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oobo,0bo0oboobuobob,00obooboobooboobooboobOon
oo uo. bbb, oo obobbbbbbbo,oooboo
godbobobooobobooooooboodobobooobbo,booooboobooogn
goboobobdoo,boobbooboobbooboobbooboobobo.

000, TAOOOOOOUUUUUOUDUOOOOOOOOOUUUOUOUOoOoooo, o
gogooobbboobuooooobooobo,bbdooooobbbboooooo
goodooboooooogobo. dggoobooooooooo,ooooooooogn
000000000000000D0 (§2.1.1),00000000000000O00ODODOO
000 (000000 000s2.1.2,00000000082.1.3) 0000, TAOODOO
goobobboooboboooobboo,goobbbooobbooooboboogo
godooboooooboooobooobooooon (§2.1.4,§2.1.5),DDD,TAO|:|
000000000000 00O000000 PaeDOODO (§2.16)0000000O0O.

211 0OOO0OOO0ODOOOObDOOD

OO0 UKIDSSOOOOOoOoOoooooooooooooooo,000o0o0005s
0000000000000 000D0O000D00O0O0 (Caputietal. 2011). OO
o000, 0000 500 00000000000000 100000000000
(Eyles et al. 2007). 00 D00, 00000000000000000000O0DOOO
g,0oooooooooobooobooooooooooboobooboboboooooooooon
000000 (Bundy et al. 2006; Pérez-Gonzélez et al. 2008; Marchesini et al. 2009).
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gog,bbobooboboooboubobuobobouoboobL ., Dobobobobo
goooobodooooobooboooooboooooooboon (COWieetal. 1996)
goooooobooooo. bbooog, o000 oooog, booooooa
ooooooooooooobooobobooboboobobooboooooooooooooo
gooooo. bbb, odbbooobbbooobbboooobbo,0b0bbo
goboooooobooooooobooooooboooo (Somervilleetal. 2008;
Monaco et al. 2007; Wang et al. 2008). 000, 0000000000000O00O0OO
goooooooooo0oooooooooooboobobo. oooooooobooboooo
godooobooooboooooboooooboooobbooooobooooog.
gooooooooooooooooboooboboooobooooog,obooooad
godoodooobooooooboboboooo. Obboooooobobobbooooo, d
goooobooooboboooobobo,oob0bbboooobbooooobobooa
oo.

ogoooooooooooooooooodoodoooddoddgoooogoa
gooooooooooboooooo. oo, 0oooboobooooooooobooo
goooooooooo (DDDDD)DDDDDDDDDDDDDDD. gogd, oo
godoboooooooboooobooooooobooooooboooooooooa
Ogo0o. oo, 0000000000000 oooooooa
0000,000000000000000,00000000 (Lin et al. 2008). O
0,00002-300000 IOOM@/yrDDDDDDDDDDDDDDDDDDDD
oo, 00000fd000boobob o000 b0 0oob. oogooboo
O0o0o0ooooooooboobobobobobbobobobobobobobo oo oo ooooooooa
0. bbb obobbooooobobboooooobo,oooboboooa
godoboooooooooooooooooobooooooboooooboooooa
(Dekel et al. 2009, O 2.4).

0000000000000000 70%000000000000000000000
O (Katz et al. 2003; Keres et al. 2005; Dekel et al. 2009). 0000000 10,000K
goooooo,ogouobobb,bbbbbbd0oooobbobobboooogo
godoodooobooooobo. oo, 0oooobboooogoobooooooa
go,0bddbbo0buoooboo. bbb boobo,booboooboo
g,gdggobbdooonbboooobbbooobboooubboooubbooo
gooodobD. oo, 0bbobbo0oooobobboooogooboobooogg
gooodoooboooo,ogbobobbo0odobobo. ocgoobooboooooad
goboooboobooboo, bbb oobooboobo,obooboo
goooooooobouoooouoooooao.
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0 24: 00000000000000000000O000O0O00O0OOO (Dekel et al. 2009). O
ooooooooooooooooooob. oooooooogoooooooooooooon
O.00000000 320kpe.

0000000000000 000D0O00D0OOO. Steidel et al. (2010) 0000
0O000ooo0oOooooooooogoooooooooooOo.ooopoooo
20000000000000000000000. 00000000000 HaOO
oooooooonoo (V) 00OD0,0000000000000000000D000
0000000, 00000000000O00DO00DOU0D (ig)0OO,00000
00000000 (AVis=Vis— Vi) 0000. 0000, AVis 0000 ~160 km/s
gobobo,boobooboboboboboobo,bbooboobobbobobon
00000 (0D 25). 00000000000O0OO0O +200km/sO0000000O0OOO
0000000 (Dekeletal. 2009). OO0, 00000000000000000O
O0000000. 000000, SteidelDOD0OD0OO0OOO0O0OO0O0O0OOOOOOOO
g.oo0bo,b0obgbobooobooogoboobobooboobooboooboD
(covering factor) 00000 1%0000000,0000000 800000000
gbobobobobobobobobobooob 10bobUobUobUobOoboo
000 (Faucher-Giguere et al. 2011). 000, Steidel 000000000000 DODO
0000000O0000000. 00000000000 DO00000O 101000 (O
00 1,000-10,0000) 000000000 OODOOOOODOOOO,0000OO00OO
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Redshift

T T O S
-500 0 500 1000
Velocity Relative to z(Ha)

0 2.5: HaOODOO Vi 000000000000 (0: AVis000) 0 LyaD0000 (O)
(Steidel et al. 2010).

gooog.

go002000000000000000000 11,000000000000,00A0
4000A00000000000000000 (Prime Focus Spectrograph; PFS) 00
00000000ooooo 10000 (lo,000000) 000000 DODODDODO.
000000oo0o0ooo0ooooouon isOOODODOOOO. OO0D0DO0O0Ooooo
00000000000 Vv, 000Ooooo000o00. 0000000000000ad
0000000000 HeOOOOOOODODOOOOOOOOOO. 00 PESOOOO
000 JoO0oooooooooooooooooooo,0D0oooooooooo
0000 HeOOOODOODOO [On0000000.000,00000000000
ooooooooo, PFSO JOOODODODODOOOOoOoOO. 00o000,000000
00000000 FMOSOO0OD0O0O00D00O00000 V,000000. 00000
DDDDDDDDDDDD,Keck/MOSFIRED Magellan/MMIRSDDDDDDDD
go,0bobboobooboobobooboobboob,bobobooo.

Jdd0o0o00U0U00dUdUdOoo,00d0dd00oo0oDo0o0oUoUUUOooOoO TAOOOO
J0ddodoooooo SWIMSOOO. SWIMSOOOoOooooooooooooo
HaOOOOOOO. OO0 TAO6.5m/SWIMSOO OO D OO0 Magellan6.5m/MMIRS
000000000 20000 HeOOOOODOO 26000. 0DO0O0O0O0O0OOOO
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Arest [A]

6460 6550 6650
= NTEd e
0.35 1.5 - )
- - CDFS-3865
i i
| |
= E
'y '
=Y} V)]
o =
1\® 1\®
o 0 o
— — 0or
o o
-0.15 -0.5
2.055 2.085 2.115 2.05 2.08 2.11
Aaps [um] Aaps [um]

O 2.6: Magellan 6.5m/MMIRSOO000DO z=2000 20000000 (Hashimoto et al.
inprep.). 00000000 HeOODOODODOODOOO.

000000,0000000 Vg000O0000 m(UV)<23.800000 3000
0O SWIMSOOOOO (60000)000.00,0000100000000001.5
000000 HeODOOOOO, Ve 0000000000. 10,000000000 20
000 HaeOOOOOOO 50000 (000 800)00000000000.0000
000000 Vi 0000 AVis 000, AVig 2 4200 km/s 00000000000
000.0000000,0000000000000000000000,00000
0D000000000000000000000000. 0000000000000
000 10000000000000000000000000000. 00000, 0
0000000000000 00000000000000000000000000.
00,10,000000000000000000000 100000000000000
00000000,0000000000000000000000000000000
Doooooooo.

2.1.2 J0O0OO0OO0OOOOOOOCOOOCOOOO0
2.1.2.1 TAO/SWIMSOOOOOOOODO

O0o000o0oU0oU0oO0OoU0oO0o0ooUoO TAOOO,000O0OoOoooooO
000000000,00000000000D0000000O00. 00,000 (¢9.6
00)0200000000000000000 SWIMS O, Subaru/MOIRCS OO O
Os500000000000,00000000000O0O0O0O0OCODOOOOOOO.
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00000000,00000000 (YJHK,)OOD,600000000000 6
00000000000000,1<2<300000000000030000000
0000000000000000000. 00000000 SEDOOOOOOOON
00,000000000000000000000,000000000000000
oooooo.

0000000000000000 OHOOOOOOOOOO (00 HOOO) O,
000000000000000000000000000. 000000000, 0
000000 Ha (A = 6563A) 0 HB (4861A) 0000000000000 0OO0O
0.00060000000 (FWHMO 0.015-0.027 pm) 0000, 4000000
(14<2<23)0000 HeO HAOOOOOOOOOOOOOO. 000000, 00
0000000000000,00000000000000000, He/H3OOOO
0000000000000000000000,0000000000000000
00,0000000000000000000000000O0O00CO, 000000,
000000 (0000)0000000000000000000. 000,0000
0000000000000000000000000,00000000000,00
000000000000000000000. 00000000000000000
00000,0000on00off00000O0D0OOOOOOOD,00000OOO.
0000000300000000000000, f(Ha)=3x10" ergs™! ecm™2 0
000000 5000000000, 2=14220000000 3-10Mg/yr0000
0 (00D000000000)000000000 (HBOOOOO 300000000
000000). 0000000000000000 (3000)0000,000000
0000000000000000000000000000000000000,00
0000000000000 (Hyper Suprime-Cam; HSC) 0000000000 OO
00000 (>1,0000)000000000,0000000000000000000
00000000000 00000000000000000000 (>500). 000
00000000000000000000000000000000000.

000,SEDO0OOODOOOCOOD,00000000000000000000
0,000000000000000000000000000. KPNOODOO 4m0O
000000000 NEWFIRMOOOOOO,J0200,H02000000000
000000,15<2<30000000 Az/(14+2)<0.020000000000
00000000000 (Whitaker et al. 2011). 000 SEDOODOOOOOOO0O
0000000000,00000000000000000. 00 65m-8mO0000
0,J1,J2, H1,H2, H3, K1000 6 000000000000000000000
00000000,0000000000000000000000000000. 00
0000000,0000000000,20000000000000000,000
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goobobooboboboo,booboobobo.booboobobbooboobon
gobo,0booboob,oobooboobuoobuoobooboobooboo
goboogoob. gbog,0bobobgoobooooboooboob,obooo,bgbgooog
g,00b0b0oocooobobobobooboooooooboobooboobo.

2.1.2.2 000000000000

boboo0oO0o0o0o0oO0oO0oO00O0oO0obobooooooOooO0O000, 215000000
doo0od, 00000 100000000000 oooDoooooooooooon
000000000 (Kodama et al. 2005; Tanaka et al. 2008; Nakata et al. 2005;
Hayashiet al. 2011 00). 000,000000000000000O000O0ODOOOO
00000D0,0000000000000 (Kodama et al. 2001; Tanaka et al. 2005
D[I),DDDDDDDDDDDDDDDDDDDDDD (Koyamaetal. 2010; Koyama
etal. 2011), 000000000, 0000000000000,0000000000
goooooo. gob,dbobobobobooobobobuobobooooobon,
gd Subaru/HSCD|:|DDDDDDDDDDDDDDDDDDDDDDD,D[I[II:JI:I
0000 TAOOUOOODOOOOUOoOoooooooooooooooooooo, oo
gooooooboooobo,boo, 0000000 ooboboooooooon
gobo,d0obgoob,0jdbooboob, 0o bobobobobuoobooo.

ooo,000 SWIMSOOOoOOooooo (DDDDD)DDD,DDDDDDDDDD
goooobobooodo. bbb oogoooo,obbobooooogo
ddbooobooooboo,dbodboobooboooooboog,bodbooooono
gooobobobooo,0boboboob0bobooobobobooobouoboooo
00oooooOo,00o000ooooog. oogooooog, z=15000000
gododoooooooooooobobobobooooooooooa (Hayashietal. 2010
00),2<10000000000000000O00OO0OODOODOOOO. DODOO
oobobooobooboobo, bbb boobo,boobooboo
gbodooooooobooooboooobuooobooooooa.

00,SWIMSOOOOOODOOODOOODODO0OO0ODO0OO0000O (Integral Field Unit;
I[FU)0DOO00O0OO0OO0,00000000000D000000O0OO0OOOO0OODO, O
goooooooobobbbbb. oo, bbb ooUuodg (Ground
Layer Adaptive Optics; GLAO) 00 0O0O0D0O0, 0.2-03000000000000
0 (0000 2=10000 ~2kpc000000000ODOOOO), 00000000
o, jo0bgobooboboobooobo, bbb booboobboo. oo
00000, GLAOOOOUOUUOO,000000000ooooooUooooooon
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gogbobooboboobobooboboobobob,bobobobooboboo
g,ggoobooob,boobbooboboobobooboboob,bboobboo
oooo0o0o0oo0o0ooooOo,00000000D0DO0O0oOoODOOoOooOooog, TAO
goobooboboooooogoo.

2.1.23 0O0OO00O0OO0OO0OO0OOOO

0000D,SXDFO COSMOSOOOOOOO0000OD,000000Dooooo
000,00000000000000000000000000. 000000000
005-1.50000,00000000001-300,0000000000 30000
0000,20000000000000,0000000000,1000000000
02,00000000000.000003000000.000,00000 3x107
Mpe® /A2 0000,00 10 M, 000000000000000 100, 10 Mg
000000 1000000000000, 00000000000000000000
00000.30000000 SWIMSOOOO 150000000000000000
0,003,7000,0000 1000000000000000000.

00000000000000000,00000000000 (1.5<2<25)0
0,2000000000000 [Oul, [Om], H3, He, [Nu) 0000000000
Balmer/4000A break 0000000000, 000000000 1000000 200
000000000OoOoO,3,700000000000000 10000000000
000. 00000000000000,000000000000000000000
ooooooog.

213 00OO0OOOODOODOD z~20000000

000000000000000000000000000000000 (00000
00o0000)00o00,000000000000LO00OUO00O0. DO00O,000
gooobobobobooooooo. bbb, 0ooobobobobobobobo, o
gog,gboboobobo,oobboobboobboobboobb,boobboo
goboboboobo,bobooboobobooboobobooooboboobooo
000000000000000 (Erb et al. 2006; Mannucci et al. 2010, O 2.7). O
go,0boboooboooooobobobobobooooooooboobOoD.

00,00000000000000000000 (AGN)oDODOooooooooo
oooooooooooOo. AGNOOODO, 000ooooooooog 2z~ 200
000000000000 000D0000 (Uedaetal. 2003). z < 1000000,
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12+log(O/H)

O 27 0000,000000000,000000000 (Mannucci et al. 2010). 0000
ooooooooboooooobooboooooooo,bo,000oobobO0ooooboooooo
ooooooooo,boooooooob0o0oo.oDoobobooooooobobooooooo
oooooo,0obc0ooobooboogoooobooooooboobo,bgoooobocoooooaon
oooo.

0000000 AGNOOOOODUOoOooOoooooooooooooooooooo
(Martini et al. 2009; Tomczak et al. 2009). z < 1000000000000 00ODO
gogobooobooobooboooboboobboobboobbuoobboobbOoOon
0,0000000000AGNOO0OO0O0O0OOO0OOO0OOOODDOOODOOO. OO0,
gooooboooooooboooboobooboobboob,b0oobooboobog
goboobooobog.

2.1.3.1 TAO/SWIMSUOOODOOOOODODO

TAODOODOOOO SWIMSO,0000000000000000. 000 AGNOD
00000000 »=1525000000000000 TAQ/SWIMSOOOOOOO
000,000000000000000 (He, H3) 0ODO0,00000000000
0000000000 ((OuA3727, [Om]A5007, [NujA6584) 00000000000
000.00000000000000,0000000,000000,0000000
00,00 AGNOOODOODOO0000000000000 (Kewley & Dopita 2002).
00000000 HeOODOOODOOODOOO (Kennicutt 1998). Ha 000000
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gooooo0ooOoobO,000O00db0oo0ooO0ooUoogoo,0gooooogo 10
gooooobbooooo. obbbbooooobboo, bbb bboooo
googoooobooogoo. oo, boobooboobooboo,booo
0000000000000 (Ha/HB: Balmer decrement) DO0OO0O0O0O0O0O0O0
00.00,0000000000000D0000000DO0O0ODOO0OD. He, [N1]
000000 N2 index (Pettini & Pagel 2004) 0, 000000000000 0OO
googoooooobooo,bobbooboooboobobooboo,boboboooo
0000o00o0oooooo,AGNOO0DOO0O0DOoOo0O0oooooooooooooon
000000, 00000000000000. 000000, HB, [Ou], [0m] 00
0000000000000 000000 (O3N2 index: Pettini & Pagel 2004, Ros
index: Pagel et al. 1979). 00 [Nn/[On]0000000000000000000
gooooood0oooUoooOo. Db 2000000OOo0OoboO0OooOooooooo
goo,0bbogoobooobbooobboobboobboobobooobboooD.
TAO/SWIMSOOOO 0.925pum000000000OO0O0OOOO,0000 2~2
0000D00U000ooooOooOOooUoOooooo, Balmer decrement 0000000
goboboooboobboobooboboob.

AGNODOODOO0ODOO0O0O00,HeD [Nu, H30 [Om]0000000000000
0000 (BPTOO: Baldwinet al. 1981, 0 2.8). 00, 000000000000
gooboboboooobooobooboboboooooboooobobooo.

gooobdobobobooboboboboooo,boboboboobobob
gooobooobooobooobooobbooobboobboobboobboo
ooooooooooOoD. ooogo,eomObpoOo0ooboOoOooOoOo,b0obooboOoo
00000000 S/NOODUOOoOOoOUoOooOOooooooooo. SWIMSOOOoO
00000o0ooooo (IFU) 00000000, 00000000000000D00,
000000000000 00 S/NOODOOOOoOoDoOOoOooooD. 0oOo,TAODD
00000000000 (GLAO)ODOOO0OODOU0ODO,00000DO0OOD0ODOO
gooooooog,booboboboobooobooboobooooboobD.oooo
g, dgobogoobooobooobboooboboobboobobooobboooD.
go,00o00obooobogboboobooboooobo,oooboboooboboo
gobogoobo,b0oobooboobooboooboobooboooooboooboobooo
ug.

TAO/SWIMSOOOOODODOOOODOOODOOO,00000000000O0OD
gobobooooobooogoboo,bobooooboboooobobobob, oo
0000000ooo0o0oo00ooo0o0ooo0o0ooooooooooo. TAOOOoOo
goobooboobooboboobobooobo,bboo,0bboobboo,0obboo
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10— CDFS-6036

1030-2026
0.5— —

ECDFS—3694
1030-2329
H \} |
ECDFS-5754 J 1&072125
1030-1531

ECDFS-3862

N

ECDFS-3896

Log ([O11I] A5007/HB)
o
o
T

ECDFS-10525

compact
SSFR > 0.05 Gyr™
SSFR < 0.05 Gyr™
AGN candidate

HIT COMPOSITE 1 AGN

O-on

-1.0 [ L_a |
-1.0

-0.5
Log ([NII] A6583/Ha)

0 28 [Nm/Ha 0 [Omj/HE DO0O0O0O0D0D00O00O00000 AGN 000
(Kriek et al. 2007).

AGNOOOODOUOOoOooOoOoooO,000,0000000ooUoooooood
ooooooooo,bcoooocooobobooobooooboooOooon.

2.1.3.2 000O0OO0O0OO0OOO

TAO/SWIMSOOOOODOODO0OODO0O0DO0O0D0OD0OD0OD0OO0O0ODO0Oo0oooooo
ooooooooooooobooboooooooo,oboobo0ogooooooogoo
coooooooooooOooooO.oobOoboooboOoboobooOooobooboooobooon,
ooboooooooooboooboooooboo.

00,00000000000000000 Subary/HSCOOODOOOODOOODOO
O00000o00. SubaruD HSCOOOOOOOOOOOOO,00000000000
00o0oU00o00oo0oOoUo00. ooooooooooo, TAOODUOOooOoDOO
OO0 HSCOOOOOOOoOOoOoOOoooooOoooooOooooo. HSscoooooo
0000000000000, 00000 HSCOODODOOOODOO 3000000) O
O0oo0ooooo, TAOODOOoOoooooUoOo. 00,00 HSCOoOooOoooo
oo00oooOooooooOoooooooooooo. HSCooooooooooooo,
TAOOOUOOOOOOUOOOOO,00000000000000000DO0OOO0OO.
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000,00 IPMUDOODOOOO, Subary/PFSOO0O0O0O0OOOO. 0.38-1.3 pum
00o0o0o0o0o0o0o0oOo0oOoooOoO0,HSCOOooooOoooOoooO PESOO
00o0ooO0o0oo0o0oOooOoooOo. PFSOO0O0O0OOOOOO, TAOOOODO
O000O0O0. 000 TAOOO PFSO0OOO0O 1325 ymO00000000OOODO
o.oooooooo,bocooocoooooooo,bocobooooobooooboog, o
Oo0ooo0oo. 000, PFSO0 HeO z2~1000000000,TAOOO z2~25
0o00O0. TAOOOOOOoOOoOOoOooooooooOoo, PFSO0O00O0OOO0OOO
03825 pymO000000O0COOOOOOOOOOOOOOOODOO. 000,00
gooooooooobooooooob. oooooboooooooooboo,ogoono
000000000 (Do00o0o0o0oU0ooo0oO0o0)0oo0oooOooooooog
gooooob. bo,0b0o00o0o0oo,00booo0oobooc0obooooobooo,boooo
gooooooooobooooooooboooooboooOoo.obo,0bo000000
0 AGNOOOOODOOOO0OOD,00000 BPTOO (0D 28)000000. 00
000000 PFSOOOO z=1000000000, TAO+PFSOOOO z~250
O000000.000000o0bDO0oU0o0ooUoooooooo, TAOO HSC, PES
oooooooooooooooooooo,oooooooooooooooooon.

214 00OOD0OODOODODOOODOOD

199000000000000000000000DODO00DOOO0O,0DD000DOO
000 (SFRD)O0O0OODODOO0DOOOOO (00D Hopkins & Beacom 2006). OO
SFRDO,00000000000000O000ODOO0OO0OO0OO0OOOOOOO,O00
00ooooooooooo, IS0, Spitzer, AKARIDODOOOODOOODOOOOOOOO
ooooooooooo0.o000,00000000 (DDOODODODOODODO)0D0OOOOO0
oo, 0gooogoooooooooooobooboobooboboboboo. ggoooooon,
2~100, Lig = 10""12L, 000000 (Luminous InfraRed Galaxies — LIRGs)
00000000000 70%0000000000000 (Le Floch et al. 2005).

0oo000,000000000000000D0OD0OD0 (DO0O0DOD)DOoOoooOo,
gooogobgooobooboboob. obooooboobobooboobooboo,goo
o000 8umO0 PAHOOOODOO,OODODOOOOOOOODODOOOO. OOOO
00000000O0oDO0o0o (Lg) 00D0OO0OD0O0OD0OOOOODOOOOOOOOO
g,ooboooooooobooo, bbb bboooobbbboooo. oo,
Spitzer 0000000 OOOOOO,824 pymI00,0000000000D0OO
g0,0000000b0o000oo spmdoooOoOoDOO. OOoO0DbO,000DOOO
K-correction 0 00000000000, 0000000O00DOO0OOOOOOO. O
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L AR T o

25 AKARI-MIRS1651

10 z__=0.262
E Topec

o Xv=139

107

AKARI-MIR$4883

z_=0.925
'spec

Xv=4.08

Cevndl v
100 1000

01T 10
Wavelength [um]

O 2.9: NEP-Deep000O0OUOOSEDD. 00O0OODO0O0O SEDOOODOOOODOOODODOO
00,0000,MIRS4883 00000 PAHOOOOODOOOOO,0000000O00OO.

0,000000000000000O0,SEDOO0O0OODODOOOOOOOOOOOD
0,000o00000.000o000ooocoooboo,0gooogoooocoooboogo
coooocooooono.

2.1.4.1 AKARIOOOOOO

AKARIOO,224pum0 900000000000000DOO0OOOODOOOOO
0000 (Matsuhara et al. 2006). 0000000000000, 000000000
0000000000000 000D0O000,000000000 (NEP)D,0000
0000000 16000000000000 (AKARI Deep Field South — ADF-S)
00o00ooO0o0ooooooo. NEpPOO, ADF-SO0O0O00OOOCOODODOOO,000
00,0000000000000000000DO. 00000000 SEDO,PAHO
OO0 AGNOOOODOODOOODUDooOOoooD,00000o0o000. AKARIOOOOOO
coooo,boc0oooobooooooobocd0oooboooooo,bobbc0oooobooboOooo
SEDO0O0O0O0O0O00O0OO0OO0O00O0OOO0O0O0OO. oooo0o,0000000
OSPICAODODDOODOOODOOOD. 0290, AKARIOOOOO SEDOOO 2
o0oo0.o00oo0o,00Sseboo0ooooOo,o0oo,00oo0oo0,0o
0000000000 PAHOOOOOOODOOOO,AGNOOOOOOOOODOOO
oooboo. oooooooobooo,b0bo00obobooobooobobooooooooooon,
000o0O00o000ooO0o0oo0. 00,0000 AGNOODODDOOoooOoooo
O0,PAHODOOOOOOOOOODOOOOOOOOOOODOOOOOD.

AGNOOOOOOOOO, 04-09ymO0000O000O0OO0OOOOODOOOO.
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400 T T T 14 T T .u 4

300F 1

Number
Ny
=]
[s]
T
L
log L(IR)
log SFR

100F E . -1

3 L L
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Redshift Redshift

0 2.10: [0] NEP-Deep 0000000000000 (0) 0, Subary/FMOSOO000000
0000000 (0). 0000000000000, [0]FMOSO0000000000000
oo.

AKARIOOOOOOUOOOUOOOOOOODOOOOOO, Subaru, Keck, WIYN O
oooo0ooooooooooooo,00oooooooon. ooo,0000 z>04
00000000, HeOODODODOOOODDODODOOOOODODOO, Balmer decrement
000doooooooouooo. 00, 0000000000 ggug,0oooooo
J0000O0ooOoo,000000 AGNOOOOOO,0000000000000OO
D.I]I:II:II:ID,Subaru/FMOSD TAO/SWIMSDDDDDDDDDDDDDD,DD
ooooooooooooooooooooooooo.

2.1.4.2 SPICA O TAOO

O03mO000000 SPICAC,20100000000000000000OOO0O
000000000O000O000. D0000DDO00O00OO00DOO,00000 (OO
0000)b0004000,000300000000. OO, SPICADDO, AKARI
gboboboboooooboobooboboboooooooboobob.

02100, AKARI/NEPOOOOOOUOOODOOODOOO FMOSOODOOOO
0000000000000 D (D0DO00O0)0000. AKARIODO-OOOOOO
goobooobo,900bobooboooboobog, 2 ~0500000D000. OO
0,00000000000 AGNO0O0O0D0DODOOODOO0OOOOOOOOOooOoOO
00000o0oooo00,d0 z~10000000000. SPICADO,O0000O
0000 z~3000000 (LIRGs) 00D0O0DO0ODOOODODOODOD. DOOOOO
0000000, 000000 SEDODO0UOU0O0O0OOUUOODOOUOODODOOOOoOO
(Takagi et al. 2010).
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000 SPICAUOOOOOOOO,0000000000O000O0DO0OOOOOn
O.SPICAODO0OO0ODOOOOOOO, 0000000000000 O0O0O0O0OOO0
O (Nagao et al. 2011). 000000, [Nen]12.8 um, [Nemi] 15.6 um, [Nev]14.3 pm
gbooboooboobooooo,b0coboobobob.0oboo,00o0obooboboboD
goboobbg,obbooboobboobooboboobobobo.ob,boon
AGNOODOOOOOOOO.0OO0OO,0000000000000D0O00D0O000O0O0
000.00,000000000 TAO/SWIMSO, SPICAOOOOOOOOOOOO
O00ooO00o0o0ooo0ooooooooooOooo. SWIMSOOOO,000
O000D0000000000000 Balmer decrement 000000000000,
[On], [Om], HaeDDODODOOOOOOO, [Om], [NoOOOODOOOOOO AGNDOD
000,z~30 SPICAODDOOODOOOOOOOOO. 00O ADF-SOO0OO, SPICA
0O TAOOO,ALMAOOOOOOOOOODOOOOOODOOOOOOOOOOOOOn
goog,bgbobooooboboooobobobooobobobboobobon
goooo.

2,15 00OO0OOODOOODOODOODOO

000000000000,00000000 (20-100 K, n(Hy) > 103 cm™3) OO
00000000000000000000. 000000000000000000
0000,00000000000000000000000000000000000
00000.00000,000000000000,000000000000000
0000000000,00000000000000000,000 8mO000000
0000000000000000000000000. 000,0000000000
000000000000, 00000000000000000000000000
00,00000000000000000000000. 00000,0000000
0000000000000,00000000000000000000 TAOOOO
000000000,0000000000000000000000 (ALMA, ASTE,
CCAT) 00000000 D000000O0.

2.1.5.1 0O00O00OOOOOOOOO TAOOO

ocoooboooooooooooDbobo,sm00OobDOoO0oocooOOoooobooDn
cobooooooooo. coo,00b000b0000bO0ObOb0, 0000000 oo
000 (D00)00000OUDO0ODO0OD. DODO00DO0OUDOUODDOOOODOODOOODOO
000000000,0000 2~2300000000000000000 (SMGs;
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Smail et al. 1997; Hughes et al. 1998; Barger et al. 1998; Blain et al. 2002; Kohno
et al. 2008; Hatsukade et al. 2011) 00O D0. SMGOOOOODODOO0OO0ODODOOOO
O0000000000D0000 (Boryset al. 2005), 000000000000 OOO
0000000000000 D000D0O0O0OO (Blain et al. 2004; Chapman et al.
2009; Tamura et al. 2009; Weif} et al. 2009; Capak et al. 2011). D00 OO, TAO
J000d0oo0doodUooo0ooooooooogoo SMGoooooooo
goboooboobo, bbb uo0buo0obooboobOo,obooboo
gooooboboooooobboooobobbooogoob. oo, obboooa
Joooooooo SMGUOOOODOoOODOoOoOooooooOo. ooo,o00o000
Jo0odUooooO0,0000oo0ooogoooooooo, SMGOoOoooo
00000000000 000D0O000000000 (OO0, Motohara et al. 2005;
Takata et al. 2006; Alexander et al. 2008).
TAOO,SMGUOOODOOOOOOOOOO0O0O0O0OO0ODOO, 0000000000,
0o0odooooooooooooogooogo. SMGOOooodg,000o0o0oooo
goboooobo.boob,00bobbobooboobobooboobobooo
pgodddoooboooouobb. bbb, obbboo
00000000 ASTEDODO?000000000000000000000 (2011
010000)00000000000DOO0OOO0.
00,0000000000000000o0 sSMGOOooooooog,oooo00
gooooboboboooogd (ALMAS)DDDDDD. ALMAO,6600000000
o0,0030um-3mm 0000000000000 0DOODOODO0OOOOOOOO
0000 (20110000000,20120000000).
Jddd0d0d0O0OoOoOoOoOoOoOoOoOoOoOoOoOoO0, TAOOOUDODOODODODOOOODOO
go,ggobboodobbooodbobbooobboooubboooobobooog
gooddddoooooooooooooooooobooD.

2.1.,5.2 TAOOOOODOOOOOOOODOOOOO

0000000000000 0000000D00D000O (HERO,DRG)OOOOO
00000000O000D0O0OD (BzZKOO)DO,000000000000000DOO0
gooooooooooboooooo,oobobooooooooooo.oboboogooo
go,0bo0oobooooooooooooooooooo. ooooo,0boo0oo
0o0oo0oo0o,00000000000O00OOo00oO0ooooooOO0. TAOODO

2ASTEC0O0D0O00OO00 http://www.nro.nao.ac.jp/ aste/
SALMA 000000000 http://alma.mtk.nao.ac.jp/j/
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0O 211: 0: 000O0O0DO0ODODOOOOOOODODO ALMAOODOO (Credit: ALMA
[ESO/NAOJ/NRAOQ]). 0: 00000 0DO0DOO0D0O0D0OO0OO0 ASTEODOOOOOOO

00000000000o00o0oo0oU0oo0ooooooooO,o0o ALMA
ooooooooooooo.
TAOOOOOOOOOOOODOOUOODOOO,0000000O0O0DO0OOUOO,O
oooboooooboooooobooooooooobboo. obooo,00o0ooboooooon
ooobooooboooooboooooooo,ooooooooogo,oo0,o0o0o0ao
0000.000,ALMAOODOOOODOOOOOOOOOOOOO (0.701-0."1) O,
ooooobooooooooboooooooboobocooooboooOoooobo.obcoo,00o
ooo,0000 (000,00000000),00000 (DODDODODOOOO,0000
0000000000), 0000000000 DoOoO.
cooooobooooooboo,0oooboboco0oooboooOoooOooOo,0obboc0ooooao
ooobooooooooooooooooooo,boboobobooooooooooooo
ooobooooooobooooooon.

2.1.6 PaoODOO0ODOODOODODODOODOO

coboooobooooboboooobooooooOoooOoOoboboOooboboOooobooOooon
0000000000, 00000 (DOD0)0DO00UDO0OODO0DOO0DDOOOOOOO,00
0000000000000000 TAOODODOODOoOoooooOo.
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2.1.6.1 000000000 PawODO

0000 10-"00000000000,0 pe0000D0000O0OO0O0DODOOO
0000000000, 00,00000000000000,000000 103900
oooooo,o-00 kpe0000O0O0OOO0OOOOOOOOOOODOODOOOO,DOO
goooooboooooooobooooboobo. booboooboboooobooooboooobooo
oooooooooooooo,ooooboooooooooooooooooooon
gooooocooooobooooooooobooo.oobooooooobooboOo,oogoo
oooooooooooooooooooo,0oocoooooooooooooooon
gobooooooooobooooboooooooooboobooobooooooon.

000000000000 0O0ooo0O (Me/yr) DOODDOODO, 00000000
ubooooooooobooocoooobobOobOOo. obooooooooooooo
00000000 0oO0o0ooOooD (UV) 0O HeOOOOOO (DOD)O0O0ODODOO
0000, 000000000000D000D0D0D0O0DO0OOD Ay =0-500000
0000 (Quillen & Yukita 2001), 00000000000 10000000000
obooo. boboooooocooboOoooooobobOooooooooooooon
(Calzetti et al. 2007) 0, 0000000000, 000000000000000OO
goooooOo,oogoooooooooboooboogoooooooooobooboogo. oo
0000000000000 00000DO00O00000000 Paa (A =1.875 um)
000. Pan 0000000 HeOOOD 1/8000000,00000000000
O0000oooOO0o00oooOO0o00oOoO0o00 Ay =30000000000 HaODOO
goooooo.ooo,o0ooo00ooooooooooooooooooogon
o00,000000000000000O0000C0D0000D0. 00,Pac000O0O0O
00000000000000,00000000 miniTAO/ANIROOODOOOOO
ooboooboooooboo.

2.1.6.2 TAO/SWIMSUOOO PacO0DOOODOO

00000000 TAOODOUOODODOUODOoDOUOODODOOO, DoobDOoOoo
(SWIMSO ¢9.600) 0000000000000O0OO (JWSTOOUOOOOOOO
0200)0000000000, 000000000 PaeOOODOOOOODODOO
0000000 0. Do0oDo00 Pac-off OODDODO N19S0OOOOO,00000
9,000 < V < 15,000km/s0000000000O0000OO0OODOOOOOO,IRAS
000 A=60pm 00000000 1JyQDOOOOOOOO89OOOOO. TAODO
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6.omO0000000C0000O00O0DOCO0O00OOO00O0DOOOODOOOOOODOO,bO
goboooboobooobooboobobooboobobo.boobboobooboon

l.ooboooooooooOoOOO0OO0O0OO0O0OO0OOOOCOOOOODODOODODOODO
2.000000000DOO0O0O0DObO0O0DbOODbOoO0OO
3. ALMAOODOOUOOODOUOOOODOUOODOOUOOODOOUODOOOOOoDO

0000ooooo00oUo0oD. o000, 0000oooDooo0oooooog T™MTO
ALMAOOOODOOOOOOOOODOOOOO0DOOOO0O0OO0ODO0O0O00DOOOOOO
OOO0. 000000000 s56MmO0000C0C0000O0O0OOCCOOOOOOOO
goooo,booboboobo0booboooboobbooboobooboboobooo
gopboobbooobooboon.

2.2 00O000O,000,000

00000 (Active Galactic Nuclei; AGN) 00D OO0OO0OOO0OO0ODOOOOODOOO
gobog,bogoooobobooooboooobooboooboooooobb,bboob
obobooooooobooboboooooobobobobooooob. obgoo
gobooobooobbooboboobboobboobboobboobboon
googodbo,boooobobooooboboboooboboboboobobon
gobooboooobooobooboobo,0oboooobooobooboobooboo
ogboboboboboboobooooooooooooooooobobooboboo
gboogod,boboooobobooooboboboobobobboobobon
gd,boogobboooobobooooboboooobDbooooonboboooon
0. TAOOODOOOOOOOOODOOOOOOOO,00000000000000OO
goooobooooboooboooboobooboobboobog,0booboobog
goboobooboobobbooboobobbobbobobobbobboob.
0000000000000 o00oooooDooooOo TAOODODoOOOooooooo
goooooboooobooo,booobobooboooooooboooboooboobooboo
O0000.000,00000000000000000000000 TAOOOOO
goboobogoog.

gbobooboooooboobobobobooobooobo. boboooobooooboooD
oooobooo,booooboobobobooboobooboobobooobooo. oo
00 100od0oooodgooogoooo,0bo00doooo0oooogooboooo
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ogooooooo.ooboooooooboooo,ooooooooooboooooon
ooooooooobo. ooooooooooooobobobooooooooooooo
gooooob. coooooooboboooboocobooooooooooooooboooon
ooo0. 000oooooo0000ooo,0000000000DOO0O00000O I
o,Ib0O,IlcO0000OO0O. OO0,000000000DO00O0,0D000000CDO
gooooooooobooooo.boooooooboooooooobo,bobo0ogoo
booooobooobooobooooooooooobooOoooOoboo. ooboboooboooo
gooooooooobooooooo,obooboooooooooooobooobooOo. oo
0Ola0O0OO0OO0OO0O0O0.0D0000CO,000000000000O0O0DOODDODOCOO
gooboooooboogo,0ooooboooooboo,bboooooooooooobogooo
ug.0o0,000000000000O0C00,0000000000OO00O0bOO00O0
ooooooooooboooo.oooobooooooboooooooboooboooo,ooon
00000000000000000000000000oOOUoO. TAOOODODOOO
goboooooobooooooooooooooooooooooocooooon
ooboooooooooocoooo.
oooooooooooooooooooooboooooo,oooooooooDooon
gobooooooooooboooooooooobooooooooooobooo
U,0o0oooooooobooodoooooooboooooooooobooooooon
gooooooooOOOO0OO0OO00O0O00000Ooobo.Oboo0O0 1v00000ooo
000ooo0o0ooooo. WMAPOOOUOOOOOOODOODODOOUODOOOOOOO
goooooooooooooooooo,bobobo0o0ooooooooooooooo
goooooooo,boboo0odoooooboooooooooooooboOoooooon
oooooo,ocooooocoooobobooooooooooo,boooooboooooon
ooooo. bocoooooooooboobooboooboooooooooooboobooboooon
ooo,00gooooboboo0ogooooooboooboo0o0ooooooooooooooon
400 3,000000000000000000O00000C0COOOOS0O0100
u,0ooboboooooooocooooobooboooooooboooooooooOoooon
000000000. TAOOODUODODODUDOODODOOOO0OODOO0OO,000000000
gobobob,00boooobogoboboboboboooooooboobobo.

221 TAOOODODOOODODOODDODOODODOOO

000000D000000000000000000000,0000 MpgOOOO
0000000000000000000000000 (Mg ~ 10679My). 0000
00000000000,0000000000000000000000000000
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Follow-up photometry of ULAS J1120+0641:
~e : F, = (0.1£0.4)x 107 Wm2pm; iyg 2 26
£ & > g Fi =06202) x 10" Wm2um;z,.=24 |
2 %[ | o Fry=(8.1£0.4)x 10-TWm2um; Y5 = 20.3
g + F,,=(6.0£0.4) x 1007 W m2pm™; J,5 = 20.2
= i AB
3 f @
< @
Tigh |
s o
g®
5
h=
x
3
E o
PR W T N

08 1 1.2 14 1.6 1.8 2 22 2.4
Wavelength, 4 (um)

0 2.12: 00000 =708 000000000000 (0D). DO0DOOODOOODDOO
00 770000000. 0000000000 2x10°Me 00000000, 000000
00 23<z2<26000000 169000000000.

000000000000000000000000000000000000000
000,00000000000000000000000,000000000000
000000000000.000,000000000000000 137000000
0000000000000000000000000000000000000, 00
00000000000000000000000000000000. Sloan Digital
Sky Survey (SDSS) 000000000000 O0000,0000600000000
0020000000 (e.g. Fanet al. 2006), 1000000000000000000
10°M, 00000000000000 (eg Kurketal 2007). 0000 60000
00000 100000000000000000000,0000000000000
10°M,000000000000000000000000000000000000
00 (e.g. Tanaka & Haiman 2009). 00000, 0000 ~7 (00000 7.700)
00000000000,00000000000000000 2x10°M,00000
000000000 (Mortlock et al. 2011; 0 2.12), 000000000000000
0000000000000,
0000000000000000000000000000,SDSS0000000
000000000000000000000000000000000. 000000
00000,0000000000000000000 10°M, 00000000000
00000000000 (eg Kellyetal 2010), 0000000000000000
0000000000000000000.00000000000000000000
0000000000000000000000000000000000000000
00,000000000000000000000000000000000000.
0000000000,0000000000000000000 Hyper Suprime-Cam
(HSC; 201200000000000)0000000000000000000000
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000000 (Subaru Wide-Field AGN Survey; SWANS). SWANSOOOOODOO
000000000 SDSSO000 23000000000 (Yag ~23)0 1000000
oooooooOooooo,bo00b e00bObOOO0OOODOOD 200000000
goobobobooo.

00 HSCOOOOOOOOoOOoOOD 2013000 s0000oooooooooon,
gooobdooobooobooobooobbooobboobboobboobboo
00000000000 00. 0000 Crvalb49000 Mg A2800000000
gobooboooboooboooo,0o0oboobbooboobooboboobooobobooo
00.0000000000000 55000 IpmO0OOO0D0O0OOQOO0OOODOOOO
0, 0000 600000000000DO0O0ODO0OO0ODOODOOODOODOOODODOOO
goboooo.booooobooogob,b0oboobooooboooboboooboo
g, 0oo0oboobogbooboobooboobooboooooobooobobooon
gboobooobooboboo.ooobo,0b 200000000 6-8smOOOOCODOO 2
goooooooooDoOoOoOoO,0b040000,000040-500000000,00
goobooooboboooooboboooobobooooboboooooob.

000 TAOOOODOOOOoOOOoOOoOOoOoOooooooooooooooo, o000
goooobboooooboboooobbboooobb,o0obbbooobobbooo
oo0obO eO000DODODOOOOOOOOOOOOOOOODODODODOO
goo0o. 0bemODOOODOOODOOOCOOOOODOOODOODDOOODOOO
ooooo,00000 TAOOODOOOOOOOoooooooooooooo. oo,
TAOOOOOOO SWIMSOOOOOODOODOODOOO0OO (R~ 500—1000)0000
000 (Yap ~22.6 for S/N =5 1in 1 hour exposure) 00000 600000000
000000000000000D000000000000000000004% 000
TAO/SWIMSOODOOOO,00000000000DODOO0O0O0O0O0DODODOOOOO
gooobooobobooobooobbooobbo. booobboobobboo
0000000000, Civalb49000 MguA28000 000000000000 OO
00000000 (e.g. Shemmer et al. 2004). 0O O00D0O0O0O 6000000000
MguOOOO HOOOO KOOOOODODOOOOOODoOoOoooo,0o0o000d
0000000000000 00DO0O000O TAO/SWIMSODOOOODOOO. OO,
000060000000 MguUOOOODOODOOOUOOOODOODO,DOOD0OCO
goboboooboobboobooboboob.

4000000000 C1vAal549, Mg mA2800 0000000 2000 km s~ 00000,
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NI

Fell /Mqll
o

0 1 2 3 4 B 6 7

Redshift
0 2.13: 0000D00000000000 Feu/MgnOOOODOOOO. 000 Fe 11i/Mg 11
000D0,0000000000000. la000000000000000 10000000
0000O00,0000 1000000000000 5.6000000000000000000
00000000,0000000000000000000.

2.2.2 Feu/MgnO0OODO0OODOODODODODODOODOODOOOO

o00000ooooO0o000ooo,0000 la0000O0OOO0OO0OO00O00,00
ooo0O0O00000000 « 00000 II00000000000000. 11000
ooo0oDoOO0OO000o0oOoOooooooO 1wo—-1000000000000,Ia00000O
ocooooooooooooooboOo wooooooo,00o0oooboooooon,
lad0000O000O0O0OOO0O0O0DO 0000000000000 aOOOOOODOOO
0000000000000. 00000000 /«000000000000000O0O
oooobo,000oobobo0oooooooo0ooobo0ooooooooogon.

ctobooobooOooooooooooobodoooOooo,bobo0ooocoboOooooon
000 Feu/MguOOOOODOODODOODOOD (O 213). 000000O00OODOO
O,0000 1000000000000 sS6000000000000000D0O0OO
goboboooooooobob.

0000000000000 000O00DO0O0OO0D. 000 Feu/Mguooooo
0/a0000000000000D000O0OO0D0ODOOOO. 0OD0DDODOOOOOOO
oo00000opoooo0000 FenoooooOOOOOOODOODOOOOOODOO
000,0000000000000000000Fen000000/«000000O
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10000.0 T

T T T
Lo

1000.0 F 3
B : l ]
3 [ ]
3 100.0f |\H w E
L c |
S I m *M il ]
3
3 10.0 3 3
= F ]
5 [ ’ ]
o
1.0 “ l — z =3, Mg = -28 4
F — 2=6, Mg = —28 ]
r — 2 =10, Mg = —28]

0.1 R | . . A |

Wavelength [um]

0 2.14: TAOOOUOODDOUODOODOOODDOUODOODOODOOO. OOODOOO R = 5,000,
o0o0o 10000000 TAOOOOOOOOOODOO. 0O0,00,000000000000
36100000000 Mp=-28000000000000000000. 00000 TAOD
oooooooocoooooooooa.

goooooooooboooooooboobo.obooo,00ooobobogoon
oooOooooDOoOO0 FenODOOOOOOOO,00000000000000000O
goboooooo.
obooooooooooooooooooobooboooooooo,ooooooobooon
000000000, 00000000000, 000000000DO000O /a0
oooooooooo,booooboobooooooo 2130000000000000
00000O00000.0000,0/c00000000DO00DODO0O0DOOO, 00
goboooooooooboooboooobooooobooboOoooboon.

000 TAOOOOOOOOOO. TAOODDODOOOODODODOUODODOODODOOOO,
000o0o00ooO0o0oO0o0oOo0oooO0. o0o0o0o0 TAOODOOODOoOoOoooOoo
oooooooo,oooooooooooboobooooooooooooboooboooon. o
2140 TAOODOODOUODOODOODOUODOODOODOUODOOOOOUOO. OOOO
R =5,000, 00000 10,00000000000. DOO0O0OQOOOOO,0000 10
ooooo0O00000000000000O0O0O0O0. MguoooOO Feunooo
00000000000 2200-5100A000000000000, TAODOOODOOO
oooooooo0 o8 —-24pymd0000000,000029-370000000
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Feu/MgnuOOOOOO TAOOOODOODOOODOOO. D00D0OO0O0ODODOOOOODO
googo,dbobooooboboooobobobooobobobboobobon
000000.0000000000000000000000D000000/a00O
gboobooobooboooboooboobo,0cobooboboboobooboboobooDboD
goboobobooboobbooboobobooboobbon.

223 00OO0OOODODOODOODOODOO

go,gbooodbobobobooobobobobuooboboboboonooob
gboboooooboobobooooboob. obobooobooboboboooobooob
goooooooboobooooboo,obooboobboobooboobboobogoo
00000000 (e.g. Sanders & Mirabel 1996, Imanishi et al. 2008). 000 X O
goboobooooboooobooboobo,0oboooboooboobooboobog
0000000000000D0 (e.g. Maiolino et al. 1998, Risaliti et al. 1999). OO
0O00Oo0d0ooOOoO00oDo0o0oooooOoOo,00Xooooooooooooooo
0000000000000 0000000D000000 (e.g Ueda et al. 2003).

goboooobobobo,0obooboboooboboobobobbooboobooooD
ooooooooo. boboobobooobo,00obobobobobbOoboooD
000 2000000,0000000D000DO00DO000DO0OO0ODOUODOUODOO
gogoooogoo. googoooooooooobobbobbbbobbobobobobbon
00000, 00 (Glikman et al. 2004)0 X O (Kollatschny et al. 2008) 000 0 O
(Cutriet al. 2002) 00000000 DOODOO,0D0000D00ODOO0DOODOOOOOO
goboobboobooboobboobooobboobo.

gooooooooooobbbbbbbboodoodoooooogooooo
0. 0oooobobobobooobooobobobobooobooboboooooooD
oooobooobooobooobo,0bcoobobooobobooobobobobuooooD
. gboooooooboboobooobobobooooboboboobobobon
0. 00, Oyabuetal (2011) 00,00000000000000O00COO0O0OOO
O (Ishihara et al. 2010) D0 0OOO0OO0OO0O0ODOOOOOOOOODODOOODOOO,
OO0000oO00DoOoOooD26-5um 00000000 OODOOOODOOO0ODOOOODO
gooboboooob,oboboboobooboboobooboboboboob.boo
ooooooooooo,021000.00,00000000000DDOO0O0OO
oooboooooboboboobo,ob0oobooboboobooboooboD. ooo,
25um 0000000000000 0O0ODOOO.
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(a) (b)

10" T \Znaa ﬁ 10"
s [

100

o

(L,

101

v L

AW R 10°

10 100 2 3 4 5
Rest wavelength(um) Rest wavelength(um)

0 2.15: (a) IRAS 01250428320 00000000. 000,000000000000.00
00000o000o0o00ooDOoooOo,00 IRASO00O00OO0OOOOOUOO. 0O, 2MASSO
00o0.0000,00000000000.000,510K0 100KOO0O000o00o000o0o
goo.o0ooo0b,b000000O00D0000O0DODOOODOOOOODOODOOOOOOODODODO
O.(bh)0ODOO0OO0DOOOOODOOO.

il
1

00000000000000000000000, 000 Wide-field Infrared Survey
Explorer(WISE) (Wright et al. 2010) 00 0000000000000000000
0.00000,00000000000000000000000000000000
0000000.000000000000000,000 L, MO0000000000O0
0000000000000000000000,00000000000000000
000. TAOOODOOO,000000000000000000000000000
000000,000000000000000000000000000000,00
00000000000000000,0000000000000000000000
0oooOoo0O0O00O0O0ooooo.

224 00O0O0OO0OODOODDODOODOODO

oooo0oOoooXoooooooooooooooooooo,00o00000o0
oooooooooooooo. ooooooooooooOoooooOooooooooo
goboboooooobooooooo,bbooooobooooooooooooboo,ooooon
goooooboooooooooooooooboooooooDboboo,boboogooo
gobobooooobooooobooooboooooboooOooooboOoooooOoon.
ooboooooooobobooooboooooooboobooOobOoOoOooOooboooobooon
goboo,boooboooooooooooooobooo,booobooooboooooboboo
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goooooooooooooooboboobobobbbbbbbbbobbobbbbobbb
goodob. oogobobobboooooobobooogoooobbboooooo, oo
goooooooboobobobobob. bbb obobobuoboboo
000 VLBIOODOOODOOODOOOOODODOOOOODO (e.g. Miyoshi et al. 1995;
Kishimoto et al. 2011; Tristram & Schartmann 2011) 00000000000, 00
0000o0o0o0o0dbooooDoOOo0obOOoO0,0000b0oo0bo0dbD 101voooooao,
00000o000O0DbD 1000000000000 b00bOobD, 00000000 DbOOD
oboodboboobuoobobooboooboobooobuoobooo.
0000000000000 000000000D00000000 (DOD0DOoOo
D)DI:II:IDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
ggbooobooobboobbooobboobboobobooboboooboon
000 (BLR)OOOOOUOOOUOOODOO,00000D00000 (DOO0DOODO
D)DDDDDDDDDDDDDDDDDDDDD (DDDDDDDDD)DDDDDD
gogoboboooob,o0oobboooobboooobDbbooobDbbOoOoOon
O00000O0o0ooOoO0. DO0D0O0 reverberation mapping D00, OO OO0
0000000000000 0000000 (e.g. Wandel, Peterson, & Malkan 1999;
Minezaki et al. 2004; 0 2.16), 0000, BLR, 00000000000000000
goboooboboboboobboooboon.

B REf R i DR b 250
oF N 1 200 b
RN ¢
=< I - = 150 st by
8 _ll i I 8 ? } 3 g %
o2 | do % = .+ £ \.‘
o L, i a 3 100 T TR B 1
= (. | {1 = = i oy ! % 1 t
o |I h | ol i g SR . EASY
[ i 11 gl o WATARY
20 I'i14 50 \3 WA ]
B ] . ; 1y Y
[ 15
[EPETPEPS IPETPPIrE PUTUPErS EUrerare i 0 "
53440 53460 1500 2000 2500 3000 3500 4000 4500
J0 (~2.400.000) MJD-50000

0 2.16: 0000000 NGC4151 0000O0O. 00: BLR reverberation mapping O [
00 (Bentzetal. 2006 0000). DO00O0OOO0DOOOD 5100ADDDDDDD,DDD Hp
000oU0oO0oU00o000d. D0000O0oU00oU0O0 HOOOODOO ~700000000, O
OO0 BLR OOO ~ 0.006 pcO0000CO. BLROOO HOOOOOOOOOOOOOO
00000 ~4.6x 10°’Me 0000000, O00: dust reverberation mapping 00 0 O
(Koshida et al. 2009 0O O0O). OOO0OOOOOO (VOOO)OO0OOODOO,000000
000 (KOOO0O)OOoOOoOoO. vOUOOOOOOOooOOOoO Koooooooooooo
30700 0000000,0000000000000000. D0O00O00D0D0DODODOODOO
~0.03-0.06 pc00000D0O0OOCOOO0OODDOOOOOOO.
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le+11

St(lellar/Gas dynamics e
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1le+09
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1e+07 F v
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1le+06

100000 | E

10000 L L L L
1 10 100 1000

distance (Mpc)

0217 000000000000000000000000000O0O00O0OO0O0O0. 000
000oo0o0o0oo00ooO0U0oO0oU0Oo0OUOOUCOOoU0OOU0DOOOUODOOUODOOoOODOOoOOO,
000000000. 000000000000 000D000O. OO0 reverberation mapping
00000000000000000000000000 (0D0000). 0000000000
00000000000 reverberation mapping 00 0000000000000 O0OOOOO
goboooobooboooboobo,boboboboobooboboooog.

0000 BLR O reverberation mapping 0000000000 . O000OOOOO
BLROOODOODOOOODODOOOOD,000000D0D0OD00OO0OO00OOO0OOODOd
0000000000000000000000. 000 reverberation mapping 0 0O
0000000 BLROOOOOD (ODD)000O0OOD (0DD)OD0ODOOODOODOODOO
0000000oo0oooooOoO0.0oo0og 40-500000000000D0O000O
0000000000 oooo0oooooooD. 000 BLROOOOODOoOooOoOo
oooooooooOoOoOooooooobooOoOooooobD,0oooobooOooooo
000000 BLRODOOOOOODOOOODODOOOOOODOoOooOooooooo
godoooOoO0.0opoooogooooogoooooogoooooooo, oo
gooboooooooboooboOoooooooooboooooooooooDoooo
oopooooo.

000000000oooooonO, 00O reverberation mapping 00000000
00000000000, 00000000000000000000D0O00O0O (O
217). 00000,000000000000000OOCDOOOOOODOOOODOO
000 (Mg < 10°M,) 00D0DODOO0OO00OODOOOO, 000000000000
0 BLROODOOOOODOOODODODOOODOOODODOODODOO,000000 (DD0OO
0) 0000000000000 0000000000000. 000 TAOOOOOO
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0. TAOODOOODOOOOO,000000000000000, 000000000
googodbobooboob,oboobooboboooobobobobooboboo
gboogoooooobooboboooooobobobobooobobobo. oo
000000000000 o000o0o00ooooooooooooO, TAOOOoooo
gboogboboboobobobooo,0bobooboobobobobooboboon
ggoboodbobooboobbooboobobooboa.

2,25 0O00OOOOOODDOOO

tO0,00b000b000o0o00oocoboocoobOoooOo0oOoo0obooobooOooboon
O0.00,000 HSCOOOOOOOO 201200000000000,2020000
LSSTOOODOoOoOOO000000o0ooO0. 00DooooOoOo0o0ooUooooooo
coboodoobbooobooooo,ouobboooooobboooooooboooooog.
o000o00ooooo0000,lab000000OO0O0O00OOOOO0OO0OOOOD
ooooooooooooooooooboooooobooooooooboo,obo0oooo
ooobooooooooooooboooon.

oboboooooboobooboboboboooobooooobogoo

000 LIRG (Lumninous InfraRed Galaxy) , ULIRG (Ultra Luminous InfraRed
Galaxy) 0000000000000 000O00O0OD. O00D0DOODOOOOOOOOO
gooooooo,bbooo0oooooboooo0ooooboobooo0oooob. oo
gooooboooooobooo,bbooboboooboobobooobooobooboobog
O00000. 0dooooooodooo,00o0 ‘cooooo’oooooooog
000000, 00000000000000000000000 Mannucci et al. 2007.
LIRG, ULIRGOOO0OOO0O0O000000000000000oooooooooo
O.000,000LIRG, ULIRGOOOOOOOOOOO0DODO0OOOOOOoooo. o
g, 0o bbbbddooooobobobbbboooogoob,ono
gobodobobdooboobbooboboobuooobooobo.

goboooobooobooboooboooboooobooobooobo,0oboobooo
000000000000000D (0 218). 00000,00000000 AODO
oooood, TAOOODOoOUoooooooooo.

0000, Gemini, VLT OOOOOOODOOOOOOOOO AOODOODOOOOOO
000000,00000000000000 (Mattila et al. 2007). OO0, 0000
1200000000000 000000000O000O0,000000000DO000O0OO
000000000D0O000D (O 219). TAOOODOOD,000 3000000000
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0 2.18: IRAS18293-3413 000000000 SN2004ipMattila et al. 2007. (A)O0OOOO,
(B,C)00DO00oOoOoOoOoOoOOoOOOD (B,COO0O0ODODOOOD). 000 (D0O0)00OO
00000 1”00000000. 000 VLT/NACOOOO.

-16.2 T ~16.2
I A ] I B ]
-16 |- 4 -6l E
-15.8 = -156.8 - —
) w0
= =
= NS 1 = 7 [y
-15.6 . = -15.6 — —
—AK) =275 LN\ 1 ~AK) = 055 L
15.4 A 15.4 =
AK) = 4.15 o s A(K) = 250
B A O RN N R Ry SN BRI SRR R R
~20 ~10 0 10 20 30 80 90 100 110 120 130
Epoch (days) Epoch (days)

0 2.19: OO0 SN2004ip 00 00O Mattila et al. 2007. (A, B) 000000000000
gooobooooooooboo. oooooboooobooobooooooboo,0o0b0000, b
00000000000, D000, 0000000D0000DO00O0O. TAODOO 50000
gooooooocooooooooocoooooon.

oooooooo,00o0o0e6000000 1000000000000O0O0DOOCO
ooo0.obooooooooobobo0oog sooooooooboboooooooo, o
gboooooogoboooo,bobogboooboobooobo.booboobogooboo
oo looooooooooooOoO0O,00000000000000O0O0O0C0DGOOO
gobooobobooboobbooboobobon.

2,26 00OO0OOOOOODOOO

oo00o0oo00oo00oo00oo0o0oo00ooO0. la00O0OO0OO0OOO,
ooooooooooooooooobooOoooooobOobo,b0ob0b00o0ooooo
00o000ooooooooooooooooooo00. la0oooooOoO0o00O
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goooobooooooboooboobooboobbooboUbOo,o0booboog
0000000000,000000 K-correction 0O OO0 template0000000
OO0000O0000000000000. 000000000 00000 template O O
gbobooooooobobobooooboooooobobobo.bob,00ob0O0obo
oobobobobobob,obogoboooooo, 0000, Dboboboboboo
obobo0o. o0, 00000b00o00o0obo0b0boboobooooooDooDoo.

la0000000000000O0000O0O00O0OO0
000000000000 3000000000000000000,0000000
000,0000000000000000000000000000000
la00000000000000000000000000,0000000000
00000,0000000000000000000. 0000000 200000
000000000000,000000000000000000.00000000
0,000000000000,000000000000000000
000,00000000,00000000000000,0000000000,0
0,000000000.000,0000000 (000)0000000,00,00
00000000000,0000000(000)0000000000000000
00.000000000000000000000,0000000000,0000
00000000000,00,0000000000000000000000000
0D0000000000O0O00o0On.
000,0000000,0000000000 (Mgll4481) 000000000
000000,003000000000000000000000. 0000000,
000000000000000 MglIOOOOOOOO0O (MglI10927)000 (O
2.20,00),000000,0000 CII6578,01777300000000000, Ia
000000000000000000000000000.
la00000000000000000 34m0000000000000000O
00 Marion et al. 2009, 00000000000000000O0000O0. 000,00,
00,0000000000000000000000,0000000000,000
00000000000000000.0000000,00000000000000
00000000 TAOOOOOOOOOODOOOO,la0000000000000
DooOoOoooOooooO.

IbcO0OOOOO0OODOOOODOOOODODOOOODOOO
cobboooooooOoooooooooOooOoOoOobOboOoboboOo. oboooooooo
O0000ooo,000o0000oooo0 bOo,0000000D0O0OO00DOODOO Ic
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SN la 1999ee

)
w 100 3 Hle I
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Rest wavelength (um)

0 2.20: 00000DO0O00O0ODO (D000 Patat et al. 2001, Hamuy et al. 2002 00). Ia
0000 (00)0D0,0000000000000D00,0000000000000 MglIO
0o0oooOoooO. IbeOODOO (OD)00,0000D00DOODOODOODOODO
00.0000000000DDO000D (bLO)LO00O0DO0O0ODOUO0OOD. 00O 13,000
kms ' 000000000000 HelOODOO.

00000000O0. 00000000, 0000000000000O0 (IbO),000
0,00000000000D00000D (Iec0)00ODOOOOOD. ODODOODOO
0000000000000o00o000o0oo0 Ie00oooooo.
gooooooogooooobo,0oo0oooobooboooooobooboo0oooo. oo
u,0gobooocooooocoooobooooooooo,ooooooooooOooon
gobooooo,0o0o0oo0oobcooboooooooooobobooobooOooooog.
o000 IbeOOODDOODODDOODOODOSO00OO0DOOODOOODOODO,0DOOO
0000000000 (He110830,20581)000,000000000000DOOO,
0000000000 000O00O0oOO (0 220,00).000,GRBY804250000
0000 SN1998bw (00 ) 00000000 DO0OOODOODODO Patat et al. 2001,
gooooooooo,b0obo00oooooboobooooooooooobooooooon
oo.
goooooooobooOooooooooOoOobocoOoOooooo,ooooooobooon
0000o0o. TAOOOOOOOOOOODOUOUOOOOoOoooOo IbeOOOOOOO
goboooooooooooo,0oboo0obobooooboboooooogoooDo.
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O 2.21: la0DOO0O SN2002kp (» =0.928) OO DOOU0ODOOOODO. O0ODODOODOOOOO
00 Suprime-Cam 00000 Y000000O0O. 20020 100 10 (UO)0DOoOO0oDOO
goooo0o0o0o 1000000000, 0000000000000O0AO.

227 laODOOOOOOODOOOO

000000000oo00ooooooD,0000ooog, 0000, 00000
ooo,00000,0000000400000000000. 0000O,Ia0000O
goboooboooooobooobooboobooobboobo,00boobooboo
000000 (Perlmutter et al. 1999; Schmidt et al. 1998; 00 2004). Ia0 00O
000000 —-190000000010000000000000D0DO,00 (21.5)0
0000000000000, 0000000 (DOODO0ODO0O0ODOO0)0D00O0O00O0
00000000,10%000000000000000000000. 0000000 Ia
goooooboooobobooo, bbb boobooboobUobobobUoDo
g.gogoobo,0oooooooooooooo,bobobobobobobobo. g
000000000000000000D000 (SN Factory, SDSS), 4dm 000000
000000000 (2=0208) 0000000000 (ESSENCE, SNLS), 000
0000000 8- 1mO0O00D0O0,00000000 (2=08-1.6) 000000
00 (SCPUHigh-z) 00O0. 00D0O00O0OD0ODOODOOODOOODODODOOODOODOO,
oboboooboooooooooboobo.boooo,0bo0b,0boboooobooog
00000, Pan-STARRS, DES, HSCOOOOODOOOOOOO, 00000000
LSSTOODODODOOO0DODOOO00O0O. 000000000000, 2<10000
00000000000 la00OOOOODOOOO. TAOO,0O0O0O0O0O0O0ODOOO,
gboboboboboboobooboooooooooooooooboboboboD
oboboooooog.

gogobboooobobooooboboooooob,obbbooobbbooooo
O00000000000. 0000000000000 000 Suprime-Cam 000
oob,00b0obobooboboooobo,0ooboboooboobooooboboog
O00.000, Suprime-Cam 0000000 HSCOOOOO 10000000000
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goboobooobooboobo. booo,bboboobuoobbooboob,booboboo
gogooobooobbooobooo. gobbooobbooobboobbboo
goooo,b0o0ooo0o0ooboooobo0oobo0oo0oOo0. oooooo 2000000,
goboooboooooobooooooobooobo,boboobooobooboooboobooo
000000000 0,0000000000000000000000O00O0. TAOO
goboboboobobo,booboboboooobobooooboboooo
go.

000ooooo,D0o000 la0O00oU0UooOoODOOOOOO, 000000
gogbgooob.booboobobooboob,obboboobooboboo
gooooboooobo,ooobboooobbbooobbbooobobbooo
gboooooogoboobo.oooboobooobobo,b0oboobooboboooboo
gobooobooobooobooo,boobogbboobooboooboobooboobobooo
gogooobooobbooobooobbooobbuooobLboobo. obbboo
ooooooooooooobooo0oOoooooooOo,0ogoooooo z2=1300
00000 (Riess et al. 2004; Lidman et al. 2005; Morokuma et al. 2010). 00O
gooodooOo,00ood0ooog,0o0ioogoo0ooo0d 1wWmODOOO
gogoogobogob,0ogbooboobuoobuoobooboobooboob, oo
HSTOOOOOOOOOOOO,00,0000000,00000000000000
gobobobobooo.

TAOOUOUOOOOOO,00000000000000000000O0OO0OOO
000000O000O0o0oD (A0)0oDOO0OO0O00O0OD,I0D0D00O0JoOOoDO0ooOoOooOo
goooooooooOooo,b0bo00ooboo0ooDoOooOoooooo.opoooo 3
gooodo,»=1500000000000,0000D0000000DODO0. OO
gogboobobooboboboobobobooboobob,ooooboboboo
gooboog,bodboobooobuoobuoobuoob,0oobooboobooboo
gooboobobooog.

0000000000 0DO00D,0000000D (DO0OD)0DDUOO0ODOODOO
0000.la000000000,000000D00000000O0DODOOOOO0O0O
0000000.0000000000,0000000 10-15%00000,0000
ooooCo.0o0d0oooo0oo,00bo0fdd z2=1200000000000000O
000 (Yasuda et al. 2004), 000000000000, 0000000000000
gbooboobooboo. z>100000D000DO00DODODOODOODOO
gooooooooobgoboooooobobob. ooboobobobooboooo
gobooobooooooboooooooooboooobooobooobo,oboboobobooo
gogbgoooboo. ob,o0bobobooboobobboboobooboboo
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0 2.22: 00000000000000 Y0000000000000000 (0000000
o)yoo.

000,0000000000000000000000DO00OO0OOO0O. TAOO
0 AO000O0UO00O00OD0,,=150000000000000000000000CO
O0oo00oo0o0. AO00o0oOooUoooooo,0o0o00ooo0oooooDooooo.
AOO0O0OO0OO0O0ODOO0OO,000020000000000000000. 0000000
oo,20,5000000000000,000000000000.

000000000000000000 (000000000 oDOoO0OooOooOn) 12
0O, TAOODOO AOOOODO 120, A00000 2500000, 2=0800000
ooloooOoOO00C0O0OO0O000.00O0OO00C0CCOOOO00O0OOOOOODOODOOO
coobooo,0boocoooooobbooooooboooboboobooOoooboboOoooon,
ooobooooooooooboooboboooooboon.

oooo00o0,0000 laODOOOOODODOOOOO0O0O0DO0O0O0OOOOOOOO
cooooo,bocoooboooboobooo0obooobO0. ooooooboooboo
oooooooooobooobooooboooooo,00o0oboooobooooobooooon
ooooooooboooboooooooobooboOo. ooooooooooboboob, o
000000000000 la0D0O0O000O0O0O00O0O0O0O0. HOOOOOOODOOO
00000000 5%000 (Calzetti et al. 2000), 00 HOOOOODODOOODOOO
0000000000000 000000DO000On 1% 000000000000
(Wood-Vasey et al. 2008) . 00000 HOOOO la000O0OO0OO0ODOOOODOO
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TAOTESHH ]
10 | .
Q=0ABD -
BH3Endh 0.0 .
(Z4R) 1
10 F §
B3 -2.0 [ . . .
0.0 0.5 1.0 1.5

FH R

0 223: 0000000 la000000C0OODODOODODDO (Suzukietal. 2011 0000). O
0000000000000000 73%,00 27%000000. 00000000000 200
O0o0ooo0ooo,TAOOOOOOOODOOUOOOOOOO0OD, 0000000000000
joo0oooooooooooon.

ogoooooooooobooo.oooooboooooobooooooooooooo, oo
0000000000 la000O00OOODOOOO HOOOOOOOOODOOOoOOOoOOoOO
000 (KOOOOOOoOoOOoO)OOoooo,000000,la00000000O0ODOOO
gobooooboooooooooboooboooo,0booooooooooog.
TAOOOOOD,000000009%0000000000000,000 Ia00O
gooooooooobooooooobooo,ogoooooooob. ooogoo
WFIRST, 0000000 EUCLIDOOOOOODOOOOOOOOOOoooooo
0o0o0ooo,0000003mboO0O00O0000000oooooo. oooo
0000 100000000000,0000000000000O000O, TAOOOO
gbobobobooooboboboboboooooobobobo.

228 0J00O0O0OOODOODOODDODOODOODO

la00000000,00000000000000000000D0DOO0O0O00O0O
ooooo0oooooo0o0oooooOooooooD,la000OoO0O000oooOO
goooooooooooooooooboooooo,oooooooobooooooon
goooooo. ooooooooobooboooooooooooboooooooooo
gobooooooo,o0obc0obooooooooooocoooboocooooog.

oooooooooooo,obooocooooboooooooobooocoooooon. o
0000 reverberation mapping 00000000000 BLROODOODODOOOOO
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0000O00000oo0ooooooooo 0500000000000 00O00DODOODO
000 (Minezaki et al. 2004; Suganuma et al. 2006; Bentz et al. 2009; O 2.24). O
0000000000000 00oO0,BLROODODODOOO, 000000000
O00000DoO000oo00Doo00DoOO0 BLROOODOOOOoDOooooooooo
00000000000 0D0000000 (cf. Horne, Korista, & Goad 2003), 0 0O
godobbooooboboooouo, bbb boooooobooogo
ggoboboooobbboooobobbooobobbuooo, bbb boOoOon
0000000000000 00000000O00ODO00D,0D000DOUODOO (O
goooooooooooooooooooboobbobbbbobbobbobbbobbobbn
00000000000 0)00000000. 00000 reverberation mapping O
gooobdboboobobobooobooboboob0obobooobobo,boo
goodbobobooobobo, bbb obooobooboooobouoboooo
googoo.

000 dust reverberation 0000000000, 000000000000000O
gobooboobooboobooboobuoobooboobooboobooo,
000000000000 000000000000000 (Yoshii 2002). 0 8000

1000 p=r

" archialdata —&—
-3
MAGNUM data

e ]

4

? f&:#c_

":”-'.'p
ot

—
o"e}
$ T

At [days]
8
-
by B

0 224: 00000000, 000000 HAOOODODOOOOD (O00; Bentz et al. 2009)
00000000D (005 Sugawara et al. in prep.) D000O00O0O0O0DODO. 00ODOOOO
ooooooooooboo,0o0oo0o0oboobooooOooOooOobo0obboOobObob0. booo
00000000 reverberation mapping 000 000000,000000 10000000
gooooooooobooooooboooooooO,0Do0o00oOo0U0DboOoOobOo. Dbooo
o000 MAGNUM OO0OO0OO0OO0O0O,000,000 MAGUNUM OOOOOOGooOOO.
MAGUNUM 00O dust reverberation 000 0000000000000O.
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0000000000 MAGNUM 2m OO00000O000O0O0O000O,00000
00000 dust reverberation 000000, 0000000000000 OOOCOO
0000D0O0D0O00. 000000000000 0000000000000000
0000000000000 0000000000000000000D0000000
00000000000000000000000000,000000 Hy ~ 79 km
sT'Mpc ! 00O0DDOOOO. 00000, 000000000000000000
oooooO0oOooooog.

000000000000000000000000000000. 000000000
00000000000000000000,X0000000000000000000
0000,000000000000000000000000000000000000
0000000000 00000000 (e.g. Collier et al. 1999; Sergeev et al. 2005;
Minezaki et al. 2006). 00 00000000000000000 XOOOOOOOO
000000000000000000000000000,000000000000
0000D00D0D000000000D0. 0000000000000 00000000
000000000000000000. 00, Collieretal. 1999 000000000
000 NGC7469 0000000000000 Hy~49km s 'Mpec ! ODODOOOO
00000 Cackett, Horne, & Winkler 2007 00 140 00000000000000O
0000 Hy~45kms 'Mpec lOO0O0OOOOOOOOO.

000000000, 0000000000000000000000000000
000,0000000000000000000000000000. 0000000
0000000000000 000000000O0O000oooooO. TAOOOOO
0000000000000 0000D0000000,000000000000000
0o0000000Ooooooooooog.

229 0O000O0OO0OOOCOOO
2.2.9.1 00000

gobobooooobbooooobooooooboo,0oo0obooooobooaon
000000,00000000000000000D000000O0 (Oguri et al. 2008,
Inada et al. 2010). 000000000000 OOOOOOOO,0000000O0 HSC
goooooobooooobo. oo, 0o0o0oboobooobo,0booooooboo
uboooooooooooboooobO. ooo,0ob00o0o00ocobooogon
00000000 TAOOUDOOUDOOOOOO JOOoOUOoOoUOODUOODODOO
goooo,b0o0o000ooobooooooooboooooooo0o.oobobogoon
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goboobooobobooobbo. ooobbooobbooobbooobboon
00000,00000000000000000000000O0, TAOOOOOOOO
gbobooooooboboboobo.

2.29.2 00O

cooooboooooobooOoooooooOoooooOoo. coooooo, oo
cobooooboooooooooooboooOobOOoOoOoOoOoooboOoOoobOOoOoobooOon
000000o0oooo. TAOOOODODOOODOOOoOoO,00 SWIMSOODOUOOoOOO
oooooboogogoooobooo,ogooooobo0ooooobooooooobo.ooo
O0o0oU0o0ooo0ooo0ooooOooo SsWIMSOOOoooooooo. oooo
coboooooooooooboocobOoOooO, 00000000000 OobOb0ODbOOon
O,0000000D00000000DO000O0

2,293 0000O0OO0OOO0OOOOOCOOOO

00000000, TAOUOODOOODOUDOOOODO0ODOUOOODOOOOOOOO
cobooobooooooooobooooooOo. booooooooooooooo
coooooo,0otc0ooooboboo0ooooboobocOooooObo. ocooooboooboOooo
000o0o0ooooo. TAOOUOoUoOooooo, TMTO JWSTOOOOOOOO
oooooooo,boboboo0goobobooooooooboooooooo3ogooo
U,00000000ooc0oboo0oooon

00000000000,00000000000 Fe/MgOOOOOOODO,000
o,0000boooocoobo0o. ooboobobooobooooboooooooooooo,
ooboooooooooboobooboo0oobo0oooo. obboboooooooo
0000000000000 000 (0O00b0)000000O0DO0DO0O,00000
oooooo,b0o0bcoooooboooooooboobocooooobooOooooo. oboooo
000000000000000000000000000 TAOODOODODODODOOO
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gooogon

23 0J000O0oooooo

00000000000 (00O00)0000DO00O0O0DODO, 20110 8000 500
gooooboooooobooooooo. obooooooboooOo,c0ooooboobooooo
oooooooooooooooooooOo,0oocoooboooooobooooooon
. oboooodooooooooobooobooooboooooooooooooboooon
gooooooooooooooooo. boooooooooooooboooooo
u,0ooooocooooocooooocooooooooo,0bobocooooooOooon
gobooooooooooooboooboooooboo.

§2.3.1,23200 TAODOOODUOODODOOODOODODOODODOO, §23.3, 823400
gobooobooooooooooooooog.

23.1 00OOO0OOOOOO0ObDOObOObDOODbOOn

00000000, 0000000 (ODLO)DO0U0DO0OD0OODODDOUODDUOOOODOO
gbooooooooooooooo. oobobooobooooooooooobooooboooon
gooooooooooooooooooboo,0boo000ooooooobooooooo
goboooboooobooooooooooboo. obo,b0bo0o0oboo0oOooooo, oo
oobooooboooooooooooobo. ooo,0boooobooooo,boooo
0000000000oo0oo (O 2.25).

goooooobooobooobooo,bobbooboooooooooooooon
0o0oo0o0,0000,000000000000000O00O0O0OO0, TAOOOO
00o00o0o0o0ooU0o0ooO0oo. TAOODUOOO,0000000D00ULOUOOUOOO0OO,
goboooooooooboooboooooooooboooobooooo.

2.3.1.1 MOOOOODOOOOOOOOOOOOO

gooobdobobo, bbb obobooooboboboboboobobon
gooo,000,0000ocMO0000oOooOOOO00DUoOOoooOoODOOoOO. oo
g,0oooooogoogo,b0cobcobooooo,ooobocobooobooooooooo
g, gobogbooboobo,obooboobooboobooboobooboon
gogboooob.booboob,obbobooboboboboobooboboo
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(@)

+2 HE

v

0 225: 0000000000000 DO0O0OO0DOOOODOOODDOO

000000000, MO000O000O0O0O0O0DO0OO0O0OO0OOO0ODOO (OO0 2-10
0000000)00000DO00000O00OL00O0OO0. TAOODODODDODOOODODOO
000000000000 0000000. D0000000000 Kepler OOODO
oooooooo 1o0oooooooooboooooo. bobooooooboobooo
goboooooboooboobobooooobooogooob,bobobbooobo,boog
0000000000000 0O00, (000D)DO0D0O0D0OUDOLODODOOoDDOOooOO
O0.000 TAOOOOOOODODOOOOoO,MO00O00000000O00OO0O0O0OOO
MEarth 000000000 ODOOOOOOCCOOOOO0OO0O0O0O0OoOooooooo
obobooooooooog.

0000000000000 00000 Super Earth (000000 O0OO0OOOOO
0000000000000000)0000000. 00000000 1000000
gboboboboboboboboboboboboboboboobooobooobooog
ooo,oooooooooo0oooboboo0ooooo0oobpoog. oo, o
gobooooobooobooboboooooobobob. oooobobobooog
goboooboobooobo,0o0boooooobooobooobooboobooboo
00000o00o0o0o0.000,000000000000 (DOOooObOOooUoooo
00)000000O00O00DO0O0OO0DDOOOoOOoDOOOO.

o0o0O0Doo0oooDOoOooo, 201107000 20000000000, ODOO
CoRoTODDOODODODOODODO CoRoT-7b (Leger et al. 2009) 0, 00000 0.800
00000000000 Hot Super Earth O, 00000 2000K 0000000000
O00.000480000,000 16800000000DDOOOOOOOOOOO
00,000000000000000D0000. 00000 MEarthODOOOOOOO
0000 GJ1214b (Charbonneau et al. 2009) O, 000 6.60000,000 2.70
ooooooooooooOoOooooooboooOo0.oooooooboo1e0gooo
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Wavelength (microns)

0 2.26: GJ1214b 0000000000000 DOOODOOO (Croll et al. 2011). 0DOOO:
gooooooo,booo0ooooooob:-ooooooo

O, MODOODOO00OO0OD0O0O0,0000000000 400-500K 000000 (DDD
000000000000 0)00000000. 000000000000 Spitzer 00O
000000000000 (Bean et al. 2010; Desert et al. 2011; Croll et al. 2011),
000000000000 DO0oOooDoooDoO (O 2.26)D,DDDDDDDDDDDDD
goboboobooboboboobo,bobooboobobooboobobooboobo
Jooo. TAOUUOOOOOOooooooooooooooooooooooooo
gooobbboooub,bbdodbbbooobboooubboooubbooo
gooooooooooooogdddgdgoo . bgooo, oo (DDD)DDD
godooboooboobbooobuoobbooboboobooboboobboobobo.

go,0jdbdbobdoboooboobobobooooboboboobooobobon
0.000000000000000000000 TAOODODOOOOOO,00000
goooooooouoo,bdodobboobboooubboooobooooa
gooooobooboog.

2.3.1.2 TAOOOOOOOOOOOODO

0000000000000 00DO0O00O00 (DODLU0ODLUO0OD)0ODD. D00
0000000000000 0O00O0DO00O0DO0,00000OU0DDODOOO0 1% 0
000000000,000000 001% 00000000000. 00000000
0000000,000001/10000000000000000,000000000
oooooodoooo.oocoooo,boboocoooooboooocoooooboobooooo
00,00000000000000. TAOODOUDODODOUDODOUOOOOOO,D000
0ooo0o0o0,00,0000 (PWV)OOOOODOODODOOO,(0DODODODOOO)DOOO
goooooboooooo. ooobobooboocobooooooooooooooboooon
gobooocoooo.

o1



oo,000ooooooooooobooooooooooooboboooooooooon
0,0000000000000000. TAOODOOODODDODOODODOOO SWIMSOO
065mO000000000000O0ODOOOOOODOOO (96/¢)000,0000
oobooooooocooboocooooon.

00,65m00000000000000JWSTOO0OOOOOO (DODOOO
000000)0000000O00D0OD0. O00,JWSTOOODODOOODOOOOOD
U,000000o000oo0oocooocobooobo0o0oo0oooOoooooboOonoon
0. 000000, TAOOO, 0000000000000 0O0O00O0OO0UOOUO
oooo.

2.3.2 0000000000 (TTV) O
2.3.2.1 TTVOOOOO

00000000000 (Transit Timing Variations 0; 00 TTVO) 0000
goodoooboobooboboobobb, obooboobobooboon
doodooooooboo, o000 oooobooboooboooooon
(Holman & Murray 2005; Agol et al. 2005). OO0OO00O00O00O0OO0O0,00000
gooboooobooobobooobbooobobooobbooboboooo. o
ogoooooooooboooon.

e JI0I0DODODODDUODUODD (DODUODLOOUODDUOOO)DOO
gooooboooboboo.

e JO000,000D0DOCOOODOOOOODOOOOOOOCOOOODOOOOO
000 (000000000 -0b0oooooon).

e JO00O0OOODOOOOOOOOOOODOOLO,ODO00OO0O0OOOOODOOOOO
coo,000000C0c0000c00boa.

200000000D00000000,00000000C0CC0O0O0O0O0O0O0O0O000O
oo0O.0000000000020000000000000000,000000OCAO
oooooo,o0ooooooooooooooooboooooooobooboboOooono
ooo. TTvOoOoOooooooooooooooooooOooOoooooo,oooo
cooooooobooooOooooooooo,bobooobo0ooooobooboboOogoo
ood.
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50 100 150 200 250
t (BJD) - 2454900

0 2.27: Kepler-9b (0) 000 ¢ (O0) 0 TTV (Holman et al. 20100 Fig 3. 00O0). 00O
gob,00booobobobobooobooboobooboon.

oo, TTvooooOoooOoopooooooogoogo. TTvooog 2010
00000, Kepler 000000000000 O0O Kepler-9b, cO0O00O0OO0OO0O
(Holman et al. 2010; O 2.27). Kepler-9b 0 ¢c0 000000000000, 0000
0000 19.20,38900 1:2000000000000D0O0DOOO TTVOOOOO
0.00poo TTvooooooooooooobooooooogoooooooo, oo
000000 0.25Myyp, 0.17My,, 000000, Kepler 0000000000000
gbogoogooooboooooooooo,bboboobooooboooooboobooo
goooooooo, TIVOODODOODODODODODODODO0DODUOOoOoOoOoooooooooo
gooboooobog.

2.3.2.2 TAOOOOOOOOO

TITVvooooOooooOooOo,oco0o000000000000000000000O
000000. TAOOOOOOOOODOODOODODD,00000 SWIMSOOOOO (9.679)
ooo0,0002000000000000DCOO000O0,0D0O0000O0DOOOOO
gogbgoobooobooobooboboo. oboob,gbbooboobooboboo
goboobooboobob,oboobooboboobooboboooobobooboobo
gboooooogboooobooboobooo. boboooboobooob,00boo
goboooooooobooooooooooobooooooboobooboobog, o
goobobooob. bbooobbdooobbooobboooboboobbooo
gb,0000000000O0O00ob0o0obD0obooO0bOoO0bD. Db 20b00oOoo
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oo0oooDo,100000000 2000000000000 O0000DODOOOOO
gobooboboobooobo,booboobbuoobbooobooboa.
0000 TAOODOOODOoOoOOoOooooooooooo.

1. TTVOOoOooooooooood

O00000O0ODOoOODODODODOO TTIVOOO KeplerOOODOOOQOOOOOO
000,00000000000 TTVODOODOOODOOODO. ooooooo
ooo,000 TTvOoOoooooooooooooooooooooooooo,
gdooooC0ooOoO0ooOoooooUogoo. TTVOoooooooooooDoo
000000000000 TTVOOODOOoOOoOo. TAOOODODoDoooooOo
0000000000000000000000,00000000 WASP-4b0O
0000000000000 5000 (TTVOOODODDOODOODO TTVOOOO
000)00000000 (Sanchis-Ojeda et al. 2011), TAOOOODOODOODO
gob,0d0bbooboobbooboobobooobo.

2.MO00O0O0O0O0OCCOOOCOOCOOCOCODGROOTTVOO

MOOOOOOOOooOOoOoooOoOooO,0000MOOOCOOOODOODOOO
o0oooo0oo. oo0oooMOOOOOOOOOOOOOO0OOOOOO0DBOO0
000,00000000000000000000O00000O0O. TAOOOO
ooo0oooooo,00000MOO0OO0O0OO0OO0O0O0COOO0OC0ODOO0O00O0
gooooOoO0o0o00oOoOoooooooooooODO. 000gg,MOoOooo
000ooo0oooo0o0oooo TIVOOoOOO,000000000000
tooooooooooo. oo, ooooooooooooooo,ooobooo0oon
0000000000000 0000000000000O00 (Lovis et al. 2011),
gooooMOoOOOoOOOOOOOOOOOOOOOOOOODODOOODOOO
oooooooog, TTvoooooooooooooooooo.

233 00O0ODOOODOODOO

000000,000 (10KOD)0DO00DO0O0O0O0O0O0 (np>1020 em™3) 0000
000000 (000 10-100pe00)0000. 000000000 DOOOOOO0O
000 (nu~10°"°0 em™3, 000 0.1pc00)00000000000O000OO
000000,00000000000000000000000000.000000
000000000000,000000000000000000000000000
00 -000 —-TOODO0O0 -000000000000000000000000
(Shu et al. 1987).
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gogbooboooboobooboobooboo,boobobb,obooboaob
0000000000000 D. 00,000000D000D000000 (CDDODOD)
goooo. TOODODODOOOOOOOO,0000000ODOO00COODOOOO0OOO
o,000ooo0oooodoobooo,0gobooo0oooogooboooo.TOO
000000,000 TOODODODODOODOOO (DOO0UDOODO)OODOODOOOOO
0000,0000000.000 TOODDODOOO,0000000D00000000O
gobooogoobo.ooooboooobooobooooboooboobooobo,0oobooo
goooooooobobobooboobooboobo.booboobooboboob,00obooo
goboooobooboobbooboobobon.

23.3.1 0000OO0O0OOOOOOOCOCO

gobooooooooooobbo,0o0obbooooboobooooooobooooobooon,
gboooooboooooobooooooooooobooo. oooooooooooooo
goboooooooobooo,0oo00oooc0oooboooooooooooooooboobooo,
0000000000o0o0oU0UO0. 0000o0DoUoooOo,IRASODOO0O0OOO
00000,0000000000000000 (Padgett et al. 1999), 0000000
goboooboooobooooooboooooo,coobobodoboboooooooon.

ooooo MIMIZUKUOOOOOOOOOOD 3opmOOODOOOOOODOOOOO
goooooooooooOD. 00000 3wmOODOOO, 0000000 100K
00000000000 000000O. Whitney et al. 2003 0000,0000000
4000K 000, 100K 0000 150AU 00000000 (0 228). 00000000
0000D0o0oooO,150AUD 1"O0oDoooo. TAOO 30umOoooooo 17
gobooo,0oooooooooooooooobooooooooon.

goooogoood:

O00Ooo4000KOOO0O0O0O0 21000000000 140pc00000, Whitney
etal. 2003 0000,30pmO00000000OCODOOOO 3Jy0OO0OO. O0OOOO
ooooooo, 30pm 00 300AUx600AUCOOOO0OCODOO, 000000000
0000000,0000 (1”) 000000000 500mJy000.

goooooooooooog:
0003s00000000D00000DODO0O0O0UDO. DODODO0O0O0ODODOOOOn
goboboobooboboboo,boboboobooboboooobuobooobo
gooog.
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=300 -150 o 150 300

0 228: 0000000000000O0O0DO0O0ODOOO0O (Whitney et al. 2003). ODO0OOO
o0ooO0oo0ooo0ooo,00000000000000. 00 24pmO000,00000
O0000. 000000 600AU. 24pm 00 300AUC00ODOO0DOOOOODOODOOO.

gooogoogn:
0000 (I")ooooooooooooo.

goooooooogo:

0000000000000000000000000. Kenyon et al. 199500, O
0O0000oOoo00ooDOOoOOodUoboD 2400000000.0D0C0C0O00ODOOOO
gopooobooboobog.

coooooooogon:

OO 10pmO0 300KOOOOOO0OO0OOOO0OO0O0O0OOO,0000000000O0AO
0 15AU000000000000. 000,0000000 CcCOMICSOOOOOOD
000000000, Spitzerd 24pmO00000000,00000 13 000000
ooooooooog.

23.3.2 000000000000

goooooobobooog,obbobbooooooboobobb, oo obooboobob
ooo0ooooo0. o0ooooo0o0 10pm, 20pm OOOOOODOOOOOOO
oooooobogoboobooooboboooboboo,boboboooboboooD
00o00o0oo0. 000000 ToDODODODODODODODOOODO-0O
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w827 Tou (A,=1.00) (K7)

-2
1
|
-
o
*

uF, (arg s em

10712,

1o~ 13

1 m

Wovelength (pem)
0229 000 TOOOODODODOOOOOODOOODODO (SED).DO00,0D00000D0OO
0000,000 Spitzer 00O OOO. OO0 Spitzer/IRSDDDDDDDDDD.I:IDI:I[ID
0SEDOOD. 30pmI00000000DOOOOODOOOO,S/NOOOODODODOODOO
goo.

0000000000D0000000 (e.g., Bary et al. 2009; Muzerolle et al. 2009;
Abraham et al. 2009; Espaillat et al. 2011). DO000000 TOOODODOOODOOO
gobdobooobobobooobooobuobuooboboobobooboob,oboboo
gooobooobobooobbooobobboooobooobobuooo. oobbooo
000000000000 DOO00oO0OD (000 KOO)DOooooooooooooo
goooooo,boo0dboboodogobboooooobooooooooogg
goobobooobboobo. bbb buooobbooobboUoobboo
goboOo000O.0o000ooo00oDo0o0ooog 0wpm,20y,m OOODOOOO
goooooobobooooobboooobboobboodb. ogubboog
gobobooboooboboboobobobooboob,obooooboboobo
gooboo, bbb boobobooboboob0booobooobboOooo.
oo, oobbbbtbbddoogoobbobbbooo,0booooo
gooooooooooddoodooo. ddooogooooobobbobbooo
gooooobuooboob,0oboboobboooboobboobo.boobobo, o
ddo0oo0oO0o0o0o0UUUooooOooooOooOO. TAOODDODOOUOOOOOoOo
pgoddo,joooobobbbbbddooobbbbbbooooo,0ogo
oooooooooooooo. ooo MIMIZUKU O 2000000000000,
gobobobooobobobooboboboooboobo,boooobobooobo
gooooo.
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23.3.3 O00O0O0O0OO0ODOOOOO

Oo0o0 TOOOoOoOooooooooooOoOoOo,0000000000000000
cobbooooboooooooboo. ooocoboooobOooOoboOobboOoooOooooo
oo,00000000000C0c00.0000D0000O00O00OO00O0bOO,000
TOODODODOOOOOOoooooOooOOoOo. ooopooooooooooog,oooo
000000000000 0000000 (O 2.29; Furlan et al. 2006). 0O000O0O,
cooooooooboooooooooobooooooo,ooooobobObocbooogoo
coooooooo. ooo,oco0oooocooobooooooooobo,bboooboOoo
O000000. 000000000000 Spitzer 0000000000 ODOOODOO
cooooooo,bbo0oboooooooooobooobooooooogon.

oooo,000000o0000C00 1IemOO0O0O0OooooDOOO0OCO0O00000
O000. 000 Spitzer 00 OODO0O0OOOODOODOOOOOO. OOOOOODOO,
3oo0KOOOOoOoooooooooooooooo,00 1AU0O0o0ooooooo
coooboooo.oooooooooo,0boobc0oooobooo0oooooboOon
ooo.0b0o000oo,00b0b0000oooobcooooboooooooobOoOon
00000.000000000,0000 (9.6AU) 000000 94KOO0O,000
oooooooo 32emO0OD0. O0OO0OO0O0O0O0OO0O0O0ODOOODOO0OO0OO000OO0
MIMIZUKUOOOOOOOOOOOO.

gooogooooog:

Furlanet al. 20060000, 00000000000 O0OOOO TOOOOOooOooOO
0000000,30pum0O 10mJy0O0O000 (V827 TauO OO). 20um OO0 25mJy O
gooo.

ooooogooogoood:

30pum O 10mJy 0000000 3c000000000O, MIMIZUKU O MIR-L OO
cooo1o00000000000C00. 20O 2omJy0000000 3000000
ooooo,MIR-SOO0O00O0O0 HS000000000000. DODOOOOOOOD
ooooooooooooboo,ocoooboocooobooooon.

ooooogon:
ocoooooo,0o0ocoooboocoooboocoooo.

oooooooooono:
MIMIZUKU O MIR-LOODOOOOOOO 1000000000, 00000000

58



OTOOODOOOOOO0OO0OO0O000.000000 20pm0O 30pmO0000000O
00000000000, Furlanet al. 200600 111000 TOODOOODOOODOO.
00000 50%00,000 100000000000000,100000000000
ob200000000000.

gogoogooogoode:
Jum 000000000 ODOODOODOODOODO.

2.3.3.4 000000000000 (IMF)

gooooooooooooooooo,obooo (M*<0.08M@)DDDDDD.
0000000000000 0DO0O0O0OUD,0D0000DOO0 IMF) OODDODOO
00o00000ooooooooooo. 0O IMF O Salpeter et al. 1955 0000
0o0oo0oooooooo,0.08M, 00000000 O0OO0OODOODODOOOOCOO
0. 0000000DbO000DobOoOOo,b00000 199 0 (Nakajimaetal. 1995) O
gooobo,jooobobbooogob. bobooobobobooooooboboooo
gooodooo, 00000 IMFOOODDOODODOODODOODDOOOO (e.g.,
Muench et al. 2002; Oasa et al. 2006; Lodieu et al. 2011). DO0000O0O000OO
00o0doDo0o00o0oo0ooo0ooo0o. oooooooooo IMFOOOODOOO
goobooobo,ooboobobooobooboboooboooo.

0oo0dooooooooooo,0o0oogoo 10002000 KOO0OOOoOOoOO
gooooopoooboooo. oo, jgooobobobboooooooboobooooga
0o0.00,WISEOUOOOUOOoooooooooooooooooo,0000o0oo
00 34pum, 46 pm 000000 15-16 0000000000C. OOO0O,0000
gooodoobobobooooobbbbtoooub. oo, bbobooogo
ogooooooooooodoogooooooboboooo. obobooboboooa
OO0 IMFOODOOOODOOOO,00000000000000000000. 0000
SWIMSOOOUOOOOOdDOoooooooooooooo.

goodobobooooo, oo bbboooub. oogoboooa
0o0oo0ooo0o0o0oooooooooDooooooo. DoooooooJooo
0OHOODOOOOO,00000000000000000D0O00DOOO0. ooooo
goobbbodoooobobbbboooooob,obbbbooooooobbboboo
godddoooooooo,o0goooobbobooboood (D 2.30).D|:|D
TAOOOOOOUOODOOOOOO0O0OO0O0000O00oooDooO0oooooDoooOd
gooodoooooooa.
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= 0 %‘“‘-_‘rm:
=1
E j"—"m__.—.__._\__‘__l
“ [ J—'-ﬂ—1——\_-—1J_—L»——._,_ﬂ__u_‘_‘f_J_‘_u_lj
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1 Wmﬁﬂ%
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2.4

2.8 2.3
Wavelength {pm)

0 2.30: 000 YSOOOOODO KOOOOOOOOODO (Itoh et al. 2002). UKIRT/CGS4
00000. KOOODOOOO (A<21pym)00000 (A>23um) 0000000000
00. 0000000 ITG20 ITG170000000000.

O0o0ooo,SWIMSOOOOOOoOOoOooooooooooooooooooooo
cobboooodooo. bobooooooooobOooboboOobooboOoooOooooo
o000 SWIMSOOOOOOooooooooooooo.

ooooooooog:

O00oOoOoOo SIRIUSOO0O00O00OO0O0O0000000O YSOOOoOoOOooooooo
000000. 00000 (200900000000)0,BRCS7,5800000000
00 7.7x7.70,HO000 180000000000 0OO0OOO. 0000, 1400
3300 YSOOOooOoOooooo.

goooooogoogood:
0000000000 10000000 §/N=3000000,00010000000
gooooo.

ooooogon:
coooooooo,bocoooooooooooobboOoobooOoooooOoooDoon.

gooooooooono:
SIRIUSO SWIMSOOOOOOOOOO. 000 YSOOOOOOo 3000ooooo
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gooooo SIRIUSOD000d0 10000 2000000000000 ooon.
0,00000020000000000000000,00000 66%0000,00
o000 300000000000. D0b0oooDOobO 9YboooooO,bo0o0ooo
0 4500 BRC (Sugitani & Ogura 1994) 000000000, 150000000.

gogoogooogoode:

oooo IRCSOUOOO00O0OO,0000000000ODDODO00OOO. ODoO,00
gooooooooodoooooooooood,cooooooooobooooooo
goboooooooo.

234 0O0O0O0OOOODOOO

0000 (2 8Me)OODOODOOOOOODOD,00D0000OOOOOODOOO
goo,boboooooooooooboboboboboooob.bobob, oo
gboobooooooboobooob,b00boooboob0ooboobooboooobooo
gogboboooboboboo,boboooooboboobobobboboboo
gooo.boooob,b0ooboboobooobo,ooboobboobboooboo
goobooobo.

000ooOoooo (S 1Mg)0,0000000000000OODOODOO,DOO0
00000000000000000000 (eg. Shuet al. 1987), 00000000
00000 (standard model of star formation) 0000000000 O0OOO. OO,
0000000000000 000000D00000 (‘paradigm’) 0, 0000000
000000000000 000000,0000000000000 (e.g. Red MSX
Survey; Lumsden et al. 2002).

goboboobo,ooobogogoboboboboboboobo.0obo,0obooooon
gobooobooobooobo,0obooboobobooboobooooobooboobobooo
g.boo,bboobooboboobooobuoobbooboobbo,oboboo
gogbobooboob,dbobooboboboobooboboooboobobobooboo
gobooogoo.obo,b0boogoboooboobooboooobooobooboooboo
goob,0b0oobcobooocoboboboboboboooo.

gogbgobooobo,opbobooboobooboob,opbobobooboon
gogoobooobbooobooobbooobobooobbooobb. bboo
O0oo0oOoOooUno 6.5-mTAOOOOOOO. OO B600m 00000, 0000
goooooooDooOoOoO0o 3 ymO0O00O00O0.0065mO00000,00000
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00 100000oo0o0o0oooo,00goooo0ogoooog,0ggoooooo
00 (transformative) 0000000000 DODO.

0000000000000 00, Spectral Energy Distribution 000000 (O
oo010000000)000000000000D000O0O0OO0DOOOODOO0O. O
000 IRASODOODOODODO (60& 100 pum 00ODODOODOOODO) 00000
00000000. 000000000 Spitzer 000 MIPS (Multiband Imaging
Photometer) O 18 arcsec @ 70 pm 0000000000000, 000000000
O ~1larcsec@~40 ym 00000000000000OOODOO5.

TAOOOOUOODOODOOOO 38um 000000000000 0D0OOO,000000
Oooooooooooooo, IRASO0oooooouoooooooooag, TAO
ooooooooooon.

24 000000

24,1 0O0OO0OOODOOO

ooooo,0o0000obooo0ooboo0ooooooooo,obboooooo
ooooo.oo,0ooc0oooooooooooooooboOooboboOooobooOon, o
coboooobooooooobooobooobooboobooOoooO. bobboobooooooo
oooooboooooooooobooboouooo,ooooobooboooooooobooooo
ooooo,00ooooooooo0oooooooboobobooooooooboobobooooo
oooo.

oooooo,000ooooooooboo,0b0c0o0oooo0ooooobooooooo
O00O0O0. Dwek 19980, 0000000000000 OO0O0DOODOOOOOOODO
000000, 0000000000000000 (0 2.1). 00,000000000
0000 (D000D)0000,0000000000DO0O0O0 100D0D00DODOO
oooooo. ooo,oooobobooooooooboooooboooooooobooon
oooooboooogooobooooo,oooooooooobooooooob.ooo
0000000000000 D0000000000 (000 Caluraet al. 200800) ,
coboboooooooo. obobocooooooooOoOooOboOobOboOoooOooooo
ooooooooooooo.

ooooooboooooo,boo0oobooooooooooo,obboooooo
cooooooooooobooboooooooooo,0oboboogooooooogoo

S00TAO D0DDO0ODODOODOODDOODOO 6.5-m James Webb Space Telescope 00, O
gooooo 28puym OOOQOQOO.
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0 2.1: 000000000000 (Dwek 1998)

000000000 (107°Mepe2yr )
Carbon-rich dust  Silicate dust

AGB  C-rich stars 2.8 0
O-rich stars 0-3.7

SNe  Type-la 0.1 3.5

Type 11 1.5 7.0

TOTAL 4.4 14.2

000000000 (107 °Mepe 2yrt)
Carbon-rich dust  Silicate dust

Star Formation 8 29
SNe shock 33 190
TOTAL 41 219

0000.000000000000000000000000000000,0000
0000000000000000000000000000O0O. 00000000
00000 TAOOOODOODOODOOOOOD. 000000000000000000
0000000,000000000000000000000,0000000000
00,000000000 1040pm 0000000000 813yum 30 NOOOOOO
0D0000000C0. 000000 TAOOOOOOOOOOOO0OO0O0O0, NOoOoO
00,Q0000 (0pm0O)03umO00000000000000. 0000000
000000000000000,000000000000000000000000
00,00000000000000000000000.

0000000000000000000000000 (e.g. Wolf-Rayet 1) 000
0000000 (eg. AGBO)O0DOOODO0OODO0OO0D. 000000000000
0000000000000000000000. TAOOOOOODOOOOO000O0
000, §2420000000000,§24300000000000, §2440000
0oo00000O0o0oo.

242 0J0OO0OOOOOODOOO
24.2.1 0000000000000000O0O0O0O0O0O0O0O0OOOOOO0

goooogo,booboobooboobobobooooboooobooboob,ooo
gooodooo 1oogo, 00000000 Booooooooooooo. ooo
glooocoooooo,0oooooooooobo0o. obogoobobooooboooo
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0000 (D00,0000000 10000),000000000D00O0O0O0O0ODOOO
goodoboboboooooooobbooogobooooo. obbo,bbo00o00ogo
gobooobooboobo,0booboobuoboboobobobo,0obooboo
ooboooobooo.

o, dgogoobboobo,bbdddodb bbb bbboogg
00000000 (cf. Massey 2003; Zinnecker & Yorke 2007). DOO0O0O00O, 000
goobodoo,oobbuooobobuooobbooobbooobbOo. boooo,
0000000000,000000000000000DO0O0OODO (CNOOOO FeO
00)0000000000000000000O0,0000000000000000
0000,000000000000000000 (radiation-driven stellar wind) O O
gogbodobobdoo.oobodbo,boobbooboobob,0obbooboOon
ogoodboboboooboboboooboobobooo,boboboboobuoboooo
.00, oo, oo ooon
gobodboboobobuoobooboboobuoobbooboooo.

oo,b0b0bobo0booboobooboboboboo,boboboobooo
00000000 (00D00)00000. 0000,00000000000000O0
g,0o0o0ooo0oooddddddooooo.. oo, oo oboO
gobooboob,ogboobuoobuoobuoob,bobbobboboooboo
000000,0000,000000 (D0ODDOO0OOD)0D00O0OOOODO (AGN)O
g, obbbDbobbbbbbobobooooag.

2.4.22 0000000000O00CO0O0O Wolf-Rayet 0O OOOODOOOOO

goboooobog,bobobobooobobobobuooboboboboboob
0.000000000000,0000000000000000000000A0Conti
Scenariod (0 2.31) 000000000 (cf. Crowther 2007). DOODD, 0000
O00000000 Wolf-Rayet 0O00O0O. OOODODO, 0000000 Wolf-Rayet O
0000ooo0o0. 000000 lIooo00oooo0oooooOooooo,o0og
000 300000 Wolf-Rayet 00000 OOOOO. U0,000000 4kpcO0O0O
00000 60%0000000.00,0000000000 Wolf-Rayet OO 20000
00000,00000 10%000000000000000, 0000 Wolf-Rayet O
oo0o00b0O0o00OO00OO0O000O000DOO0OO0DO. D00DO (WCO, WNO,
wOoO0)O0OO0oooo0oo0o00o0o0000O0000000000oD0o0Oo0oooooo
O0000000.00000,0000000,00000 Wolf-RayetOO QOO OO
00000 4kpc0000000O0 (Hadfield et al. 2007). OO0, 0000000
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Minisal MS post-MS SN/remnant

S75Ma O3~ =m-WNh=ie | ) =i WN = WC/WO = Ic/BH (GRB?)
(falloack or girect)
40-75 Mo 054 mmmmmmipe |/ i WN i WO/ WO = Ic/BH (GRE?)
(falloack or cirect]

25-40 M O7 -5 s WN = |b/BH

M RSGep YHG fallback)
10-25 Mi) B1-0B st | 1/ st RSG mmp- [IP,L/NS
| R— ” : T ——r—

o5 B0 Ao ] G0 0 o L
SPECTRAL TYPE

0 231: HROOOOOOOOOOOOOOOOOOOConti Scenariod .

0000000000000000000 WolfRayet 0000000000,0000
000000000000000000000.

000,2umO00000,000 (mag) 00000 1/1000 1/150000000,
000000000 20-30mag 00 00000000000000D00000000
000 23mag000. 0000000000000 000000D0O0000000
0000000000,00000000000000000. 00000,0000
00000D00000000000000, WolfRayet 00000000000 (CIV
(2.07um) O Hell (2.194m) 00) 0000000000000 000000000O
0. Nishimaki et al. 2008 000000000 WolfRayet 00000000000
(0232)00000000,CIV/KsO0D0O0 Hell/Ks 00000000, Wolf-Rayet
000000000 (0)000000000000000. 000000000, O
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Near-Infrared (0,9-2.4 micron) Spectra

006, WN4, 5000

! :
WWJ,'\.. i 7 i
wrr’ﬂw_a_,‘,_r_“_j

WR148, WN8h+B3/BH, 50000K

09 1.0 1.1 1.2 1.3 14 15 16 17 18 19 20 21 22 23 24 25
Wavelength [micron]

0 2.32: Tanaka 00000000000 Wolf-Rayet 00000000000, 000 WCO
0,000 WNOO.

00000000000 wWROOOODOOOOOOOOOoOOoOoO (Crowtheretal. 2006;
Groh et al. 2006; Homeier et al. 2003a; Homeier et al. 2003b; Mauerhan et al. 2009;
Shara et al. 2009; Nishimaki et al. 2008; Kurtov et al. 2007; Figer et al. 2002). O
oooOo, WROOOO CIVOOOUOOODOODODOOOODOoOoooooooooo
oooo (miniTAO/ANIRD) Joooodoooooooooo, ooo wCod
Wolf-Rayet 0000000000 OoooQg.
O000,000000000000000000DO0D0OO0UO0O0OOOUOOOO, O
O00000000000000 Wolf-Rayet 000D OOOOOO, Wolf-Rayet 00 0O
000000000000 000000. 0000000000000 ooO0oooooo
O000oooooooo0oo,00000o00oooooo0o0o0ooooooooooa,
6.5m TAOOODODOODOODOODODODOOOO (SWIMS) 0DO000. Wolf-Rayet O O
oodooooooooogoooooooogo, SWIMSOOOoooooogooo
000000000000 0d00000d. 0000000, 00000000 Wolf-Rayet
goo0oooooO0oOoO0OO00O000O0,00000000D0000000000,000
cdump 0000000000000 OCOOO0O0O0. O000OO,000000000000
ogbodooooooooooooooono.
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24.23 00000OD0OODOOOOOOO

00000000000 D,00000000 (DObODODoDOoooboooDoo) oo,
0000000000000 0D000000O0000OO0oOOn (Clark et al. 2005).
ooooboooooooooooooooooooooooboo,b0oobob0o0o0ooooon
goooooooooooooooobooboooooooobo,obooobo0o0ooooono
gobo,00000000o0o000ooo0oooooooooooon.

gobbooooocoooOoooooooOobocoOoOoboO0oOooOoOoOoooOoOoobooOoOoooDon
goooooooooooo,ooooocoooooboobooooooobooboooboooooon
00o0o0oo0o0oo0o0oo0o0,b000000000DO000ODO, TAOODOD (ODO
000000)0000o00oo00o00oo0ooooooooooooo.

24.24 00000O0OODO

000000000 Wolf-Rayet 00,0000, 000000000000, 000
00000o00oo0ooO0ooOoo/0000000O0D0OU0OLD0. ODO0,00000000
goooooowoooooooo,woooboboooooo,0oooooooo
000000 1040000000000 M1)ODOODOOD.O0O0O,0000000
0,000 (00)00000000O00O0O0O00DO0O0O0. 00D, 000000000
000 Wolf-Rayet 0 0O 000000000, 000000000000,00000
goboooboooobo. ob,000000000000000b0O0 2000000
000000000, 000000000000 1987A00,00000000000
gobooobooooooooooocoobO. oobO,b0boco0ooboo0oooooo, oo
00000000000. 0000000000, 0000000 (SN 1987A0D000
0000000o0),0000000000000DODObO0000DODODO00OODOOO
gob,b0o000b0oooooobooobooooooooooboooooooooog.

24.25 00000O0OO0OOOODOODOOOOOOO

00000 Wolf-Rayet 0000000000 D0OOO0OOO0OODOOO,0000000
oooooooooooooooooooooood.dConti ScenarioD0 OO OOONO
0,0000000000 Wolf-Rayet 000000000000 OODO. 0000 LBV
(Luminous Blue Variable) 0 YHG (Yellow Hypergiant) 00 O (Clark et al. 2005).
goboooboobuoobooboobooboobooboobooboobooo,
goobobodobooobobobooobobobooobobobooooobooboo,ooa
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gobobooobbooobboobobboob. obbooobbooobboon
googodboboooobo,boobooboboobooboboboboboboo
gboogobooooooooboooob.obo,gboob0oboooboobobog
oobooobooooooobooobooboob, 000000 bOooboobooboo
gobooo.

2.4.26 0000000000O0O0O0O0O0OOO

gobobooobooobbooobooobobooob. bboobboooobb
gogooboboooobbbooobo,ooobbboooobbboooDbbbooon
0,0000000000000O0000O0O0000COO0O0. OO0,000000000
o0ooo0oo,0o00000000000000000O0000000O0000O0
ooboboboboboobooboooobo. ooobO,000 I0bOobOobOobOoboo
O00o0oo0o0o0o0o0oO0o0o0o0ooO0o0o00oo00, 00000000000
00000000000 1083-10°M, 0000000000000000000000 (cf.
Bertoldi et al. 2003; Priddey et al. 2003). 0000000000000 DOOOOOO
ooooooo,000000,00000000000000 01-1MpOODOOOOO
00000,0000000000000000000000 (cf. Morgan et al. 2003).
ogoo,0000000000000O00O000O00O0O0,00000O0000000CO
00 1073-10°Mg 00O (cf. Ercolano et al. 2007; Mattila et al. 2008), 00 00O
gooooooboobob. bobooboo,bobbobooboobobbooboo
ooooooooooo 0.001-0.1MpO0O0O00OO0OO0OOO0COOOOOOOGOOO, O
o0oo0o0oO0o0oo0oooO0oOo0oooo0ooOo0ooOo0oooooooooooo
0000 (cf. Clark et al. 2003; Sakon et al. 2009). DOO0DOOO0O,0000000
googodboboooboobo,booboboboobobobDoboboboboo
o0oooooO0ooOoooOoooooooon.

O0O0LBVOOOOO 1073-107*My/yr000000000000000000O, O
0000000000000 DO0o0D0oODoO (eg. nCar; O 2.33; Morris et al. 1999).
00 65m0 TAOOODOOOODOOOODOO MIMIZUKUOODOO, 2-38um 00
goooO0oooOooOoO00oOoO00OOoO0OO0OOO0OO0O0OOOO0OO0O0OO0OOO0. OO0oOOoOo
026-38uymOI000000 TAOOOODODODODOODODOoOOOoO, MIMIZUKUOOO
0000000000000D0000000 50-100Ko0o0oooooooo,oo00g
ogoo0ooO0oo0oo0obooboooOooo0oOo0O0. 00000, 0000000000O
odoooooOobOoooooo0oo0oo0oOoOoOooOoO,00000000000000
gobo,gpobooboobbooboobbooboobobooobo.

68



0233 nCarD 17pym00,0000000000D00000O0O0DDOOOO (11I0K)DOO,
0000000 15Me(000000 0.15Me)000O0.

2.4.2.7 Wolf-Rayet 000 0000000000000 0ODOOO0OODOOOOO
gopboooooooobo

Wolf-Rayet 0 000 0000000000000000 (3x1075-107*Mg yr—%;
van der Hucht et al. 1987). 00000000 Wolf-Rayet 00000 WC+OOD
0000000000 (Marchenko & Moffat 2007) , 000 0D00DO00DOOOOOO
goboooooooooboboboo, bbodouobbbobooooobobbooboo
gooobboooooboooobo, bboooboboooobboooob. bo
OO0 Wolf-Rayet 0000 O00OO0O0ODOOO, 10000000000O0OOOODOO
000000 (van der Hucht et al. 2001), 0O00O0OOOO 10000000000,
goobooobbooobboooobbooobooobbooobboooobo
(Marchenko & Moffat 2007). OO0, WR140000OO0OO0O0O, 0400000000
WC70 Wolf-Rayet 000000, 79300000000000000000000OO
0000000000000 (Williams et al. 1987).

2000000000000 0O0O0OO0ODOOOOO0OO0ODOOCOOOODOOOOOO
00000000 Willilamset al. 200900000, 000, 00O0O0OO0O0O0O 2009
oo, igooboboooooboboboboboooooooobbbooooobooboobooboo
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Aug. 2009 2"

Ephe’ gvand

Zm, - f i 2bot
s @il
n 102

4.

COMICS/5ubaru '
Sakon el al. 2009 o

TeI08 T T T T
from Willams el al (2005) =
Cour Eludy with SubamyCOMICS rme

Bu-005 .
fe008 -

4008 -

o3 I 1he Dust Shall

3p-008 =
Ze-008 » 1

§

o

Fommed dunirng 2037 FerE=siron

Diust Mass M,

1 1 1
il 02 04 a6 HE] 1 12 14
Oizral Phase ) from the 2001 Periastron

0 2.34: () 20090 800000000 COMICS O 11.7um 000000 DDOO WR140,
2001 000000000000000000,00000000000 28000000000
0000000DD000000 (Sakon et al. 2010) , (b)Williams et al. 2009 00000 2001
0000000000000000D (00)0,000000000000000 COMICSOO
000000000, 100000000000 0000000bOUODODOO0DODOOOD (O
0)0,200l 0000000000000 O0O0O0OO0O0OO0OOOOOOOOOOOO.

OOooo coMICSOOoOonooooooog (I:I 2.34; Sakon et al. 2010). goo
0,201 00000000000000000000, 1000000O0DOOOO
Williams et al. 200900 00000000000 1/1000 (10-°Mg)00D0000O,
00000000000000000000000000o00ooooooooooon.
godbbbooobboo, bbb boooobboooo
0000000000000,000000000000000O0O00O0O0OOOOO
00000000000 000D0D0O0O000 (Meikle et al. 2007; Ercolano et al. 2007;
Sakon et al. 2009) 0000000, 00000000000O0OCOOOOOOOODO. WR
oo, jogdooobobobobbddooooooobooboo,bbo00oooooo
0000o0o000oo0. 000, 0000000000, 000000 ooooooo
ooo0oDoOo0oO0,0000000000,WROODODOOODODODODOOOOOOOOO
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goboobogbooboobooboobooboo,boo,boobooboo
goboobooboobob,oboobooboboobooboboooobobooboobo
goooboboboboooooo.bobooo,0o0,0bobobobobobooo
oooooooooOooooooooOoOoO0OOO0OO0O000000,00000 6.5m0O
0o000ooooooooo0OooooooooboO0O00, 00 1wo200KO000000
00000000 3040pm 000000000 TAO/MIMIZUKUOODOOOOOO
gbooboobooooooooo.

243 0000OO0O0O0OODOOOOOO
24.3.1 AGBOOOOOOOOOOOO

gooo00ooobooooOobooboOo,0b0b0b00o &~10O00booooooooo. o
00000000, 000000 (Red Giant Branch; RGB), D000 (Horizontal
Branch; HB) 000000000 (Asymptotic Giant Branch; AGB) D00, 000
(0000000000000 00D)000000000,0000000000000
goooooooDOoO00oOooOoOooo. ooooooD0o0ooo0oOoOooo 0.6Mg OO0
00000000000 (Weidemann 1990), 000000000000 O0OOOOO
000o000oo0oOooo. 0o00ooooo RGBOOO,0000 AGBOOO
000000ooo000. 00oo00,00 AGBOO,0000000000,000
gboooooogob,0obo0oobogboooboobogob.gbooobooboooboo
0000o0o0ooo0odooooo,AGBOOOOOOUOOoOOoOooOoOooooooo
gobobooboo,bobobooboobobooboobobooooboboboo
0o0o0oDoO0o0. AGBOOODODOOoOoooOoODODO00o0oooooooooooooooo
gobogoboogoooooooo,booboobbooboooboooooooooobooo
gooooboboo.

AGBUOODODOODOOOOOODOODO,000000000000000000O0O0OO0O
00000000000000 (dust-driven wind) 00000000 0. O0O0OOO
0000000000000 0000000000000000 (Hofner et al. 2003;
Hofner 2008) , 00000000 DOODOOOODO,00000O00OO0OOOOODODO
goooo,gooobodbo,bboobboobbooboboobboobbon, o
0000000000000000. 00,000000000000 mass-lossd000
gooboboboooooooo,boboboboboooooon.
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24.3.2 O00O00O0OOOODODOOOOO

199500 00000000000000000 ISO0,0000000000O00O00
00000000, TswyjiODOOOOOOO (Tsuji et al. 1997a; Tsuji et al. 1997b;
Tsuji et al. 1997¢; Tsuji et al. 1998; Tsuji 2000b; Tsuji 2001b) DO 0O, ISO/SWS
0o0o0oooooddno R~160000 ~200000 KOOOOO MODODOoOoOoooQd
googobodboboobob,oboob0boboooboobobuoobobOoboo
O~05-1.0R.,0 H, OO CO,CO, 000000000 1,0002,000 KOOOOOO
00000000000000000000DO0O0,0000 (MOLsphere) OO OO.
gooooooooboboobo,0o0o0bbbob b0 ooogooo (FTS)
0000000, 00000000000 (Hinkle 1982) 0 MO OO (Tsuji 1988) O
gooboboooobbo, bbb bboooobDbbooooDbLbooon
0.000 1ISOo000000ooMOO0O0 BPeg (M2III) DOODOODOODOO. O
000 (0DD) 000 (model photosphere) 00, 00000000000DOOOOOO
O000000ooo 3000K OO, 0000000 MrooooooOo,000000
OMOOOOODDODOOODOOOOOoODOOoOOoOO,00000000o000ooog.

OoMOOOOOOOOoOOoOOOOOoOOOOO,0019600000000000 Strato-
scope 10000000 OODOO (Woolfetal. 1964).DDDDDDDDDDDDDD
ocoooooooooboOoo,000oobDoooo0o0oD0DOo 09,11,14,19um 000
0O0,CNO0ODO0O (00 0.9,1.1,1.4,1.9pm 0000000) 000000000
0000 Wing & Spinrad 1970 00000000, 000000000000 ISOO
00000 300000000000 (Tsuji 2001a). Tsuji 2000b 0,00 30000
Stratoscope II 0000 (R~200)000,000000 « Ori (M21Iab) O u Cep
(M2Ia) 000DO0O0ODODOOODO, Tswji2006 000000000 ISOODOO0OOOO
O00000,0000000000000 visibility DOO0DO0OO,000000000
O0000. 0230 puCepUO0O00O,00000000000DODOOOOOOODO
gooobobobo,jooboboooo0bobooboboobobooboubobOon
oo ooooooo.

gooooooog, 0000000 o0goobboooo, b000ooooo
0 (Yamamura et al. 1999), 00 0000000000000 visibility 000 ( Per-
rin et al. 2004a; Perrin et al. 2004b; Perrin et al. 2005; Perrin et al. 2007), O O
0000000000000 (Ohnaka 2004a; Ohnaka 2004b; Ireland et al. 2004a;
Ireland et al. 2004b)7DDDDDDDDDDDDDDDDDDDDDD[IDDI:I(Takami
at al. 2003,2009) 000000000000 DO. O0000O0O0O0O0O0O0O aOri0OOO
0000000000 (Limetal. 1998) 000 0O0O00O00OO0OOOOOO (radio photo-
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Visibility
0.8

0.6

log F,

Model C i

-5.6

log #,
-5.7 -5.85

u Cep / A,=1.6 i

6

=5.75

Mum)

0 235 (00)00000 pCep 00D0DDOD visibility 00000000000, (00O)
Stratoscope 1 00 0000000000000, (00) ISO/SWSOOODOOOOOOOOO
0000.000000000000000,00000000000,000004+000000
0.000000 380K, 000000 1600K, 00000000 ~2R., 00000 N(H,0)
= N(CO)=3.0x10*0000000000 (Tsuji 2006 Fig. 4).

sphere) (Reid & Menten 1997)0,00000000000000000000C0OOO.
00,00000000000000 (CO-mosphere) 00000 (Solanski et al. 1994),
goooooboobobobobologbpobobUob0bOobuboboboobooo

73



gobooobbooboon.
gobooooboobooboobboobboooboooboooboboobbooobob
gobobooooobo,bgboobogboooboobobooboobooboobooon
ooooo. 00, 0o0MODOO0OOCOOCOOO0O0UOO0OUODUOODODODODODOOODOO
goboooooobbo. boobbooobbooobbooobbooobboon
googodbobooobo,obobooooboboboooboboboboobobon
g.bogboooboooboooooboboooboooboooobooboooo,0obobog
gbooooboobo,obooooboboboooob,0obooboooobobog
goboobboob,bogbbooboob,boobooobooobo.

2.4.3.3 AGBOOOOO

AGBUOOUOOOOUOOOOOUOOODOOOU,00000000000,00000
ooooobooooooboooo, 00000 ooooooooooooooon
coooooooboocoobooooo.

AGBOUOOOOOUOOOOOOOOODOODOOODOODOUO,00000O000OOO
0000000000000 (e.g Hofner et al. 2003). Onaka 00O O00DO0OODO
O0o0o0o0oo0oo0o0oo0oooooO0O,0000oo0oon Isoooo
00o0000o0ooUoD ZCygOOOUOOOUOO,000000O000DOOOOOO
0000000000000000000O0O000 (O 2.36; Onaka et al. 2002). OO,
0000000000000 000D0O0000D (D00)0O0D0O0ODO0OO0OO,000
cooboooobooooboooobooOoOo.0obobo0obobooooo0oOooon0 =00
coooooooooooobooOo,0cobo0ob0o0o0oo0oo0oOoo0oooobobOonbon
O000ooooOoO. oo, Spitzer 00000000 DODOOOODOODOOOOOOD
HV24460 IRAS04544-6849 0000000000 OO0O0O0O0OODOOO0OOOOOOO
tooo,00oooobooooo0oooooooobo0ooooooobooboboOoOoo
0000000000 (Kamizuka 2011). OO00O0O0O0O0OO0OD00ODOOO0OOOOOOOO
O,0000bo0oooboooooobooooobooooooboo,bboooobboooo
000000000000 00000. Onaka 00 0OO0O0OO0OOOOOOOODOOOO
tooooooboooooooooooOooooOoOooo,ooooooobcbooogoo
00000000000000 (D0D00O000000D0O00O0O; Miyata 1998),
00000000000 0oo0O00. 000DboooOO0o0D0ooODOO0O0 AGBOOOO
oooooooooboooooooooooo,b0oo00oooooobobooogoo
oobooooooocooboocooooon.
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0 2.36: [Sso000000000 ZCygOOODODODOODODOD,00000,00000.
000 log00000000O (Onaka et al. 2002).

24.34 TAOOOODOOOO AGBOOOO

ooooooo
00000D0000D0000000D0000000000000000,(000)0
000000000000000000000,00000000000000000
0,00000000000000000000000.00000000000000
00000000000000,0000000000000000000000000
00000. 000000000000000000000000,000000000
000000000000000000000000000 FTSO000000000
00.000 TAOOOOOOOOODO HyO (2.5-2.7 um), COy (4.2-4.3 ym) OO
00000000 1-5m 000000000000000,00000000000
00000D0D000000D000000,00000000000000000000
00000000 TAOODOOODOOODOOODO.

ooboooooooooooon
goooooooooo,oooooocoboboobooobooooooooooon
gooo,b0bo0ooc00oooocooooboooooo,0bcooboooooooboooooon
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(4=0.38)

T Cep

Mormalized and Shifted AF,.

 Chamaor 554Dm T —
uimal (4200m, PWV 0.91mm
~ Paranal (2aﬂnm PWV-S '

08

0.8

Transmittance

od R

0.2

2 3 4 5 B 7 B8 9 10
Wawelenglh (um)

0 2.37: 000000000 OOOO0O00 (0) 000000 (0), 000 o Cet(d), T
Cep00O00DDO 0.33(0), 1.61(0) 0 ISO/SWSODOOODODOODOODOD. 00000
2600m(Paranal; O ), 4200m(Quimal; O ), 5640m(Chajnantor; 0 ) 0000000000 OO
oo0.0booboboooob,bob0o0obo0oboob0obOo0oboobUobDooboooboo
o.ogboobooboobuooboboboobooboobL,00boobobbobooboo
00000000000000000000. TAOODOOOOOOOO Chajnantor 00000
gf0doboboboboOooboo,0ooooooooooooooooooboobobooboboon.

coboobooooooooboo,obobcooobobooboooobooooboooboOoo,boo
00000000 0oo0O0o0ooooooO ISo0oood, Yamamura et al. 1999 O
TCepO SO, 00000000DOOODOODOOOOOODOOODOOOOOOOODOOO
O0. 00 Matsuuraet al. 2002 0 400000000000000000O, H,OO
coooobooooooooboooooooobo,bobc0ooooboboo0oooo. obooo
cobooooboocoooooooooboocoOobOoooOoOoooobocOoooboooobooOon
oo0,00b00000oboo0o0ooobo0oooooo,o0ooobooooobboooo
0000. TAO/MIMIZUKUOOOOOOODOODOOOOOOO,0 23700000
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000000000o0oo0O0o00oooOOoO00O. ooo SO, 00000000 7T-8um
gogooboooobob. booobobooobbooobbooobboobbbooo
000000, TAODOODO Chajnantor 0000000000 0OOOODO,0000
0000000000 0000. Yamamuraet al. 19990000000000000
000o0oo0oooDOoOO00O0,100000000 TCepO SO, 000000O00O0OO
gogboo,boboobooboboobooboboboobo0. obooboboo
000000000O0o0O0ooO0oO0o0oO0oo0o0oo0ooooO,000oooooon
ooooooo0o0oooooo. H,OODOOOODOOOoOooOoOoOooooooooo
0000,0000000000000000000000000. TAOOODOOOO
00000000000, 000000000000000-ymO00000000
O000. Matsuura et al. 20020 H.OOOOODOOOOOOOOOOOOO 2-4pm
oooooooooooo,-umi000000000000O00 H,OOOOODOO
gogbooobogboobo,obooboobuoobooboobooboobo, o
00 H,OOODOOOOOOOoOOoooooooo.

goboooboooooooooboon
goboo,0oboooooooboooobboooooooboooooooboooo,
0000o0O0o00oo0oo0oo0oo0oo0Ooo0OoooooooooooO. TAO
oooooooooooobooooooooooooooOoOoOobOboOoOooooooo. o
00 TAO/MIMIZUKUOOO,000000O0ODO0O0OOODOO0ODOOOOO,0000
go,0b0000ooogoooooooooooooooooooon.

00, TAO/MIMIZUKUOOOOOOOOODOOOO,0000000000000
ooooobooooooobooooooo. bocoobooooooooOooooboooboooon
goooooooooooooooooooooboobooooOo. ooboooboooboooo
goooooooooooooooooo,bobobo0o0ooooooooooooooo
u.ooboobooooobooooooobooooooooooooobooo,oooo
00000000000 0000000DO00O0DUD0O0DOO0OO0O (Ohnaka 2004b,
Kamizuka 2011). 0000000000000 DOOO0OOODOO,D00000000
gobooooooboooo,ooooboogoooooooooooooog,odoo
goooooboooooooboocoboooooo. ob,o0obO0obObcoboocOoobooaoon,
0000 24,5>-ymO000D0000CCOOO0O0O00O0O0O0O0OOOOODOOOCO
gooo. ooooooboooooooboooboooooooooooooooooobooon
goooooooood,bocogooooooooooooooooobooooooo
000. TAO/MIMIZUKU O 2-38um 000000000000 OODOOOOOOO
gooo,booc0oooocoooobobooooobooooooooooooo,ooooon
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gobobooobbooobbooobboobbooobbo. booobboon
oo0oooooo MIMIZUKU OOOOOGOOOO, TAOOOODOODOOOoOoooO
goooo.

2.4.3.5 000000000

00000 (Planetary Nebulae; PNe) O, 00000 1-8M, 0000000 OOO
O0000000000000. PNeOOOOODOOOOOO AGBOOOOODOOO
goooobbooooogo,goooon ~10_3M@DDDD,DDDDDDDDD
0000000. 000, HROOOOoOOOoOOOooOOo,000000000000000
O00,AGB OO0 PNeODOOODOUODOOO. OODODOOOODOOOOOOOO
~10°KO00000000,00UVO0OOO0OO0OO0O00. 00UvVOOooo,AGBOO
godbobboouobbooouboo, bbb booobobobooon
000,0000000000000.0000000O0,000000000000OO
0000000000000 00o00, 00000000000, oooooooooo
oo, L, DU UboO.

AGBDDDDDDDDDDDDDDDDDDDDD~105DDDDDDDDD,DD
0000000000000 107-10°0000000000. 0000,0000000
000000000 AGBOUOOOODUOOOO. 00,000000000000000
AGBUUUOUOO,0000000000O0O00O0O0O000000Uoogggooooo
g, 0d0doobooooooonbobooogoobobobooogo. oooooo
0,00000000000000000DO000OOO0OUOoOOOOg.

O0,PNed0O00000O0O0ODOOOOOO,PNeOOOOOOOOOOO,000
goobobboouobboooobboodobbooobbboooub,bboogo
gooo, 0000000000000 onobobo0ooooooon
0.000,000000000000000000O0,0D000000O000,000
O0000oo0,0000000oo,000,00ooo0ooooooooooon
godddooooooooooo.

2.4.3.6 TAOOOODOOOO PNeODOO

PNeOOOOOOD,00000000D0000DDOO0O (Round PNe) OO, 00O
00000000,0000000000000 (Bipolar PNe) 00000OODOO0ODO
0000000000 (Balick & Frank 2002), 0000,0000000000000
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0000o00o0ooooooooooooooooo, TAODODODOoOOooOoooooo
goboooooboooboooboo.

0000000000000 D0O00 (Round PNe) O 30um 000

gooobooooboooob,booobooobooobooobooobooob,
AGBODOODOOOOUOUOOOODOoDOoOoOOoOU00O0O0. 0DooooO0OO0 AGBOOO
gooogoobooboboobooboobgo,bobooobooobooobogo, 00, 000o00ooo
00000000000 0O0OD. 000000000000 (eg. OODOODOO)DOO
gobobobooboboboobobob,gooobobooooboboboo
gobd,bobooboboboobooboboooobobooooboboobooboo
goboooooogobooooboobob.oo,b0ob0oboooboboooboo
go,0bobooboobooooboobooboobobon.

0000000000000000O00O000o0o00ooOO, IRASO0000 ( Waters
et al. 1994: Tzumiura et al. 1995) , AKARIO OO OO (Izumiura et al. 2011), 00O
0O HSO (Kerschbaum et al. 2010) 0000000000000 O0OOOODOOOO.
000,00000oooooooo soKOODODOOOOOOOOgooo,ogoooo
000000, 0000dg,PNe0000000OO AGBOODOODDODDOOODOODOO,
goboboboboboooooooobo. oo, 00o0oogobooobobob,0booo
gooboogo,bobobogobobooboobo,ob0obobooobobooobooboo
O000. 000 AKARI (Arimatsu et al. 2011) 0000000000 OOO, 50K 0
00000oooooooOo,00ggooo 1ooKooooooooooooooooo
gbooogoobo.oooobooobo,oobooboobooooboooboobogooboon
gbooboboboooooooboobobo.

goboboooboboobobooboobob,o0obobooboooboob. b
0,0000000100K00000000000,30um 00000000, 0000
00 TAO/MIMIZUKU O 10000000000 30pm 0000000, 0000
goobobobooooooooog.

0000000000000 0000 (Bipolar PNe) O 30pm 000
gooooo,b0c0ooobooocoooboog,ocoobooboc0ooooooooooon
00000000000 (0oo,00000 IMgOOOO,03Mp 00000000
00). 000000,0000000000,0000000000000000000
goboooboooo.ooooboooobooo,ooo0oobooooooog, oo
ooboooooooooocooboooon.
PNeOODOOO bipolar 00000000, 0000000000COOOOOOO
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18um(red), Pa g (Blue) 31um(green), Pa j§ (Blue)

O 2.38: miniTAO/ANIROOOOOO Pag000000, miniTAO/MAX3800000O0O
000000000000 DODO0O0000D (D000 18um, 00000 31um) . 18um O
oo0000ooooooOooooooo,3lwmO0OO0OO0O0O0OO.

goooobobbbobioodoooo. booooooooob,co0oooboobobbn
ggooooobobobooooooooobob, bbb, oo bobobbbbo0oooon
vvooooooooooooo,000000ooooooo0o0oo0oooooon
00000 (Kemperetal 2002). 00000000000,00000000000
gooboboooobobogo,bboooobbboooobbboooobbbooon
0. jdooooouououoooooooooboobobobobbbbbbobobobobbon
O (Matsuura et al. 2005), 000000000000 OOOOOOO. OOO,00
000 NGCe63020 00000000000 120KO00000,000000 30pumO
(Ay ~100000000000)D0OD00O000O,D000000DODOO0OOODDOO
00o00oDO0oooooo. TAO/MIMIZUKU D, DOOO0OOO0ODO0OO0OOOOOOO.

TAO/MIMIZUKU D00 O0OO00OO0 miniTAO/MAX38 00O, NGC63020 000
coooo 3wmOO0O00O00000,0000000000 30pemO0000DOO0O
0000000000 (O 238). 18umO 3lym 0000000000 DODOO0OODODO
oo0. 000 1{emOO0O0D0oOOoO0O0DOO0O0D0O0O0DOO0O0ODO0O0ODO0O 31pmO
00000000000 oOooOoo. TAO/MIMIZUKUOOOOODOODOODOODOO
gob,00bo0boobooboobooboobo,obbobobobbooboo
ggoboooobooooboboobobooobboobboobbuoobboobboon
gooo.

2.4.3.7 TAO/MIMIZUKU OOOOOOOOODOODOOODODOOOOOOO

gooooooooooboooboobooooooo,bbboooo00ooooooooobo
ooobooboobooooboo. booboobooobobooobooboooboooo
0oooocooUpoooo00oDDooo0nnDooOOn (Lynch et al. 2008;
Evans et al. 1997). 00 0000000000000 DOODOO0OOOOOOOOOOO
000 Crich0000 O-rich glants 00000000 (Tielens et al. 2005), 0000
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T July, 2007 idday ~130) Tt Aug, 2010 (day ~1270)
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5 10 TR
Wavalangth {micran)

0 2.39: (a) 0O V1280Sco 00D O0OOOOODO 1500000000000000000O00
0O COMICSO,00000000000000 TRISPECODODOOOOOODOOOO SED,
0000000000, 20000000000000 Ay ~40+£1000000000000
0000000000000 00O00O0D00000DO0DD00O0O0D. (b)DODOODDODOOD
1270 0000 Gemini 0000000000000 T-ReCSO,0000000000000O
000 GIRCSOUOOOOOO0OOOO0OU0OOo SED,00000D00o0,000ooooon
oo0oo0o0ooOoUooOoUooUooOooodo, Av~55+100000000000000
0000000000000 0000000000000OD0OD0O0D00UO. (e)DOOODOO
01270000000000NODOOOODOOODOOO,00000000000000000O0
000o0o0o0ooO0ooU0oOoU0oO0oUo0oUo0oUo0Ooo0, HACO PAHOOOODOOOOD
oooooo,ooooooobooobooboobooobooboOobobobOOoOoOoObOOOOOOOOOOOO.

goobodooo,joobooboboo,obooboboobobooboboboobo
gobobodobooobobobooobobo, bbb obooooobuoooooa
gooodobobobooooobobbbboooooo,obbobboooooobo. oggd
gooboo,bgobooboobobooobobooobobbooboobLobo,obo
0,0000000000000000 (Hydrogenated Amorphous Carbons; HACs)
pgododoooooooobooboo,bbtbbddoogoobbo,obbbobbooooga
0000000000 (eg. V705; Evans et al. 1997). O 2.39a, 2.39b 0, 00000
00000000 V1280ScoO0 00O, 000000000 ODOOOOO COMICS O
OGeminiOOOOOOOOOOOOO T-ReCSUUOOO,0000O00OO0DOOOOO
1500000 1270000000000000000D00 NOODOODOOODOOO NO
000,QUO00000000000000 Spectral Energy Distribution (SED) O
00.000000000ouoooooooooo, 1270000 SEbODOOOOO,
1000000000000 000O00DO00O0O0O00ODO0ODOOO0DDOODOOoDOOoDO. O
0,127000000000NO00OOOODOOOO (0239c0O0)00,HACOO
J000000000ooo0uoooonood feature0 00 OO (D 2.39CDD),
goobooobooobooobooobboobboobboobbooboboo
00 (Sakon et al. 2011).
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O0oo0oo0ooo0oo0ooo0o0ooooooOooooooOoo SEbOOOO
00 TAODODODOOODODOOOOOD (MIMIZUKU) DODODOOOODOOODOOODOO
goboooboooobooo,booboboboobooooboooboooboobooboobog
O00o0,00,NOOOOOOO QUOO0O0Oo0ooooooo,000o000o00
gogbooobooobobooboboobboobboobboobboobboon
goooobooobo. goboboobuoobobbo,obooboobobooboo
gboboboboboboboobooobooooouooooooooboobobobooD
oo.

244 00000OODOOODOO

gl UUUUU T
gooooooooobboodooo. bbb oooggooooooobon
goob,0boobobobobooboobobbooboobobobobuoU0.oboo
oobobooobobobo,booboobobobooboob. booboboooboo
gooooooooooooooooboobobobbbbbbbbobbobobbbbobbo
0000000000 (O 2.40; Kandori et al. 2003).

0000000000000 000O000D (DOhoO0O0)0D0o0OoOO0oOUooDDOo
0,00000000000000000000DO00O0DO0 (DoOOoobOOo)oooOo
gooboooobooo. bbb boodbbooobbooobboooo
0. 0000dooooooooboobobobobobobobbobboobooboooooooag,
00000000000 /00000000000. D0000D0O00DO0O0O0Oo0OoOO
ooooooooboobobobobooooooobob. bobobobooooooo
0,00000000000000000000 200000000000, TAOO
0000ooo00ooooo0oo0. 0o00000DooDoooooooo0 Koooo,
00 150pcO (0DOODODOO) 130mJy0 000000, TAO/MIMIZUKUODOO 4
00000 S/N>200000000000D0. 00000000ODO0OOOOOOOO
0oooooo. Kooooooooooooooooo,oooooooooooog
000000000000 (000 TawusOOODO,000000 KOOOO ~200
00o00),0000000000000DO000D (O0ODUOO0DOO A,0,000
0,000000)00000000,000000000000000D000O0O0DO0
googoogd.

gooboboboooooogouobboboooooooobboboooooogo b, oo
gooboboooobobbooooobboooobbo, bbb obboOoOoon
0000000. 00000000 Infrared Dark Clouds (IRDCs) 0000, OO
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0 240: L1251 000000000000000 (Kandori et al. 2003).

000 10,0000000000000 (Simon et al. 2006). Spitzer 00000000
GLIMPSE/MIPSGALOO0O0O0OOOOOD,000D0D00O0O0OOO 1/4000000
00 100KOOO0O0000000,24pem0000000000000000 (O 2.41;
Staguhn et al. 2008). 00000000 0DOOOODOOOOO,00000O00O0OO
gopooooooo,bobobo0ogoooooobooboboooooooooobooooooon
gooooo. oo, 1o0Koooooooooooooooooooooopooooo
u,0oobooocooooocooooboocoooooooooooooooboocoooon, o
gboooooboooooooooooooooooooobooobooobO. boooboooo
goboooooooobooooooooobobooooooooDn, 2030pmOOon0n
00oO0o0o0ooOo0ooO, TAOODOUOOODOoOoOoooOooO.

83



O 2.41: Spitzer/GLIMPSE 000000 ”Active” Infrard Dark Cloud, 00000000
0000 8umO0 (000000000 000) (0)0 24um 00 (D) 00000 1.2mm 0
000 (Staguhn et al. 2008).

25 0O0Ooooo

cobooooboooobooooooo,oo0oboo0oooooooooooon.
coooooooboooooooooo,oooooboco0o0oooooobobooogoo
ooooO.oooo,0cooboooooooooooooooooobobo,coobooo
goo00D00o00O0000O0O000DO0O000DD. 00DO0O0,00 (DOO0DO
00),00,000000000000000.

251 OO
2,5.1.1 0O00OO0OO0OO0OO

ooboooooooooooooooobooo,oo0o0ooboooooobooobooon
0.000,00000000000000000000000, 1960-197000000
coooooooooooOooooooobO. otcooooobooooooobcoo,ooo
Oooooo,o0000900,doKo0o0oooooooooo. ocoooooao
O0060-80kmO000000O,0000000000D00D0O0O0O0O0DOODOOOOO
coodooocobooboooodg,cuobooo0oboooboOoooooocoon. boo
Allen and Crawford (1984) 000000 O0O0OO0O0ODO0OOODOOODOODOOOOOO
oooooOoooooooo 1.7pm, 23 pm) 000000000DO0O0O0O,0000
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0 242: 00000000 DOODOOOOOOO (Taylor, 1998)

000 (GalileoO Venus Express) 00000000, 00000000000000
goboboboobob,oboobobobooooboboooobobooobo
gooooooooobooboobo. bobobobooboooboobobobooooo
242000.

gogbooboobooboobobobobboobooboooobooboon.
000000000, 0000000 (1.8m/s) D00000DOODODOOOOO,O0OO
000000000600 (100 m/s) D0DOU0ODOOD0OOOOODOOOOODOODOO
000.0000000 (450m/s) 000000DO0OODOOOOOO 100m/s0O0
gogoboooo,boobooobobooboobobboobo.oobooboboo
0000000000000 0000 (A)DO0OD0O0O00DO0O0,(B)DODODODOOO
00000000O0O0OoOoOO0O0, (Cpob00obb00o0oLO0D0bOU0ODUODOOODO
(0 243)0000000000000000000OOOOOOOOOODOOOOODOO
goo.

2,5.1.2 000O0O0O0O0OOCOOO0OOOOOOOOOOOOOODOOOOOOOODO

gooooooooooooooo,oboobobo0o0oooobobooooooooon
ooooooooooooo,ooooobooooo0oooooooobooooooon
ooooooooooooboooooo. oobocoobooooooooOooooboooboooo
00000000000, 024400000 Pioneer Venus 000 O0O0000D00OO
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E3 2—r—0—F—3>DAAZTLEDINTORR U DN

|
FEENH
4t
H
BB NAFL—BEC I 2 RERRORKLE 2 kKB REH-EEENRT I L &3 EEENXRFTHRES AT LA
#PEARC L IERAPORETR ORMIZS S ko TEEZAIE YR ¥, LT =AY 2E (KRENE rOAERECEY.
bEST, FALROATCASNHEHEUR EhoThENREEY. RRTEEHEINX EROARENET S,
7. MENET S AEMET 2,

0 243: 00000000 DOO0O0OODOOOOOOOOODOOO (DO, 2007)

0 244: 0DO0O0OD0 Pioneer Venus 1000000000000 ODOOOODOOOO (0D-0,0
-~0). 00000,000000004-5000000 1000 (Rossow et al., 1990).

00o0000000000. 00000000000 D (ODO0OD0D00DODOOoODOoOO
00000000,0000000000000)00000000O0O000O00OOO0
O.00000,00000000450000001000000000000.00
oobooooobooooooooboooboooo,bocoboo0oooboooobooooobooon
ooooooob 2000000000, 000000000O0C0O0O0000O0O0OAOG

)
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0 2.45: 0000 Pioneer Venus 0000000000000 DO0OOOOOOOOOODOOOO
o-oood.oooooooboo0o0ooo.oooobooobooboOooooooo,00o00000
O000O0OoOoDDO00 (Del Genio and Rossow, 1990). 0000000000 DOODOOOOO
0000 (D000 8AM4PM) DD0OO0OOOOO.

Lastude isegres)

a Fat 13 Fab 14 Fab 15 Feu 18 Fab 17
4
o
o
20
+0

]

o 1M M0 B0 W0 W0 M0 4
b Ratative longhuss [d4ree)

Zonsl velocty ine ')

Lastude (oegres)

Latitude (dagrae)

0 2.46: 0000 GalileoDODOODO0D0D0DO0DO0DO0OO0OOOOOOOOOOOOODOOO. a(00O
000),b(000D00), ¢ (Galileo/SSIONDNODDON,500000000000000). O
(0)ooODUOODOOOD (0)DODO0DDO0ODO0ODODOO0O0OODOO0. DO0ODO0OO0,000000
0000450000 100000000 (Kouyama et al., submitted).

000000000 (0245000 2.46).
0000000000000 0000000000 247000.000000 10 pm
(=1000cm-1) 000000000, 000000000000D00O0O,O0000
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0 247: 0000 Venera 150 00000000000000000O00O0O0O0ODDOOOO. O
0000 (em-1), 0000000 (K)ODOOOOO. 667 cm-10000000000000OO
00000 (000000000 D). 0000000000 wingODOOODODDOOOOOOOO
0000000000000 (Zasova et al., 2007).

cobboooobooooooboooobooobOboOobOOoOo. oDboobooboobooOooooo
gboogoboobobooo,obobooooboboboobobobboobobon
goo.
cooooooooooboooooooooobooo,bobboocbobo0ooooooooo
U,00booooooooooocoooboooooooooboobooobooooo.booo, o
goboobobooboobobboobobb,obbooboobb,o0booboo
(00D000D)00D0O0D0DO0O0O0DOD. DO0O0DO0O0O0DO0O0OODODOoOoOD
00000000, 00000000000000D (COOooODOoooOOooOoDoOo
00000000000 0DO0000)00,000000000O00DO0O0OO0O0OO0
goboobooobog.
000000000000000000000000000000 Pioneer Venus 0
Orbiter Infrared Radiometer (OIR) O 0 00O Venera 15, 16 O O Fourier Spectrom-
eter (FS) 0000000, 00000000000020000000000000,
0000000000 00oooo0o0oooooDo LIROOD. 00oooooooog
oooOoO0O00000 2000000000,20000000000000000O
0ooooOo. TAOOOD, 10pmOO00O0D0OO0ODOO 04" OD0O0,000000 (O
000 45" )00000000 100kmO00.000000000000DOO0OOOO
OO0,LIRO0O0D0O0O0O0O0O0O0 "0kmO00C 200000000000000000
coooooooboooo,b0b0o000ooooooocoooooooooboboOoogon
oo.0oo0o0,00000000000000b0oOobc0oooobOOoOoOoooooObOoOon
O00.0000000 Venus Express0O0 000000000 O0ODOOOODOOOO
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Weighting function

80
E\ — fum

N — 9um

70

Altitude [km]

-3
=3
Clojd deck

£6 pm band

[ e — ; "2
0.5 0.3 -0.1 0.1 03 0.5 8 507,

T I A
0 3 6 9 12
kernel [%/km]

Brightness Temperature [K]

0 248 0000000 COMICSODOO00O0DO00O0OO0O0DOO00O0DO00O0D0OO00 (O).
05K000000000000000000000,00000000000000. 0000
0000000000000000 (0)(0Oo00).

goooooooooooOO0o0o0oooooOo0000. booooooooooo0oO 440
ooo0ooo010b00000,00000000O0C0O0000000O0O0DO0 10000
0000000000000 00000 (D0O0). DODODD0DO0ODOLD0oDOOoDOD 2
000 (QBO)ODOOODOOODOO0OOUOOD. QBOODUOOOODOOODOOOOOoOOO
00o0oo0o0ooo0ooo,000000000D000DO00O0O0 @BOOOOOOOOO
000000000000 00000oO0O00. 00000000000 (Cooooo
0)000000O0ODO0O0O0O0O,000000 COMICSOOODOODO (oOobo)oOo
0 (0248). 000O0O0ODOOO,0D00O0OUOOODODODOOOOOOOOODOOOO
000,000000005K0000000000O00 (DOD0ODOOO 100 km) O
gooooodo.oooboooooooboooooobooooooooobooooo,oo
ooooO.o0ocooooboooooooboooooo,0oboo0cooooboobooooon
goooooooooooooooooooooboboobo. booobooobooooboooo
gooooooooo,0boo0gooooobobooo0ooooooooooooooo
gobooooooag.
goooooooo,oboocoooboooooboocoooboobo,ooooooon
gobooooo. oooooooboooo,0obo0oooooooboooooooboo, oo
0000000000000 0o0O00O00O0 (DoD0DoLO00D0oo0DoUOoUoo). O
oooooooooooobooooooooooooooOoOoOobOboOoOooooooo. o
gbooooooobooooboooboooooooboooboooobooooboooooooooo, o
gooooooooobo. oopoobooooooobooboooooobbooooooo,ooono
gobooooooooooooboooooobooooooooo,obbobo0ogoooon
000o000O. 00000 TAOOOOOOOOOoOOoUOOoOoUOoOUDUOUOOOO
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goboobboobog.

2.5.2 00O
2.5.2.1 0000000

coooo,00,0000,00000000O0C0O0O0C0OO0ODOO0. OOOOOOO
oooooooooooooooo,oooooboooooobooo.ooooooboooo
000,00000,00000000000000000000000 (000000
00000000). 000000 oO00OU000O0,000000O00b0000OOoO
0 (000000O0000)000.00D00,0000000000,00000D00O0
oooooooo,0o0oocooooooooooobo,ocooooboooooboooo
O.000,00000000000D000DO0O0OO00O0O00DO0O0ODOODDOO.
to,d0b0ooocdooooooooooOo,coboooooc0oooobo0oooooboOoon
ooooobooooooooboooooo.bobcooooo,bbooc0o0ooooboOooo
ooooooooo,oboooooobooooooo,ooooobooooobboooo
oooooooooooboooooon.

197000,0000000000000OC00O0O0O00O0. 0C0C0O,000000O0O
coboooobocooooob,boobOoobooOooboboobooOoobboOooooo.
00000000,000000000000000000000000 (0O0,00,0
00000)000000000,0000000000D000000DO0O0OO0OO0
ooo.19g0,0000000000000000 100000000CO0O0O,000
000000000000 NASAOOOO,000000000,000000000
0.00000000,00300km(000000 3,600km)000000O,000000
coooboooooooobooooo.oboobcooo,oobooc0o0oooooooo
coooooo,0cooooboocooooobooocoooooboocOoOoobO.ooboOooo
oooooooooo.boooo,0oobooooooooo,oo0ooooboooo.

oobooooooooboooooobooobooDb,0b0b00oobogoo,1000D
0000000.00000000,0000000 Mkm/s000000. 0000
0000000000 17km/s, 0000000000, 0000000 57km/s000
ooboooooooooooo. oo, 0bboooboOooboboooooooooooo,
oooooboooogoooobooooooobobo.oooobo,0bobo0o0ooooobooo
cooboooooo,0c0obooc0oooocooobocOooooo.0oboboOooobooOo, oo
oooooooooooooooboobo. ooooooooooobooooobo. ogooo
oooboo,b0o00oooooooooo,0ooooooooobo. obooooo, o
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\ < . JETTE ey
“3::_: il pr

0 249: 000000000DO0O0OOOOOOOOOOOOOOOODOOOODOOOOOO

o0oooooDoOoOoOOoO0o0o0oUooDOoOoDOoOoOoOooOoOoO,Olo footprint aurorald O
gooad.

O0,00000000000,0000000, footprint aurora 00000000
000oooopooooOo0oU0UUUo0. JoooooooooOoUoUooooooo
goo,booobobboooboobobotb. i, oo oo o
000oO0o0D,lton/s000D00D0OD0O0OOD. DOODODOODOOODO,0000
ooooooooo,bobo0oo0oooobo,0oooooooooooooooboooo
0.00000000000000000O0ODO0000, 00000000000 OooO
JoodooooooooOo. ooooooo,s80b00noooooooo,ooooo
00 20-300000000000,0000O0bO0000ooobObOOoOoooooDOOo. oo
gooooOooOoOoOooUoUoOoooOoOoO.0DOo,00000O0D0DOO0D0D0DO0OOOoO
0oooooooooogoo. i, 0000000 o,0Do0oDooOoOoOOOObOOO
00000000, 02490000000000,000 footprint aurora 00000
O0000O0OmanovalD OO0 O00OO0DOO0OOOOODOOO.

Oooooo, footprint aurora 00 mainoval 0000, 00000 OCOO0OOO
oo,00000000C00C00OO0O0O0O0UO0OOULOUOOO.OO0,00000000O
goooboooo, bbb bbooooboogg
o0.000,000000000000000000C0ODOODODOOO0OO0O0O0O0OO
goooo.00o0o0,00o0000O,00000, 00000000 OOOD,0000O
goooooag.
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O 2.50: Rathbun et al (2010) 0 IRTF 000000 35um00000000. DOOODOO
ooooooo.

2,5.2.2 000000000

O0o000o0ooooooOoOo 1000K OO, 00000000ooos0KOooooo
cooooooob. oo,00o0goooocooboooooboOo,ooboocoooboogo
O000O00. Rathbun et al. (2008) OO0, IRTFOO 3.8 ym 0000000000
Ooo0ooooo0,198000000000000000000000O0O0O00O0DOO0OO0O
00 (0250). 00,00000000000000000O0ODODOOO,00000
coooooo,0o0o000b0c00oobc. o0obo,00000000D0OC000b0000
ooooboooo.ooooooooooboobco,coooobooocOooooooboOooon
oooboooooooobooobo. ooboo,oooooobobooo,0bo0o
oooooo,bobooooooooooobooooooo,boo0ooooo. o0g,
coooooooooooOooo. ObooooOoboooboobobooOooooboooobooon,
coooooooooooboocooboo. ooobo,bo0ooooo0o,0b0b0000000
oooobooo.ooo,0o0oo0goooooboooobo,bo0obobo0oooboooo
cooooooobooo,0obobc0oooboocooooco.0oobo,000oooc0ooobooOoo
0O10mO00000000.00000,0030KO00000000000000.
oooooboooooooobooooooobooboo.ooobo,0b0boc0o0ooooboOooo
oooopOoOo,00000oD0D0oO000Og 10KoOooD. 00,10pm 000000
coooooooocoooooon.

gooooooooooooooooo,200900000000000000000
oooo,0boocooooooooooboooo,oboooooobooooobooboooo
oooooobo. ooo,00obo0oo0oooooob0,0b I moboo0oooo, o
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Main oval

Ganymede and Europa footprints

0 251: 00D00DO0O0OUOOOOODOODOOODOODOOODO (Clarke et al., 2004).
00000000 footprint aurora0 00000, 000000O0O0O0DOOOO.

000 1000000000000 00000Oo0oLOoUOOoO. 000,00 TAOOO
00,10 000000000, 04000000000000. 000,00000
go,b0b000obobooooocoooo,obooo0ooooobo,oc0oooocoooooo
goboo,000b0oooooocoooocooboooobooooonn.
goooo,b0boc0oooobooocooobooooooboo,oocooooooooooon
oo. booobogoooooogo,oo0ooooooobooobooooboobooooon,
gooooboooooboooooooobooooo. boo,bo0goooooogoo
oooooocooooboooooooobo. ooo,00o0o0b00o0ooobooboOoooon
goboo,000oooooboocoooboooooooon.

2,5.23 000000000

0ooooooo,000o0pooodoooooooooooooooooooon
0,X0,000,000,0000000000000000000000. 00000
0000,00000000000 H3+OOOOooooDOOoO. 00 H340 34 um OO
0,00000000000000000DO00DO00DO0O,0000000D00DO00
00o0o0ooooooo. 0 252,253000000,000IRTFODOOOOO, OO
0oooodod, lofootprint 0000, mainoval 0000, 000000000CO.
6mO00000000000000O0DO,0000000000O00DO0DO0O0ODOODOOd
00,00000000000000000O00DO0OO0O0Oo0Ooooog.

oooodooooooooooooooooooo,0D00ooooooooog. O
goooo00o0o0oo0oOOobOOo0O0o0obOOo,0000boo0oobobooboboobooo
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3.4pum

0 2.52: IRTFO0O0O0OO0OOOOOOOOOO (Satohet al., 1998). 00DDOOOOOOO IFT
0O, 000 footprint aurora 000 .

Qag0 JUINE 21 1585

0 253: IRTFOO00O0O0O0OO0O0OOO0ODDOOD0DDODDO (Caldwell et al. 1988).

O.00o0o0,000o000o00o0ooooo0o,0bboobooooobooboOobooOoooDn
ooobooooooooooog.

oooo,78pymO000000000O0O0O0. O0O0O0OOODOOOOOO, 1980
00, Caldwell et al. (1988) OO OO, IRTFOOOOUOOOOOOOOODOOOOO.
ooo,oogooooooo,booobooooooo,ooooobooboo0og,o0goo
oooboooooooooooooob,bbo00bo0ooooooooboboooobooooo
cooooooooooob. ooo,0o0c00ooboo0oobo,0000b0b000bo0o
cooooooomuooboooooboooooooooooooobooOo,0oo0ooboo00oo
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oooooooocoo. 00,000 H34OOOO,000000000000D000
g, 0dgobogobooobbooobbooobobuoobboooboooboooD.
goo,0bogobooogoboobooboo,boobobooooboboooboboon
goobooobo.
0o0,00000000000000000000000,13.7p,mO00. 0000
goboooobooboboobboobo,bboooboobLb. oo, 0boooboo
Os5600mO000000000,0000000000D0.000000000000C
00o0o0o0oOoU0o0ooOoUooooUoOoooUo, TAOODODDOOOOO.

2.5.2.4 0000 TAOOUODOOOOODOO

ooboooooooooO,boboco0o0oooc0oobooooooO. cobo,0000000
uo,booooouoo,ooooooooooooboobooooo.oooo,o0o0o0oo
goooboooooboogoooo,bbooooobooo0oooobo,booooooogooo
ooooOoo.ooo, TAOODOOOOoO,0000000,0000000,0000
gooooooooo.oooooooooooboo,0op200000,000000O
goooooooooooob. boooooooboboooboboo10o0o0ooo0ooboobooon
0000000000000 00000000000O0. 00, main oval O To footprint
00000o0oO0oooooo TAOOOOOOO,0000000000oooooon
oobooooooooooog.

2,53 00O

gooooooooooooooo,ob0oooboo0ooooo. boooooo
goobooooobooooooobo,bogoooooooooo,ocoooooogoo
goooog.

2,5.3.1 0000OODODOOOO

gooo,0obooooobooobooobooobboooboobooobooooboboob,
gogoboobobooobooobooobobooobboobboobboobboo
goboobooboboo. obooboobuoobob,bobooboboboo
goooboboboboooo. bo,bobooooooooooboob,0boboboo
oooooo 0pmmOOOOOOCOOOOOOOOOOO,000000C00CQ0DO
gobooboboobobobooboboboo,boboboooobobobooo
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gobobooobbooobboobobobo. ooobbooobbooobboon
googodboboo,oobobooboobobooobooboboboboboboo
goboobo,boogogboboboboboooooobooobobobobooo.

2.,5.3.2 00O

00000,0000000 (Olivine)JOO (Pyroxene) 000D, 0000000
000000000000 (b0O0D0)D00L000O00O00OO0O0OD. DOODOoDOO
0O (B-50um)00,0000000000000O00O0O0O0OOOOOOOOOOO
googooboo,boboobobooboboboobobobbooboboo
gooobo.oboobooo,boobooboobogbooooboooooboooboooD
oboboboboboo,b0obooboobobobobobobooboDooooooo.
googodbobooooboboooobob,oobooboboboboboboo
gobooooobooooo,obogboooboobogboobooboubogon
obobooooobo,ob0obooboboboo.

OO0 100,000000000000O00D0DOO00O0ODOODOOCOOOOD
goooooooooobbbbobooooddoooooooooboboboboboo
0,ISO0 Spitzer 00000000000, 000000000OOODODOOODODOO
o0 1pemODOOO0OOCOCOOCODODOO. ODO0 I0mmOODOODOODOODOO
gooooooobooboobobbbobboboooooooooooooobobobbbbn
0. 000000000000 20pm, 30pm 0, 00000000000O00OODODODO
(Chihara et al. 2002, Koike et al. 2003) , 00000 30pmO00000000,000
0000000000000 00000D0OU0oO0oDOon. 00O ISsoO0d Hale-
Bopp O OO Spitzer 10000 ODODO (9P/Tempel) 0000 10-30pm 000000
googoooobo,obooboobooboboobobooboboo,boobobo
000000000000000 Crovisier et al. 1997, Lisse et al. 2006. 00O, 00
goooobooooooooooobobooooooobooo,0booooobobobooog
000000000000 DO0. D00+COMICSO ) GeminiOOODOODOO,O00
00 200mO000000000000 (000 Sugita et al. 2005, Harker et al. 2005),
TAOUO 30pymO0COCOCOCOCOOO,000C0COOOOOOUOUOUOOOOOOO
gobooboobbooboobboobod.

goobooo,obooboobooboobobboobooboob,0oboon
gobobooboboooooooo. oboboboboboboboboboooo,
ooo0oDO0OO00 10200m 000 broad 000 0O0O0OOOCODO,0000000CCOO
ooodo0o,000o0poooo0dggoooooco0ooo. Do 3demO0OOO0OO0OnQ
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gooogbogbobobobobobobo,boooooooobobobobob,
00 1020um 0000000000 DOO0OO0DOOOOOOODOO (>lpm) 00000
0000000000000 0D0D000 (Vandenbussche et al. 2004) , 0000000
gooboooobobooooobobooooboboobooboboooooob.

gob,obooboboobobooboobob.boobobooboooob
goboooooD S5pmdO0O0OO0O0OOOOODOOOOODOOOOODOOOODO.DOO
goboboo,gbooogooboooboobooooboboooobob,boboo
000 (00000 0D0O00O0)000D,000000D0O0O0OD 200000
gogooobooobbo. ogobbdooobbooobbooobbooobbboo
00 (Tang et al. 2009). OOO0O0OO,00 3-5umO00000000OOOOODODOO,
goobob,00boobooooboboboboboooooooboooob.

goboobooobooooboooboooboo,0booobbooboobboobobooobo
gobooobobooboboboobobobooboobob,oooobobooobo
ooooooooooO0,0ooo s-4dopmO000000O0OO0OOO0O0OOOoOoOOO
0O.0000000000,TAOOO000O0OOOOUOOOOOOOOOOOOOOO
gobooobooobooboo.

2,533 0O0O0O0OO0OOOO

ooo,0000000oooocooobooooooboooooooboooo,oooon
goooobooooooobobobooooo,0opooooooboooo,oooboo,
000o00o0O0oo00ooO0oU0O0ooOO0OooO0oo0OoLDOoUO0. 000, 00000IRC
oooooooboooboooo,boboboboooooooooooobooooog,obooono
0000000000000 0000000000000000 (Ootsubo et al. 2011).
00 EPOXIOOOOOODODDODOOOOOO (103P/Hartley) 00000 DODO, 000
gooooobooooodooo,ogoooooboooo0ooooooooobooooooon
00000000000 (A'Hearn et al. 2011). 00 0O0O0O0ODO0O0ODOOOOODOOO
oooo,0000ooboboo0ogoooooobooooooooooooobooooooon
goo,000000b0o00bo00oooboo0ooocooooboooooooooogn
gooooocoooobO. ooooo,0o0booo0oooooboooooobooboOoooon
u,0goobooocooooocooobooooooboooooooboooo,oooooooon
o,0gooooooooooooobobooooooooooooo,oooooobogooo
gooboooooboooooooboooooooooooo, o0, 0o0ooo04aoo
gobooobooooooooooooooog.
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goboooobogo,ooboooboobb,boob,boooboobboobb
googodboboo,oobobooboobobooobooboboboboboboo
0.000,0000000,0000 Hale-BoppO C/2002T6000000000O0
00000 (Kawakita et al. 2004). TAOO NIROOODOOO, 000000000
gooboobbooboo.

2,534 00000000

00000000000 0O0o0ooO0O0Oo00O0,0000000000 Gemini-N
googoooboboobobooboboboobobL,00obobooboboo
gobooooooobooobooobooobooooboo,booboobooobooboboo. oo
O00000000o0o0o TAOOOOO,00000U000OO00OO0ODODOOOOO
goo,0bodboboooobobooooboboboobobobbobobon
gooo.

oo,0000oooO0oo0obooOooboooo0obOobD,000 1booo0ooboo
goboobooobobooobb. booobobooobbooobbooobboon
goog,bobobboooobobooboboobobooboboobobon
gobogobooogbooboo.bobo,oboobobooboobobooobob
O, TAOOOOUOOOOOOOOOO.

254 00O
2.5.4.1 0000DOO0DOODOOOO

cobboooooooooooOooooooooboOo. oboooooooooon
000000000000 0000,000000000000 (Near Earth Asteroids:
NEA)OODOOOOOOOO (Brown et al. 2000). NEAODOODOOOOOOOODODO
ooooooooboooooooooooboo,booo0ooooobobobobooOogoo
00 (Morbidelli et al. 2002). OO0, 00.000000000000000,000
oobooOooooOoooobooobobooooboooboooOoooog.

oo,00o0ooooooboooooboooo,oobooobooooobooooooon
oooboooooo. oooogooooo,00booooo0oooobo,bo0ooboooo
coooOooooOoocOoOooooOoOoocOoOoOoooOobOOoOoOoOooOooOO,bbob000oo
000000000000 000000000 (Burbine et al. 2002). 0OO0OO0OO
ooooooobooboooooo,oooooooobooooooooboobobooogoo
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000000 (Burbine et al. 2008). 00000000 OODOODOODOOOOOOO
gooooobo,goboobboobuoobbooobooboooobog.

2.5.4.2 TAOOOOOOOOOO

TAOOODOODOOOO 140pmO0000000000000,000000000
000000000000000000000 (Burbine et al. 2008).

0.7-254, 00000000000 (Olivine) 000 (Pyroxene) 0000000, O
0000000000000000000000000000000000. 0000
000000000000,000000000000000000000000000
000000000000000. 00000000000000000000000
00000000000,0000000000000000000000000000
00000000000000.

25-4.0pm00000000000000000000000D00000D00. 2.7-
3.0pm 000000000000, 3.1umO000000000, 3.3-35umO00000
000000000. 00000000000000000000000000000
000000000000000000000. 000000 Serpentine 0 Smectite
0000D000000,0000000000000000000000,000000
0000000000.000CMOO0000000 Serpentined, CVOOODOOO
00 Saponite 100000000. 00000000000000000,00000
0000000000000,0000,000000000000000000000
000.00,0000000000 snow line 0000000 snow line000000
00000000000000000000000,0000000000,00000
00000000000.000,000000000000000000000000
000,000000 snowline0000,00000000000000

000000000000 10000000000000,00000000000
0000000000000000. 00000000000000000000,00
0000000000000000000000D0000000000 (000200
000000 10000). 4um 000000000000000000000000
00,000 (00)0000 (000D0)0000000000000000,0000
0000000000000000000 (Usuietal 2011). D0000000,00
00000000000000000000000000,0000000000000
0000,00000000001000000000000.
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1000

-
o
o

-
o
T

= 10pm 6.5m-TAO 10sigma300sec
—20pm 6.5m-TAO 10sigma300sec
= 30um 6.5m-TAO 10sigma300sec
= 38pm 6.5m-TAO 10sigma300sec

solar elongation: 90deg |
1 10
heliocentric distance [AU]

_

detectability of SSOs in diameter [km]

0 254: D0O0O0D0D TAOOOOUOOODODOOOODODOODOOOO
2.54.3 TAOOOOOOOOOOOO

000000000, TAOOODODOOO0O0DU0O00O0O0000O0, 00000000
o0000000dooooo,0d00o0,0dgooooooooog, TAOOOOO
obobooooooboobobobooo.

goboobbooboooboboo

¢ 0.8-25ym 0000000000000 OOOOOODOO IRTF/SpeXO0O0O 400
000000000000 000O0DO (DeMeo et al. 2009).

e J00DODOOUODOODOOOODDOODOO,OO00DODO24000000. O
000000000000 1I0kmO00000O00DOO0O0DOOOO0O. 00,000
O0o00o0o0ooUOowISsEODooooooooooooooo. ooooo
00000000000 10km O (Usui et al. 2011), OWISED OO km 00O
00000000 (Wright et al. 2010).

e 000D DDDOOOUOUDLDDLODOOOOLOODL,DbDDDOOOOODLDDODOOO
gobod. og.ogboboobobooobboobooobobooobooob,bo
Spitzer/MIPS(Stansberry et al. 2008) O Herschel /PACS(Mueller et al. 2010)
gbooooogoooo.

100



e I(ymO0O000OO0DOO0OOUODOOOUODOOOUODODOOUDODOO. OO
0000000000000 000D0O0OD0OOO0. Spitzer/IRSOO0O0OOOOO
5-4pm 0 0000000000000, 00000000000O000O00O,O0
gbooooooboooboooooooboobobooooooobooboboobooobooboo
0000000000000 (e.g., Campins et al. 2009).

00000000000,0000 (NEADODOOOOOO Hasegawa et al. 2008)
000,000 TAOOODODOODOOODOOOODO.

TAOOOOOOODOOODOOO

Jum000000000000DOODOO, IRTF/SpeXO0OO0ODO0OOODOOOOO
go00o.0booooo,obogobogobogoog 2565280000000 0ODODOD,
0000000000000 000o0ooo (Rivkinet al. 2002). 000000000
oooooOoooooo0oo,b000oo0oo0ooobooooooooooOoo
oo0o0.0o0oooooolRCO00O0000OODO000O0OooO,0000ooo
0000o00ooo0oooooooo,00op0oooooo oooooooon
oooooo0.o000,00000o000oo0ooo0oo0ooooooooooo
oooooOo0o0ooooo,000b0ooobob4000000000000.00000C
goboobooboobbo,0booboobooboo,boobobooboo
000,00000000000000D0D00C0O00O. TAOOODOOOoOooooo, o
ooolooooooooooooDoooDoOoDn.

00 5600m 0 TAOOOOOOO 255-285um 00000000000, 00000
0000ooooooooogg265umO0, 000000 280 O00000O0O0O0OO
0.00,265-28um000,2.73um 00000000000 (O 2.55). 2.73um O
0280mO0000000DO,0000000CC0O000O0DOOCOOOOODOOOC
0.000000000,2.71,2.74,2.78,282m 00000000000O00CCO
gooooo,obobooboboobo,bboobboobboobboobboo, o
ooooo0oooooo000oooOo0o00O0oooO. D0oooooooooooo
000ooO0oOo0oO0oU0o0oUooO0ooo0oOo0oOoUoOOooooooooog, TAO
02,73,280m 0000000000, 27lpm0 274ym 0000000 2.82um O
0000000000 00D00O0 (0 256). 00,KO00000 265p0mO00000
oooooooo0,0bo0oo0oo0oo0ooobooooooooBo0ooo
ooo0.o00000,0000000000000O0000O0DOOO0OODAO.

00, TAOOD,0000000000000,000000000O0O0O0OOOOO
000000oooooooooooooooo0o00oo00. 00 TAOODOOOO
O0000oo0O000ooo00 2.55-28m 000000000000,
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transmittance

—— Chajnantor (5600m site)
Mauna Kea (4200m site)

— |_izardite I

08 M

0.6

0.4

0.2

0

wavelength [pm]
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o
o

© o
N »
alpJezi

o

O 255: 000 (DODOD0OODOUO,0D0D00D0,0000)000D000O0DOOODOOOOOO
00000000000 DO (Lizardite). DO0DOO0OO0ODOOOOOOOOO.

Lizardite

1.2

0.8

0.6

0.4

0.2

oL

Lizardite

® Lizardite using TAO
Lizardite using IRTF | |

2.5 2.6

2.7

2.8

wavelength [um]

2.9

O 2.56: 0000 (Lizardite) 00D0OOO. D0OODO0O0OO0DODOOOOO,0DO0000DDO
000000 (00TAO, ODIRTF)OODO.

0O0,00000 MIMIZUKUOOOOOOOOOOOOOOODOOOOO,000
ooobooooboooooobbooobo,0boooobbo0ooooobobooooDooOg.
000000 2.1-4.2pm O R~1200(AX = 0.00250m) 0000000000, 000
oo 2333ymi00000000000000000000000.
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ooboooooo,0o0ooooooog.

TAOODOOUOOUOODODOODOOOOOOOOoOOoOUOoOoooooooooooo
uoo0,00000000o0oo0ooo0oooooboooooooocoooobooOob0. ogoo
0000000000000 0O00000000D0000O0OO0,00 (00 2mm) OO
goboooooooooogo,0oboo0oooooooooooobo. og,0b00000
oooooooobOs6000000000,0000000000000000O0CC
oboooooooooooobooo. oooobobooboooboobooooboooooooboooon
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oo.

3.3.2 0O0O0OO

TAOOOOOOOOOOOODOOOODOOOUODODOOO 3.500000.00000
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0 3.5: TAOOOODDOODOOO
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ooooo Operating Surviving 00

oo bOd —-9-270 —18-380

oo ood 20m/s — good
oooog 6m/s 20m/s

oo O 95% 100%

oo 04G OO
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oooad Joo00oooooonD DboOOOO x40
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O.0000D0000CO0O 1om, 00D0O0O0CCO 1ISmOO0O0O0O0OODOOO,000
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O 3.8: Magellan 0O QOO OO

2000000000000000000000000000000000000000000000, 0
poooooO0ooOoOo0oO0oO0boOoOo0ooOoO0O0OOO00O0. O00OO0O00O000O000O0O0O0O0b0O0O00O
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gooooooooo,boo00oobo0o0oooboOo,b0oooobooooooo
goboboooooboocoooboooobooooooboooOooooboOoooobooOoon.
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lDo00oO0,0000000000000000000000000000C0000000.
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0.8
0.6
0.4

0.2
5600m / PWV=0.5mm

i

0.8
0.6
0.4

0.2
4200m / PWV=1.0mm

—

0.8
0.6

0.4
0.2

2600m / PWV=5mm

1 1.5 2 25
A(um)

0 41: 300000000 (000000000 (5,600m) , 0000000 (4,200m) , 00
0000 (2,600m) ) 000000000000000000000000000O0 ATRAN
(Lord 1992) 0000000000000 00D000. D0O0O0O0 R=1000. 00000000
(J,H, KO0D)OOOOOODOOOOO0O0DOO0O00O00000000000000000.

00 PIOOOO0OOOOOOOOOOOOOO0,0000000000O0000C0O00
O0000o0o0oooOoooUoUOoOo. TAOOODOODOUOoUoOoOoo 400
ooobooooooooooooboooooboooooobooboOoooooooooDooboon.
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0 4.2: 20110 6000000000000 SWIMS

AUybT RO RS A TaT— S BiDE

0 4.3: SWIMSOOOOO
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0 4.1: SWIMSOOOO

gooooo 2m X 2m X 2m, 0 2.5t
goooo gbo,00000b000000000000000
oo¢ 00D0¢9./6,0009./6 x 6./0
oooo 0.9-2.5 pm

(blue: 0.9-1.4 pm, red: 1.4-2.5 pm)
oooooooo? 0.”126 /pixel
ooo Teledyne Technologies, Inc 0 0 HAWAII-2RG

(2048 x 2048 pixels, 18 um/pixel, 2.5 um cut-ff)
(blue/red D00DOOO 4000)

goooo
oood Y (Ac =1.02 pm), J (1.25 pm), H (1.64 pm),
K (2.15 pm)
oooo N129 (AA=40nm), N133 (34nm), N1875 (20nm),

N195 (40nm)
00000 (00000 0.”5)  blue: A/AX ~ 700-1000
red: A/AX ~ 500-900
oboooooo 240 (00DODOD0OO0ODOOOODDOOOOD)
goooooo ~3000/000
ooooooooooo©
(ABOO,10000, S/N=5)
ooo Y =253,J =246, H =242, K, =24.3
ooo (A/AX=1000) Y =226,J =21.7,H =211, K, =213

°*000000000000,000 ¢7./4,000 7./4 x 4/6 000.

‘000000000000, 0.096 000.

0000000000, TAODODODODOOO (2.5xlogin(8.2/6.5) ~0.30) 000000000
o.

4.1.2 0O0O2

SWIMSOOOO,¢9./60000000000 ¢230 mmO000000000 20
0000000000000 0O0000O0O00DO0O0O0 15mO000D000 (OO FO
4800000000)0,0000000000770KOOO0OODODOOOD. OOOOO
000420,000000000044000.00000000000000000
0000000000, 00000000000 400000 (DOOODOODODDO
0000000000000 00)000000DO00 TAOODODOODODODOOOOO
00000000 (O 4.7, 48, 4.9) .

0000000000000 000000D00 (Fused Silica, ¢254 mm) 00000
O (Fused Silica, ¢238 mm) 0 20000000000. 0000 Fused Silica0 00

0000000000000
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0 4.2: SWIMSOOOOO

oooad oooad
ooooo 0.9-1.5 um 1.4-2.5 pm
ooooooooo DDDDFusedSilicaDDDDDD7|]|:||](I:IDI:ID)
ooooooad DDDDDGDDD(F4.8)DDDDDGDDD(F4.8)
oooo 1.2 pixel 0 O 1.0 pixel 0 O
(RMSDDDDDDD)
oooaod ooooooo 1%00 ooooooo 1%00
od 00 70mm 00 70mm
good 70K 00 70K 00O
Detector
HARAT IR0 x4
.'/
for UT“I.%“IL‘;UMI fi'ilu Il [ [
6 lenses _l‘__!': il |
Mt it ) ."‘I"nljl: I:I_".II‘\ |, it e
Broadband Fi Itnr\‘ \.\ ﬁll. T I
o Grlsm\\ \\4‘ |I 1!. | “:: &
= LW o WS [l b
V-K\\'\-‘-;"l 1 [y @
. SN HitiEe JUPTR- i
Tele Facal Plane '\ hill “'J " Brosdhand Filter /
b2 \ Lz | = =

= T Al s

T ] ¥ “TEF Marrow Band Filter /

o) e ] /’/T/ o ;f
E e IR . | B Iy
Ingident Light #@@“ﬁ:ﬁ =iy —_
—— =

from Talescope —=
Fiz

- L \
PRl - i \/Cald Stap |

- Camera Unit
i . Dlaldl_.mtnr mur::s G | for 1.4 - 2.5 micron
enses including an aspherical lens Dichroie Mirror | & lenses
le 9249 e 650, 6 o

0 44: 000000000 SWIMSOOOOOOOO. 0O0D0O00O0OO0O0OOO F122000
ooooooOooo0obooO0oooooo0,0b00o0o0oo0oono0o0 14em 000 2000
00o00. 00000000 30000000 (0000,00000000000O0)O0DOO.
ooooooooooooooooooOoOoCbobOOOOoO0oooooooooOoO. oooOobo
0O Multi Object Slit 00000000 D00O0OOO0ODO0OOOOOOOO.

000 70000000000000000000000,000000000 F12.2
00000 7mmO000000000000. 000000 150 mm x 120 mm O O
0000000000000,00000000 (blue: 0.9-1.4 ym) 00000000
0 (red: 1.4-25 ym) 0 200000000. 0000000000,00000 (80
000, ¢l20mm) , 000000000 (80000, ¢120mm) , 00000000
0 (70000,¢125mm) 0 30000000000000,00000000000
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045 00000000000 00000000. 00000 +1./1, 4272, 43/300000
0000000000.000 100 55 um (3 pixel00O0O 0.//3DD)DDD. gooooo
(0 =0.9,0 =1.25,0 =145 ym, 0000 1.45 pm 00 Airy disk000) , 000000
(0 =145,0 =1.8,0 =25 um, 0000 25 um 00 Airy diskO000)O000O.

OOl GO \Gn LGN L0 omade o | vswe 1S

“eoome1sonn L genn B
L]

s . ] -
e [ e ]
SEBBnnEEns
o L 2]+
peaionnonn
0 46: 0000000000000000000 (000000,000000). 00010
072 pum (4 pixel 0000 0./400)000. 0000000 Airydisk00000D0.

2 soeoua
® o« @ L) - ‘

o L7 Lo 7 2.z
67‘ @ || @ ‘ @ H ©

0000000000000000000000000000 20000000000
0.00000000000000,00000000000000000000000
00000000000.0000000.9-25um0000000000000000
00000,0000 (0000)000000 R (A/AX O ~1000(@ 0000 0.5
oo0)oooooo.

00000000000000000000045,46000. 0000000000
0000 blue/redd 0000000000000000000000000. O 48,4.9
000000, TAODDODOOOODOODNOODNOO0DN0O0DN00000000000
ooooo.

148



Detector
HAWA | | -ZRG x4

Canera Unit &I%

for 0.9 - 1.5 micron il

il
6 lenses T |
l:aﬂ'l—_‘-r’hl -

N
i i Filter Wheel
Warromband Filter : I tar_Hhwe
Broadband Fi lter I g
Gr j = .

‘ m-._ - il
— N T

629.6

Filter
Whael

= Detestor
& Gr s HAWAI[-ZRG x4
A" Broadband Filter

Har row Band Fi lter

Wilti Doject §1it

Telescope Focal Plane

Incigent Light = — —r
from Telescope —= |- = = ==
F12 ——— — =

\_Cold Stop
Camara Unit
L L S— for 1.4 - 2.5 micron
Fenene inaicing en. mner1o8 o Dichroic Mirro 6 lensos
B24.8 . 0.6

047 TAOOOOODODOODODOOODODOODOODOOD SWIMSOOOODOOOO.

0O 48: TAOOOOODODODOODODOOODODUOOODOO. ODODOOOD 45000.

4.1.3 000

Teledyne Technologies, Inc 0 00 HgCdTe 000000 HAWAII-2RG (18 pm/
pixel, 2048 x 2048 pixels, 2.5 um cut-off, Science Grade) 0000000 4000,
0.126 /pixel 000 ¢9./6 000 0000D0O0O0ODODOOO. 20110 7000000O0OO
02000 (000008/6x4/3)00004000000000 (0 4.10) O, TAO
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W L0 L) L |

LMol LEHen 1o 17

wt[o [ [ [ L= L= Ll == - ==t - [+ [ o] o] e [ s [+ ][~ ] <]
o P o =] | o= e [ T o Lo o Lo L= <]
e e e Lo oo | o= e B === l= =]

(&L ][e = <] = e & | e [ e A
com (@ [8][6 ]88 o] o] &) o] | o remem [a]a] 55 & L]L]2]2]
(Lo e[ [ | e [ [ [

0 49: TAOOODOOODOODOOOOODOUDOOODOO (DODODOOO,0000DO). DO
oooo46000.

0 4.10: DOO0OO0D HAWAII2RGOOOOODODOOOOD (0bhoOooooo)

coobooooooooboooboocooboooooooon.
00000000, Teledyne0OOOOOOOOO0OOO0OOOOOOOOO SIDECAR
ASICOO0OO JADE200OO0OOOO.

414 000000ODOODODOOOOO3

SWIMSOOOOOOOOOOOOOoODODODDOO MOIRCS (Ichikawa et al. 2006;
Suzuki et al. 2008) 0000000000 OOOOOOO. ODOOOO,

¢ 2400000000D0DODODO (<100K)OODODODOODDDODOODOOO
e 100J00DDOODDODODODODOUODODD (DODODODO)

e 00000000 OD0DOOOONDNODNOONONONNONDN0DNOONOONNONDOn
0D (00DO00D0000)

0000000000, 00ooO0o0ooooo0ooooooooDo GMOOOOOODO
ooooo,000oo0o0o000dooooooooooogooooooo. ooo,
0000000000 000000
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0 43: 000000000000000000

ooo

gooooooooooo | ooooobooooooo,boobo0oOoo

oooooo goooooooooo,ooooooooogg

oooo

ooooooo Ic gooooooooooooooo
(DoooDO0obDbOUOooDbDOooooO)

goooooooo gooooooooooooooo,obooooo

Oo0o cecboon goooooooooooooooog

0 4.11: 000000 SWIMSOOOOODOOOO0OO0O. 042000000000000 (O
00000000)0000000000000000. 00000000000000. 000
000 (000D0D00000),000000000000000000,000000 2.4m, O
00000 370kg.

SwiMSOOOOOooOooooOooooooooooooooooooooo, oo
00 (D0000O00O0)0D00O00000D0L0O0DDO0ODO0OO0ODOOOOO. O 411,
4120 SWIMSOOOOOOODOOOOOODOOO 3DbOOOOOO0OO0. 043000
gobooooooooooooboooooooooogd.
goooooooooooooooOooOoOODO 413000. 00000000000
gobooooooooboobooooo,oboocooobooooooooooooooobooon,
oooooooo. bboooooooooooooooboobooooooooooooo
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F—NOULT  RRET 10—

YROF1T— \ F=E

TROF Ty Fr—

P __ .

ERAREE

0 4.12: 000000000000 DOOO. 2400000000000000D0OOOOODOO
0o00o0oDO000bO000D,000b000DO000DO00ODOOOODOOOD (O
00000000)0Do0ooDo0ooDo0. 0000000000000 00000000000000
goooooooooooobooobo. ooooooo,000oooooboobooOooooooOoboboo
goooooooooobooooooooooooooooa.

ooooo. 0000000 2a000000000000000CCOO00GOOO,0O0
000000000000000000000000 (0000000000 o0O000
0000)00000000o000o00oUoooO0oO0oUo 2000000000000
ocooo0O.00034000000000000000000,000 50000000
ooooooooooooo. ooooooboooooooboooooo,b0boobo0ooo
O00o0O00o0o0oooo0oooo. SWIMSOO,00o0o0ooooooooooo
0000000000000 0000000000D00O000O0O0O0O0oDO (O 4.14) .
coo0,000C0c0000bc0o0oooboo0o0oooobocooo,oboc0ooobo0ooo
ooo,0ooooooooooooooooooooooooooooobooboooooo
goog.
too,d0b0oo00ooboooooboboocooooo,bo0c0ooooboocOooooaon
cooOoooooooOoooOooooooOo0oO0,0000000000 100pym 000
0000000o0oo0o0ooD (D 4.15) . 100000000000DO0OOOODO
(00000000000 DO0O0OD)0000 3000000000, DO0DDODOO0OO
MOIRCSOOOOOUOOUOOUODOOOUOO0OOOOOOO. 0D0oooUoUoUoO
00000,0000 (retainer) 000000000000 DO0ODOOOOODOOOO.
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0 4.13: 000000ODODDOOOOOD. 0000000000000 00000000O
0000,00 (00D00OD)02400000000000000000000000D00000
00. () 0000000000000 DOD0OO0DODOODODOOD. (b,e)DOOODODOODOO
000090000000, (d)0000D0D0O0D0000000D0O, 0000000000 O
0.(e)00000O00DOO0DOODODODODODD. ()OOODODOODOOOOOOOO,00
oooooooooooooooon.

RATRIBEE EERESDUEFF) T

R SF 10— ERRL. Hil
\ | BYROEY hEANER 3.

RATFE Ty Fr—

ot BlDAUw
T % TRt

Y 24BEDRY Y MR
2210 WERBADIZH—BPHBEAIC LTS

NAOE1IDEY,
EREETEN,

0 414: 000D000D00O0O0OO0ODOOODOO. OO0 (ODDODD)0D0ODODODODOOODOO
oooooooOooo0O0. 0bOoO0 (UoD) D (hoOOooDbbOO0oDbOOOoDOOOoDO
00)00000000000000000000000000000000O.
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NAD2—h~
(Fd#~100pm)

FZpm

255mm S Amm

O 4.15: 0000000O0O0O0. 00OD0O0OD0OOODOOOODODOODOOODOOODOOOOOO
000000O0O00D (0D 100 pm) 00O, 0000 (retainer) DO00ODODO. DOOO0DODOO
goooooooo0oo. oooobooooooo0o0ooobOoooooOoO00ooooOo00Ooooo
000000000 (D00DO0OD0D0D0O0O0O0DOooOoDoooo).

4.1.5 0O0OO0O0OO

00,000000000000,000 20000000000000.

4.1.5.1 00O (Integral Field Unit)

000 (0bO0)0b00o00obD0O0DO0DOO0O0DO0OD0OD,0D0D0D0O0DOOODO
ooooooooooooo.

0000000000000 (b0)OD0ooO0O0o0O0O00O0DO0OO0,00D0000
coboooobooooooooooboooobO. ocoobooobooboboOobooooooo
oooooo. oo,b00ooobooo0ooooobooooobooooooobooo
00oo0ooo0oo0,000000000oo0oo0o0. 000, SWIMSO 20000
coooooooobocoOooo,ooooooooocoooooooooOboboOoOogoo
ooooooo.

ooboooboooooooooooboooobooooo,boobooboooDOo0on
0000000000000 000000000. 000000 416000 (GEMINI
00000000 GNIRSOO). 00000000000, 0000000D0O0O0OOO
00000000000 (S)oooooooOooo. Ssloo0ooooooo,oo00
0000000000, 0000 (S2)000000000DO000O0DOOOOODOO
ooooO,0000o0cooooon.

00, GEMINI/GNIRSOOOOOOUOOOODODOODDODODOOOOOOOO, SWIMS
cobooooboooboooooooobobooobooooooooooobooooooo
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0 4.16: 0000000000 DO00OO0O0O0O (Allington-smith et al. 2006) . 000000
0000000 Slicing mirror 0000000000000, 0000 Pupil mirror 0000
gobopoooboooboobooo.

gooooo,oooooooooooooobooocoooobobooboooooboooooon, o
goboooooooooooono.

4.1.5.2 000000O0O0OOOO

goooooooooboooooooboooo,oobbooooobooboboooobon, o
0000000000000000400000000000000.

00o00o0o0O0ooDoOo (MEMS)OOOOD 100 pmO000D000O0OOO (ODO
000000)000000000000,00000000DO0D0DO00ODO0OODOO
goboooooooo,boooooboo0o.boooo,bbooboboooobooooo
goboboooooooboobodooooobboooooobbooooooo,boooobooaon,
0000000000000 LO0ODOU0ODOODUO (O 4.17) .

4http://toshi.iis.u-tokyo.ac.jp/toshilab/
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0 417 0000000000000D0000D000O00O0O0. 0000000000 0.1 mm

x1lmmO0O000OD0ODOOOOOOOD. 0000000000000 DOOOO0O0OO (Doooo

00),000bb000oDo00oooooDD.

|

0 418 0000000000000000D0O0OO0O0DODOOO0OOOOO0O0OO0D 1000

0000 (0)0000000000 (30)

Capacitance

I3\

ocooooooo0o0, 100 pm x 1,000 mO000000000O0COCOOODOOOO
00000000 (0 4.18),0000000000000OLDOOODOO (O 4.19) .

O

googobooboboooobobooo,0boboboobobobboobobon

gobooobooo.

00000, 0000000000 100000000000 000 (0.1 mm x 10
mm) 000,000 2cm x2ecm 00000000 (D0ODOO0)000000OOODO

gooo.
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0 4.19: 00000000000000O0OOOOOO (20100 90)

4.1.6 00O0OOO0OOOO

0o000000O0O00O0O0O0O0O00O0D,00,000000 (DO)O0ODOO
ooooooooooboooooooobooooobooooooobo.ooOo,ooooo
ooboooooooooodgooo.

gobooooooooooooobooooooaon.

2011/0 0O0O0OO0OO,00000000D000OO0DOOOO,
ogoboooooooooo

2012/0 00O0OOO0OO0,000000000,00

2013/0 0O00D0OOOOOOO

2013/0 00D0O0O0O0OOOOODODOOOOO,O0000

2017 TAOOOUOOODOUDOOOOO,00000
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4.2 0OO00OO0OOOODOOO: MIMIZUKU

4.2.1 TAOODDOOODOOOOOOOOO

goboobgoboooobooboooob,boboboooob,0obobooooon
gbobooboooooogo,bo0o0oboboooboobooboobOo.boobooboo
gbooogbobobooboboboobooboboobo,0obobobooboboboon
goboooboboobooboobboon.

goobodb,0obobobobobob,0bobobobobobobob, oo
000000O00000O0. 000, () 0000000000 DO0OO0OO0oOOooDO
0,0000000000, () 000000000000000000000oo0OO, O
000000000000 (DOODO00O0OD)00O000DO,00D0000, (l)Oooo
goooooobooooooobo,bgbobooboobobooboobooboobooo
obobooboobooooooooo,bobob.0oboobo,ooDobooboobOoboD
gobooboobbooboobbooboon.

TAOOOUOOOOOOOOOOoOoO,000000000o0oooooooood
O0.042000000000000000000D0. DOODODODODOOOOO,NO
00 (00 813wm) 0000000000000, QO00 (00 16-26m) 000
gboooboobooboob.oo,00 28pm 0000, 00D000D0O0ODODOODOO
gbobooooooobooog.

000 TAOOODODODOOODOO0O0O0 MIMIZUKU (Mid-Infrared Multi-mode
Imager for gaZing at the UnKown Universe) 000000000 . 00000 2-38um
go00o0o0oO0oO0oO0oOoOoO0OO0OOOO0OOD0OO0ODOO, TAOOODODOODODOODOOOOODOOO
0000000000000 0000000. OO0 Field Stacker 000 200000
oooooboooobooobooobooboob, 00000 bO0oobDoobOooboo
goboobboo.ob,booboobbooboobobooob.

4.2.2 0000
MIMIZUKUOOOOOOOOOOOOOoOO.
e IODOOODO 238um IO 0OOO00ODOOOODODOO
e 30ymI0 100000C0OCCOCOCOOCOODODOO
e Field Stacker 000000 OO0OOOOOOOOODOO

go,bogobgobooobog.
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Transmittance

Transmittance

Tl N

EWE EEER

Transmittance

Wavelength [um]

0 4.20: 0000000000000, OO0 PWV=0.38mm, 00 PWV=091mm OO0, 00
00 5600m, 4200m 000000000 10%0000000.

4.2.2.1 000000

MIMIZUKUOOOOOOOOOOOOODODOOOO. 00000 26-38um (00 30pm
0000)000o0O0o0O0O00OOO0OOOOO0OO0O0O0ODO0ODO0O0O0O,000000 TAO
00000000000000000. 000 miniTAOOOO/MAX3800000O0O
oooooo3wwmOO0OOOO0OO0ODOOOOOOOOOODOOOOOOOOOOOD.
MIMIZUKUOOOOOO0O0O0O0000000000000000.

3um 00000 MIMIZUKUOOOOOOOODOODOOOOOOOOOOoooooo
O0oo0oOooo. o0 1626pm0 Q-band 0000, 0000000000000
obobooooooooo,bocoooooobooobooooboooboooOo. oo
OQband0000000DOO,004200m00000000000000O00O0OO
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O00000. 0000000000 3,000m00000000000000%°000
0000000O000oU00o0oooooOoooUooO. TAOOOODOUODUoOOoOoO
00000000, 0000 QbandO0O0OO0ODOOOOOOOOOOOODODO. OO
25-5.5ym0000000DOO0O, 0000000000000 0O0ODDO.

4.2.2.2 00000000

MIMIZUKUOOO 6pm 0000000000 TAOOOOOOOOOOOOOO
oooooooooo. 3opemO0000C0C 100000. OOC0OOO0O0O00OD0OO
00000000D000000000000 TAO/MIMIZUKUODOOOOOOOOS.
3pymO00000000000000000O00O0O0O0O0O0O0O0O0OOOOOOOO0,
000000000000 00000000. 00000 TAO/MIMIZUKUOO OO
ooooooooog.

100

1.0

Spatial resolution (arcsec)

30m telescopes

0.1 | | 1 |
10 20 30 40 50

wavelength (um)

0 4.21: 000000000 OOOOOOOOOOOO

500000000 6m 000000000 3000m 00000000, 000000000000000
00000 TAOOOoooDooo.
SJWSTOODOOOOODOO 30pm 0000000000
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4.2.2.3 0O000O0OOO0OOO

gopboooooooo,00oboo0oobboooobooboooo0oooooooboooo.
gooobooooooooooooooooooooooobo,obooo0b0b00o0oooo
ooboobooooooooooooooooooooo,ooooobooocoboOooooon
o.0o0ooooooobooooooobo,b0bboo0oooooooooobobogooon
goboooooooooa.

gooooooooooooooooooooo,0bo0b0cboc0oooooooobon
gbooooooooooobooooooooooobooooboo. ooobooooooboooo
gooooobooooooooooooooooobooobo. ooobooooooooo
goooooboooooo. ooobobooboocobooooooooooooooboooon
oooooooooooooooooooOoooooobOoOoboboOoOo,oo0ooooo
gobooooboooobooooooooooooooo.

MIMIZUKUOOOOOOOOOOOOOoOOOooooooooopooopooopooo
(Field Stacker) 000 00O0O0O. 0000000 DOOOOO 200000000000
0000000000, 0000000000L00DLO0ODO0ODOOD,000 20 (00O)
gooooobooooooooooo. ooboboooboooooooooooboooboooo
gooo,0o0oo0oooooooooooboobooooooobo.oooobooboogoo
gobooooooooo,bobbc0boboooobooooooocooooooooog.

4.2.3 0O0O0O0OO

ooboooooo 4400000,

4.2.3.1 00O

o0o0oooOoO0OO00OO0OO00O0O0O0O0000O0, 000000000 Field Stacker O
00o0oooo.ooooooo 422000.

ooo0oooO0ooooOoooOoO0O0ooOOoO0oOOoOoOoOO0bOO0O00O00. 000 2um
O03&umib000000000000000000. 00 Field Stacker 00000
0,000 2aremin000000CCOCOOODO.

MIMIZUKUOOOOOOOOOODOOOOOOOOoOooooooooo. ooo
Chang 00 20060 000000000000, 0000000 2000000000
ooooboooooooooooooooooooooooboo,bobooocbo0o0ooooon
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0 4.4:

TAOOOOOOUDOODOOO MIMIZUKU OO

OVERVIEW

ooooo 2-38 pm J0oooon

goooo goooooobobobooooo
000000000000 (R~200)

ooo 2m x 2m x 2m 0 2.3ton

MIR-S Channel

oooo 6 — 26 um

ooo Si:As 1024x1024 AQUARIUS Raytheon O O

Pixel Scale 0.11” /pix

Field of View

ooooooo

ooooo

goood

2arcmin x 2arcmin

larcmin x 2arcmin x2

N-band filters (AX ~ 1um )
Q-band filters (AX ~ 2um )
N-band : 7.5-13.5um, R~230
Q-band : 16.5 — 25.5um, R~160
0.3” or 0.6” (length 60”)

w/o Field Stacker
w/ Field Stacker

w/ Ge-grism
w/ Si-grism

Sensitivity (1siglsec) | 50mJy 10pm imaging
130mJy 20pm imaging
250mJy N-band spectroscopy
650mJy Q-band spectroscopy

MIR-L Channel

oooo 24 — 38 um

ooo Si:Sb 128x128 or Si:Sb  1024x1024

Pixel Scale
Field of View

ooooooo
ooooo
oooo

0.44” /pix

56” x 56”

28” x 56" x 2

bandpass filters (AX ~ 3um )
26 — 38 um, R~60

1.2” (length 50”)

(optional)

w/o Field Stacker
w/ Field Stacker
mesh filters
optional

Sensitivity (1siglsec) | 200mJy 30pum imaging
400mJy 38um imaging
800mJy 30um spectroscopy

NIR Channel

oooo 2-5.6 pm

ooo InSb 1024x1024 Alladin II Raytheon O O

Pixel Scale 0.11” /pix

Field of View

ooooooo

ooooo

2arcmin x 2arcmin
larcmin x 2arcmin x2

K, Ldash, Mdash

2.8 - 5.6pum R~ 180
Slit 0.3” x 60”

w/o Field Stacker
w/ Field Stacker
J,H, and narrowband
filters (option)
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— i | __F122 . o
AR | =

RY ATk R wiEiEH#

F12.2 F12.2 dedod F12.2 ‘ :

NIRF ¥R [MIR-S‘.F'V‘JJMI/J MIR-LF ¥ )L
2-5pm 6-26pum 26-38um
F8.7 ‘ F8.7 ‘ F5.2

Insb1k @ siAs1k(y  Si:sb 128 (]

O 4.22: MIMIZUKUOOOOOOOOO

e——

0 4.23: MIMIZUKUOOOOO 3000000

0. MIMIZUKUOOOOODOOO Fore-opt, MIR-S, MIR-L, NIR OO O0OO0OO0OO
00 2000,000000000000000000O00O0O0O0O0OOA0O.
oooooooooooooooobooOobboOoboboOoooboboOobooboOooo. oooo
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|2

0 4.24: MIMIZUKUOOOOO

o00o0oo0o0oooo0o0ooopoooo0o0ooo0. o000 MIMIZUKU OO
cobooooooooooooboooobooboobooOoooOooooooboooobo. oo
ooooooooboobooooooooooboooooooooobo,bbbobooogoo
oobooooooooooooboooood. obooobooobooooogooao
cobooooooooobocooboocooobon.

MIMIZUKUOOOOOODO Field Stacker 0000000, 00000000000
oobooooooooooooooooodgoodoo. oobobodgoogooao
oo0oo0oooooo00.0oooooooo, MIMIZUKUOOOOOOOOOOO
coboooooooooooooboooobObocOobObo. oobooboboOobooOooooo
0000000000 00O000,000000000000O (DODOooooo)ooo
oooo,00000000o00. 00d0oooodooboooogooooogon
coooboooog,oooooocodoooo. ocooobooocooooooboooo
00000000000 0oOoUo. o0, TAOOOODOO@ 25arcmin 000 10pum
00000000 >0.82 (¢ 24darcmin 00 >0.9)000000000000O0O0O0ODO
ooooooooooon.
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0 4.25: 000000 MIMIZUKUOOOOO

4.2.3.2 Field Stacker

MIMIZUKUOOOOOOOOOO,0000000000000000C0O00000
O0000000,0000000000000 Field Stacker0OO0O0O0O0O. OOO
ooooo426000.

gobC0oO0O 200000000DCOO0O0ODOOOOOODOCOO0ODODOOODDO. DO
gobobobooboboboobobobo,0booboboooobobonboo
gob0o0b0o0. 000000 2000000000000 DOO0ODOOO,0D000D00O0O
gobooobo.obooooobooobooboobooobooo,0obogobooobooboooboo
gooobo.obooboooboooobooboooboboooboooobbo,obogoobooo
gooooooooooooooooo.oooooooo MIMIZUKUDDOODODO
oooooo0oo0o0ooo. ooo00ooo0gooooooooooogo 42rogo.

00,00000000000000CCOOOCOCOOCOO0OOUO0ULO.ODO0OOO Field
Stacker 000000, 000000000000000CO0O00OO.

4.2.3.3 0000000

gooobdoboboboobobobobooboobobo,boboobobob
goboooobooooboo. oboobuoobboob,boobbooboboobb,od
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ZFEBOMRRIEH)

By F T EubaFuTin

BEEF—TI
FOEIZXATF—

=S

ERNERIC

0 4.26: MIMIZUKU OOOO Filed Stacker 0000000

0 4.27: MIMIZUKU OO0OO Filed Stacker 000000

coooo,000bc00oooboo0o0ooooobocoooooboboOo0ooooob.0oo
00000000,0Hz2000000000 ~1'0000000000O (OOOO)O
oooooo. oogooooooooooo,0oo0oooooogooooogoo
oooo.0o00,0000o0o0oc0ooooooc0ooooobobOoOoc0OoOoooOobcOoOon
00000000. 000000 (AO)0D0D00O0ODO0O0O0O0ObO0ODODOODOODOO
gooooo.0ooo MIMIZUKUOOOOOOOOOOOOOOO0OO0O0OO0oOoOoOo
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0O 45: 000000000

MIMIZUKU O MAX38 0O
0000000 |max 30 arcsec OO max 50 arcsec
ooo up to 6Hz up to 6Hz
oo 20 10
ooooo << lpix << lpix
godooOoOo |ooooooo ooooooa
ogood TBD gooooood
ooood ooo ooood

0 4.28: MAX380ODOOODODOODOODOODOOOOOO

00 Foreopt 0000000000 0O0O0O.
0000o00o00oO00oO0o0Oo0o0ooOo0oOO TAOODODODOOOODOOODOO

00000000,10000000 mini-TAOOOOOOOOO MAX380OOOO

gooo. MIMIZUKUOOQOOO 2000000000000000000000O.
MIMIZUKUOOOOOOOOOOO0OO0O 45000.

4.2.3.4 00000

MIMIZUKUOOOO 38umO00000000000DOOO,000 (Si:Sb) 00
04pmO0CO0O0O00. O00O0OOOCCOCOOOOOO0OO0OOOOODOOOOOCOO
0,000000000000000020KO000000. 00004K1IWOODOO
GMOOOO20000. 0000000000000 DODOOOOODODOO,24000
gobooooooo.
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0O 4.29: MIMIZUKUOOOOO 0000000

MIMIZUKUOOOOOOOOOOOoOooooooooog,00oooooooog
O000000O0000O000000. OO0 Field Stacker 0000000000000
coooobooooooooo,boo0o0ooobooocoooooOoocOoOooooo. oooo
ocooooooo, MIMIZUKUOOOOOOOOOOOODOOOOO0O0O0O0O0000O0
oooO.0000000000000000. 000000 120mm, 00000 0.1mm
ooo.0boo00oooooooooobo,0booc0oooobooOooc0o0oooooboOoon
ooooooo.

Ooo0o0o0O0o0obo0oooooooooo 429000,

4.2.3.5 0O0O0OO0DOOO

ooooooooooooooo, MIMIZUKUOOOOOOOOOOOOOOOO
ooo0O.0000000oooo0oo0oo00o00o0o0000. 0460000000000
oooo.

4.2.3.6 0O0OO

MIMIZUKUOOOOOOOOOOOOOOoOooOOoooO0, 0000000000
ooooogo.
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0 4.6: MIMIZUKU ODO0O0OO0O0OO0OO

gooooooo oooooooood 20
Slit0ooo ooooooOoOooOoO0OO0ooO0 ooooox7|110
goooooDooo ooo MIR-SO MIR-LOODOOOOOOOO |10
MIR-SOOOOODOO0ODO MIR-SOOOOODOOOOO 70 x2 20
MIR-LOOOOOOOOO MIR-LOODOOOOOOOO 90 x1 10
NIROOOOOOOODOO NIROOOODOOOOOOO 90 x2 20
gooooooo ooooooooooooo 10

0000000000 MIR-SOOOOOOO, Raytheon 00 1024x1024 Si:As BIB
000 AQUARIUSOOOO.O0OO 2011 0000000000000D0O00DOOO,
000000000 CcOMICSOOUODODO (320x240) DODO 1l000O0ODODODOO
go0.0000000oooo0f 2000000oooo0O0,ogoooooogoo
goooooog.

NIROOODOOOOODOO 1024x1024pix 0000 Aladdinll DOOOOO0O. OO
00o0o00oU0OoUo0oUoO0ooO0oo0oo0oo0oUOo,000000o0oOUODoUDOUOnOn
gooooo. nShOODOOOOOOOO SWIMSOOOOODODDOOOODOOOOO
oumO00000000D0O0O.

MIR-LOODOOOOOOOOOOOO,1024x1024000000 Si:ShOoOooOooO
ooo0. oooo0O0000ooooOO0O00OoooooOOO Si:sshOoOooooooo
gogobgo,boboobooobobooboobobboobo.oobooboboo
00,000000000000 128128 Si:Sh0 00000000 doooooon
oooo.

04700000000000O00OO.

0 4.7: MIMIZUKU 0DO0O0ODO

MIR-S NIR MIR-L
oo Aquarius | AladdinII - -
Type Si:As BIB InSb Si:Sb BIB
Format 1024x1024 | 1024x1024 | 128x128 |1024x1024
Pixel Size 30mum 27pm 75um (30pm?)
Pixel Scale 0.11” /pix | 0.10” /pix |0.44” /pix | 0.18” /pix
Well 1e7 e- leb e- 1e7 e- ?
Temperature 7K 50K 5K 5K
Manifactured by | Raytheon | Raytheon DRS DRS
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4.2.3.7 0000OO

gobooobooboboobboobboobooobooboboobboooboD
O0o0o0o0oo0oooooooOooooooo. MIMIZUKU MIR-SOOOOO
OO0O0 1024x1024pix 0 <10msecOOOOOOOODO,00000000OCCOCCOO
00 64ch 0 1pix 0 0.3usec0 00000 OODODO.
00000000000 0000oOO, MIMIZUKUOOOOOOOODOOOO (~1m)
o00oo0o0ooo0ooo0oOo0oooooOo0oo0oo0bo0oO00 mOOoo.
gboogboboboobobobooboobobooboboboobobob,oo
000000000000 00o0o0oDoO0o0oDoooooooDo. ooO0 MIMIZUKU
0000 (K)0DODODOO0OO0OD0D00O0O00000D0 (20K) 0000000000 0DO.
ooo00o00oO0o0ooooooOo000oOoOoooooooOOoO0o0o0oO0oO,00oooo
00000000000000000. 000000 GaAsFETOODOOOOOOOO
gobooobobooboobbooon.
O0000ooO0o0o0o0ooooo0ooooooooooooo. MIMIZUKUOOOO
000000000000, 10000000000000 150Gbyte, JOODOOO 1
Thyte 0ODODODOODOOOOOOOO. O0OODODOODO0DODODDODOOOOOOOO. O
O00ooooo MIMIZUKUOOODOOOODOOOOODODOOoODoOooooo. OO
00000000 /1000 1/ijop0000000000.
0000,00000000000000000,MAX380 ANIR,000O00OO
00000 KWFCOOOUOOODODOOODOOODODOODOOODO. 0ooooooooo
0O MAX380ODOOODOO Linux+00 IO0O00O0O00OO00OO0DOOOOOOOOOO.

4.24 0000O0OOO
4.2.4.1 0O00O0OOOODOO

gobobooobooobbooobobooobbooobbooobo. oooobob
gogooboooobbooooobob,0obbboooobbbooooDbbooon
O,003pemO00,0000000000CO0000O0DOOCOOOOO. ODOO,
goboooboooooooboooboobooboobboobooboobobooo,boo
gboogbdobobooboboboooobob,ooboobobobobooboboon
goooobooobobobob,ooboobobooboobob.0obobbooboo
go,00b00ooboobooboboboboboooo.

coo0o0O0000o020060000000000000000D000000CGC0O0OOO
gbooogoobobooobooboboboob.oobobobooboboboo
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0 4.30: 30pm0000000O0OODO (0OOO0OO)DOODO

0 431: 30pm000000000CD (00DDODO0)0D0O0O0ODODO.0DOOOODOO

gobOoooooooboobooooooooOooOoOoOo0oOobOOoOobOoOoOoooboooOooboooon
000000000. 0000000000 D0ODO00O0,000 (OO0 20000)
goooooboooooooboooooooboooboobo0. ooboobooooboooooo
ooooooo,oo0 immO0000O0O0OCOOO0O0O0DOOOCOCOOOOODO. OO,
3lpm, 37pym 000000000 R~100000000000000O0DOO0O0O. OO
000o000oD (DoooD)DOoD 8%, 5% 000000000000, 000oO
000 miniTAOOODOOOOOOO MAX380OOO,000000000.
gbooooooboooboooboooboooOoOoOooOoOoOoooOooOoooooo, oo
goooooo,ooooooooooooobooo. ooobbooooooboobooooon
o0o0o000oooO0O000oooOOo0o00oOoOOoOoO0oooOD. OO0 SiICoooO SiN
goboboooooboooooooodg,ogoooooooooooooooo,aoon
gooooooooodo,bcogooooooooo0oooooooobooooooo
O00000. 00000000000 MIMIZUKUOOOOO SPICAO TMTOOO
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gobooboboobbooboobb,ooboobobooboobn.

4.2.4.2 0000

ocooooooooooboooooboooo,00oooooooobooooo,oo0oon
ooboooobooooooobooobooboobooobo0oooooD. boooooooo
00000000 (342),00000000000.000000000O0OOOCOOO
000 46%00000. OD000000O00O00O0,0000000D00D0O0DO0O0OO
oO0. 0ooooboooboobooobocooooooboooboboobooboooooooDooo
oooo.
coooobooooooboooooobooooooboOoOoOoOoooOoooobooooon.
cooobooooooooooooboobooooobooOoOoobOOoOoOoOobooOoooooooon,
ooboooooooo. oboooobooooooobooobbooboboOooooooDooo
oooO,00000o0o000003pmbOOD0OO0OO0O0O0O0OOOOCOOODOOOO,OO
coooocooooono.
oo02009000000000000000CC0000000. 20110000000
000000000000000000,00000000000002%000000
coboooooooo. ooboooooooooobooobobooboooooooooo
cobbooooboooooOo. booooooooOoOoOoOboOobOboOoooOooooOoo
ooooooooooo,oboooooog.
umIO00000DOOOOOODOOODO, MIMIZUKUOOOOODO MIR-LOO

181963 18KY X3.00K 10.8um

0 432: 30 0000000DDOOOO

172



gogobobooobbooobooobbooobbooobbooobbooo. o
000Do0000oooooooooDooooooooooooo, MIR-LODOOOOO
1024x1024000000000000000O0O0. 00,0000000D0000000O
gooo,boo0obooboobooboooboo. ooboobooboooboobooobooo
JymO000000,20pmO00C000COCODOOCOOOOOOOO.ODOODDOODODOO
gobobobooboboboobobobooboobob,oooobobooboobo
go.

4.2,5 0O00O0OOOOO

MIMIZUKUOOOOOOODOODO 20110 sOoooooooooooo,0n0,o00
gobooooooboboooboooooooooobooooooooooobooo
goboooooooo.ooo,g0oo0oooooooooooooooog.

gobooobooooboooobooooon.

2011/0 00OOOOOOO,00000
goboobooooboobog,

2012/0 000O0OOO0O,000000000,00

2013/0 ODODOO0OOODOOOO

2013/0 00OO0OOO0OOOOODODOOO,D0000

2017 TAOOOODOODOOODOOOOO,00000
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02 0000000000000000O00DO TAOOOOOOO (TAOODOD).
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0 3: TAODODOOD (TAOODO) DOO.
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050 0oog

5.1 0O4Oognd

5.1.1 0O0OOO0OOODOOOOO

0o0ooo0o0oooooooooooo,000 1I70000000000O0O0O0,00~0
gooooooooooooooooo,booodgoooooooooo. oggoo
gobobooooooboooo,oooobooooobooooooooOo,oooooogoo
oooo. oooboo,0oboocooocooooo,bo,0bb0coboocooooooboooon
0o0o0o0,00300000,000000000000000000O0O0DOOCO
gobooooo. ooo,bodoobodooboodooooooooog,oooooo
gooooo,oc0ooooocooooboocooooboooooo,0booo0oooooOooon
ooo.o0oooooos1000.

-

O 5.1: 00000000OO0OD.
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0 5.1: 00D00O00DDDODOO.

o000 000 000 \DD \DDDDD

TAO 670 440 220 590 |5,640m | TAO6.5m, miniTAO 1m
ESO La Silla |700 440 290 150 |2,500m |NTT 3.6m

Las Campanas |70 0 420 290 01 O |2,500m | Magellan 1&2 6.5m
Cerro Tololo |700 490 300 100 |2,200m | Blanco 4m

Cerro Pachon |[700 490 300 100 |2,700m | Gemini-S 8m

ESO Paranal |700 250 240 400 |2,600m | VLT 8.2m x 4

oo0oooooooO0OooooooOoOooooo,0o00 200000000, 000
gogboobbooboobobooboooo.

0000000,00300000000,01IVO0 (regionlV)ODOOOODODOO
000 (D0 1100)0000000O000000O0 (DO 1100)000oDUOooOO
000.000000000000000 500kmO0. ODO0O0O (ESO)OD0OO0OOO
(LaSilla) , 0000000000 (Las Companas), 00 0000000000000
0ooog (Cerro Tololo), 0000O0O0ODOO (Cerro Pachon) 0000000000
oO000O0.00O000DOoO00oDbOoO0b0 24000,00000000D000,01I00
(region II) 00 ODO0O0DO0OOD0OOOOOOOODOD (D0 2200)00000000
OO0. 0000o0Oooooooooo 1000kmOO. ODOOOODOOOOOODOOO
oboooobooobo,0boogboboboo.0oboobobooboboboobooobooD
goobobooob,obobobooboobobooboo. 0oboobobooboo
00000000 (ESO)0b000ooooooo,VLToooooooooooo.

oooooooOoooDboOo, 00 oomb0ooobbo0ooooooOooon. o
oooooodOoooo0 mmODOOOO0,0000000O0ODCOOODOO. OO
OOoooooooogdsoombbooddgoooooogoooo,0ooooogoag
O000000oOooooo. 0000 ASTEO NANTEN2, APEXOOOOOOOO
0000000000000 00,0000000 ALMAOOOOOOOOOOO.

ooobobobobobobobobobobgo,0bgobooboooooooooo.
goobobooboboob,ooboobobooboobobooboob. bon
googooboboooooboboo,bbooboboboobobobDbobobon
gboboo,0oooboooooooboobobobobobo. oo, 0b0bOoboD
0000000000000 000000,00000000 (Cerro Chajnantor) OO
OO0 TAOOOODOOoooo.
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TAO

FEWT 3 0 k— )Ll (5600m)

5 10
e [um]

VLT /854w @700m 78 h <M

0 5.2: 0000000000 DOO.

O 53: 00000000000 : 0D00D.

00000000 (Cerro Chajnantor) D00 5640m 000, 000000 (Cerro
Toco) D0 O0DOO0DOODO (Cerro Chascon) 0000000 OO. 00DDODODOO
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ALMADOOOOOOOOOOOOOOOOOOOO, 00 ASTE, NANTEN2O OO
00000000000. 000000000000000000 ALMAOOOOO
000000000000000000000 (Parque Astronémico de Atacama) O
0000. 0000000000000 D0O00O (CONICYT)oDOoooooooOo
00000o0o00oooOoOooo,0o00g0s00O0000obo0UoDooUooooDooOoo
0.00000000000000025m00000000 CCAT (Cerro Chajnantor
Atacama Telescope) 0000000000000 DOOO0OOOOOOOOOOOOOO
oooooooooooobooobo. ooooooooooooOobOoOoOoCOoboOoOooooo
00000 ACT (Atacama Cosmology Telescope) 000000000000 OOOO
0000, TAO, CCAT, ACTOODODODO0OD00000000000OO, ASTE,
Nanten2, APEX, QUIET O OO ALMAOUOOOOOOOODOOOOODOOO.

5.2 TAOOOOOODO

5.2.1 00000

TAOOOUOODOOUODODOOUODODODOUOOO,00000000000. oooogo
goooooobooooooobooooo,oboobobooboobooboobogoo
oood.

O0o0o000oo00ooooo,00ooo0oooo, ESO00oooooooooon
000000. Meteosat-30 GOES- 80D O0DODOOOO (6.74m/10.7um) 000,
19930 3000 1990 7O00OoOooooOOoOoO0O0OooooDoD. obooOo,b0o0ogoo
0o0o0o0ooooo3-12nmO00OO00OOOO 1/3-1/800000,000000
70%000000000000000 (O 5.2).

0 5.2 00000000000 OD0ODOOOODOODODOODODOODODOOOO.

000 (%) 0000 (mm) O

oooooo (ooo) 69% 0.8-2.0 ooooooooon
oooo 65% 22-6.5 cooooooood
ooooo 85% 1.8 -6.0 ESOO0O0O0OOOO
oooo 82% 09-128 TAOO 2000
cooooooo 70% 0.3-1.2 TAOO 1000
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Atmospheric Transmission at Chajnantor

Raa B

Transmission
T
1

Microns

0 5.4: 0000000000000. PWV=039mmOOO. 0000000000 0OO0OO
0oo0o0 10%00000.

054000000 04mmO0000000O0O0OCOO. OO0 ATRANOOOOO
gobooo.oooo,oobooocooooooooo.

e 002 J,HKOOOOODOOOOOOODO,TAOOOODODODOOOOOO 2.55um
goooooooog.

e 2640y 000000000DDOOOODODO (DODODO)DDOOO.

O000o000oooOos5640mO00 TAOODODODODDODOODOOOODOOOO,000
0000000000 TAOODOOOOOOOOOoOoOoOooOo.

5.2.2 0O0OOODOO

0550, TAODODOOODOOODODOOOOOODOD (visibility)y 0ODO0ODOOOO
00000. 000 airmass < 1.500000000000,00000000. OO
0 TAOODOOOOOOOOO,0000000000000O00O0O0O0OO0OO0OO0
O00oOoooOoo. ALMA, ASTRO-F, ASTRO-E200000000000000O
00,0000000000000000O00O0O0O0O0O0. D00 TAOO,UD0O0O
(SGP), 0000000 DO (LMC,SMC), 0000 (GC)ooooOoooooooo
gobooooooooon.
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Visibility from TAO and SUBARU
" T ThO ‘ SUBARU'

Visible time (hours)

—50 0 50
Declination (degrees)

0 5.5: 0000000000000 (airmass < 1.5).

5.2.3 OO

00000,2003000000000000000000000000000000
000000000000000. 000000,00000000000000000
0000000000000, 0000000000000000000D000O0D0O0
O0000. 00000000000 2004000,0000000000000000
00,000000000000000000000. 00000000 MAGNUMUO
0000000000000 000000000,0000000,000000000
000000. 00000000000000000000, 00000 812um 00
0.0000000 ASTEQOOOOOOOO,ASTEOOOOOOOODODDDDOOO
oooool.
0000000000000000D0000,000000000000000 5.80
00.000000000D00000D0000D0000D0, 0000000000000
0(70%)000000000000000000000. 00000000000 (0
0000)00000000000000000.
00,ASTE00O0OOOOOOODOOODOOODOOO,000O0O0OO0D0D000000
000000000000 000D0000. 00000000000000000000
000D00D0000. 0000000000000 000 70%000000000. O

0000000000000 0% 00000000, TAO00OODDODOOOODOOO
coooooooocoobooooooon.

0o TAOODDOOOODOODOOOOD ASTEOODOOOO, 000000, 000000000000
000000000, 00000000000000000 ASTEOODOOOODOOOODDOOO
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O 5.6: 000000DO0OOD0OODOOOODOO.

0O 5.7 0000000000 (0D=00,0=0000).

5.24 0O0OOOOODO

TAOUOODODOOODOODO0OUOOO0OODO0O,00000000000000,0000
goooooooboooooooooo. oooobooooooooboooooooo

183



Average

= CleartUsable: 82%

»| Clear: 63%

B Cloudy
B Usable
No Data OClear

n n L

Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec

058 000000D0000DOO0ODODOO.

O 59: 000000000,

ocooooooooooo,o0o0o000000000.000 2006000000000

oooooooooooobooo,0boooooboooooooooooo.
00o0o0o00O0o0o00o0O0OO0/OoO/0000/000000D0O000O000D0O0ODOO

O.000001000,000 2000000000000000. 00000000

ooooooog s3000.
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0 5.3: TAOODODODDOODDOOODODO.

obobo|oooo-100

opooo|(-3000-120 oo-200
0000|0000 04g/ccO0. OOODODO

oo 00 5m/s, 0000 10-15m/s 00000 25m/s

e 10
ooooooooooo,0b0o000oo0oooo0oooo. oooooooo
00dooooooo. 0oooooo0o0o0oogg —10°CO0 —12°C,00000
0 -3cCO0 -5°CO0O00U0. 000 ALMAOOOOOOOOODOOOOO
5000 1000000. 000000000000 —20°COOO000OOOO0O.

e 00/00DOO
0000000000000000000000000000000. 00000
0000000000000000000000000,00000000000
oooooooo.

0000000000 000O0000DODOOD,8—9YII0OUOUOODODD 0.4g/ce
00000000.00000230000000000,000 7%00000
gogboo. boobooboboooboobooboboobooboboob.

o (10
0000000000000 00000D00O0OO0OO0 (~15m/s), OOODDOO
(~bm/s) 00DO0O0OO0OO. DOODOOODOOOOOOOODDOODODOOOO
0,8 1000000C0C00000DODOCOOO000O0.ODOCOO0OOUUODDOO
0o0bOooo0o 12000000000000A0.

go00o0ooooooooooo 8710DDDDDDDDDDDDD,25H&/SD
00000000000 00O0000. OoooO0ob00oo0b0ooooO0oo0o0oag 15—
20m/s00 0.

5.2.5 0O0O0O0OO

goooooobooboobooooboooboooOoOobooOooOooOoooOooooo,ooo
00000D0O000. 00 (0DD)0O0000,000000D0O0D0DO0DDOODOUODO
goooooo,0oooooooobooboooooooo,oooooooooooboooon
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TGeo Capture]
Board

Linux Pg

15V Power Suppl
(Battery)

Video Recorder

O 5.10: DO000OOOD0OO0ODOOOOOOO.

cobooooooooooooooboooobooboobooboOobO. booboboobooOooooo
000000000000000000000000000000 (Adaptive Optics:
AO)0,000000000000D00D,0000DDDOD0DO0D0OODOODOOOO (O
00000)000000O0o00,AO000DO0DODO,000DO0ODOOODOO0OOO
coooooooocoobooooooon.

5.2.5.1 0000000000000

00000o00ooUooUo,TAOODODODOOOOOUOOOUODOUDODODODOOOO
000 200200000000.00000000000000000O DIMM (Differen-
tial Image Motion Monitor) 0000. 000,30ecm000000000 d =5 ~ 10cm
0000 s=10~20ecm0000 2000,000000000000000, CCD
goboooboooboobooobooobooooboo. cbboobobooboboo
(~1/1000sec 00) DOO0DOOOODO,D0D000000DO,0000D000D0O0O00ODO
oooo.

ooo0o0o0oo0o0oo0oo0o0o0o0o0o0o0,0000000000000
OO0 20060,2007000000. 200700000000 2m0O0000000,0000
googoboooooooobo,0booobooboooboboobob.oobobog
00oooo0ooOoos8soooooo.

00o00o000000o00000o00o00000 s5.12000. 000000000
000 06900,00 10%000 0383000000.000000000000000

186



0 5.11: 0000000000000 DO0O0OD0OO.

[y

Data : 2006/Nov, 2007/Apr i
----- . ++++(0.757) Uncerrected for 2m Tower
6000 - - ——{0.69") Corrected for 2m Tower |

4000

0.5 1.5 2

1
Seeing(’)

0 5.12: 0000000000000 0000DO0O0O0OO0.

g,00oooooooooboooooooooog.
00o0O00oO0o0o0o0o0o0oo0oooOooOoO0s4000. TAODODOOOODO
gobooobooooooOooooboOoboooOooooog.

5.2.6 J0OOO0OOOOOO

TAOODUOOUOUOOO,0000005000000.000000000,000
goboooooooooodooboooooo. oooooooooooooon.
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O 5.4: TAOODODODDODOOOD.

Site ggd googd
[m] (Median) (25%) (10%)
TAOUOUOO 00000000 [5,640m| 07.69 07.51 07.38

Las Campanas 2,300 07.63 0”.4

Co. Pachon 2,710 0”.75

Co. Paranal 2,640 07.82 07.63

La Silla 2,350 07.87  07.69
Mauna Kea 4,210 07.73 07.45”

5.2.6.1 0O0O0O0O0OO

TAOOOOODOOUODOOOO,00000000000O00000O00O00D0O00OO0
O0. 000000000, TAOOODOOOOOOOOOoOoOoOoUooUo. ooo
cobooooooooobooobooboobooboobooo. oboooboobooooooooo
ooooooooooooboooon.

TAOODOOOOOOOOOO,0000000000. D00DO0oOO0oooooaa,
cobboooooooooboooobooOo. OooobOoobOboOobOboOoooOooooo
oobO.b0ooooboocoooboocoooo,coooooooooooon.

0 5.13: 000000000 000D TAOOODDO.
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0 56.5: 00000ODO.

gooooo

od

od

00 000
(Doooo)

00,0000000,00000,0
00,0000000,00000,0
000,0000 (000000,00
0000,0000000)00
000000: 00000000, 0
0oo0,000,000000,00
00,000,0000,0,0000
00,00,00,000000000,
oo

00: 000000
0000,00000
(000D000,000
ooo)
ooo0o0O00: 00
0000000000
(000D000,000
0oooo0ooon)

00 00000
(Doo)

000000000000000,00
000000000000000. O
0000000,000000000
0oO0ooOo0. AMSOOOO0OO0O00
00000000,00000000
0O00. 000000,000000
ooooooooo.
000000:00,00000000
000 (00000),0000000
000,000,0000000,00,
00

goboooooogo
00 (Dooooao,
gbobooobooboon
0)

g goooboo

AMSOOOOOOOOOOoOOoO. oo
go,0o0booooboboooooooa
goobooooooooooboooo
goboo. oooooobooooboo
gog.

goooodo. oooo,oo, o4,
od

Ooooooogooo
00 (Dooooo,
oooooooooo
0)

5.2.6.2 0O0ODOOOO

TAOOUOOOOOOOOOOOOOOoOOOoooOoooooooo. oooooo
gobooooboooooooboooobooboooboooobObo,0b0o0oboboOobooOooon
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gboobobobooboboboooob,oboooboobobobboboboon
0.0000000000-2000000000000000O0,00000D0 (OOD
000000)00000000o0o00. 0000000000000, 0000oo0o0O
obobooooooooog.

5.3 OUOUOOgoooOoO

TAOOOOOODOUOOOODDOUOO0OO0OO0DO00ODO0OUoO0ooO,000000000
ocooooooOoOODO. 00000000 0000000 20000000000, 2005
cobboooooooooobooooboocobObo. ooboobOboOobooboOoooOooooo
cooooooooono.

5.3.1 O0OOOOOODO

TAOOOUOOOOOUOOODOUOOOOOUOOOooOO 199000000, 00O
coooooooooooooo,00ooo00coo00ooooooooo, 200100

0 5.6: 0000000 (1999-2007).

oooo
1999.10 OOOO (DOODOODO,0000),00000
2000.06 OOOO (DOODOOO),00000
2001.06 000D (D0ODDOO0O),00000 WSOO
2001.09 O0O0OO0 (DOOD0ODO),00000000O00OODOOO
2002.02 O0OO0O (DODQOOOO),000000000O
2002.11 000000000, 0000000C000CCOCDOO
2003.09 DO0DOOOODOOOODOOO
2004.03 DOOOOOO ASTEO OO
2005.02 0000000000
2005.10 OO0DOOOODOOOODOOO
2006.04 DOOOOOOOOO
2006.10 OOO0OOO,00000,00000000
2006.10 OO0OO0O0O0O0O0O00O0O
2007.04 0000000000
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gogobobooobbooobooobbooo. oobbooobboobbobooo
gogboooboobog,bogboobuoobuoob,0oobooboobooboo
ooo. o000 20200000000000000000000000000000CO
goobo,0ooboooooooboobobobobooooooooobobonD.
20030 0000000000000000.0000000,50-60cmO000000O
goooooooooooooooboobD. ooboobooobooooboooog, 2005
gbobobotboooooboobooboboboooooooobooobob.

5.3.2 0O0OOODOO

TAOOODOOODOOOO (D0 TAODOOOD)ODODODOOODODOOODODOODOOOD
6.4km 000000 (p1760 3). 00000 4m, 00000 1200,0000000
000o00o0o0o00. 000000000 ooooUooooOoooO, TAOO
ooboooooooooooon.

5.3.3 0UOOOO
5.3.3.1 OO

20110 7000,0000 miniTAOOOOOOOOO,000000,000000,
gogbooooooboboob. boboobobooboboobob.bobbo
0o05.150,0000517000.

0000000000000 00000O000O0O0OU0. 000000 50Hz125kVA
000000.00000200/220V000. 000000000 1,200litre 000, O
go0o0O00 sS000000000. 00000 bO0ObOOoDbDOobDOoDOooOoboooo
gooooo.

O 5.7: TAOOODOOOOOO.

oooo 12%

oooo 10%0 0

oooo 4m

0ooo (0oo) 80 0

0000 (000000) (600

0oooooo 40m

ooo 6.4km

00 000000000000000000000000

191



0 5.14: TAODODODOODODOOODOO.

1 -
' ’
\ \ 4
1 /
] '
1)
T
-
)
1
) y :
q_._.______________- i .H_;_ 1
I
Direction of S / Storage
San Pedro de Atacama ’ 7
1Y
\ ]
[ 1
LI M ]
\ A
v , Operation room
Lo 5,640m :
1 : Ny Nm” % ’
A ! RS -
T i TR -
5 bl A Y-
Y "‘ \‘ - - -
10m L . e Access road |
“ s ~ M -l e -
' e R i oy -
] < e

O 5.15: DOO0OO0DDOOO.

oooooobood,oogoooooodgoooooogoooo. ooooooao

oooU0oU0oU0oUoOooUoUooUoOoUOoUO,0TATAL OOOOOOOOOOO
coobooooooono.
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O 5.16: TATAIDOOOOOOODOOOODOOODDOO TAOODOO.

O 5.17: 0000.0000000DCO0O0OOOO,000000,000D00000O00O.
5.3.3.2 6.5m0O000000O

6.5mI 000000 miniTAOOOOOOO,00040mO0000000000O0O
oooo.ooooooboooooooooooooooog,ogooooooagoon
booooooooboooboodooo. oobobocoboooooOoooooobooooboooo
Oo0.000C0cOoobooooboOs18000.
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TAO 6.5m
telescope

miniTAD
1m telescope

0 518 000000,

5.3.4 0O0OO0ODOO
5.3.4.1 OO

TAOOOOUOOUOOOOUOOOUO,000000000000000O0OO. OO 6.5m
0000000000000000000000000000UO00DOo0OUoOoO. TAO
0000000000000 0000000D0O00000O0 (DO SPAD)OOODOO
coooocooooooooog.

0000000000 000ooUoooo. TAOODODODOOUOOO SPAODOOO
000000000, 00000000000D000DO0OODOO0ODOO (OO 13,000
00)D0200800000000000000. 000 miniTAOOOODOOOOODOO
ocoo0O0o0o0ooooo. 00 20110 200000000000000000000O0
Oooo0ooooooo 4Km O00000CCO00,00,000000000000
O0000.000000 21100000 minifTAOOOOOOOOOOOOOODOO
ooooocooooooooog.
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0 5.20: DO0ODOUOOODOOO.
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0 5.21: TAODOOODO.

5.3.4.2 0000000

TAO6.5mOO0O000U0000O0OOU0ODO,00000s0000000000000O0
000000 (D0)0000000O0O00. 0000000

e JO000O0DOOOOOOCOOODOOODODOO

oooooooboooooodn

coooooooboobocoobooooooboo

goboobooobobooog

coooooobooooooooo

e JODOOODDODODO

oooooo.ooOo0O0O0O0000s21000.
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el UDUOODUOOOO 1Im OO0

6.1 1m OO0

6.1.1 ImOUO0O0OOO

00000000 ImO00 (00 miniTAOOODO)O0O0OO0OO SODOOOOO
DDDDI:IDDDI:IDDDI:IDDDDDDDDDDDDDDDDDDDDDD(DD a
00)00000,00000 Chajnantor 0000000000000 O0OOODOO.
0000 1m, 000 £/12, 0000 10 arcmin O Ritchey-Chretien 0000, 000
goodoooooooooo.

0000oO0oO0ooooOoooOo 2008000000000,5000000,600
020000000000000,000000000000.00000000O00OO
0000,1000000000000000. 00 Chajnantor 0000 OOO 120
000D00o0oooooodon,20090 20000000000 40,000000 50
oo0o0o0o0oooo0O000U0ooO000000DoOO0OO0O0. ODoODooooUoooo
0000 Calama 00000000 ODOOOOO,0000000,00000 3000
pgoogodobobooboo. bbb bbb bbob,bbooog
goooboooooubooboooobobooobo, bbb oboogobobooog
0000000000000 00000oODO0o0OO (0 6.1). D0DDODOODOODOO
000oo0o0ooo,0000000000o0o0o0oo00oooo0ooooooo. o
0000000000 000o0o,000d0d0o000000O00O0 miniTAO O
o0oooooo,20090 30 20000000000 0000000000O00O00O0O.
oooopoooog,FWHM=1larcsec 000000000000 DOOOOOOOO
00,000000000000 ~02arcsec0000000. OO0, 0000000
00000,000000,0000000000000 (§5.3.3).

6000000000000 DOODOO00O0ODOODOO0ODbODOODO,oD0OoooOad
0O ANIROOOOOODOOOOOOOOOOOO,000 PaeOOOO (OO 1.875
pm) 0000000000000 O0OOOOOOO. 00O 9-1100000000O
OO0,ANIROOOO0OO00000000D0OO,00000000 MAX380OO0OOOO
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0 6.1: Chajnantor 00000000000 DOODO.

0000000000000,000000 38000000000000000000
00000. ANIRODO Paa 000000 MAX38 00O 30pm 0000000,
Chajnantor 00 000000000000000000000D0000D000000
00. 00000 CCDOOOO ANIRODOOODOO0O0O00000 FWHM ~ 0.5”
000,000000000000000000000000000000.

00000 100 20000000000 20000 50000000,00000
00000000000000000000000000,0000000000000
000,0000000000000.20110 200000,00000000000
0000000000,0000000,560000000000000000000
00000 (§5.3.4).

ImO000000000,002207070000000000000000000
0000000000000000000000000000,00000000000
000,000000000 (0000 1500). 00000000000000000
0000 (p.258 O 5).

6.1.2 ImQO0O0O0O0O

miniTAO 0000000000 5640m OD0OO0OO0O0O0ODOOOUOOOOOOOO, OO0
googodbobooobooboboooob,oboobooboboboboboboo
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0 6.1: miniTAO lmO0O00000O.

ooooo 0 oo

ooo oo Cassegrain / Ritchey-Chretien
oo oo 1,042.4mm

FO 2.5
oo oo 222.88mm

oooo -1407.673mm
OO0 FO 12.0
ooooooo 0.19”
oooooooo 650mm
oo ¢ 10/
00000000 16.644" mm™*

000000 ODODOooOoOo 30 s™t
ooooo 20 st
oooooo 30 st

000o00o 2.5"

oooo 0.2" min~!

0, TAO0D00OU0O0D0OUDOOO0OUOOO0OUOOO0ODUOOOOOGg.
ImO000000000C00DO,D000,0000000000000D0000DAO
goooo,b0oo0cooooooooooboobooooooooooooboobooOo. goo
00000000000 IRSF14m (0D0D0D0)0D0O0D0OOO0ODODO THKOO RO
00 (000000000000 000)00000D000,000000000000
o0,0000000000. 0000000 6mO000. O000O0OOO0OODOOO
ooooooooooobooooooooo,0cocooooboboooboooobooOoooo
ANIROOOOUODOOOOOUOOO MAX38OOoOOOoOO.
miniTAO lIm 0000000000 6.1000.

6.2 0JO00OOOOOO ANIR

6.2.1 miniTAO 1ImO00 Paac OO

ooo0oo0ooooooOoooooo,OBOOOOOOOOO ()\<912A)DDDD
gooooooooooooOoooOoD. DoOO0DOOO0DOO000O00000C000 Ha
6563A 0000, 0000000000000 00O0O00O00000, 0000 N
JAN6548,6583 0 000000000000 0O0O0D (DODOO0DDLDODLOODODODODO
0)000000ooOooOUoOooOooOUoOoooooaQ.
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O 6.2: miniTAO lm 000000000 ANIR.

Paa0DOO0O 1.8751um (n=4—3)000000,000000000 HuoooO
HaoO 0.120000,0000000000000. 00,0000000000000
Oo00oooo, Ay >3.60 HeOOOOOOOO. O00,00000000000
gooobooboooobooboobobooboobobobo.obbo,0oboo
gbobooooooobo,oboboboboooooooboooboboobo.

0000000000000 000000O,0000 (b6d0m)000O0DOODDOO
0 (PWV=0.5mm) 0000 TAOOODOOOODOOOOOOODOOOOOO. O6.30
ATRANODOOOOOOOUOUOOOOOOOO. Ooooooooooooooooon
00000000 1.8751um 000 (00), 00000000000 50%000000
obobooooo.

ANIR(Atacama Near Infared camera) 0 miniTAO lm 000000000000,
000000000, 00000000000000000000 PawOOOOOOO
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Velocity (km/s)
—1000 -500 0 500 1000

et NI876

—-

Transmittance
e ° o o
o M s O @

1.87 1.875 1.88
Wavelength (um)

0 6.3: Pao 000000000 ATRANODDOODODODOODODOOOO. 00D000OO0OOOOO
00 (5640m, PWV=0.5mm), 000 2600m(PWV=2.6mm) 000000.

goboboooboobbooboobboob.

6.2.2 0O0OOO

0640 ANIROOOOOOOOODOOOOOOO. ANIROOOOOOOOOOO
ooooooo,0o0boo0oco0o0oooooobooocooooooooooooooooon
goboooooooooooobooooooon.

6.2.3 00O0OO0OODOO

ooooooooooooooooe2000. D00O0OO0ODOOOOOOOOOO
gooooocoooobooo,ococooooobooooooooOooooboooboOo. goo
O Engineering Grade 0 PACE HAWAII2 0000000000 /1024x1024000
gopoooo.

0 6.2: ANIRODODODOOODOOOODOO.

ood PACE HAWAII-2
0000o0oo0oog 1024 x 1024

oooboooo 0.”31/pix

oo 5/3 x 5.3

Ooooooo <15 e~ ram.s. (at 4us/pix sampling)
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Inatani Cryo-Nini 03z
ingle Stage

e
0.
3
g;‘rw‘;nrg Cald Head-
ilter . .
Whaels Insulation Sopphire Plate
F ol To ZA 1 [ ]
rtescop P430 = | L= A T T L= Iy —
epper Notor 3 s 171° A Q o _
171 gin L =
- O
J]:[
Bellows Insulotion Teflon Plate
nti-Vibra tion

Colel Head Nounts

adiation Shield

] ]
0
ol \
ptical CCD Camera.
FLI Proline PL4710-1-NB

— } —
‘ \Wtsr Wheel For Dptical CCD Camera

0 6.4: ANIROOOO.

6.2.3.1

ood
gooobobo,0booboboobobooboboobob.bboboob
goboobooobo,oboobobobobobob,booboobobobobobon

000 (O 6.5).

066000000000000000O00OO0OD. 000D (DOO)0DDOODOO
ooo,0o0o00o0oooobooooobooo. 0ob,0000ooo0oooboboooobooOoo

goboooood.

6.2.3.2 00000
0000000000 ¢o38mmOI00000 40000000000 2000000
cooo,b0coboocobo0ooo0obooobo0ooOo0. oooooboooooooOooboo
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0 6.5: ANIROOODOOOUOOODODODOODOOOD. 00D000O00ODO0U0OODOOODOOODO
U,00oooooboogooooooboooooooooood.

UBJE 004D, -0 @Ug DEG UBI: 8. U008, -0 BN0 DEG

55.50
LY
I

AT -9.515, 9.516 MM IMA: 0000, 3.516 MM

0BT: 0.0Y48. 0.0060 DEG 0BI: ©0.0000. .0000 DEG

A

VA -9.516. -0.000 MM IMAT 0,000, -0.000 HH

OBT: 0.0448, 8.0440 DEG 0BT: £.0000, B.044D DEG

IHA: -9.517. -9.517 MM IMA: -8.008. -9.517 M1

0 6.6: ANIRODOOODOODOODODODOODOOOO. 00oDOOO0 3000oooooo.

000000,000000 MoS,OOUOODOOOODOOODDOODOOODOUOOODOO
gooog.
goooboobooboooboooobobooo,obobooobobobobooboo
g.oggbboobdoobooobooboob,boobbobooboobog.
063000000000000000DO0O0O0O0O0ODOO0OO. 400 Mauna Kea
00000000 (Tokunaga et al. 2002; Simons et al. 2002) 0000000000,
400000000DOO0OO.
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0 6.3: ANIROODOOODOODODODODOODOooDooOo.

oo Alpm) AX(pm)
Y 1.038 0.0993
J 1.275  0.1586
H 1.673 0.297
K, 2.149 0.3215
N128 1.2813 0.0214
N1875 1.8754 0.0079
N191 1.910 0.033
N207 2.074 0.041

6.2.3.3 00O

00000 Teledyne O O, Engineering Grade 0 PACE HAWAII-200O00O. OO
00925umO00000 HgCdTe O 2048x20480 00 0000000000000,
0000000000 (1024x10240000)000000.

000000000,00000000 MAX3800OOOOOOOooooooooo
00 TAC (University of Tokyo Array Controller Sako et al. 2008) O, HAWAII-2 O
dodoooooooood.

6.2.3.4 00O0OO

000000000000, 0026mmO0000000000 (O06.7),000000
000000000 GMOOOO0O0O0O (Cryo-Mini S03Z, 25WQ7rK)OOO0O 70K
gooooooooo.oooOooOO0OO0OO0OO0O0 2400000.00000000
ooooooooooo,0f0o03mmdO000000O0DOOO0OOCOO0O0O0O0O0O000,
cooboooooooboooboooooooooboooooo.

6.24 00O0ODOOO

ANIROOOOOOOODOOOOOOOOOOoOoOoOoOooooooooooo, od
goobobooobobooboobooboobobo,oboobobboboobon. o
640000,065000000000000000D0.
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O 6.7 ANIROODOOODDOOOODOO.

0O 6.4: ANIROODDDOODODOOODO.

goo E2V BI-CCD
O00000oogog 1056 x 1027
gooooooo 0.”30/pix
od 5.0 x 5./0
ooooooo 14 e~ rm.s.

0 6.5t ANIROOOOOOODOOOOODOOOO. DOOO0,0000000 CCbOOOOO,
goooooooooooooooooogg.

00 Apm) AX(pm)
B 0.4391 0.100
V' 0.5352 0.082
R 0.6439 0.119

I 0.8063 0.166
Gr - -
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0 6.8: 0000 SgrA0O Pawn OO DODO.

0 6.9 Sger ADDD HuOOOOOOOOO. OO0 ANIR/miniTAO 1.0m O 10800000
000,00 NICMOS/HST 24m 0 1910000000.

6.2.4.1 Pac OO

6.2.5 0O0O0ODO

ANIR O 20090 60 800 miniTAO lm 0000000000000 OOOOO
U,0ooooooboocoo.boo,cooboocoboooooooooobooOoon.

N18 000000000 Paa OOOO0O0O0O0O0O0O0O0O0O0DO 20090 60 1000
0000.0680000000000000 SgrADDDOOOODOO. OO0, O
000000000 PaaOOOOODODO.

000000000 HnOooooO, HST/NICMOSOOOOOOODOOOoooo
69000. 0000000000O0000CCOO0O000000 Pae OOO0O0O00OO
00000ooooag, 15~50%000000000. 00000, PWV=0.5mm 00
0000000000000 00000D000000 km/sO000OOOOODOOO,
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06 ——T T T T T
® Without Dichroic Mirror
A With Dichroic Mirror
04 ]
> C
5 L H Ks
5 03 - g T —a— —
O
& C vV R —t—
= L J N207
L —8—
1,E> 02 L |—1—| N191 ]
B C [ ¢ N128 1
12 L ey I =i ]
0.1~ B N1875 7]
ol vy
0.5 1 1.5 2
A(um)

0 6.10: ANIROODODODODOD. 0O0D0O0O0O0ODODODO0OD,00000000000000 2MASS
gooooo,000o0oo000000O0b0OOO0000. 0000 1le0O0O0O0OOOOOOO
oooo.oobooooooooooooooooo,0ooo0oooooobo0ooooooon
oooooo.

0630000 ATRANOOOOOODOOOOOOOO,0000000000 Pax
goboooooooooboocoobooooo.

6.2.5.1 0O0O0O0O0O0O

gobbooboboooboooboooboobboobboobboobboon
oo,00o0o0000o0e10000. 000000000 1 pmO000O00O00OOO
goooobgoo,bobooobgooooboooboobooboboobooboo. o
O, N1850 N191OOOO0O0OO0O0ooooo0O,00000000O0O0,000O
(PWV)OOOOOODODOODODODOOODODOOOODOoDoOOoooooQ.

6.2.5.2 PwvOOOooooOOd

000,00000000005100m0O00000 APEXOUOOOOO PWVOOO
oooooooooooooo 611000, ODDDOOOO,PWVOOOODODOOO
oooooooooo,pWVOOOOOOOOOOOOOO0O00O0OO0OoOoO0ooOO0oo
0o0oooooo. 000,00 5640m0O PWVODOOOOOObBI0mODOOOODO
oooooooooooooooooooooobooooooobo. ooboboooboooo
goboooooo.
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5F T T T I—__—' o T T7'45
N1875 i
4 - -+ e -4
T —e—i
I e
3 ] ¥+ 43
e =
e I £
. 2F * e R 4z &
E 1
T o
C°E; P f f }:;;:::}::':":::}:::.}'°§
S sF ES = 3% 2
@ N191 ¥ g
> 4r + 44 ¢
£ S et g
3F +x 13 €
E [a o ¥ {1 £
E T ], =<
2 e E3 oo 12
1E L gl + 41
F —o—i| I ]
ot oty bt b1 40
0.1 0.15 02 025 01 015 02 025

System Efficiency

O 6.11: O0DOD0O0O0OO /5100m 000000 PWVOOOO. OO0 N1875, 000 19100
0000oO00000. o00o0o000o0 PWVOOOOOO,0000000 airmassO0000
PWVOOOOO. OOOD ATRANODOOOODODOODOODOODOOODOOODO.

6.2.5.3 O00O0O0O0O

06120000000000000000000000000. 000000000
00 ~0.8000000,000000000000000 (019000000, 0
000000 076 -0./6400000. 00,000000000000000000
0/60000000000000.0000000,DIMMOOOOOOOOOOOO
O (VOoOoooo0/69)000000.

00000,000000000000000000000000000,17000
0000000. 000000000000000000 Strehl00 06000000
00000000000000000000000000000000000,0000
000000000,

6.2.5.4 0O0O0OO

obobooooooooooboob e600O.
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| T T I__!»|| T T T T

<

| |
0.5 1 1.5 2 05 1 1.5 2

seeing (arcsec)

0 6.12: ANIR/miniTAO 1.0m 000000 Y, J, H, KsOOOODODOOOOOOOOOO
o.00o0o0o0oboo0oooooobobooooo,0o0o0o0b0co00ooooooboboOoooooon
goooooooo.oooooooboooooooooon.

0 6.6: ANIROODODODO. 50,600000,1."5¢000000000,00000 ABOOO
oooooo.

00O 0000 0000 (Mag/”?)
Y 20.3 15.9
J 20.6 15.7
H (high background) 204 14.5
H (low background) 20.9 15.5
K (high background)  20.5 15.0
K (low background) 20.8 15.5
N128 18.9 14.8
N1875 17.7 14.3
N191 19.5 16.1
B 23.3 21.8
\% 23.2 20.9
R 23.0 20.1
1 21.3 17.0
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6.3 0D00O00O0OOOD MAXS3S

6.3.1 0OOOO

MAX38(Mid-infrared Astronomical eXplorer 38) 0 miniTAO OO OOOOOOO
oobooooOoooOo. boobooOoooOoooooooooboooD, 838umOond
000000000000 O0ODoO. 00 26-38um0 30pmOO0000OO00COOOOO
0000000, miniTAO/MAX380 0O 0000000000000 0O0O0O0OODO.

OO0OD0OO0OO0O0ODO Miyataet al. 2008000000.

MAX38O0OOOOOO 67000. O0O000O0O0OO0O0OOOOOOOOOOOO
oooe68000.

O 6.7: miniTAO/MAX380000000O

ooooo 838 um 3 8umO000000
ooog
ooo Si:Sb BIB array detector mnufactured by DRS
oooooo 128x128
00000000 [1.26 arcsec/pix
oooo 160arcsec x 80arcsec
0oooo (booon)
ooogo oooboooooooooo
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Report of the External Review Commitee
for the
Department of Astronomy and the Institute of Astronomy
School of Schience, University of Tokyo.
July 2008

1. Introduction

This is the report of the second External review Commitee (ERC) for the Depart-
ment of Astronomy (DoA) and the Institute of Astronomy (IoA), School of Science,
University of Tokyo. The previous ERC ment in December, 2001 and submitted its
report in March 2002. The 2008 ERC members are

Professors:

Toshinori Maihara (Chair)  Kyoto University/NRI Inc
Leonardo Bronfman University of Chile

Hajime Inoue Director, ISAS/JAXA

Hyung Mok Lee Seoul National University
Shouken Miyama Director, NAOJ

Peter Strittmatter Steward Observatory, U. Arizona

The ERC met at the IoA in Mitaka on July 34/ 4% 2008. Its report is based
on presentations and follow up discussions at the meeting, detailed descriptions of
the various program elements and statistical data contained in a specially prepared

compendium entitled “Booklet for the External Review”! , interviews with Masters

IThis material was provided to the ERC well before the meeting
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and Doctoral students and a Post doctoral fellow, visits to several laboratories at
IoA and follow up discusstions with Professor Yuzuru Yoshii (IoA Director) and
Takashi Onaka (DoA Head).

The agenda as adopted by the ERC for the meeting is provided as Attachment A

and differs in a few details from the original draft.
2. Review and Findings

Based on the presentations at the meeting and the very extensive program sum-
mary provided in the “Booklet”, the ERC was very impressed with the breadth and
quality of the astronomy programs at the University of Tokyo. The DoA / IoA
are clearly maintaining the long tradition of excellence in astronomical research and
teaching developed at the University of Tokyo since the founding of the DoA /Tokyo
Astronomical Observatory in 1877/88 respectively.

2.1 Organizational Considerations. Following brief welcoming remarks by Pro-

fessor T. Onaka and Professor Maihara (chair) and self-introductions by the par-
ticipants, Vice-President/Professor S. Okamura provided a brief overview of the
transition, initiated in 2004, of the University of Tokyo to a new organizational
form as a National University Corporation. (This University transition followed
another affecting the Tokyo Astronomy program, namely the abolition in 1988 of
the Tokyo Astronomical Observatory and its reconstitution as the National Astro-
nomical Observatory of Japan (NAOJ) — an Inter-University Research Institute.)
Professor Okamura summarized the goals of the Corporation Law in terms of in-
creased autonomy, flexibility and accountability for universities throughout Japan.
He also spoke of the requirement for mid-term planning and evaluation, the steadily
planned decrease in running budget and the growing need to finance research pro-
grams through competitive funding. It appears to the ERC that the situation with
regard to DoA / oA is still evolving amid some remaining uncertainty associated
with the reform requirements. Despite these changes — and perhaps in some cases
in response to them — DoA / ToA are continuing to develop programs designed
to keep them in the forefront of international astronomical research. The ERC is,
however, concerned about the planned budget cuts since this is occurring at pre-
cisely the time that astronomical research activity and hence competition is growing

internationally.
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2.2 Education Program. Professor Onaka gave a review of the educational pro-

gram at the DoA and IoA. He also describe synergies with other departments /
institutes within the University of Tokyo (the Research Center for the Early Uni-
verse, the Graduate School of Arts and Science and the Institute for the Physics
and Mathematics of the Universe). In addition, he noted participation in the pro-
gram by the cooperative staff at NAOJ and the Institute of Space and Astronautical
Science (ISAS-JAXA) which together have provided a significant augmentation to

personnel resources.

Student Population. The ERC received enrolment statistics for Undergraduate,
Masters and Doctoral students since 2000. The ERC noted that student numbers

have remained relatively stable over the last eight years as have the graduation suc-

cess rate and the number of degrees awarded per year. The quality of the program
continues to be maintained at a high level. The data do, however, show an unfortu-
nate and continuing lack of female and international students and an overwhelming
tendency of the students to remain at the University of Tokyo after graduation at
the Bachelors or Masters level. Overall there appears to be little inclination for
students to go overseas and correspondingly little interest on the part of overseas
students in attending the University of Tokyo (data presented showed even fewer

foreign students than females students).

Undergraduate Program Size. In regard to the undergraduate program, the DoA

has succeeded in achieving a modest increase in the number of undergraduates by
making special but temporary arrangements with the Department of Earth and
Planetary Science thereby achieving an enrolment increase from the official 5 to the
current 9-10 students per year. In consideration of the current staffing situation,
the ERC recommends that the official number should be at least doubled.

At present there appears to be no astronomy component of undergraduate education
in the “liberal arts” program for non-science students. The ERC suggests that such
a program be considered as it might provide a valuable addition to the curriculum
for non-science majors. It would also mesh with the University of Tokyo' s stated
principle that “At the undergraduate level the University of Tokyo will adopt a
flexible system integrating diverse and specialized education on a wide-ranging liberal

arts foundation”
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Student Financial Support. The DoA / IoA expressed concerns about the level of

financial support available to students, noting that with the exception of Ph.D.
students with JSPS awards, the available support fell well below living costs let
alone the cost of tuition. The ERC received data showing the relatively high tuition
costs and low financial support in Japan as compared to the rest of the world — a
state of affairs that does not augur well for the future and which certainly mitigates

against foreign students attending Japanese universities.

Overall, however, the ERC concluded that the DoA / ToA programs at all educa-
tional levels continue to maintain their traditional high quality. Indeed the ERC
believes that the DoA / IoA continues to play a leading role in inspiring and edu-

cating the next generation Japanese astronomers.

2.3 Research The ERC heard presentations from faculty members at DoA and
at ToA on most of their areas of research activity. It also received a report on the
programs and developments at the Kiso Observatory. Because of time constraints
it was not possible to listen to presentations on all fields of active research at DoA
/ ToA / Kiso although this was to some extent mitigated by the extensive reports
provided in the “Booklet”. Overall the ERC was very positively impressed with the
research being carried out within DoA / IoA / Kiso. The faculty members at DoA
/ ToA have selected their specific areas of research well, are clearly engaged in topics
at the forefront of the field, and are contributing at a level having a strong impact
at the international community. They are also making excellent use of Japan' s
Inter-University Research Institutes. The following report focuses on those areas on

which presentations were made to the ERC - beginning with those from the DoA.
Some Research Activities at the Department of Astronomy

R1. Galaxies, Clusters of Galaxies and Observational Cosmology. The group led

by Professors S. Okamura and K. Shimasaku has made numerous seminal contribu-
tions to the study of high red-shift galaxies. Using the Subaru telescope and other
instruments they have determined the luminosity function, star formation rates and
clustering properties of galaxies in the red-shift range 3 < z < 6 and have discovered
the so far highest known red-shift object at z = 6.96. They have documented the
so-called “down-sizing” effect in which the more massive galaxies complete their

star formation first. They have also carried out studies of more local galaxies and
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their environs and, together with colleagues at IoA, are participants in the Sloan
Digital Sky Survey. Their plans for future work involve exploration of galaxies at

still higher red-shifts using a variety of instruments both ground-based and in space.

R2. Theory of Stellar Evolution, Supernovae, Gamma-ray Bursts and the Origin

of the Elements. This research group is led by Professor K. Nomoto (recently trans-
ferred to the Institute for the Physics and Mathematics of the Universe) and has
led to deep insights into the physics of supernovae (especially Type Ia which are
the basis for current understandings of (dark energy) and hypernovae, the probable
origin of some Gamma-ray Bursts (GRBs). They have been pioneers in the use
of multi-dimensional hydrodynamic simulations to study these and other dynamic
phenomena and are following up with observational work to test their conclusions.
The group has also done important work on initially extremely metal poor (pop-
ulation III) stars, the evolution of which is key to understanding of the process of
“metal” enrichment in the early universe. Some of the group’ s results were pre-
sented at the ERC meeting by Professor H. Umeda. Plans for the future involve
studying the effects of rotation and magnetism in a number of these astrophysically

very important phenomena.

R3. Infrared Astronomy and Laboratory Study. This effort, led by Professor T.

Onaka, is focused on infrared observations from both space and ground-based tele-

scopes to study the properties of interstellar matter in our Galaxy and in others
close by. The group collaborates extensively with others both within Japan (ToA,
ISAS, NAQOJ, Ibaraki University.) and overseas (Korea, Europe and USA) and is
involved in constructing hardware as well as in observation and analysis. Onaka was
PI of IRTS, the first Japanese infrared space telescope, for which the Tokyo group
developed the cryogenically cooled telescope and the mid-IR spectrometer. The
instrument yielded important results on the mid-IR emission bands. More recently,
the group has been heavily engaged in the AKARI project (formerly ASTRO-F).
This ISAS/JAXA mission, which involves many international collaborators, is built
around a cryogenically cooled SiC 0.68m Telescope developed by the U. Tokyo/ISAS
group and was launched in 2006. It has successfully carried out an all sky survey
at wavelengths between 9 and 160 microns and pointed observations with two fo-
cal plane instruments (one, the IRC, developed by the U. Tokyo group) until the

liquid Helium boil off in August 2007. Akari is now operating only near infrared
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instrument with the mechanical cooler. Professors Onaka and I. Sakon provided a
sampling of AKARI results at the ERC meeting. These included a 9 micron all sky
map, evidence of several new circumstellar disks, imaging of the Large Magellanic
Cloud, new results on water/carbon dioxide ice in YSOs in the LMC and new data
on dust formation around SN2006jc. The group has ambitious plans for future in-
volvement in the SPICA project, a 3.5m cooled space telescope to be launched in
2017.

Some Research Activities at the Institute of Astronomy

R4. Progress from the last external review. Professor Yoshii provided the ERC

with an overview of progress made at ToA since the 2002 ERC report. He first gave
a short history of the IoA since its establishment in 1988, following the formation of
the NAOJ from the Tokyo Astronomical Observatory. The mission of the IoA is: (1)
observational research and education in astronomy; and (2) development of astro-
nomical instruments. The research activities at IoA are organized into three basic
areas (see below for reports) namely (a) Galactic and Extragalactic Astronomy; (b)
Stellar Astrophysics; and (¢) Radio Astronomy. In addition, the Kiso Observatory
operates under IoA management. There is considerable collaboration with other
groups especially the DoA and NAQOJ. Particularly noteworthy accomplishments
related to the MAGNUM (on Haleakala, Hawaii) and ASTE (on Pampa la Bola,
Chile) projects

Professor Yoshii provided a list of instrumentation developments undertaken for
the four areas into which IoA is organized. Each of the research teams has overseas
collaborations, especially the Galactic and Radio groups. The ERC was impressed
with the obviously strong working level cooperation among the various groups at
Mitaka and with DoA and ISAS.

Professor Yoshii briefed the ERC on staffing changes at IoA since its establishment
in 1988. In the meantime there has been a substantial renewal of staff at IoA while
maintaining approximately constant numbers. A similar analysis at Kiso shows a

50

Finally the ERC reviewed data on the non-personnel funding of IoA, showing a
rather modest but relatively stable level of basic funds. These are augmented by

generally larger but more strongly variable grant funds and occasional modest fund-
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ing from other institutes. The TAO project began to have a significant impact
in 2007. Donor funding showed a peak associated with the MAGNUM telescope

project and is anticipated to recommence at a significant rate with TAO

R5. Galactic and Extragalactic Astronomy. The impressive body of recent work by

this group was presented by Professor Doi and is focused on quasars and supernovae.
The IoA program is thus highly complementary with that of the DoA Extragalactic
Astronomy group and permits an excellent coverage of extragalactic research for
students at the University of Tokyo. We comment only on a few highlights here.

The MAGNUM telescope has been used by Professors Yoshii, Minezaki and col-
leagues to establish a correlation between the optical luminosity and the time inter-
val between changes in primary optical and secondary infrared emission which arises
from the distance at which the AGN dust torus can form. This in turn has impli-
cations for the cosmic distance scale. The remotely operated MAGNUM telescope
has also produced important data on high red-shift GRB afterglows and multi-color
spectral broadband supernova light curves.?

A second program (Professors Doi and Motohara) is part of the Supernova Cosmol-
ogy Project and has used the Subaru and other telescopes to identify supernovae
and to study their light curves. The same data set yields multiple faint variable
objects, principally AGNs, which can be studied with the new 15 channel spectro-
photometric CCD imager.

Professor Kawara and colleagues are studying the relative abundance Fe/Mg as a
function of red-shift (cosmic time). They find that the Fe II remains strong even
at high z contrary to initial expectations based on supernova lifetimes. Kobayashi
and colleagues maintain an active program of QSO absorption line studies focusing
on the NIR region at wavelengths 1.0-1.35 microns. A new higher resolution echelle
spectrometer (WINERED) operating in this wavelength range is under construction
for this purpose.

Finally the group has active collaborations with members of DoA in both galaxy

evolution and supernova spectroscopy.

2During the presentation, the ERC learned that the MAGNUM telescope would have to be
moved from its Haleakala site next year when its lease expires. Apparently the University of
Hawaii host wishes to use the site for another purpose. loa is considering moving MAGNUM to
Chajnantor, Chile.
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R6. Radio Astronomy. Professor Kohno reported on the work which he and Pro-

fessor Handa are carrying out, focusing on research in progress with ASTE and
preparations for ALMA. The 10m ASTE has started its science operations in 2004
and can be operated remotely at its 4869m Atacama site. It has been conducting
a large scale CO (J=3-2) imaging survey of nearby galaxies in order to compare
its results with CO (J=1-0) data with the NRO 45m, placing constraints on mech-
anisms of star formation. The group has also collaborated with the University of
Massachusetts to implement the AzTEC 144 pixel bolometer camera (at 230GHz).
It has used this instrument to carry out a deep search for sub-millimeter galaxies
(SMGs) and has achieved remarkable success with over 300-400 detections. By com-
paring with AKARI data, the group was able to conclude that most of the galaxies
were at z j, 2. ASTE publications are now appearing at an accelerating pace. On the
ALMA front the group has been demonstrating ALMA 230 GHz receivers using a
test 60cm telescope. It is also involved in developing state-of-the-art THz receivers
based on NDbTiN junctions. Given the small size of the group, the ERC was very
impressed with its accomplishments and its ambitious plans for the future. While
the 2002 ERC goals of increasing effective use of ASTE and becoming more involved

in ALMA have been realized, augmenting the group size has not.

R7. Stellar Astrophysics. Professor Kobayashi reported progress on behalf of his

colleagues Professors Nakada, Tanabe, Tanaka and Miyata (IoA). The group is
working on several projects using a range of telescopes and observing wavelengths.
Nakada and Tanabe are studying NIR variables in the Magellanic Clouds and in
globular clusters using the IRSF 1.4m (Nagoya) telescope in South Africa. They
have discovered a new Mira sequence and a new Period-Ks relation for Type II
Cepheids through RV Tau stars. Tanaka and colleagues are using the 1.5m IR
simulator telescope (now at Hiroshima University) to study mass loss phenomena
in stars using the NIR echelle spectrometer (NICE). The Miyata group is using
Subaru/COMICS to study fossil dust emission in the environs of planetary nebu-
lae, suggesting that SiC grains survive for longer than predicted (also true of CO
molecules). Kobayashi and colleagues are studying star formation in the extreme
outer regions of our Galaxy and have detected embedded clusters at distances ex-

ceeding 18kpc and in regions of sub-critical density.
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R8. Kiso Observatory. The Kiso Observatory was established in 1974 and provides

a useful, relatively dark and reasonably close venue for research, experimentation,
education and outreach. It now has a 3 person local staff under Professor Kobayashi’
s direction and is operated out of IoA with assistance from Professors Kobayashi, Doi
and Miyata. The base operating budget is $0.3M /year and it has a 1.05m Schmidt
telescope with a 2K x 2K CCD. The facility is used for research in a “common-use”
mode attracting some 20-30 research programs per year from around the country,
resulting in 5-10 papers per year. The site is increasingly active in public education
and outreach with programs for university and high-school students, making KISO
one of the the most active astronomical outreach sites in Japan. The ToA/Kiso
management proposes to continue mixed operations, retaining the “common-use”
style for research, upgrading the CCD to 8K x 8K format (16 times the area) and

enhancing the education and outreach programs. The ERC supports this plan

R9. Summation. The ERC recognized that the presentations covered only a sample
of the broad research programs but these were sufficient to demonstrate that the
staff at DoA and IoA are engaged in forefront topics at the international level. There
is no doubt that the DoA / IoA are having a strong impact on the international

astronomical community.

3.0 The Tokyo Atacama Telescope (TAO) — A major new initiative.

3.1 Overview. At its December 2001 meeting, the ERC learned initial plans for
a University of Tokyo 6.5m infra-red optimized telescope at Cerro Chajnantor, a
5600m peak near the ALMA site in Chile. The Tokyo Atacama Observatory (TAO)
telescope would, because of its location, provide unique capabilities at mid-infrared
wavelengths and would provide enhanced performance over the entire IR range
to beyond 30 microns. This ambitious concept was encouraged in the 2002 ERC
report to move the project ahead by carrying out further studies and investigations;
these included refinement of scientific goals, more detailed documentation of site
conditions, furtherconsideration of telescope and instrument designs, development
of institutional collaborations, and assessment of financial resources and appropriate

man-power.

At the July 3"/ 4*" meeting, the 2008 ERC received a comprehensive status report

on the TAO/Chajnantor program from Professor Doi. Additional information was
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then provided in a follow up meeting on the second day afternoon by Professor
Yoshii. From these reports it was clear to the ERC that the 6.5m telescope at
the TAO site is viewed as the anchor telescope for the University of Tokyo in Chile.
Moreover, it would be accompanied by other telescopes, including the 1m mini-TAO
telescope now almost ready for installation and, possibly, a relocated MAGNUM
telescope. It is also possible that other institutions/projects might locate at the
Cerro Chajnantor site, for example the CCAT project (25m sub-millimeter tele-
scope) of Cornell University and Caltech. There have also been encouraging devel-
opments in identifying private sources of funding for the TAO. With this evolution
it appears that the University of Tokyo may be poised to develop its observatory
in a manner modeled after Caltech’ s Palomar Observatory or, perhaps still more
appropriately, Carnegie’ s Las Campanas Observatory. Given the benefits these in-
stitutions have derived from their investments, this is indeed an exciting prospect.
Although the situations are different from those around U.S. universities, the ERC

supports this new approach to project planning and implementation in Japan.

3.2 Progress Report. A brief summary of the progress made in regard to TAO
and Cerro Chajnantor is provided below, as derived from Professor Doi' s presen-

tation.

Access. This has been improved enormously with the construction of a road, com-
pleted in May 2006, from the ALMA plain to the summit. With vehicular access
now possible to the summit, it has become possible to install both weather and
seeing monitoring equipment and a solar power generator. Together these mark a
huge step forward. The road has also facilitated the access of other potential users,
for example the CCAT project. (Note that agreements with other potential users
of the site are the purview of the Republic of Chile, taking into account, of course,
the interest of TAQO.)

Site Characterization. While satellite studies of Cerro Chajnantor were started in

1993 and measurements from the Chajnantor Plateau have been in progress since
2001, in situ measurements have been accomplished only since 2006, when weather
and cloud monitoring equipment and a DIMM seeing monitor could be installed
at the summit. These instruments have provided confirmation of the excellent
qualities of he site in regard to clear skies, low water vapor and good seeing (not

statistically different from other Chilean sites as expected once the atmospheric
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effects are dominated by high altitude turbulence). Wind speeds are typically 10
m/s (36 kph) but winds above 20 m/s are very rare. Some additional care may be
needed in telescope and enclosure design for operations in typical conditions. The
expected transparency provides strong encouragement for observations extending
beyond 30 microns under the best conditions and with superb transparency below
25 microns even in median conditions. Indeed it appears that the Paschen alpha

line at its rest wavelength of 1.87 microns will be observable from the site.

Mini-TAO (1m pilot telescope). The IoA has wisely decided to install a 1m pilot

telescope at the site in order both to gain experience in working and operating at

the site and to demonstrate the excellent site characteristics for IR observations. To
that end, Mini-TAO telescope has been constructed by the Nishimura Co., Kyoto,
Japan with funding through a JSPS grant. It is approaching completion at the plant
and will hopefully be installed at the site in late 2008 or early 2009. In the meantime,
two instruments are approaching completion namely: (a) the ANIR (Atacama Near-
InfraRed) camera with a Hawaii2 and filters for Y, J, H, K, Paschen alpha (on and
off) and Paschen beta; and (b) MAX38 a MIR camera for the wavelength range
10-38 microns, based on a 128x128 Si:Sb array and giving a 3.2 arcmin x 3.2 arcmin
field of view. Both instruments are being tested at the “Kanata” 1.5m telescope of

the Hiroshima Observatory and will be sent to Chile in early 20009.

The TAO 6.5m Telescope. As currently conceived the TAO is based on the Magellan

telescope design with a 6.5m f/1.25 honeycomb primary mirror and an undersized

adaptive secondary system providing a final f/15 focus. The TAO telescope would
have three foci - two Nasmyth foci assigned respectively to a facility NIR instrument
and an optical/visitor instrument and one Cassegrain focus for the facility MIR
instrument. The telescope can thus be optimized for thermal infrared use beyond 2

microns and retain flexibility in operation.

Basic design information for the telescope and enclosure are being provided by
the Magellan project but detailed design will be undertaken by the construction
company selected for the task. Discussions have taken place with the Arizona Mirror
Lab about providing the primary mirror and can proceed assuming that private
funds become available as expected. Arizona will also assist, if needed, with the
mirror support system and the adaptive secondary based on its experience at the
MMT and LBT.

251



Site and Operations Arrangements in Chile. The IoA has performed very well in his

relationship with the Chilean authorities regarding both the operations of University

of Tokyo in Chile and the arrangements for the use of the site at Cerro Chajnantor.

For its operations in Chile, the University of Tokyo has signed an agreement of
collaboration with the Universidad de Chile, which resulted in an official decree of
the Ministry of Foreign Affairs, published in the Diario Oficial de la Repblica de
Chile on 3 April 2007, allowing operation of the University of Tokyo in Chile subject

to special benefits and prerogatives.

Regarding the use of the site, IoA-UT has asked in due time for all needed autho-
rizations from CONICYT (Consejo Nacional de Ciencia y Tecnologa, Repblica de
Chile), present holder of the land concession. IoA-UT has presented to CONICYT
all the requested information in a timely manner, as well as reports of the activities

both for the road construction and for the installation of mini-TAO.

The presence of IoA is also well perceived by the local communities in San Pedro de
Atacama. The IoA representatives and scientists have made a good impression by
inviting the local authorities to visit the site, as well as sharing important events,
like the ceremony for the opening the road. It has become clear that UT has already
purchased the land for the operation center of TAO/min-TAQ, in the nearby town of
San Pedro de Atacama, and that the construction of the center building is planned

in the near future.

Instrumentation. The science priorities for an IR optimized telescope were enu-
merated at the 2001 ERC meeting and have, of course, evolved somewhat in the
meantime. A new scientific focus for the MIR is the evolution of dust disks and
pre-planetary systems, a focus re-enforced by the AKARI results noted above and
results from Spitzer and Subaru. The IoA is therefore planning to construct, in
collaboration with ISAS, a MIR high resolution camera and spectrograph to cover
the wavelength range from 8-38 microns using Si:As and Si:Sb detector arrays and
arranged to exploit 1 arcsec resolution at 38 microns. For the near infrared, ToA
is planning to construct, in collaboration with NAOJ, a wide field multi-object
spectrograph for the 0.9-2.5 micron band to exploit the superb transmission of the
atmosphere at these wavelengths and the high spatial resolution provided by the

adaptive secondary system. Among the scientific drivers is the study of galaxies
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at medium red-shift (z= 1-3) to probe the evolution of “ordinary” galaxies. The
ERC considers the instrumental plan well conceived and commends the decision to
implement only a small number of facility instruments. This approach is both cost-
effective and practical given the likely difficulty of operations at the high elevation

site.

TAO and the Japanese Astronomy Community. In 2002, the ERC recommended a

stronger interaction with the Japanese astronomical community than appeared to
be the case at the time. The 2008 ERC is pleased to note the generally positive
approach to TAO of members of the DoA and other Tokyo-based personnel with
whom it met during its visit to Mitaka. It also noted the involvement of Hiroshima
Observatory, ISAS and NAOJ in the instrument development for both mini-TAO
and the latter two organizations in TAO instruments. The plan to make 40% of
the TAO observing time available to other research institutions is a very important

positive development and is strongly endorsed by the ERC.

The TAO Project — Organization and Style. This project represents a significant

departure from normal international practice for constructing and operating large
telescopes and is more closely akin to the university-style telescope developments
in the U.S.A. Recent examples of the latter are the Hobby-Eberle Telescope, the
MMT and, perhaps most relevant, the Magellan project. The latter resulted in two
6.5m telescopes at Las Campanas, Chile, funded through non-government sources
from five participating institutions and constructed through a relatively small but
extremely competent Carnegie-based project office staff that was free to make deci-
sions without elaborate formal consultation. The Magellan project was completed
under budget — albeit not on the initial schedule. Like Magellan, the TAO is a ma-
jor undertaking that will require its own project office, presumably at Mitaka, but,
given its presumed largely private funding, can and should proceed in a similar man-
ner if it is to achieve its goals. The TAO project, both in construction and operation,
will be different from the normal Professor-based research group, with which it can
co-exist at the University of Tokyo much as it does at the Carnegie Observatory,
Steward Observatory, Palomar etc. The presence of such a university-scale project
at the University of Tokyo, will also have a profound effect long term on graduate
students who will be able to participate in major observatory developments during

their studies.
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4.0 Summary of Findings and Recommendations

4.1 General. The ERC was very positively impressed with the overall DoA /
ToA program in both education and research and with the collegial atmosphere in
which it is being conducted. The ERC is also pleased to see the substantial progress
in regard to the TAO project, which will give the University of Tokyo program a
truly unique and internationally significant major long term focus. The University
of Tokyo program exists in a global setting in which international interest and
involvement in astronomy and astrophysics is growing rapidly. The ERC therefore
urges that support for the DoA / IoA program be continued and strengthened. In
the current global context, a program that is currently at the forefront will quickly
be left behind unless it receives continued investment. In this sense, the ERC
supports further efforts for additional funding from the Government (the Monka-
sho) to construct innovative TAO instruments which are crucial in gaining success

of the project.
4.2 Education
On the basis of the materials provided and presentations made, the ERC:

. Believes that the DoA and IoA have been playing a leading role in inspiring
and educating the next generation of Japanese astronomers. The quality of the
academic program is high on the international scale.

e  Encourages the university to increase the number of the undergraduate astron-
omy students from the current formal number of 5 per year to at least 10 per year
in consideration of staff’ s capability and growing demand from potential students.
) Supports the efforts of DoA / IoA to improve the instruction of graduate stu-
dents in instrumentation.

° Suggests that consideration be given to the introduction of a general astron-
omy course for non-science students within the liberal arts curriculum.

° Considers that the financial support for graduate students, especially in the
Masters course, is not sufficient and needs to be augmented. Correction of this
problem might generate more interest on the part of foreign students in doing grad-
uate studies in Japan. (The ERC understands that current Japanese government
policy has resulted in the least favorable ratio of tuition fees to financial support

world-wide — at least from the student perspective.)
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e  Finds the English language capability of the graduate students to be inadequate
given that English has become the international language of scientific communica-
tion in astronomy and astrophysics. Since the international astronomical research
literature is overwhelmingly published in English, the ERC suggests that steps to
be taken to improve this situation for the benefit of the students, perhaps by con-

ducting journal clubs or similar meetings in English.
4.3 Research
After reviewing the research program, the ERC:

. Concludes that DoA / ToA faculty members have generally chosen excellent
research fields in which to work and are contributing at a level that is having a
strong impact internationally.

° Is impressed with the mutual collaboration among members of the DoA, ToA,
NAOJ and ISAS (also with RCEU, IPMU etc) despite the geographical and insti-
tutional fragmentation that exists among them.

o Encourages continued development of further synergies with Physics, Chem-
istry and Biology, and suggests that consideration should be given to developing
fields of astrochemistry and astrobiology.

° Believes that the program of instrumental development is of high quality and
that the resultant instrumentation is generally being exploited in a scientifically
productive way.

. Is impressed with the achievements made at ASTE within the last 3-4 years
despite the relatively small staff working in this area. It notes especially results with
the bolometer array obtained in collaboration with UMass and the much increased
involvement with ALMA, working with NAOJ. (This success more than satisfies the
recommendations of the 2002 ERC report and calls for more support for this area.)
) Supports the plan to continue scientific work at Kiso Observatory, especially if
the new larger format CCD can be implemented soon. It also strongly supports the
expansion of the public education and outreach program at Kiso and suggests that
ways be investigated to raise more funds for the purpose — including contributions
from scientifically oriented corporations and payments by visiting members of the

public.

44 Future Plans — The Tokyo Atacama Observatory (TAO).
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The ERC heard extensive presentations on the TAO project and:

. Recommends the TAO project (and in particular its 6.5m infrared opti-
mized telescope) as a valuable scientific project providing a unique capability to
the Japanese and world-wide astronomical community.

° Considers the site and telescope to be uniquely suited for the stated scientific
goals.

° Realizes that site development has been proceeding successfully as have the
relations with the host country, Chile, and that they intend to operate the TAO as
far as possible remotely in the way in which this has been accomplished at MAG-
NUM and ASTE.

° Considers the step-by-step development approach, beginning with mini-TAO
and associated instruments and potentially incorporating a relocated MAGNUM
telescope to be appropriate.

° Is impressed to learn that TAO is being organized with an innovative strategy
in regard to financing from the construction phase to initial operation. The TAO
team recognizes that success will depend on assembling a lean, highly competent
and dedicated core group to steer the project to fruition.

. Still has some concern about the heavy burden represented by the TAO 6.5m
project even for the very active DoA / IoA team. In this regard, the ERC recom-
mends that the team should consider reinforcing its capabilities, especially in the
areas of project management and telescope engineering.

° Recommends that the TAO 6.5m team make use of appropriate external con-
sultants and arrange regular progress reviews by outside experts.

. Notes that the TAO project has achieved enhanced status by providing more
detailed goals and specifications of the TAO 6.5m and its instrumentation and by
involving the Japanese astronomical community; both of these steps were recom-
mended by the 2002 ERC report.

° Suggests continued efforts be made to broaden cooperation with and involve-
ment of other organizations and institutes on an inter-university basis, especially in
the areas of scientific collaboration and instrument development.

. Acknowledges the synergies of TAO with ASTE and ALMA in the southern
hemisphere and the complementarity of TAO with Subaru in providing large tele-
scope coverage of both hemispheres.

) Encourages efforts to collaborate with other universities from Japan at the

University of Tokyo research facilities in the TAO/Chajnantor site.
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4.5 Administrative/Financial Matters

Although it acknowledges that it could not, in the short time available, fully under-
stand the role of MEXT, the implications of the Corporation Law or the adminis-
trative structure of the University of Tokyo, the ERC:

° Is concerned about the continuing budget cuts and the consequent reduction
of staff numbers. This seems inappropriate at a time when basic science including
astronomy and astrophysics is expanding internationally. It is especially difficult
for an already relatively small (but very productive) group such as DoA / IoA. The
Committee requests the School of Science to take some positive measures in regard
to this matter.

° Is satisfied with the successful efforts made by DoA / IoA in securing finan-
cial support through competitive external funding sources. (This is a case when

reduction of staff leads directly to loss of research income).
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AGREEMENT ON ACADEMIC EXCHANGE FOR COOPERATION
BETWEEN
THE UNIVERSITY OF TOKYO AND THE UNIVERSITY OF CHILE

The President of the University of Tokyo and the Rector of the University of Chile,
being convinced that cooperation between the two universities will promote the development
of research and other academic activities in each university, hereby conclude this Agreement.

Article 1. The University of Tokyo and the University of Chile agree to promote cooperation
between both universities in academic fields of mutual interest through
appropriate means as follows:

1. Exchange of faculty members and research staff members

2. Conducting joint research projects
3. Holding lectures and symposia
4

Exchange of information and ic publications

Article 2. Both universities shall prepare a detailed program concerning specific steps
and es for impl ting each of the items in Article 1. Both universities
shall honor the principle of reciprocity in working out such a program.

Article 3.  Each university shall make every effort to raise funds from various sources to
make programs for cooperation feasible.

Article 4. This Agreement remains effective for a period of five years starting from the
date of the latter of the two signatures by the parties hereto. Its period of
validity may be extended by mutual agreement. Either party may, by giving six
months written notice to the other party, terminate this Agr t during its
period of validity.

Article 5.  This Agr t may be a ded by mutual agreement of both universities.

Article 6. This Agr t will be ted in duplicate, in Japanese, Spanish and English
versions respectively, all of which shall be deemed as originals.

The parties hereto establish this Agr t by duly signing as of the respective dates
written below.

The University of Tokyo The University of Chile

sl s valt

Takeshi Sasaki, President Luis Riveros, Rector
Signed as of:
January 16, 2003
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CONVENIO
de Intercambio Académico y de Cooperacién
entre
la Universidad de Tokio y la Universidad de Chile.

El Presidente de la Universidad de Tokio y el Rector de la Universidad de Chile,
convencidos que la cooperacidn entre ambas universidades promoverd el desarrollo de la
investigacién y otras actividades académicas en sus respectivas instituciones, suscriben
en este acto el Convenio que sigue.

Articulo 1. La Universidad de Tokio y la Universidad de Chile convienen promover la
cooperacién entre ambas universidades en dreas acadé de mutuo interés a través de
medios apropiados, como sigue:

1. Intercambio de profesores e investigadores;

2. Conduccién conjunta en proyectos de investigacidn;

3. Celebracién de conferencias y simposios, y

4. Intercambio de informacidn y de publicaciones académicas.

Articulo 2. En cada caso especifico, ambas universidades preparardn un programa
detallado donde se describan los pasos y mecanismos necesarios para la implementacién
del Articulo 1. Ambas universidades honrardn el principio de reciprocidad en la
elaboraci6n de dicho programa.

Articulo 3. Cada universidad hard todos sus esfuerzos para obtener los recursos
econdmicos de diversas fuentes de financiamiento para hacer factibles los programas.

Articulo 4. Este Convenio permanecerd en vigor por un perfodo de cinco afios a contar
desde la idltima fecha de firma indicada més abajo por las partes. Su perfodo de validez
podrid ser extendido por acuerdo mutuo de las partes. Cualquiera de las partes podrd
poner término a este Convenio durante el plazo de su vigencia dando aviso por escrito a
la otra parte con seis meses de anticipacidn.

Articulo 5. Este Convenio podrd ser modificado por acuerdo mutuo de ambas
universidades.

Articulo 6. Este Convenio serd ejecutado en duplicado en versiones en Japonés, Espafiol,
e Inglés respectivamente, todos los cuales serdn considerados como original

Las partes establecen este Convenio firmando en forma legal en las respectivas fechas
escritas abajo.

Universidad de Tokio Universidad de Chile

ent

Luis Riveros, Rector

Takeshi Sasaki, President

Firmado el: Firmado el:
16 de Enero de 2003 16 de Enero de 2003

O B.l: booooo
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Memorandum for the Extension of the Agreement on
Academic Exchange for Cooperation
between
the University of Tokyo
and
the University of Chile

The President of the University of Tokyo and the Rector of the
University of Chile mutually confirm that the Agreement on
Academic Exchange for Cooperation, originally signed in 2003 will
be extended for a period of five years, beginning on January 16,
2008.

Daie S/ 16/ 2008
J L Z

Dr. KOMIYAMA Hiroshi
President
The University of Tokye
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Memorandum para la Extensién del Convenio
de Intercambio Académico y de Cooperacién
entre
la Universidad de Tokyo y la Universidad de Chile

P G 2

»

1
Vel
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W

El Presidente de la Universidad de Tokyo y el Rector de la
Universidad de Chile confirman que el Acuerdo de Intercambio
Académico y Cooperacion, firmado originalmente en el afio
2003, sera extendido por un perido de einco afo, comenzando
el 16 de Enero de 2008,

Fecha /; de "'?o de M Fecha o Milli;'-—

Dr. KOMIYAMA Hiroshi
Presidente
La Universidad de Tokyo
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MODIFICATION OF AGREEMENT ON ACADEMIC EXCHANGE FOR
COCPERATION BETWEEN THE UNIVERSITY OF TOKYO AND THE
UNIVERSITY OF CHILE

The President of the University of Tokyo and the Reclor of the University of Chile
mutually agree the following change of Article 1 of the "Agreement on Academic
Exchange for Cooperation” concluded on January 16, 2003 between the
University of Tokyo and the University of Chile, and extended for five years
beginning January 16, 2008. The modification will become effactive from the date
of the latter of the two signatures below.

Article 1. The University of Tokyo and the University of Chile agree to promote
cooperation between both universities in academic fields of mutual interest
through appropriate means as follows:

1. Exchange of facully members and research staff members
2. Conducting joint research projects

3. Holding lectures and symposia

4. Exchange of information and academic publications

5. Exchange of students

The University of Tokyo The University of Chile

unichi Hamada

DOr, Vigtor Pered Vera
President Rectgr
/9 2009 @4 L

'
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MODIFICACION DEL CONVENIO DE INTERCAMBIO ACADEMICO Y DE
COOPERACION EMTRE LA UNIVERSIDAD DE TOKIO Y LA UNIVERSIDAD
DE CHILE

El Presidente de la Universidad de Tokio y el Rector de la Universidad de Chile
acuerdan la siguiente modificacion al Articulo 1 del “Convenio de Intercambio
Académico y de Cooperacion” suscrito en Enero 16 de 2003 entre la Universidad
de Tokio y la Universidad de Chile, y extendido por cinco afios comenzando en
Enero 16 de 2008. La modificacion sera efectiva desde la ultima fecha de firma
mas abajo.

Articulo 1 La Universidad de Tokie y la Universidad de Chile convienen promover
la cooperacion entre ambas universidades en dreas académicas de mutuo
interés a través de medios apropiados, como sigue:

1. Infercambio de profesores e investigadores;

2. Gonduecion conjunta en proyeclos de investigacion;

3. Celebracidn de conferencias y simposios;

4, Inlercambio de informaciin y de publicaciones académicas; e
5. Intercambio de estudiantes

Universidad de Tokio Unil;ersida? de Chile
4. Jey |
=t | .
Dr. Junichi Hamada Prof. \fictor PETEz Vera,
F'ies' ente __ Rector, Sl
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SCIENTIFIC COOPERATION AGREEMENT
in Astronomical Investigations
between
the University of Tokyo and the University of Chile

the Institute of Astronomy of the Graduate School of Science and the Rector of the University of Chile, a public
corporation based in Santiago, Chile, hereby conclude this Agreement.

i Considering the scientific importance of the plans of the Institute of Astronomy of the University of Tokyo to
install the University of Tokyo Atacama Observatory (hereinafter, TAO), which will include a 6.5m
. infrared-optimized telescope, in the territory of the Republic of Chile, and the wish of the University of Chile to
cooperate with the realization of said plans, the following has been agreed to.

" FIRST - The University of Tokyo and the University of Chile will collaborate in scientific and technical
* development of optical and infrared astronomy and in testing of observing sites.

SECOND - The importation of all materials or implements which may be necessary for the construction,
. installation, and operation of the TAO, as well as the importation of the personal effects of scientists, engineers,
technicians, and employees who may travel to Chile for this program, will be subject to the benefits granted by
Chilean Ministry of Finance Law No. 15,172,

THIRD - After the TAO has been installed, ten percent of the observing time at the TAO will be set aside each
year for Chilean astronomy. The University of Chile will be responsible for setting up a special Time
Allocation Committee on behalf of the Chilean national community to administer this time. The same ”
¥ condition will apply to any other new instrument or telescope installed in Chile by the Institute of Astronomy of 4

the University of Tokyo.

FOURTH - Astronomers using the facilities of the TAO for observations in accordance with the terms of the
_ preceding paragraph, will have the same privileges and be subject to the same regulations applicable to all users
of the facilities of the TAO in general.

" FIFTH - This agreement can be amended by mutual agr of the sig) ies. Either party may, by giving *

& 5ix months written notice to the other party, terminate this Agreement.

In witness of the above, this Ag is to be d in three id 1 copies (one in Japanese, one in

i Spanish, and one in English) by authorized rep watives of each university and both parties will retain one 3
copy of each of the Agreement.

The University of Tokyo The University of Chile

'A/ Ma/é;_‘_

Takeshi Sasaki, President

Luis Riveros, Rector
Signed as of:
January 16, 2003
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AGREEMENT ON ACADEMIC EXCHANGE FOR COOPERATION
BETWEEN
THE UNIVERSITY OF TOKYO AND THE UNIVERSITY OF ARIZONA

The Presidenl of the University of Tokys end the President of the University of Arizona, being
convinced that cooperation batween the two Unlversitles will pramote the development of research and olher
demi Ivities In each University, hereby lude this Ag it

Articla 1. The University of Tokyo and the University of Arizona agree lo promole cooperation
balween both Universities In academic fields of mutuel Interest through sppropriate mesns as follows:

1. Exchange of faculty members, research stall members, and graduate studenls

2. Cenducting Joint research projects and activities

3. Holding lectures and symposla

4, of Information and e publl

Articla 2. In sach specific case both Universities shall prepare a deltailed program concerning specilic
stops and measures lor implementing Article 1. Both Universitles shall haner the principle of raciprocity
In working out such a program.

Article 3. Each University shall make every ellort to ralse funds from varlous sources to make
programs lor cooperation feasible. Any program propared undar Articla 2 will take effect only after funds
have been appropriated for It

Articlo 4. This Agreement will be effective from the date of slgning lor a period of five years.
The period of its validity may be Jod by ag t ol Inivarsitios.

Arlicle 5. This Ag may be ded by ag of both

In preparing the programs of cooparation and putting them Into effect, the Faculty of Science of
the two Universities will act on behall of esch University.

In witness of the above, this Agresment is lo be executed in two identical copies,one In Japanese

and one in English, by authorized rep ol sach Ity and both parties will retaln one copy
of each of the Agresment.

Date: /4-;7, %} 587 Date: ﬂh7n f/; (ff?'

L_)d/(;:v-— jar-r' /?‘c“'ﬁ’%,;{é_’__

Wataru Mori Henry Koliler
President President
The University of Tokyo The University..ol Arizona
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Renewal of the Agreement
between The University of Arizona and The University of Tokyo

In accordance with Article 4 of the existing Agreement, the Arizona Board of Regents
on behalf of The University of Arizona, Tucson, Arizona, USA and The University of
Tokyo, Tokyo, Japan have mutually agreed to extend the Agreement of academic
exchange between The University of Arizona and The University of .Tokyo for a period
of five years, beginning in August 1992 and extending through July 1997.

The University of Arizona has exp d that the r d Agl t shall be subject NG
to the clauses under the titles of Conflict of Interest, Non-discrimination, and Non-appro- 3
priation, which are attached to this statement. The University of Tokyo has understood
that the performance of The University of Arizona will be regulated by these clauses.

s

o
This Agreement will be subject to termination by one or the other of the two parties, =
L : i e .
even during the period of its validity. i

Date: ,9‘“{; egf, /‘?93 Date: J“'!# {4’ {f93

e

G Dt e Y s

TE MANUEL T. PACHECO HIROYUKI YOSHIKAWA
E:’B President President
= For The University.of Arizona For The University of Tokyo

D
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MEMORANDUM FOR THE RENEWAL OF THE AGREEMENT ON
ACADEMIC EXCHANGE FOR COOPERATION
BETWEEN
THE UNIVERSITY OF TOKYO
AND
THE UNIVERSITY OF ARIZONA

The President of the University of Tokyo and the President of the University
of Arizona mutually confirm that the Agreement on Academic Exchange for
Cooperation, originally signed in 1987 and extended in 1992 and 1997, will be
extended for a period of five years, beginning on August 11, 2002.

Date 2’01/ /. Q0 R Date As)a:‘:”ax. QQ.O3

Lot Mol AV

Dr. Takeshi Sasaki Dr. Peter Likins

President President

The University of Tokyo The University of Arizona
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Memorandum for the Extension of the Agreement on

Academic Exchange for Cooperation ‘@:
between o

the University of Tokyo -

and H, E

the University of Arizona ﬁ_

Vs

The President of the University of Tokyo and the President of the t
University of Arizona mutually confirm that the Agreement on &l
Academic Exchange for Cooperation, originally signed in 1987 and i
extended in 1992, 1997, and 2002, will be extended for a period of
five years, beginning on August 11, 2007.

Date !7- & ”‘Pf t
gD

Dr. KOMTYAMA Hiroshi Dr. Robert N. Shelton
President President
‘The University of Tokyo The University of Arizona
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MEMORANDUM OF UNDERSTANDING
BETWEEN
THE AURA OBSERVATORY IN CHILE,
THE INSTITUTE OF ASTRONOMY OF THE UNIVERSITY OF TOKYO,
AND
THE EUROPEAN SOUTHERN OBSERVATORY

In order to pursue their mutual interests in the characterization and itoring of astrc ical sites in
Northern Chile, The AURA Observatory in Chile (hereafter AOC), The European Southern Observatory
(hereafter ESO), and The Institute of Astronomy of The University of Tokyo (hereafter IoA-UT) agree to
the exchange of satellite cloud cover digital data, as follows:

1 AOC will provide Meteosat-3 and GOES-8 data covering 1.7.93 - 20.2.96, covering channels 1 {visible),
3 (water-vapor) and 4 (IR) from the National Climatic Data Center (NCDC). The ownership of this
dataset will reside with AOC. Distribution to other parties will require the express permission of AOC.

2 IoA-UT will provide GOES-8 data covering 1.6.97 - 30.9.99, covering channels 1 (visible), 3 (water-
vapor) and 4 (IR) from the NCDC. The ownership of this dataset will reside with IoA-UT, distribution
to other parties will require the express permission of ToA-UT.

3 ESO will provide GOES-8 data consisting of 6.7 micron data eovering 1.1.98 - 30.4.00 and at least
one year of 10 micron data. The ownership of this dataset will reside with ESO, distribution to other
parties will require the express permission of ESO.

4 AOC, ESO, and IoA-UT undertake to share the above datasets, Each will receive a copy of the raw
data, plus a pre-processed data set so as to facilitate possible future analyses.

5 This memorandum of understanding replaces the memorandum of understanding between Cerro Tololo
Inter-American Observatory, National Optical Astronomy Observatories and the European Southern
Observatory that was signed by Malcolm Smith on September 17, 1999 and Alvio Renzini on September

28, 1999,
Signed:
Date: j}g:nf Zoot Date: yﬁd/ Date: & (. 03;! O{
« (""_) ‘ 2
W bt g .o A feus
Malcolm Smith (ATCT Yuzuru Yoshii (IoA-UT) Alvio Renzini (ESO)
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MEMORANDUM OF UNDERSTANDING
for Scientific Cooperation in the
University of Tokyo Atacama Observatory
between
The Astronomy Department of the Universiy of Chile
and
Institute of Astronomy of the University of Tokyo

In consideration of the mutual interest of the Astronomy Department of the University of
Chile and Institute of Astronomy of the University of Tokyo (hereafter IoA-UT) in the
“University of Tokyo Atacama Observatory” (TAO) project, that is currently planned at
IoA-UT, to install a 6.5m infrared-optimized telescope in the territory of the Republic of
Chile, both parties agree to the following terms:

The Astronomy Department of the University of Chile and IoA-UT wiill collaborate in
scientific projects of mutual interest.

In particular, joint measurements of the atmospheric transparency and stability in the
optical and infrared wavelength regions will be conducted in north Chile as part of the site
testing necessary for the installation of the TAO 6.5m telescope.

The Astronomy Department of the University of Chile will obtain the necessary permits to
place equipments in the aforementioned place.

When the funding for the TAO project is granted, the Astronomy Department of the
Univeristy of Chile and IoA-UT will make their best efforts toward the signature of an

agreement between the University of Chile and the University of Tokyo, to allow the
importation, installation, and operation of the TAO and related instrumentation in Chile.

Date: ,{,La,g [0, 2001 Date: /0/("/0/

Z MY

M Tavera (L

Professor Maria Teresa Ruiz Professor Yuzuru Yoshii
Director Director

Departamento de Astronomia Institute of Astronomy
Universidad de Chile University of Tokyo

0 C2 TAOOOODDDOOODDDOOODODOOOODO MoU
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School of Science
University of Tokyo

Prof. Y. Yoshii .
Institute of Astoronomy

University of Tokyo
Mitaka, Tokyo 181-0015, Japan

Telephone +81-422-34-5027
Facsimile 4+81-422-34-5041

E-mail yoshii@mtk.ioa.s.u-tokyo.ac.jp
21 March 2001

Dr. Eric Goles Chace,
Presidente de CONICYT,
Canada 308, Providencia,
Casilla 297-V, Santiago 21,
Chile

Dear Dr. Goles,

The Institute of Astronomy of the University of Tokyo, hereafter IoA-UT, represented by its di-
rector, Yuzuru Yoshii, in collaboration with Departamento de Astronomia, Universidad de Chile,
wishes to execute studies and work in the area near Cerro Chajnantor, inside the Scientific Preserve
administered by CONICYT, to the South-East of San Pedro de Atacama in the second adminis-
trative region of the Chilean territory.

The studies and work in question consist of the installation and operation of a methereological
station. We wish to install the station at an altitude of 4900 meters at the coordinates of 23°
00°01"S and 67°43°09"W. The methereological station consists of a 3m high pole on top of a
tripod stand with 1m long legs, and the data recoding equipment contained within a 0.5m cube
at the ground level. Instruments for measuring wind, temperature, humidity, infrared radiation,
etc. will be attached to this pole. The equipment will be used to investigate and characterize
the atmospheric conditions affecting astronomical research in the optical and infrared wavelength
regions of the electromagnetic spectrum.

We hereby request permission so that we can carry out the studies and work as above.
In connection with the above studies and work to investigate and characterize the atmospheric
conditions affecting astronomical research in the optical and infrared wavelength regions of the

electromagnetic spectrum at the Scientific Preserve of Chajnantor in the second administrative
region of Chile, we are pleased to make a commitment to the following conditions:

0O C3:00000000000000D00D00000D0D0DO0O0D00000DDODOO00a
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a) Places of historical interest, archeological, anthropological or paleontological interest:

If we encounter remains, ruins, utensils, places of worship, etc. we will suspend work and advise
the authorities.

b) Environment:

‘We will adopt all the safeguards necessary to avoid a negative environmental impact. We will
carry out our work according to the norms and procedures that are administered by the respective
national environmental commission of the second administrative region of Chile.

c¢) Antipersonnel mines:

‘We note that there is a possibility of existence of antipersonnel mines in the region, although the
Ministry of Defense claims that the site area is free of them. We will be alert to the possibility,
and we understand that our work in this area is our exclusive responsibility.

d) Non-interference with other projects:

We note that CalTech operates the “Cosmic Background Imager” in Chajnantor, and that atmo-
spheric studies are being carried on there for the ALMA project as well. We undertake that we
will inform of our exploration and coordinate the effort with the other groups working in the area
s0 as not to perturb their operation.

Sincerely yours

Yuzuru Yoshii
Director of IoA-UT
Professor of Astronomy

Institute of Astronomy,
The University of Tokyo,
Osawa 2-21-1, Mitaka
Tokyo 181-0015

Japan

0 C3: 000000000000000000000000000000000000000
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GOBIERNOC DE CHILE

CONICYT
SANTIAGO, July 15, 2001.

Professor

Yuzuru Yoshii

Director Institute of Astronomy
University of Tokyo

Osawa 2-21-1, Mitaka

Tokyo 181-0015

Japan

Dear professor Yoshii:

With regards to the installation and operation of a metheorological
station near Cerro Chajnantor, with the goals of characterizing the atmospheric conditions for
astronomical research, we are pleased to acknowledge your commitment to the conditions
established in your letter of 21 March 2001, regarding (a) Places of historical interest, (b)
Environmental Impact, (c) Antipersonal Mines, and (d) Non interference with other projects.

Under such conditions we grant permission for the described
activities to be carried out within the Scientific Reserve under the administration of CONICYT.

Sincerely Yours,

ERIC GOLES CHACC
President
National Commision for
Scientific and Technological Research

TELEFONO (56 - 2) 365 4400
|FA>(: (56 - 2) 655 1396
E-MAIL: infof@conicyt.cl
CANADA 308
® COMISION NACIONAL DE INVESTIGACION CIENTIFICA ¥ TECNOLOGICA SANTIAGO DE CHILE

0 C4d: 0000000000000 O0ODODO00OO0OO0O0OOO00000000000000
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School of Science

University of Tokyo
Prof. Y. Yoshii Institute of Astronomy
University of Tokyo
Ms. Vivian Heyl, Mitaka, Tokyo 181-0015, Japan
Presidente de CONICYT,
Canada 308, Providencia, Telephone +81-422-34-5027
Cassilla 297-V, Santiago 21, Facsimile +81-422-34-5087
Chile E-mail yoshii @ioa.s.u-tokyo.ac.jp
May 12, 2007
Dear Ms. Heyl,

The Institute of Astronomy of the University of Tokyo (hereafter IoA-UT), represented by its
director, Prof. Yuzuru Yoshii, in collaboration with Departamento de Astronomia, Universidad de
Chile (hereafter DAS-UCH), wishes to install two telescopes on the summit of Co. Chajnantor. The
said site, Co. Chajnantor, is inside the scientific preserve administered by CONICYT.

The present letter requests permission so that IoA-UT, in collaboration with DAS-UCH, can
fabricate, install, and operate the two telescopes on the summit of Co. Chajnantor for research in
infrared astronomy. The first telescope with a 1m aperture would be installed by the end of 2007, and
the second telescope, with a 6.5m aperture, is expected to be installed soon after. The background,
the scope, and the conditions of the permission are described below.

BACKGROUND:

1. IoA-UT has a plan to have the University of Tokyo Atacama Observatory (hereafter TAO), the
major facility of which is a 6.5m infrared-optimized telescope (hereafter 6.5m IR telescope), in the
territory of the Republic of Chile.

2. With the wish of the University of Chile (hereafter UCH) to cooperate with the realization of the
said plan and to promote scientific and technical collaborations in astronomical investigations
between both universities, a scientific cooperation agreement has been signed by the President of the
University of Tokyo (hereafter UT) and the Rector of UCH in Tokyo of Japan on 16 January 2003.
The legalization of the said agreement has been completed at the Ministry of Foreign Affairs of the
Republic of Chile on date 3 April 2007.

3. On 19 July, 2001, CONICYT granted a permission for IoA-UT to install and operate a
meteorological station at an altitude of 4900 meters on the Llano de Chajnantor, inside the science
preserve, with the goals of characterizing, the atmospheric conditions for astronomical research.

4. On 25 August, 2005, CONICYT granted a permission for IoA-UT to carry out the following
studies and work on the summit of Co. Chajnantor at an altitude of 5640 meters, the primary
candidate site where the 6.5m IR telescope will be installed:

(1) astronomic characterization of -the atmosphere for observation within the optical and
infrared ranges on the summit of Co. Chajnantor via the use of meteorological station,
seeing monitor instrument, and cloud monitor instrument as well as data-gathering
equipment;

(2) soil characterization, in order to perform structural studies associated to the foundations for

the 6.5m telescope. To realize the above studies, the permission includes construction of
a road to carry the instruments to monitor the atmospheric conditions and the equipment to
investigate the soil conditions. This road has been completed in April, 2006, and the

0O Ch ImO0000D00D0O000O
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instruments are now in operation on the summit.
5. In 2005, the Japan Society for the Promotion of Science (JSPS), Japanese
counterpart of CONICYT, has granted the director of IoA-UT a fund to build and
operate a 1m telescope on the summit of Co. Chajnantor as a pilot telescope of the 6.5m
IR telescope. The university of Tokyo has recently decided to carry on the said plan of
the 6.5m IR telescope.

SCOPE OF THE PERMISSION

To promote installation and operation of the two telescopes in the Chilean territory, we request
CONICYT permissions for the following work:

1. The installation and operation of the 1m telescope, that would consist of: (1) widening the current
road to carry massive components and heavy machinery to the summit; (2) constructing the
foundations and fabricating the telescope on it; (3) operating the telescope for research in astronomy
and testing instrumentation for the 6.5 m.

2. Once the 6.5m telescope installation starts, we would do the same work as stated above but with
larger scales.

CONDITIONS OF THE PERMISSION

1. The installation and work aforementioned above would be performed in such a way that these
activities would not interfere with other astronomical projects that will be under construction or
operation in the vicinity. IoA-UT would inform of her activities and coordinate the effort with other
groups working in the area so as not to perturb their construction and operation.

2. Should other agencies, institutions, or groups require authorization to perform studies, work, or
other scientific projects near the IoA-UT instrumentation, IoA-UT would expect CONICYT to
coordinate the interest of the parties.

3. IoA-UT makes a commitment, with respect to the following: (a) Places of historical interest,
archeological, anthropological or paleontological interest: If IoA-UT encounter remains, ruins,
utensils, places of workshop, etc., JoA-UT would suspend work and advice the authorities. (b)
Environment: IoA-UT would adopt all the safeguard necessary to avoid a negative
environment impact. IoA-UT would carry out her work according to the norms and procedures that
are administrated by the respective national environment commission of the second administrative
region of Chile. (c) Anti-personnel mines: IoA-UT notes that there is a possibility of existence of
anti-personnel mines in the region, although the Ministry of Defense claims that the site area is free
of them. IoA-UT would be alert to the possibility, and understand that her work in this area is her
exclusive responsibility.

Sincerely yours

Yuzuru Yoshii
Director of IoA-UT
Professor of Astronomy

0O C5 ImO00000000000 (0D0O0)
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CIENTIFICA ¥ TECNOLOGICA COBIERNODECHILE

March 24, 2008

Prof. Yuzuru Yoshii
Institute of Astronomy
University of Tokyo
Japan

Dear Prof. Yoshii:

CONICYT is pleased to inform you that authorization for setting up the
1-m monitoring telescope has been approved, according to the
characteristics described in your letter dated May 2007 and
complementary description documents.

In this context, we must inform you that authorization for setting up
the above mentioned instrument will be subject to compliance with
provisions in force in our country concerning security issues and
environment protection during road improvement phase, setup and
future operation.

In particular, Tokyo Atacama Observatory will be subject to comply with
the following requirements:

Access road improvement project and its future operation shall be
subject to supervision by CONICYT.

The road should comply with safety requirements as described in the
“Ministry of Public Construction Road Handbook” (Manual de Carreteras
del Ministerio de Obras Puablicas). If the road does not meet the
established safety standards according to the technical characteristics
requirements, all the needed changes in the road improvement project
should be done, according to the remarks made by the CONICYT person
designated for revision. Remarks should be taken into account in
subsequent executions.

CanaDA 308, PROVIDENCIA, SANTIAGO [ TeL€roNo: (56-2) 365 4400 [ Fax: (56-2) 655 1396 / E-MAIL: INFO@CONICYT.CL | WWW.CONICYT.CL
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Additionally, Tokyo Atacama Observatory is asked to provide monthly
reports of the project progress.

“Authorization for the second phase of the project does not dispense
Tokyo Atacama Observatory from the obligation to obtain all
authorizations or licenses necessary for the development of the project,
according to the legislation in force in Chile.”

In accordance with the above mentioned provision, it is recommended
to ask the Regional Commission for Environment of Antofagasta for the
pertinence of joining SEIA (Sistema de Evaluacién de Impacto Ambiental)
at this phase of the project, regarding the installation of temporary
facilities (instalacién de faenas) and authorizations or pronouncements
from the Direccion de Obras de la Ilustre Municipalidad de San Pedro
de Atacama in case it will be required.

Sincerely yours,

\S30a

A o A
N PRESIDENTE
W o
M0y 4 195

Canaph 308, Provioencia, SanTiaco [ Terérono: (56-2) 365 4400 [ Fax: (56-2) 655 1396 / E-maiL: inFO@CONICYT.CL /| WWW.CONICYT.CL
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oooo: ooooocoooood

Web OO0O: http://www2.keck.hawaii.edu/

D.1.2 QOOOOO

0oo0O0: 00000 (00)
00: 00 82m, 0000000
0000: 00000000000

Web OO0O: http://subarutelescope.org/

0 D.1: 000000 0O D.2: 000000
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0 D.3: 00000000 (0)00000 (0)

D.1.3 OO0O0OO0OO0OO

oooo:

a0:
ooogd:

0o0,000,00,00,0000000,000000,00
oo

0081m (00000D0D000)
000000000000000000000000000

Web OODO: http://www.gemini.edu/

D.1.4 Very Large Telescope (VLT)

ooogd:
O0:
oOoode:

gooooooogo
00 81mx 00 (Antu, Kueyen, Melipal, Yepun)
ogoooooooo

WebOODO: http://www.eso.org/paranal/

D.1.5 0000000 1011

oooo:

O0:
oo0ogd:

0000000, 00000,000000,00000,00
ooooooo

00 65mx00,00000

0000000000000

WebOODO: http://www.ociw.edu/magellan/
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O D.4: Very Large Telescope 0 D5 0000000

A

O D.6: Hobby-Eberly 00O O D.7: Multi-Mirror Telescope

D.1.6 Hobby-Eberly 000 (HET)

gobooe: gobooboboobooboo,0oboobboobo,on
goboooood

go: 00 1lm (0000 92m), 0000000

opooo: oboboooooog

Web OO0O: http://www.as.utexas.edu/mcdonald/het/het.html
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D.1.7 Multi-Mirror Telescope (MMT)

oodo: Jooooo,000000000
O0: 6.5m
ooogo: goooooooao

Web OO0O: http://www.mmto.org/

D.1.8 South Africa Large Telescope (SALT)

0000: 000000000000000,000,00000,00
0oooo0oon

00: 00 11m (0000 9.2m), 000 (910), 0000000

000O0: O000000000000000

Web OODO: http://www.salt.ac.za/

D.1.9 Large Binocular Telescope (LBT)

oooo: goboo,000b0o00,000o0000o00b000oDon
go: 00 84mx20 00,20000/000000
oooo: goboooooon

Web O0ODO: http://medusa.as.arizona.edu/lbto/index.htm

0 D.8: South Africa Large Telescope 0 D.9: Large Binocular Telescope
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0 D.10: 00o0o0oooo O D.11: Stratospheric Observatory for
Far Infrared Astronomy

D.1.10 00000000 (GTC)

oooo: ooooD,oo000
od: 00 104m, 000
oooo: oooood

Web OO0O: http://www.gtc.iac.es/home.html

D.1.11 Stratospheric Observatory for Far Infrared Astron-
omy (SOFIA)

ooo0: NASA, DLR(ODOC0DO0OOOOOO)
o0d: 00 2.7m

goooe: 000 (00000 Br47SP) 00O
Web OOO: http://sofia.arc.nasa.gov/
oo0: ooooooo.
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D.2 ODO0O0O0OO0OO0O0O

D.2.1 Large Synoptic Survey Telescope (LSST)

oooo: LSST Corporation (00000 2000000000000
ooag)

o0: 00 84m (0OODO 6.5m), 000

gobod: gooogobooo

o0: 20140000000000000

Web O0OO: http://www.lsst.org/

go0e: j200000000000DO0O00DOO0,90000000

gooogobooo

D.2.2 Thirty Meter Telescope (TMT)

000O0: AURA(000DO00O0O0O000), ACURA (0000000
00000),000000000,00000000000,0

00: 00 30m, 000 (10800)

0000: 00000000000

00: 20180000000000000

WebOODO: http://tmt.ucolick.org/

0 D.12: LSST 0 D.13: TMT
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0O D.14: E-ELT O D.15: GMT

D.2.3 European Extremely Large Telescope (E-ELT)

goooe: goooooo
0o0: 00 42m, 000 (906 O)
Web OOO: http://www.eso.org/sci/facilities/eelt

D.2.4 Giant Magellan Telescope (GMT)

ooog: ooooooO0,oo00o0,o00o0oo0, 00000, 00
0000000, 000ooooon

oo: 00 2lm, 000 (70)

oooo: oOoooooooooooo

Web OOO: http://www.gnto.org/

oo0: 84m 00 000000ODOO S/N,000000O0DOOOOO
O
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CERTIFICATE

The highest astronomical observatory
is the University of Tokyo
Atacama Observatory, located at an
altitude of 5,640 m (18,503 ft)
on the summit of Cerro Chajnantor
in a scientific reserve called
Atacama Astronomical Park, Chile.
The observatory houses a
1m (3 ft 3.37 in) infrared telescope
called miniTAO, which saw first light
on 23 March 2009,

GUINNESS WORLD RECORDS % _.

07 00000000000000000000O00000ODOO00O00DODODDOO0O0O0
gbobooooboobobobobooo.
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O OE TAOOO-OOOOOOO

1999 00000000000000000D00000,00000000000O0A0
0000o0o0o0o0o0o0o00ooO000O0O. 00 10000000 TAODODOOooOOo
00000,00000000 (0D 5640m) 00000 (4200m) D0D0O0O0OOODOO
go.ooobooooobooobobobo,boooooooobooobobobobo, o
goooooooooOoOO0o000000D00ooooooooooOoDO. TAOOOOOO
000 E1O00O.

0O E.l: TAOOOO
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TAOOUOOOOOU,0000000000000OO00O0ODOOO0OOO,00000
00000o0oo0oO000Ob0bO0O00D0000000000D. 00D0OO, O 5.2 (p.180)
000000,00000000 (00 5640m) 0000000000 O0OOOOOOO
coooooooo,0c0ooocoooocOooobcoobO. cooboobooooboooo, o
oooooooooooboooboooooboo.

200000000000000000000000,0000000000, 20010
00000000000 (D0OO00O0D0OD)00000,00000000000000
00o00. 000, TAOOODOOUOOO0ODOODOOUOOODOOOOUOOODOOO
oooO,00000b0o00o0ooooooboooooooooon.

ooooooooooooodoooooooooooooooooooooob, oo
00000000000000,20020 1100000000001, 20030000, 0
000000000000000000000000002%,20060 400000000
000 (0ODO0DTAODOD)ODODOOOODODOOD. DODOOODODODOOODOOODOO
oooooo,00o0o0ooo0b. 11oo0oooooooobo0oooooooooo
ocoooocooo.

2005000,000000000000000000 lmO0000O00O0 (mini-TAO)
0000000032090 300000000000 lmO000000,500000
ooooocooo.

0 E2 005640m0000000000 (20020 110)

lDooDoo00o000O000,00000,0000

20000000000000000 AODDOOO (15253002) 000000000000 6.5m 00
000000000000000000(0oooo oDooo)

00000000000 00D000 S (17104002) 0000000000000 O0ODOOOOOOO0
000-0000000000000(@CO0O000 000)
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od

o0 110

1999 goooooogoono

1999.10 000000, 00000 (oo,00)
00000000 (00 5640m) O Quimal O (4200m) 0000 0
gd

o0 120

2000.6-7 000000, 0000D (0o,00)

2000.11.24 TAOOOOOOOODOOOOODOOOOODOOOODOOOOO

o0 130

2001.5 oooooo,00o0o0o0o0o0 WsSoog,
000000000000 00 MoUDOD (OD,00,00)

2001.9 00000000, 000b0000000D00O0 (Do,oo,00)

00 140

2002.2 00000000, 000000000Oon (oo,o00)

2002.11-12 DOO0O0OOOO,0D000000DOO00,0DO000O00000O040
(00,00,00,00,00,000)

2002.11.22 0O0O0O0OOOOOOOOOO (DO,00,00)

o0 150

2003.1 gdboooobooboooboobboobobooboooboo

2003.1 godooboooooooooboooobuoooooa
goboooobooboobobooboobobooobga

2003.4 000000000 (DO00)000OLO0ODO0DD0ODOUOOOODO
ogoooo
0000000000000000 AOODOODO0O (15253002)
000000000 0DO0e6mO0000000O0DOODOOODOOO
O0000(OooOoD ooon)

2003.6 goooobooobouooooooobobooao

2003.8 000000000 (DIA; Declaracion Impact Ambiental) O O

2003.8 gobooobooboobobooo

2003.9 TAOUOUUUOUOUOOUOUOOUOooooooooooooooooo

2003.9-10 0O0OODODOOODOOOOOOO (ODO,00,00,000,00)

2003.11 godoobooooooooon
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oo

00 160

2004.3 ASTEDODODOOO0O0OO0O0O0,0000000000 (00,00,0
0,000)

0o 170

2005.2 00000000000000000000000000

2005.2 0000000000000000 (00)

2005.3 00000000000000000

2005.4 00000000000000000000
0000000000000000 S (17104002)
000000000000000000000000000-0000
000000000(00000 000)

2005.7 000000000000000000000000000000

2005.11.3 000000000 (ALMA,APEX,CBI,ASTE,NANTEN)

2005.11.19 000000000000000 TAOOOOOO (000)

00 180

200621 0000 (0D0)0O0

2006.27 0000 (00 5070m)

2006.3.20 0000000000 (TAO road) 000

2006.4 0000 (0000,00000,000000000)

2006422 000000000000 TAOroadDOD (DOO0)

200610 O000O0O0O0,00000,00000000

2006.10-11 00000000000 (00,00,00,00,00,00)

00 190

2007.4 00000000000 (00,00,00,00)

2007.6 00000000000000000000000 MAX3800O0O

googo
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od

od 200

2008.2 0000000000000 00000D0000 ANIROOODO
ood

2008.4 goooobooobooooooooobooooboooboooon

2008.5 00000 ./ mO0O0O,000000000

2008.6 0000000 lmOO0O0O000OO00O, ANIR, MAX3800O0OOOO
0

2008.8 DDDDDDDDDDDDDDDDDDDDDDDD(DDl?),OOOD
0)0O0o

2008.8 gddddddoooooooooooooooooooooo

2008.12 CONICYTUOUOO ImOOO0OO0OO0OO0O0OO0OOOOOOd

2008.12 ImO0O0O0O0O00O0O0DOO0OO

0o 210

2009.1 ImO00000000,0000000

2009.1.10 ImODOO0OOO0ODOOOOOODODOOOOOOOOOO

2009.2 0o0odd0o I mOOOOOO

2009.3 0000 i mOO0O,000,000000,000000,0000
ogoooaao

2009.3.23 ImOOO0OOO0ODOOOOOOOOOODOOOO

2009.5-6 1ImO000000 1lmOO0O 1st run (ANIR)

2009.6.9 ImO00O00O0 ANIROOOODOOOOO

2009.8.7 gdddooooooooooooo

2009.10 godooboooooooooooobobuoooouoooon

2009.10-11 Im OO0 2nd run (ANIR, MAX38)

2009.11.8 1mOd 0000 MAX38OOOOOOOO

2009.12 TAOG65m 0000000000 O00OO0OO

00021000000 DOoooOoooboooooogoag
O00: 0000000000 UUTAODODO Mm@

303



od

o0 220

2010.3 gboooobooooboooobobooobobobooobooon
oooooo,9000opoooodgoooooooooooooon

2010.5 gogbogoboobooboboobooooboo

2010.5-6 1m OO0 3rd run (ANIR)

2010.77 O0OO0OO0OOOOO0 lmOO0OOOOODOOOOD (ODOO 1500)
(00D0D0D00,00000000000D000000O0O0O0DO0O0
0000,000000000000, p.2800 6)
000000000000 0D0O00D00D0OO (p.2580 5)

2010.9-10 1lm OO0 4th run (MAX38, ANIR)

2010.11.14 OO00O0OO0O0O0OOOOODOOOODODOOODOOOOOOOOOO

2010.11.15 DO0O0ODOOOOO0OODOOOOOOODOOOOOODOOOOOODOO

o0 230

2011.2 gbobooooooboobobob,boobooon

20114-6 1m OO0 5th run (ANIR, MAX38)

20114 00000000 TAOOOOOOODOOOOOooOOOoooooo

2011.5 000000 ImOODO0O0O0O0O0O0OO

201155 OCOOOOOCOOOCOCOCOOCODOOOOOOOOOOOOOOCOOObObOCb

00000000 DO00DO0ODOoOoOon (p2980 7).
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