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Gravitational Microlensinﬁ‘

&If alens is a star, “science, 193
elongation of images is an
order of 100uarcsec.

<>Just see a star magnified

<>Einstein predicted 1936, but concluded
impossible to observe. Event rate is 1/1M

distortion of space due to gravity o
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Amplification
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planetary microlensing

Time scale: t ~M"2~1day(M,
~a few hours (Mg

Sensitive to Cold planets ——
outside of snowline (~3ag.,,) JD—2450000




MOA (ntil ~1500)
(NZI[CW=HFR1KEGE)
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M OA (since 1995)

(Microlensing Observation in Astrophysics
( New Zealand/Mt. John Observatory, Latitude: 44°S, Ait:  1029m )
Seeing ~2arcsec
Clear night: ~50%
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Halo Dark Matter & Paczynski’s |dea

& 20~40 times more dark matter than visible mass.

® | /ssive —ompact alo bjects €<
can be observed by Microlensing. (Paczynski 1986)

e 1~107% = then watch 10M stars!.

Halo

Milky Way Galaxy

LMC

Large Magellanic Cloud

3 surveys started and found MACHO is not the majority of the galactic DM
But it opened the era of massive time-domain survey.




MOA 0.6m telescope

(New Zealand/Mt. John Observatory )

Mirror : 0.6m
CCD :4k x 6k pix.

FOV : 1.3 square deg.
2000-2005 (¥964ERE)
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MOA (since 1995) 4 - \A

(Microlensing Observation in Astrophysics
( New Zealand/Mt. John Observatory, Latitude : 44°S, Alt:  1029m )

Mirror : 1.8m
0L ,, CCD :80M pix.
= e R\ FOV :2.2 deg.?
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Bz, 60Hz->50Hz Gtz 7 771 —R
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Observation by MOA Q f

*50 deg.?(20Mstars

{3
o

obs./night.(>M )
obs./95min.(M,,,
obs./47min. (M,

obs./15min. (Mg)

./ >~ _events/yr
ht D://www.massey.ac.nz/~iabond/alert/alert.html




Survey & follow-up to detect exoplanets
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PRIME (PRime—focus Infrared
Microlensing Experiment)
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PRIME Wide FOV
1 8m Telescope at SAAO

Diameter: 1.8m, (f/2.29)
FOV:1.25° x1.25° =1.56deg?(0.5” /pix
. (6xfull moon)

%4 Sothern African LA .
A Astronomical  [f% H-band Hi-res spectrograph

(\ :
Ny Observatory :
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PRIME (PRime—focus Infrared
Microlensing Experiment)

Objectives:
1. Microlensing Exoplanets (~50%)

Study low—mass planets outside of snowline
Plant frequency in the Galaxy Center
WFIRST microlensing survey field optimization
Concurrent observations with WFIRST
Characterize H4RG detectors

. Other sciences (~50%)




PRIME collaboration
®Osaka Univ.: T Sumi (PI), H. Shibai, T. Matsuo

®ABC (Astro—Biology Center): M. Tamura (U Tokyo)

O®NASA GSFC: D. Bennett, R. K. Barry , A. Kutyrey,
®U of Maryland: Sylvain Veilleux, Drake Deming

®SAAO: Ted Williams (Director)+
9

Bond(Massey U), N. Rattenbury (U Auckland), J-P. Beaulieu (IAP), A. Fukui (NAQOJ),

(Kagoshima U), N. Matsunaga, Norio Narita (U Tokyo), Yasushi
Muraki, Fumio Abe (Nagoya U), (Kyoto U), Joachim Wambsganss,
Luigi Mancini (U Heidelberg), Eamonn Kerins (U Manchester), David Charbonneau
(Harvard, Mearth PI, TESS Col) . Cullen Blake (Pennsylvania, TESS Col)




More events & planets in NIR at G C
Optlcal

€ More stars & more events at GC.
(~2400events/yr, ~12planets/yr)

& Smaller radius source (redder) enable us
to detect low(Earth)-mass planets. (small
finite source effect)

anet frequency at GC.

@ Seclect WFIRST fields.
"4 Simultaneous observation with WFIRST to

measure lens mass.

€ Mass Function at GC (planet—Black Hole)




The World Widest FOV in NIR with
World Largest class NIR camera

Loan Four Teledyne HgCdTe
from WFIRST team (NASA)
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Four which WFIRST
Team owns. (1 chip is dummy)

Diameter:1.8m, f/2.29,

FOV:1.25° x1.125° , 0.5arcsec/pix
Will be Manufactured by NASA @GSFC




Camera

will be Manufactured by NASA @GSFC
* Operational temperature: 90-100K

the normal outputs can probably go
as high as 500 kHz, but likely
something like 300-400 kHz.

The system reads out the full array 1n
11 seconds at 100 KHz.

16 Read-out ports per chip (64
outputs are available.)

16x4chips=64 read out ports.

I asumme 4seconds for read out w/
300 kHz.
Leach controller or Sidecar
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Study the galactic structure &

Optimize WFIRST microlensing survey fields
by mapping the event rate in NIR

(11SK

Survey
%
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Event rate map in optical

10 9
1 (degree)

(Sumi & Penny 2016)

Event rate vary by a factor of 2 (peak is at [=1° )




Simultaneous Ground-Space
monitoring with Spitzer

.
We can (.10 Salne - M =0.23 £0.07 Msun
observations " D =3104kpc.
with WFIRST Yee et al.2005




OGLE-2015-BLG-0966/MOA -

OGLE

MOA

Spitzer

CTIO SMARTS
LCOGT SSO

LCOGT CTIO C
Danish

7200
H]D-2450000




Off-bulge season sciences

® Transit search for M—dwarfs:
Search for habitable planets around M—dwarf which is bright in IR
Follow—up transit candidates by HAT—South, Mearth projects for
select real planets and measure the atmosphere.
Systematics due to Sunspot and limb darkening is smaller in IR.
Wide FOV enable us to observe many reference stars for high
precision photometry.
Follow—up TESS candidates. TESS is optical. Need IR for M—
dwarfs. Collaborators:

David Charbonneau(Harvard., Mearth PI. TESS Col) .

Cullen Blake (Pennsylvania, TESS Col).
Narita (NAOJ, TESS Col) . Fukui(Okayama)

® Search for counterparts of high-z GRB, GW etc. --*

® H-band spectrograph: RV for giant planets around M—dwarf.




Gravitational Wave counter part
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Schedule
2016 detall design

2017 manufacture
Agreement of academic exchange with

SAAO and University of Maryland
2018 manufacture, construction

2019 install, first light. observation start

"~

2023 create event rate map in the bulge
2025 WFIRST launch,
Concurrent observation start

2031 continue to the end of the WFIRST




Summary

==V i m D% 2y ) N b=

o HihaASHKRL—F—HKE
SHFENKRE (NALTIFELAH)

@ HAITUROATRL—EFMNKE
>T—3RFENKE




