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Paczynski's suggestion 1986
Discovery of Macho 1993
Famous debates in 1998

(1) KREERIMIKREDFER
Discovery of Planet

by OGLE and MOA 2003

Macho = MAssive Compact Halo Objects
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Milky Way Galaxy
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by MACHO by
collaboration Honma and Kanya

ApJ 486(1997)697 ApJL 503(1998)I139.
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MACHO collaboration D #&
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Science 281 (1998) 332 by J Glanz
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PLANET Earth

Click on the names to obtain descriptions and images of PLANET telescopes

Perth 0.6m —

Sutherland 1.0m

back 1o the PLANET Homepage

MacholdRH([ZHHIDH ?
Self lensing &EE>2DH ?

A Summary of Debates around July 1998

Do Machos really exist 2?
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Two big characters of the Small Magsllanic Cloud svents :

® the motion of the lens ohject is slow
® by the finite size source effect, they measured the speed and slow

® Unresolved { comment by M. Honma )




Microlensing Basics (2)
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Microlensing by Galactic MACHOs

o image splitting < 107 arc sec Ur

= undetcctablel  MACHO
o Amplification can be large: wiel
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o Amplification varies in time:
At = Refog; v~ 200km/s
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(1) EAGLE events®fibz !
by Nakamura and Nishi
(2) finite source effectztainz !
binary lens events & &%
(3) Parallax event#E£&dH & !
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(1.8mEE8 + 80million pixel CCD camera)




6. MOA 2000-2004 FEE DB

IMOA telescope & camera
" Mt.John University Observatory

New Zealand 43° 59.2° S

C e ) 170" 279 E

i ‘102‘9m

B6lem B&C Cassegrain: :
1/6.25
1.3 square degree FOV

One tip of CCD
ngbl-1
Dophot 50 min
DIA 10 min
green zone 1/32




Ngbl-1 (1/32) 8005 [EH%/32=25K

DIA (Difference Imaging Analysis)

before Subtract after Subtract
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Microlensing By Star Wit
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Finite source effectz{E>&faI Ao B H

1. Source starDENLEDKESNHEETED
SEIEXG-starT F{/AI=19.7F M5
SRAIPIDEIDETHASZ ENHM D, (8kpe)
. FHEEDHRFAN LMD,

( £[E11X0.50+£0.05 i arc sec)
L FRHELUARIKDIERHEREINKRED

4 [B](ZR*=5.8x105km, 1.4hours, v=50km/s)
. FBELUARKDEInstein £ EMNRES

(5 [E1E50km x 61days/2=1.3x108km=1AU)

MOA-2003-BLG-53 OGLE2003-BLG-235 event
APJL 606 (2004) L155
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» Fit parameter
t- =61.6 = 1.8 days
Upin= 0.133 £0.003
Aprojection = 1'12RE
Mpianet/Msource™
0.0039 *=0.007
t*= 0.059 *=0.007 days or
6 */ 6 ==0.00096
+0.00011
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8. MOA 1.8m NEZRME

LAKE TEKAPO

Mt. John observatory of Canterbury university
(1031m) Lake Tekapo (713m)
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1.8m ZEiRFEERE

[ Em EFLAL HHEB  F=2.94

[N LET T FA

Large CCD camera 8k x 10k T
2 FHEEZ—FICRELS!

Design of the new mosaic CCD camera(top view)




CCD Mount and Array

10 chips were mounted
in July 2004.
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Image of the Galactic Bulge

Observation target(LMC)

e 16 fields

» 300 seconds exposure
(@new moon)

* 90 minutes for 1 cycle




Observation target(SMC)

e 12 fields

» 300 seconds exposure
(@new moon)

e 70 minutes for 1 cycle

Observation target(GB)

o 23 fields =2.2deg?

» 100 seconds exposure
(@new moon)

« 60 minutes for 1 cycle
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DoPHOTIZ &2 ERIBI(LMC2) LR 57 5 4k
Stars/mag/arcmin

Limiting magnitude

» Estimating V-band limit magnitudes for
uncondensed field(Imc2) & dense
f|eId m08

Airm
Seelng. 1.5 arcsec

Readout noise: 3.7 ADU
Gain: 1.9 electrons/ADU

Imc2: sky background=21.63mag/arcsec?
-> Viimit = 22.8 mag(S/N>10)

Imc8: sky background=20.85mag/arcsec?

-> Viimit = 22.5 mag(S/N>10)
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(hour) observation time observation rate
120¢ " Other| 35 (] Other
B 6B 1GB
1007 ] pome | O3 MG
80 = OLMG | 020 OLMC
60e | il w
015
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4 01
A 0.05

0 04
Apr May Jun Jul Aug Sep Oct Mov Dec Apr May Jun Jul Aug Sep Oct Nov Dec

observation rate=observation time / night time

Number of stars

« Estimation of observing number of stars in
whole our LMC fields

» assumption: core 3 fields, each region
we observe 12M stars/field;
outer 13 fields we see 5M stars/field

12.3Mstars * 3fields + 4.8Mstars * 13fields




Event rate

» Event rate can be estimated roughly
with observing number of stars

100Mstars * (365 /1) * €* T events/year
where t~80 days: event time scale,

€ . detection efficiency,

T ~107: optical depth

-> 46 * £ events/year

1.8MEALERETARULEI0EBIZT S

200
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Number of Events

2000 2005

Year
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South Pole

¢
Amundsen-Scott




Antarctica is also very high

Atlantic Ocean Indian Ocean

Pacific Ocean

Elevation in meters

BEEE B .
USGS image
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The End




New MOA telescope f=3, d=1.8m
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DETECTING EARTH-MASS PLANETS WITH GRAVITATIONAL MICROLENSING
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Microlensing Basics (1)

Microl ¢ Basi %RLZ%%&;&“‘
DL+DL:@67;|% 1crolensimng Hasics Microlensing Detection Probablhty
Is Dep N7 / g
_ (or optical depth =7) o
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2 Images are seen at 1 and . in the deflector plane o ehaly Yok o 10 6
e gl 40M /DDOGY 11,1 Bao -
12 127 B g2 \an*‘Dn\ 4 D Dy Dy 7 X
p =5 x 1077 for source stars in the LMC
L« »
@ Einstein Ring Radius = R [? D] 10 AU[I\M/blok ]a\\h and a“standard” halo model.
Sehwarzschild Radius of MACHO X _ 5 We must survey > 109 stars in:
o
light deflectiont = — 1 _ =[r/m]" D Bk e the Magellanic Clouds ~ LMC, SMC
c2(ry- 1) Rp=10%m =740 .
= 16" MM Jare sec o the Galactic Bulge (?) —» #2¢7 %
2 Pty e M31 and M33 (?7) —= Subarw ?
Amplification: A=— 5 where u=r/Rg
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MACHO 97-BLG-28event observed by
the PLANET collaboration

PLANET I-band observations of MACHO 97-BLG-28

T
points from La Silla
points from SAAD
points from Tasmania

P R L
896.5 B896.6
HID — 2449719
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FIGURE 12 Present day mass functi® (PDMF) with uncertainty estimates. Crosses
represent the PDMF derived in Miller and Scalo (1979).
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by Kokubo-Ida (2002)

Diversity of Planetary Systems
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Kokubo & Ida (2002)
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The End




