:10.1093/mnras/stv2045

MOA-2010-BLG-353Lb: a possible Saturn revealed
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Faint source star planetary microlensing: the discovery of the cold o}
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Planet mass relative to Earth’s
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One or more bound planets per Milky Way star from

microlensing observations
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Muost known extrasolar planets (exoplanets) have been discovered
using the radial vnlnciLy " o transil® methods, Both are biased
towards planets that are relatively close to their parent stars, and
studies find that around 17-30% (refs 4, 5) of solar-like stars host a
planet. Gravitational microlensing® ®, on the other hand, probes
planets that are further away from Lheir slars, 'Rm_'r:n"}', 4 frrpu-
lation of planets that are unbound or very far from their stars was
discovered by microlensing', These planetsare at least as numerous
as the stars in the Milky Way'. Here we reporl a statistical analysis of
microlensing data (gathered in 2002-07) that reveals the fraction of
bound planets 0.5-10 AU (Sun-Earth distance) from their stars. We
find that 177 3:}?_ of sLars host Jupiler-mass planets (0.3-10 M), where
My =318 M, and M, is Earth’s mass). Cool Neplunes (10-30 M)
and super-Earths (5-10 M} are even more common: their respec
tive abundances per star are 52_;;::'6- amd 62_1 Yo We conclude that
stars are orbited by planets as a rule, rather than the exception.

"We conclude that stars
are orbited by planets as
a rule, rather than the
exception”

Cassan, A., et al., Nature 2012, 481, 167-169
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THE EXOPLANET MASS-RATIO FUNCTION FROM THE MOA-II SURVEY: DISCOVERY
OF A BREAK AND LIKELY PEAK AT A NEPTUNE MASS
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Unbound or distant planetary mass population
detected by gravitational microlensing

The Microlensing Observations in Astrophysics (MOA) Collaboration & The Optical Gravitational Lensing Experiment (OGLE)

Collaboration®

Since 1995, more than 500 exoplaneis have been detecied using
different techniques'~, of which 12 were detected with gravita-
tional microlensing™. Most of these are gravitationally bound to
their host stars. There is some evidence of free-floating planetary-
mass objects in young star-forming regions™, but these objects are
limited to massive objects of 3 to 15 Jupiter masses with large
uncertainties in photometric mass estimates and their abundance.
Here, we report the discovery of a population of unbound or dis-
tant Jupiter-mass objects, which are almost twice (1.87)]) as
common as main-sequence stars, based on two years of gravita-
tional microlensing survey observations towards the Galactic
Bulge. These planetary-mass objects have no host stars that can
be detected within about ten astronomical units by gravitational
microlensing. However, a comparison with constraints from direct
imaging” suggests that most of these planetary-mass objects are not
bound to any host star. An abrupt change in the mass function at
about one Jupiter mass favours the idea that their formation pro-
cess is different from that of stars and brown dwarfs. They may
have formed in proto-planetary disks and subsequently scattered
into unbound or very distant orbits,

"Here, we report the
discovery of a
population of unbound
or distant Jupiter-mass
objects, which are
almost twice as
common as main-
sequence stars..."

Sumi, T., et al., 2011, Nature, 473, 349-352




Efficient model exoplanet model
discovery using GPU accelerated
code and Nested Sampling.
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Ling, C., 2013, Simulation and modelling of gravitational
microlensing events using graphical processing units, Ph.D. thesis,
URL http://muir.massey.ac.nz/handle/10179/5148
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Skilling, John (2004). "Nested Sampling". AIP Conference
Proceedings 735: 395-405. doi:10.1063/1.1835238
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Together, Kepler and WFIRST-AFTA
complete the statistical census of
planetary systems in the Galaxy.

W F | R ST Exoplanet Microlensing Survey

WFIRST-AFTA will:

*  Detect 2800 planets, with
orbits from the habitable
zone outward, and masses
down to a few times the
mass of the Moon.

Be sensitive to analogs of all
the solar system’s planets
except Mercury.

Measure the abundance of
free-floating planets in the

Galaxy with masses down to
0 u u e the mass of Mars

Planct mass in Earth masscs
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Microlensing Observations in Astrophysics
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