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e Ro3=([O II]4[O III])/HS (Pagel et al. 1979; McGaugh 1991)
e Ny=[N II]/Ha (Denicolo et al. 2002)
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00 [C] 00 [%)]

0 | 12:00 | 18:00 [ 24:00 [ 30:00 || O | 12:00 [ 18:00 [ 24:00 [ 30:00
L[ 760 429 ] -211 [ -3.61 |[ 1 19.57 [ 29.46 [ 60.92 | 55.60
2| 745 | 3.86 | -1.32 | -2.33 || 2 | 19.98 | 43.70 | 76.50 | 54.12
3| 809 | 344 | -0.69 | -1.57 || 3 | 26.66 | 48.30 | 66.25 | 54.38
4| 5.05| 049 | -290 | -3.17 || 4 | 11.13 | 23.27 | 31.00 | 18.79
5| 096 | -2.69 | -4.50 | -4.70 || 5 | 19.62 | 40.35 | 32.94 | 33.27
6| 062 | -3.60 | -4.97 | -5.23 || 6 | 11.30 | 21.33 | 15.15 | 13.63
7| -2.67 | -5.70 | -7.38 | -7.86 || 7 | 23.15 | 31.70 | 32.21 | 22.79
8| 022 -392| -6.46 | -6.90 || 8 | 9.58 | 16.87 | 17.36 | 14.60
9| 119 | -2.26 | -5.43 | -6.03 || 9 | 8.77 | 15.47 | 14.97 | 11.80
10 | 475 | 1.70 | -4.13 | -4.37 || 10 | 8.50 | 15.35 | 23.74 | 14.82
11| 6.68 | 3.34 | -2.89 | -3.85 || 11 | 8.48 | 14.05 | 21.12 | 12.99
12 | 6.65 | 4.20 | -2.06 | -3.87 || 12 | 10.61 | 16.75 | 32.12 | 21.09

00 [hPa) 0000 [g/cq
O [ 12:00 | 18:00 [ 24:00 [ 30:00 || O | 12:00 | 18:00 [ 24:00 | 30:00
1[565.1 [ 564.5 [ 565.5 | 564.6 |[ 1 [ 1.68 [ 2.11 [ 2.56 | 1.94
2 | 565.5 | 564.6 | 565.7 | 564.8 || 2 | 1.72 | 2.68 | 3.17 | 2.08
3 | 565.8 | 565.0 | 566.0 | 565.0 || 3 | 2.37 | 3.10 | 3.03 | 2.31
4| 565.2 | 564.6 | 565.3 | 564.4 || 4 | 0.74 | 117 | 1.10 | 0.69
5| 565.3 | 564.5 | 565.0 | 564.2 || 5 | 1.13 | 142 | 117 | 1.16
6 | 565.3 | 564.6 | 565.1 | 564.0 || 6 | 0.53 | 0.79 | 0.49 | 0.46
7| 563.6 | 563.2 | 563.7 | 562.5 || 7 | 0.75 | 1.03 | 0.82 | 0.62
8 | 564.5 | 563.7 | 564.4 | 563.4 || 8 | 0.50 | 0.66 | 0.52 | 0.43
9 | 564.1 | 563.7 | 564.0 | 562.9 || 9 | 0.47 | 0.65 | 0.49 | 0.36
10 | 564.8 | 564.3 | 564.8 | 564.0 || 10 | 0.61 | 0.86 | 0.86 | 0.48
11 | 564.7 | 564.1 | 565.1 | 564.1 || 11 | 0.59 | 0.86 | 0.80 | 0.50
12 | 564.6 | 564.2 | 565.0 | 564.0 || 12 | 0.75 | 1.09 | 1.23 | 0.72
00 [pbmin 000 m/s] 00 0000 m/s]

0 | 12:00 | 18:00 [ 24:00 [ 30:00 || O | 12:00 [ 18:00 [ 24:00 [ 30:00
L] 6741082 [ 241 [ 256 |[ 1]1044 [ 1331 [ 3.63 [ 3.09
2| 594 (1063 | 1.99 | 230 | 2| 897 | 1318 | 290 | 3.01
3| 533 | 948 | 218 | 1.92 || 3| 888 |12.00 | 3.13 | 271
4| 614 | 871 | 312 | 335 4| 1103 | 11.09 | 5.07 | 5.06
5| 625 | 7.61 | 4.69 | 4.66 || 5 | 11.95 | 11.10 | 8.82 | 8.70
6| 616 | 6.15 | 4.68 | 4.83 || 6| 10.00 | 859 | 836 | 7.91
7| 652 | 746 | 436 | 573 | 7 |12.04 | 1115 | 9.50 | 10.23
8| 654 | 827 | 435 | 453 | 8 |11.48 | 11.09 | 6.63 | 8.61
9| 729 | 932 | 476 | 528 || 9 | 12.87 | 12.29 | 7.40 | 8.98
10 | 7.68 | 10.30 | 3.30 | 3.31 || 10 | 11.76 | 12.85 | 4.70 | 4.36
11| 7.91 | 11.18 | 3.04 | 293 || 11 | 11.51 | 13.83 | 4.06 | 3.66
12 | 7.27 | 10.89 | 2.27 | 227 |[ 12 | 1143 | 13.79 | 3.42 | 3.10

053 00000

86




o

200312 200312 200312 200312
100 T 40 T
b T T
B el E &
= ® 70 = =
E » © £ El
e 5 50 e p
i E w g H
g £ 30 & &
< 20 H H
10 = =
0
200312 200312 200312 200312
700 60 60 T
__ AlNight __ AlNight
_ " istNight " istNight
_ B _ "endNight] " 2ndNight,
S < ® ®
& 600 ER) B o 1 E 4 ]
N 5 b i
5 & E Fl
i H H 2
£ 500 - 3 g 5 20[] 7 5 20 T
& £ & &
g
400 0 L L L 0 L L
6 12 18 0 10 20 3 4 10 20 3 40
12 0 Hour Wind Speed (AVE) [mis] Wind Speed (MAX) [mis]
200312 200401 200401
T 40 T 40 T
T asE ERRCE E
B _ E a0f 1 E 2 E
g = B osE i g = E
H 2 £ 3
s z b 3 2
H g H 3
g ] 5 H)
= k-1 o
} £
= =
200312 200401 200401
700 60 60 T
__ AlNight __ AlNight
_ " istNight " istNight
_ B _ "endNight] " 2ndNight,
S < " ®
& 600 ER) ® oK 1 E 4 ]
5 5 F ¥
E g 3 3
8 s00 | 3 & 5 20H 7 5 20 q
& £ & &
g
400 0 L L L 0 L L L
o 6 12 18 2 0 10 20 30 4 10 20 3 40
10 Hour Wind Speed (AVE) [mis] Wind Speed (MAX) [mis]
200402 200402 200402
40 T 40 T
T sE ERRCE E
= _ E af 4 E 2 E
0 = =
o ® sE E|
5 2 £ 3
g 3 0E ER-
: :
g ] & H)
= o o
g H
= =

20

Pressure [hPa]

200402 200402

700
N
8
<

600 | 4 =
w
5
&
g

500 ER]
g

400

o 6 12 18 24

Percentage [%]

200402 © 200402
T
INight —_AlNight
_istNight _istNight
—_2ndNight _ —_2ndNight
=
Ll 4 B 4 4
&
g
g
§
8
r ] § 20 b
&
I I I o I I
10 20 40 10 20 30 40

Wind Speed (AVE) [mis]

Wind Speed (MAX) [m/s]

O 52: 00000000000 (0DO:1201020)

87




g

200303 200303 %0 200303 200303
T T
< <
g - E E
v X, = =
2 2 : 3
3 2 3 E]
i £ 3 3
& £ i i
g 2 & &
= k-l o
£ £
= =
200303 200303 200303 200303
700 60 T 60 T
__ AllNight __ AlNight
_ " 1stNight " 1stNight
_ g _ “enanignt] " 2naNight
S N ® D
£ 600 |- ] = st 4 = wf B
v 5 ¥ §
s 2
@ > g s
£ 500 F E g § 207 T 5 20 b
& 3 & &
g
400 0 L L L 0 L L
o s 12 2 o 10 20 3. 4 o 10 20 3. 4
30 Hour Wind Speed (AVE) [mis] Wind Speed (MAX) [mis]
200304 200304 200304
40 T 40 T
T sl 4 T ssf E
B _ E af 3 E xf E|
K = =
v S .3 E
EH 2 £ 3
H 3 20 F 3 g
g £ 3 3
£ £ i £
g 2 & B
= 9 o
£ £
= =
200304 200304 200304 200304
700 60 T 60 T
__ AllNight __ AlNight
_ _istNight _istNight
_ g _ "enanignt] — ndNight
S N X s<
£ 600 | ] = st 4 2 wp B
B 5 b %
5 & K K
i H g g
g 500 | 5 § 20 3 5 20 3
& 3 & &
g
400 0 L L 0 L
o 6 12 18 24 o 10 20 3. 4 o 10 20 3. 4
40 Hour Wind Speed (AVE) [mis] Wind Speed (MAX) [mis]
200305 200305 200305
30 T 40 T T
< <
B - E E
® = =
H 2 £ 3
3 3 El
g £ 3 H
g £ g &
g H H %
= g o
£ £
= =
200305 200305 200305 200305
700 60 T 60
__ AlNight __ AlNight
- IstNight _1stNight
_ g _ "enanignt] — 2ndNight
o < ® ®
£ 600 [ ] 2 s 4 = wf B
Y 5 ¥ ¥
5 by K] E
i z g g
8 so0 E 5 20 14 5 20 B
& b & &
g
400 0 L L L 0 L L
o 6 12 18 2 o 10 20 3. 4 o 10 20 3. 4

50

Wind Speed (AVE) [mis]

Wind Speed (MAX) [mis]

0 53: 00000000000 (0DO0:304050)

88




o

200308 200308 200306 200306
30 T T T 40 T
< <
g - E £
o B = =
E 2 g 3
g ] -
g E 3 3
g ] £ 4
g 2 & &
e ° o
} £
= =
12 18 2
Hour
200308 200308 200308 200308
700 60 60 T
___AlNight ___AllNight
— _ istNight _ istNight
= B . “endNight] " ondNight.
< < S ®
8 600 I = a0 4 = ar B
v 5 ] ]
g 2 2 3
5 & F F
f 2 § 8
£ 500 - E| g 5 20 7 5 201 T
[ B & &
g
400 0 L L L 0 L L
6 12 18 0 10 20 30 4 0 10 20 30 4
60 Hour Wind Speed (AVE) [mis] Wind Speed (MAX) [m/s]
200307 200307 200307
40 T 40 T
@ o3sE 4 @ 3E E
g — E af ER:
S = =
o & 25 E E
H 2 £ 3
[ 3 20E ER-)
8 E 3 3
2 ] £ 4
g 2 & &
e ° o
E} £
= =

200307 200307 200307
700 60 60 T
__AlNight ___AllNight
— __ 1stNight __1stNight
— g _ “endNight] " 2ndNight,
) < S 5
& 600 | ER = 40 1 = 4of q
5 5 F ¥
5 3 H H
f = g 8
£ 500 |- E g 5 20 ] 5 20 b
& & & &
£
400 o L L 0 L L
0 6 12 18 2 0 10 20 30 4 0 10 20 30 4
70 Hour Wind Speed (AVE) [mis] Wind Speed (MAX) [m/s]
200308 200308 200308 200308
30 T T 40

80

Temperature [C]

Pressure [hPa]

Humidity [%]

200308 200308

700
N
8
<

600 | 4 =
w
5
&
g

500 ER]
g

400

o 6 12 18 24

Wind Speed (AVE) [m/s]

Percentage [%]

WVind Speed (MAX) [m/s]

200308 200308
60 60 T
___AlNight ___ AlINight
__ 1stNight __ 1stNight
“endNight]  _ " ondNight.
¥
40 4 = ar B
&
g
2
§
]
20 7 5 20 q
&
0 Il Il 0 Il Il
0o 10 2 40 0 10 20 30 4

Wind Speed (AVE) [mis]

Wind Speed (MAX) [m/s]

0 54: 00000000000 (DO:607080)

89




g

200309 200309 200309 200309
30 T T 40 T T
< S
g - E E
= S = =
2 2 : 3
3 2 3 E]
i £ 3 3
S E g 8
g 2 £ H
= k-l o
£ £
= =
200309 200309 200309 200309
700 T 60 T 60 T
__ AllNight __ AlNight
_ " 1istNight " 1stNight
_ g _ “enanignt] " 2naNight
S N ® D
£ 600 - ] = s 4 = wf B
v 5 ¥ §
g S 4 k|
5 5 ] £
i o 2 g
£ 500 F E g § 20 T 5 20 b
& 3 £ &
g
400 0 L L L o= L Ll
o s 12 2 o 10 20 3. 4 o 10 20 3. 4
90 Hour Wind Speed (AVE) [mis] Wind Speed (MAX) [mis]
200310 200310 200310 200310
T 40 T 40 T
T sl 4 T ssf E
B _ E af 3 E xf E|
K = =
v S .3 E
EH 2 £ 3
3 2 El
g £ 3 3
£ £ i £
g 2 b B
= 9 o
£ £
= =
200310 200310 200310 200310
700 10 T 60 T 60 T
o | __ AllNight __ AlNight
_ _istNight _istNight
_ g 8 9 _ "enanignt] — ndNight
S < 5 1 X s<
£ 600 | ] 2 s 4 = wf B
= & 6 ] & o
P g 1 E E
5 § ° H E
i £, 9 g g
£ 500 3 5 3 J 5 20 ] 5 20 q
& 3 & &
2 2
1
400 0 0 L L 0 L L L
o 6 12 18 2 2 18 2 o 10 20 3. 4 o 10 20 3. 4
100 Hour Hour Wind Speed (AVE) [mis] Wind Speed (MAX) [mis]
200311 200311 200311
40 T 40 T
T sl 4 T ssf E
= _ E 2f 3 E xf E|
® = =
o = .3 E
H x £ i
e 3
g £ 3 H
g £ g &
g H H %
= g o
£ £
= =
200311 200311 200311
700 60 T 60
__ AlNight __ AlNight
- IstNight _1stNight
_ g _ "enanignt] " 2ndNight
o < ® ®
£ 600 [ ] = 40 4 = wf B
Y 5 ¥ ¥
5 & K E
i z g g
8 so0 E 5 20 41 5 2o B
& b & &
g
400 ) L L o D] L
o & 12 18 2 o 10 20 3. 4 o 1 2 40

110

Wind Speed (AVE) [mis]

Wind Speed (MAX) [mis]

O 55: 00000000000 (DO:90100110)

90




gooogo

e IO
0000000000000 000000000000bO0O00o0bO0ooOoooa
00d0000O0O00bO0o0bOo0o0o0oo0o0oOoonog -s°CcOon0 —=8°CcCoouoo —1°C
00 —4°CoD0Ooogoo

e 00/00DO0O
0000000000000000000000000000000000000
0000000000000000000000000000000000000
nfufa¥ulufa¥alufl

0000000000000 00000000O8—90000000D0D0O 0.4g/ce
00000000O00O00O0D0 2300000000000000 70%0000
oobooooooooobooooboooooboooooooooobooOooobooo

e IO
0000000000000 000D00D0O00D (~lm/s)D0O0OOOO
(~bm/s) 00DO0O0DO0OO0DOODODOOOOOOOOOOODOODOOOODO
gos-1000o00ooooooboobo0obobobooooobooooooooDbo
000b00O000 120000000000000O

ooboo0oooooOoooooooboooobooooos-100000o0o0oDo
O0002m/s000000000000OO0D0ODOOOOOOOOOOODOOO
000000 15—20m/s0000

91



54 U00OO0O0O0ODOOO0ODOOOOOODO

5.4.1 OO

20030 000000000000O0000O0O0O0O0O0OOCOOODOOOOODOOO
ooboooobocoooooboooOobOoOoOoOoOoOobOocOoOoOOoOoooOooobooOon
ooboooobooooboooboooobooooooobooooooooooooboobooo
70%000000000000000000D0000DOD0D000OOOOOOOOO 9—11
000000000000000000000000000 median 0 0.5g/cc000
000000000000 0bO00DO00DO0ODO0OO0/O00D00O0O0ODOOODDO
ooooooooboooobooooooooo

ooooooboooobooooboooooooooooobooooooooooon
tobooooboooooobooOoobOoOobOOoOoOoOoocOoOooOOoOoOooOoOoOoobooOon
TAOOOOUOOO 20040000000000000000O0OOO0OUOOOOOOOO
000000oo0o0oo0oUo0oUooooUo0o0 MAGNUMOOOOOOOO
oooooooooooooooooooooooooooooooooooooooo
ooooooooooOoooooooooooobOboboOon s—12pmO0000000
ASTEOOOUOOODOUOUOASTEODOOOOUOOOOOODOOOOODOOOOO

000000 2003000000000000000000000000020040 3
000000000000000000000D0000D 20000000000/00
Ooooooor-0o000000000COOO0O0O0ODOOOCOOOOOOODOOO
oobobooooboooobooobooooooooooboooooDoog

0 5.6: 0000000000000000O0O0O0O

92



5.4.2 0O0OO0OOO

TAOOODODOODOOOOOOOOOOOOODOOO0UOoOOooooooooooooo
OoO0oMAGNUMOOOOOOOOOOOOOOOOODO0OOOOOOOOOooooo
0o0o0ooooooooooooOoO0ooooooooOobocOoooO0oO0ooon s4n0n
gobooooooobbooobooooooobobooobooobooooobobooooboooo
ooo0ooooo0oooooOo 570000

000000020040 30000000/000000000 ASTEQDOOOOO
0000000000000 0000 ASTEODOOOOOOOUOOOODoOoOOO
gobooooooboboooboooobooobbooooboooooooooooobooo
ASTEOOOOOOOOOO

ooos00000C00CCOOOOO0O0OO0O0O0O0DOODOOOOOOOOOOODOO
oooooo pCOOOO00O0OCOOOO0OOOOOOODOOOOOOOOOODOO
gooooooogoooboooo ooooooboooooobobooooooboooooon
00000 1.5Mbyte/hour 0000000000 PCO ASTEQDOODOODOOODO
00000000U00oU0oU0o0oU0oO0 WEBOOOO ASTEOOOOOOOOOO

goood

0000 0000 /ASTEOOO 00 ~5000m

o0 ooo 10-70° 0oooDoooooo 10°00
0000000000000

oog 1pix~0.8 O

oooo 8—12pm 00000000

ooooo 2004/03/09 -

oooooooo 10/50 00600000 RAWOOO

ggo

oooooooo

1.5Mbyte/hour

ooo

00000000000 (000
oo)

000 ¢40000

ooad Ge ¢p40mm t3mm 00 DLCOOO OO oooo
ooo
ooo AVION O IR-30 ooooo0 812um
o000 ooooa
RS232C 00000
oo OMRON O E5GN RS485 00000
oooooo gooooo x2 Ooo0o -200-850°C
ogood DDDDD(DDDD)
oo pC Linux 0O 0O Vine Linux
ooooooo GV-BCTV5/PCI(I/0000)  Video4Linux 0 00O

O 54: 000000

93




B

Network

H#EmPC

RS232C-485|
Y T K-

] Pl

L Rs485
VTRH) _I
[Loov
=1 it
bt
100N
- =

O 5.7:00000000000D0O0OO0

Reference

0 5.8 000000000 (0OD)

94



5.4.3 00000

gobooobooooooooooobooooobooooo0ooooOooobooOooDo
gobooooooboboooooobooOoobOboOoOobOoOobooOoooocoooboooon
gobooooooboooobooooooooboobooooooooooboocoooboooon
gobooooooooooooboooobooboooobooooooboooo

gobbooooboooooooooooooooboooooooooobooooon
000000000000 00O0000000OU0 (CO0)LOD0ODOODOoOoOOOoDOO
bobooooooobooooboooooooboooooboooooooooooboooo
goboooboooooobooooooobobooobooooooooooobooo
gobooooooboooooobooooboooobooooooooocoooooon
goboooooooobooooboooooooboboOoOoOoOobooOooDbboOoOoboon
oobooooo-r00O000bO0000000000

gobooobooooboooooooo

l. 0ooooooooovooO0oooO0O0OooOooOo10o000000000000
000DO0000o0oO0ooOO (>l000)0000D00O00ODUO0ODOODOD
oobooooooooobooobooooooog

2. 0000000000OoOooDOoOoOoOoO0OOooOoooDDOCoCooOoOoOoooooo
gooboooboboobooboboobobooboboobooobobonooo
gogoooon

3. 00000000OD00000oooooDooo0oo0ooonO “ooooog
oooo”0oooooong

4. 00000000000O0DODDOOOO0O000OO0OODDOCOOOOOOOOoOn
gooobgo

5. J00Db0ODOO0OO0O0OOOoOoooogoo

000bO0bO0000000O00O0bO0Db0ObOOoO~rO0D0ODbOOOOb90000

544 0000

ooooooO0OD 20040 300000000000034000000000000
ooooOoOO0O0o00ooOoOO0OO00000ooOOO0O0O0000o0o0OD 20040 5000
0000ooogooo20040 00 6000000000O0O0O0O0ODO0OO

95



0590000000000 (D=0000=0000)

r000000000O0O0O0DOODOOOOOOO0OCO 000000000 3x00
400 1300 (0 5500)0000000000001300000000000 NE
OONWOOSEOOSWOO 40000 50000000000 5.1000000000
ooooosSswoOooOoooooooooooooooooo

rO000000CO00000000O00CO000000O0O0OOOc0O0OO0OoOooOooOonon

00 00 000
00 000 < 25°
NEOD | 000D (DOoOO) 25 40°
NED | 0000 (D0O00) 40 - 55°
NEO | 0000 (DOoO00) 55— 70°
NWDO | 0000 (0000) 25— 40°
NWDO | D000 (0000) 40 - 55°
NWDO | 0000 (0ooo) 55— 70°
SE0 | 0000 (DO0O00) 25— 40°
SE0 | 000D (DOOO) 40 - 55°
SE0 | 000D (QoOO) 55— 70°
SWO | 0000 (0000) 25— 40°
SWO | 0000 (0000) 40 - 55°
SWO | D000 (0ooo) 55— 70°

0 5.5: 000000ODODO

96



200405

tau

tau

tau

tau

tau

40

tau

20

40

tau

20

40

tau

20

40

tau

20

20

tau

20

O 5.10: 00000 (ODOONEOONWOOSEOOSWO)

97



00 2004/05 2004/06
00 (r<5%) 00 (r<10%) | 00 (r<5%) D00 (1 <10%)
00 87% 90% 94% 97%
NE O 86% 91% 87% 97%
NW O 85% 89% 95% 96%
SW O 82% 85% 94% 95%
SE D 85% 89% 93% 96%

O 5.6: 00DDOO0ODOOODOOO

ooboooobooooboooooooboooooboooooooooooooooogn
oobooooboocooOooooooobOoOoOoOoO0oOoOoocOoOooOOoOobooOoOoOoooOon
0000000000 7~5%0000000000000000000000

ooboooor0OO0000O00000DO00DODOO0OOO0O0O0OO0ObOOOOO0ODn
0000000000000 00000O0000000O0U0O0U0OODOooOOOO (DO
0000 20300)0000000 (0D)00D0ODODOODOUOOODODOOOODOO
000000000 (000000 40500)00000000000 7000000
oooooooo

0000000000000 000 70000000 70000000DO0O (O 5.11)0
O00ooooooSWoOO-sOoooOoOoOoooOooooooooosSswoooooo
ooooobooooooobooooooooobooboooooooooooooooobooo
ooooooooooobooobooooooooon

toooooooooooooooboooOoOOoOoCOcCbOCcOOoOoOoOoooooooooo
OoooooooooooooooosebO0OOOOOO rOO0OOOOODODOOO
oooo

SswWoOoOoOoOooooooooooooooooooooooo s%b0000000
cobooooboocoOoboooooooOoocOoOobOOoOoOooOoOooOoOoOoOooOoOoOoobooOoon
00000000000 oOooos% 0000000000

5%000000000000000000000000000000000000O0
coboodoobocobooooboooooOooOooo0oOooboocOooooooooooboogn
cooooobObooooooobooooooooOooOobocOobooobobooOoooobooOoboOoOooon
ooobooooboooobooooooooooooon

98



200405 200405
T

— T — ——
1 L -
40 1 40 - 7
= [ | = [ |
%] r B |72} r 1
E 4 S wr 1
3 20 I ] § 20 - ]
L 1 o ]
0 N 0 7
A R SR N il S R S R R
0 20 40 0 20 40
tau@Top tau@Top
200405 200405
— T — T
S} @
] 7] 3 B
3 ] 5 1
. .
tau@Top tau@Top
200406 200406
T — T T
L 1 L W
40 1 40 - 7
[C] @
2 20 T 2 20 7
S L | 2 L |
0 N 0 7
A R SR N (ISR RS SR )
0 20 40 0 20 40
tau@Top tau@Top
200406 200406
— T — T
40 T 40 - -
E 4 2 ot 4
3 20 2 20
= L ] =2 L ]
0 N 0 7
| T T | T T
0 20 40 0 20 40
tau@Top tau@Top

0O 5.11: D000 7O00NEO/NWO/SEO/SWODOOOOOOD 10000

99



5.5 U0OUOOOOOO

5.56.1 OO

ydbooobooobooobuoobboobobooboooboooboooo
0000000000000 (D0)OD0000D00D00O00D0OD0ODOLOODOOODDO
gooooooooooooooobobbobbobbbbobbobbbobbobbobobobo
goooooooooooooooooobobobobbobobobbobobbobbobobooDoo
goboooboooboboobbooobooboboobobuoobobooobbooo
0000000 (Adaptive Optics: AO) 000000 OODO0ODOODOOOOOOODODOO
000000000000000 (DODOD00OD)00000O000000DAOOODOO
ggbodboboobuooboooboobuoooboobooobuooboobo

ofdboooboooboooboobbooboboobbooobboooboooo
gogooooooooooooobobbobbobbbbbbbobbobbbbbbuobbobo
000 0/1000000000000000000000 lmO000000000
gobooooboboooboboobbuoobobuoobobooobboobboobbooo
000000000000 oDo0ooDooDo0oooo0oooooooOon DIMM
(Differential Image Motion Monitor) 000000000 ESOO0DODOODOOD
0000 (Sarazin, M. Roddier, F., “The ESO differential image motion monitor”,
1990, Astron.Astrophy., 227, 294-300)0 00 000000000000O0O0OO0O0OO
oobooooooobooon

DIMMOOOOOOOOOO0OOd=5~10ecmOd000 s=10~20cmO0 000 2
DJdd0ooddoooooddooooocCcboooooooooooooooon
00000000000 00000000 (~1/1000sec 00) DO00OO0D0OOO0OOO
oooboboodobooboboooob sgtbooboboboboobooboooobog
godddddodddodooooooooooooooooon sbobooboboo
ggboooobobooobboobbooboboobbUuobbuoobDbooobbooo
odboboooboboooboboobbuooboboobobUooboboobobooobbooo
000000000 00o0dooD0bo0ooooooDooodOo20emd0oooooooOg
oooDoooooD e6omOiO000000OO0DOOODODOOODODOOOOODODOOOO
gobooobooboo

100



5.5.2 0O0OO0OOOOOOO

Jo00do0odo0ooo0ooooooo0o TAOOOOOOO DIMMOOOOO
(Motohara, K., et al., “University of Tokyo DIMM: a portable DIMM for site testing
at Atacama”, 2004, Proc. SPIE, 5382, 648)0 00 DIMM OOOOOOOOOOODO
000o0o0ob0o0obooOo 1oo0boooooooa

00000 MeadeOO 30em 000000000000 ODOODOODOOOO1
Jdo0oooooO0oO0o0o00oOoOoO0OO0OO0OO0O0O0O0OO0OO0O0O0ORS-232C000O000 PCO
0000000000000 00oo00oo00ooooode80mm OO0 20000
200mn0m 0000000 QDDDDDDDDDDDDDDDDDDDDDD/DDDDD
0000000000000 0000000 8mmO0 BKYOOOOOOOoooooo
040000000000000D000DOO0ODOOO0ODOOODODOOODOOOOOOODOOnO
0000000000004 00000000000R0

000000oooooooooo00lmsecd 00000000 CCDOOOOOO
000004000000000000000000000000 Neptunel00O OO
cChbooooooooooooocecCbuoooooooooooooooooon pC
goooooobbbboooooooboobobbobboooodooooboooo
oo oooooooobobobobobobooooboooog

00000 PCOOODOOODDOO (EPIA-E533 / VIA Technologies 0) 00O
00 DCl2vooooooooooOooooooooooooooooooo 1ooo0
goodoobbooboooooobobboooobbboooobbbboooouboboo
0000D0000o0oo0o0o000oUdUooooooooogg PCO Vine Linux
00000VideodLinux OO O OODOO0O0O0OO0OO0OO0OOO0OODOOOOODOOOOO
ool ooooobobon

05120000000000 5130000000000 57000000000000O

5.5.3 0O0OODO
gobooooooooboocoobooobooOooOoooboboOooono

e JODIODODO (2002/10/28-29)
0000000000000 000000000000000000000000
0000000000000000

e 00/0000DO000 (2002/11/30-12/4)
0000000 5000m000TAOODODOODONO0ONO0000000000

101



oooooooobooobooooooooooooooooooooOooooooo
oooooooo

— bDOooooooooboobocooobobocoooboboOooooooOoOOoOooOooOoooboo
oobooooooooooooboboooobooobboooobobooooobogoo
ooboooobooooboooobobooobooooobobooooooooogo
ooooooooooobooon

e D0ODOODOO (2003/3/17-19)
000 DIMMOODOOOODODO0D0D00D00000000000000000

J15V Power Suppl;
(Battery)

Video Recorder

0 5.12. 00000000000 DOODOO

gooooogoo 74mm

gooooon 4

ogooooooad 205mm

gobooobogod 0.”67 x 0.”763

oooo 5500A

oooo ~1.50 (lmsec 00O0)

goooo pC Storm Squid mini

0S Vine Linux 2.6

oo0ooooo VA1000Lite (AOpen) + Video4Linux

0570000000000

102



0 5.13: 00000000000000000D0O0O (DDODODDOOD)

0 5.14: 0000D00OO0O0OO00ODOODOOO

00000ooo00o0ooooo DIMMOOOODOODOOO0ODODDOOOOO0OO
gbobobobooooooboobobobobooooo

— 0000oO0oO0ooOooOoooOoOo CccboooOoooOoUoooOooooOooo
000 1/60sec000 2000000000000000DOOO0OODOOO
goboooooboocoobooooooooooooooooooOoooooo
goboooooboooooboooooOoooooooooooooooooOooon
gobooooboooooooooobo

103



5.5.4 0O0O0OOOODO

D00d000oooooooooo0oooooooo20030 100000 TAOOO
000000000000 (Uraguchi, F. et al., “Simultaneous seeing measurements
at Atacama”, 2004, Proc. SPIE, 5489,218)0 0000000000000 ODOOOO
gooooooooooooooboooobobbbbbbobbbbbobbobobobo
O000000o0oooOoooo bIMMOOOOODOOOOOODODODODOOOOOOOO
o0ooooooooooooooo

opooo
00000 5150000 3000000000 2000000000000

e TAOOOUODDOUDDOUD (DDLDODOODDODOODO : 4950m)
ooooboooooboooobooooooooooDo

e J0O0DO (0DOODO: 5150m)
0000000000000000000000000000000000000

5800m

5600m

5400m
% 5200m
= (1T
O ZEC SRESH 5000m
Fo T b=l

4800m

bl SRE RS
FOUE = i 4600m

Fe2aUL

ALMAEREZ 1 4400m
4200m

5km

0 5.15: D00DDOOO0DOOOOODDOO

104



goboobbooboobbooboobooobooboo

e 00000 (0DOO0DD0: 5430m)
000 5430m000000000000000000000000000000
0O Chajnantor 00 000 000000000000000000000000
0000000000000000000000000000000000000
00000000000

goboooo

000 2003/10/4-10/70 30000000000 5.1605.1705.180000000
goboooooooooooobogono

e JODOOODOOODO
0000000000000 0O00000 (DoODO0oDOO0oo0OO0)oOoooDOoo
00000000000 Chicod 040000000000 4"00000DODO
oooooooooooboooooooooooobooooooooooooon
0000000000000D00000D0O00000D0O0O0 (DDOD0)00D000
gobooooooOoooooOobocooooOooOoOOoOoOobOoOoooo

e JOOODOODOODO
gboooboooboooobooobooOobooooOoooboooboboobooOoooon
gooooooooooooooboboooooooooobooooooooDoon
ooooooooooooooooooooo10bobooo0ooooooooo
ooobobooooooooooboboOooooooooooooboboOooooooon
goboooooooooboooooo

e J00D0DOOOIDIMMODODODUIOODODODOOO KolomogrovO OOOOOODO
goboboobobooboboobobooboboobobooboboo
DIMMOOODODOODOOODOOOOOOOODODOOOoODDOoooDooon
gbobobooooooboobobobobooooooo

goboooooooooooo

- 00000oO0oOoOoOoOooDo0”400b0O0D
— 0000000 0/60000000000DOODO

djdddodododooooooo0oooOo0oOoOoOoOoOoOoOoOoOoOobooooo

105



Seeing(")

20 21 22 23 24
Hour Time(CST)
[ L L B
[ : 2003/10/04
--+-Chico (5150m)
—W.M. (4950m)

Seeing(")

O 5.16: 2003/10/40000000000000000000O00OOODOOOOODOOOOO
ooooooooooogo

3

[/ 2003/10/05

f i i Chico (5150m)
. H Tuc;b (5&3{1;;11)

Seeing(")

1 L L L L 1 L L L L 1
20 20.5 21
Hour Time(CST)

. —
2003/10/05

---Chico (5150m)
—Toco (5430m)

[ H\ s 1
2 3
Seeing(")

O 5.17: 2003/10/500000000000000DO0OO00OO0DOOO0OODOOODO

106



Seeing(")

20 22 24
Hour Time(CST)

—
2003/10/07
-..-Chico (5150m) |
—Toco (5430m)

P . SO N
0 1 2 3
Seeing(’)

0 5.18: 2003/10/70 0000000000000 DOOOO0ODOOOODOOOOD

5.6 0UOOOO

000000DoOo0o00O0oDOo0o00oDoOo0oooooogoooDo200,000000
goooboooboooboobbbooobbooobboobboobboobboo
gboobobobooooooboooboboboo

107



0519 000000000000000000O0O0O0O0O0OOOODOOODOOOOO0
ooooooooooooo

108



el 0O0OO

6.1 OJOOOOOOO

6.1.1 OO

00000000000 6mO00D00O00000 170000'000000000
20060000000000O0OC0COOOOOOOOOOOOOOO20150000000
3mOO00000000000O00000020200000 50-100mOO0O00O0OOOO
ooooooooooooooooooooooooooooooooooooooon
O00ooo0oooOooo JWSTO 2011 000000000000020000 8—10m
goooooooooooOoOOODODOOOOOO0OO0OO0OO0OO0O0OO0OO0O0OOOOODbODO?210
oooooooooooooOooOooooOoooooooooooDooOOobobb0 4mO0O
000000o00oo0oo0oooUoooo MACHOO MAGNUMOOOOOOOOOO
goboooooobbooooboooobobooobboooooobooobooobooo
000000000000 000000 MMT O MagellanOODO 6.5 mO00000O
O00O0OMagellan2 00 0000000000000 0O00OO0OO30MOODCOOOO
GeminiOO 8mOOO0OO0O0 100MOOOOOOOOOOOOOOOOOOOOOOO
o00o00o000000oooooo000o0ooooooooooOOdMagellan OO
goboooooooooooobooboboboooooooooOooOooooOooono

6.1.2 0O0OO0ODOO

TAOUOUODO Magellan D00 O00O0OOD0OO 5000m 000000000000
goob0oboboooooooobOobOobUo el0OobOOobDOobDODODO

00000000 (0DO0D0OD0)000000000000O0O0O000OO0OD0O0OOo
oooooseoomOO0O0000000O0COCOOOOOOOOO0O0O0O0O0O00O000O0
gogoobooobooobooobboobboobboobboobboobboo

1000 OKeck (x2)0Gemini (x2)OVLT (x4)0Magellan (x2)OMMTOGTCOLBTOHETOSALTO
BTA

109



ooooo

MMTOOOODOOOOOOOD {/1500000000000000000000ODO
ooooooooooooOooboOooooooss6e00000000000000O0O0
oobooooboocoooooboooobOoOoOooOooobooOoooooooOoobooOon
ooboooobooooboooooooboooobooooboooooooooooobooOon
oobooooboooooooooooboooooooooooooooooooogn
toooooooooooooooooooOooOoboOoOooOboOobOOoOoOoOoOobObooOooo

TAO Magellan
goooo ogo od
00 6.5m /1.25 Ag coating Al coating
oo /15 deformable f/5, 11, 15
oooooo 30'¢ 60 "¢
00 5600m 2700m
Photometric nights/yr 260 220
Precipitable water 0.4mm 10%tile ~2mm [

0 6.1: TAO O Magellan 00O O

AO Secondary 1.17m

A(i actuator system

1.3m

3¢ Mirror x2 1.5m

Nasmyth2 :
Visitor Port /
Optical Camera

8.4m
Image rotator

Nasmyth1 :
NIR Instrument

irror rail

Cassegrain :
MIR Instrument

0 6.1: TAODODOO (0OO)

110



gogobooobooobooobboobobooobboobboobboobboo
goooboooobooobooobooobbooobboobboobboobboo
goobobobooooog

6.2 UJO0OOOOOO

TAOOUOOUOOUOUOOODOODOODOOOOOOOOOOooOOooooooooooo
00o0000o0oU0oOooo TAOUODOUOOOODOUOUOOOOODOoUOUOoOOooOOoo
oboooooobboooboooooooobooooboooboooooboooobooon
oooo

oooooooooooOOo0oOoooooOoOOoO0oOooooOoOOoOooOe6smdOOoOO
0o000oooooooo0oooooooobo0OoooooooooO0oooooo3n
oooooO0oO0o0o0o0oooooesmiIOO0O00O0OO02000000000000000O
0000000000000 0000000O0OooOO s0%0000ooono 20%00
0oOooo 1w%0o0o00o0no 10%0MIT 10%00000000000 (DO0)D00OO0
010%00090%000000000000000000000000000000O0
2000070000 (0 8O0D)00000O0ODOO0OOOODOOOOODOOODOO
goboooooooobooboooboocoooOoooboOo0oOoOoOobOooOoOooobooooboooon
0000000000 TAOOOUDOUOOOUOUOOOUDOOOoOoooUoo

06200000000000000000O0D0ODOODOOCOODOOOOOOOOOO
000000 F/12500000 (D000 E6BSCOOO)0O0O0OOOOOOOOO
0000 (D000 7lem00000 39¢em) 0000000000 770000000
00000000 Classical Cassegrain 0 D 000000000000 Gregorian 00O
(00 F/11) 000000 4000000000000000O00OO0ODOOOOODOO
oooooo Sicooooooooooooooooooooooooooooooon
0 O Gregorian Nasmyth 00 0O 0 O “folded port” 00 0 OO Cassegrain 0000 (O
000)00000000000000

0000000000000 L&FOODOD0OO0OOO0OO0O00OO0OOOUOTripod Disk O
0000000000000 00D000 FookO (DO0DODODOODODOO) O ALT-AZ
Disk O (0000 Elevation Disk 00000000 D0)00000000OO0ODOOOO
000000 Tripod Disk 00000 0O0OElevation Disk 0000000000000

111



0000000000000 (D000 10Hz) 000000000000 O0OOoOooo
012700 (AzimuthOOOQOOO 5200008s?2000000 7500)00000
000000 Azimuth slew rate = 2°/sec (0.1°/sec?)0 Elevation slew rate = 1°/sec
(0.1°/sec?) 000000000 DO1%ffset 000 0.”1 (rms)010°0ffset 00 0 1”7 (rms)0
00000 offset (DO) 00O 2'(rms) 0000

06300000000000000000O0ODO0OOO0ODOLODOODOOODO/OO
00000000000000000 2% 00000000000000000000
DD[II:I[II:IDDD[I[II:IDDD[II:IDDlOC/hourDDDDDDDDDDDDDDDD
000000000 6.20 operation condition 00 survival condition 000000

0 6.2:. 00000000

2optical support system (Elevation Disk 0000000000000)

112



== —_—
AN VENTILATION

e TUNNEL
e

063 0000000000DDO

Operating Surviving

od

ooo
od
od

000000 22m/sec00 00000 22m/sec
0000 6.6m/sec

-9~ 27°C —18 ~ 38°C
95% 100%
04G OO 04G OO

0 6.2: Operating and Survival Conditions

113



6.3 0U0OUOOOO

TAODOOOO MagellanOOO0OODO0O0O0O0OOOO0OOO0OOOOOOOOOUOOOO
00 MagellanO0 O O0OD0O0O0O0O0O0O0O0O0O0O0OOOOTAOOOODOUOOOOOO
ooooooboooooooboooboooobooooooooooooooooOoo
oooooooooooon

00000 TAOOUOOOOUOOOOUOOUOOOoOoUOoOoUOoOoUOoOoUooOOO
oooboooooog

6.3.1 TAOOOODOOOOOOOO
ooooooo

TAOOOOOOOOOOOOOOOO0OO0O00DOoO0oO0o0ooooooo 300000

e JO000O0DOCOOODOOODOOOO

TAOODOOO s600mO0O00000O000O0O0OOO0ODOO0OOOOOOOOO
booooooooocooooooobobooboooooooooboboOooooooo
ooooooooooooobobooooooboooooooobooboooooono
0000000000000 000000TAODODDODOOOODDODOOODOOOO
cooooobooooOoOoooooobooboOoooooobooooOoooooono
ooooooo

goboobooboooboboobooboobooobooboobooooboobo
000000000000000000000000 TAOOODODOOOOOOO
gobooboobobuoobbooobooboon

e JOOOODOO

gobooobooooooooooobooobooobooboobooboooDo
O0000OMagellan 00 0000000000000 0OO0OOO0OOOTAOOO
gobooboobobooboobobooobuoobbooboboo

e JO000O0OOOODOOOOODOOO

cooooooooooooobooOoooooobooOoooooooOooooono
tooooooooooOooooooooooooOoOOoCboOooOooooooooo
00000000 TAOODODOOOODOODOOOODOO0DOO0oOD0OoDOooDOoooOoo

114



gooobobooboboboooobobooboboboobobonboo
gogboogoooobgo

ooooobooboooooobo 110000000000 ooooooobooDo
0000000000000 000O000 (DODooO0oooO0ooOUooOooDo) o
gobooooooooooooo

gooboobooboo

0000000 I. (Cassegrain/Gregorian)

00000000000 Cassegrain 00000 Gregorian 0000000000

Cassegrain 0 0 Gragorian 000 0000000000000 0OO0O0OO0O00OOOO0O
oopboOoe3000

0000000000 Cassegrain 000000000000 O0O000O GregorianO 0O
0000000000000 0D00D000 Cassegrain0 0000000000 Gregorian
gooogobogogoooooooooobooooouoooouooobooooooooo
00000000000000000000000000000Gregorian000000O
goboboooboobn

000000/000000000D0000DOCassegrain000000000OOO
ooo0o0o0o0oooo0O0o0U00oooO0oo0oooO FOoOoOooooooooooo
o0 riooooooooobOoOoOooboOooOoooooOooboocOoobooogoo
ogno

Cassergain Gregorian
oooo 00
gogodg gogog gooo
goodg good gooo
ooooo oon oooo
ooooo o0
ooooooo | a
~Tm (F10000) ~10m (F10O0DO)
0oooo O 0 (CasO ~1.20)
good oo ogno

0 6.3: Cassegrain 0 0 Gragorian 0 000

115




0000000000000 00OCassegrain 000 GregorianOD 00000000
O0000O00Gregorian 00 0000000000000 O0OOOOOOOOOOO
00000000o0o0o0o0o0o0oo0o0ooo0oOoUoooooooooooO AODO
O00000000000000Cassegrain 000000000000 O0OOOODOO
ooooooooon

000000000000000000 (AOODD) 00000 Gregorian 0000
toboooobocoOoooobooOoOoOoOoOoOoOoOoOoocOoOooOOoOoOooOoOooobooOon
ooboooobooooooboooobOooboOoOoooboooooooobooOoobooOon
00000000 Gregorian 00O OO0O0OO0O0OOOO

0000000 I (Classical/Ritchey-Chretien)

00000000000 Classical 00000000 O ORitchey-Chretien (OO RC)
gobooboboon

RCOOOODOODOOOODO0OUOOOU0OO0O0OO0OO FOOOOOOOOO Classical
000000000000 00000D0RCOOUDOOOOO FOOOOOOOOOO
oooooooooooooo 1oorFrOoODOOOOODCOOD FOOODOOOOO
0000000000000 oo FOo 30000000000 0ORCOODOOOOF
000 FOOODODOODOOODODOOOOOO

goboboobooboooobogobooooboboobooooboooboobbobboooo
obobobobobobobobobobDoooboboboobooooooooog
ggbooooboooobbooboboooboboobbooboboobbooobbooo

2500 T 1.3x10*

1.2x10*

2000 = — 1.1x104

Gregorian

104

1500 [~ 9000 —

Gregorian

M2 diameter [mm)]
L
M1-M2 distance [mm]

8000 [~
1000 [~ 7000 [~ . ssosoonneenaIRse ST

6000 [ .-

500 5000
5

064 FOO M200000O 0 6.5: FOO MIM2O0OO0O0OO

116



80
70 [ 4
Opt (Dc=100cm)

50 E
40 [ 4

30 P -

Opt (De=70cm)

Diameter of Field of View [arcmin]

10 [ NIR (De=30cm) ]

T T S Ty Iy T B
5 6 7 8 9 10 11 12 13 14 15

0 6.6: Fooooooo

goood

TAOOODODOOOUOOUOOOODDODODODOOOUOUOOoooooo FOOOODOOO
00000000000000000 Classical 0000000000 OOOORCO
gooboobooboo

00 FO

00 FOO0O0O0D0OO000DO0OO0000DDO0000000000000 200000
goog

e JI0O0OODOUDOUUDUOLDOOUDOULDUODDOODOUODOODLO
obooooooooooooooobooocooooooooobooooooooDoon
0000000oDoo0o0oo0oooooooooooon ¢70em 0O0OO0DOODO
0000000000000 000 (Do00o0o0oDO0OooDOooOoOoOooDoOo
000000000 Silicad0000000O0O ¢l00cm000000DO)ODOODO
000000000 0oDO00ooOg¢30bemO0OOOOOODOO

oooo0oooooO0o0o00oooO0o000ooooO000oooo0O00 FOO
1:1000000000000000000000066000000FO0OOO
ooooocooooono

e JODOOO

000000 /FOOOOOOODOD FOOOODOOOODOOOODOOO (O
6400)000000000000DO00ODO0OODOOOOOOODOOOOODOO
MMTOOOOOOOOOOOOOOOOO 640mmOLBT 0000 Magellan O

117



00000000000000000 911mmO1300mmO00 (0DOODOOOOO
0)0000000000000000000000D000O0O00O0OOMagellan
O 1B300mmO0OO000O00OOOOOOOO

booooboooooooooobooooboooboooooooooooooooon
oooO000evr0OOOO0OO0OO0O0O0O0OCCOOOOOOOOOOODOOOOOOOO
000000000000D 20%000000000000000000000O
00000000000 TAOODDOODODOOOOOD 6500mmOO0O0O00O0OO0
oooOoOOOOOO0O0ODb0O000 <1300mmO0000000

gooooooopoopooOoDOoOODOO FOOOOOOOOODOOODODOOOOOO
0000000000000000D (DOOD0oFOOLD)OOD0OOOOOOODDO
ooooooo F=12000000 ~1200mmO0O0OOCOCOCOCOOCOOOCOOOO
oooooo 640000

d=o0.10 ] [\ d=0.15 ]

06 I 10

PSF

02 7 r

08 [\ ERY ]

06 [ | 100 1

PSF

04 | 10\ ]

02 I \ 10 \ ]

I =N R NI PRI NS e = SN IR )

0 1 2 3 0 1 2 3
[lambda/D] [lambda/D]

O 6.7 J0000OO 0.1000.1500.2000.2500000000000A /DOO0O0OODOO
ooooooooooobobbooobbbbobbobbboboboobbbobobobobboboooboobo
000000 20%0000000000000000000000O

118



oooooo Gregorian
Ritchey-Chretien
ooo 6500mm
oo FO 1.25
0o 000 (0oooooo)
goooo ~1174mm
0ooooooon 18% (000 0O)
ooooooon ~9593mm
oooooooo 4500mm
oo FO 12.0
oooooooo 2.65"” /mm = 380 pm/"”
oooooo * oa ¢30
ooooooo -t 0o ¢13
ooooooon 0o ¢2

(*ODODODOOODODOODODOOODOOOODODODOODODDOOOO

oooooooooogooo

oooooooogd

0 6.4: 00000000000

6.3.2 0O0OOOOO

ooooooooooooOoboooOoooooooesbOob0OOoOoOoOooooOooOon
0000000 e680000000000000O00O0O069006.100000

0oo | oooog \ 0ooo
oo ooo 6500 mm
oooo —16250.00 mm
oooooo —0.99667
gooooog 470 mm 000000 =000 7.2%
oo 9560.91 mm 00=8126.25mm 0000000
0
od ooo 1145.19 mm 00oO0ooD =000 18%
gooo 2598.50mm
ooooono —0.66952
0d 8,560.91 mm
ooo |ooo 1250mm x 880mm
od od 450000000
oooooo
oo 5,500 mm
000 | 00000 2.65” /mm
gooooog ~1355mm

O 6.5 0000000000DDO

119




S0 LAYOUT

THU AUE 19 28@Y4

TROG1ZA. ZHX
COMFIGURATION | OF |

0 6.8: 0000000000000000D0DO00D0O0O000O0DO0(0000)01'D6.5'0
15 0000000

120



SIFFRCE: D

BT @008 B

I B8 1

1 Q067 [5G L

I -22,476

BT 0.0580 G

I -67.415 M

SPOT_OTAGEAM

THU AUG 19 ZB@Y LMITS ARE po,
F1B0 i L

i 2 3
FHE RAODLS ¢ m.M2 .83 28,33
GED RAODLS ¢ 23.17B 0,243 HE Py TARAOG1ZAGAS . ZMx
SCRALE BFE 1@ FEFEREWCE i CHIEF FAT CONFICURATION 1 DF 1

0 69: 000 (0000D0)00000000D00000(0D000)01'03 000000000
000000000000000000000000000000000 100pm 00000.265”
00D000D0O0O0ORMSOO0O0D000O00 60pm (0.16") 0000000

BT 0.0000 (66 1 Q0167 (66 L
a
4 - -
L]
T B.280 M1 T -2 75
B 2.0580 [EG B 2.1083 B
o T -7, 40 HH i -1%. 108t
SPOT OTIAGERM
THU ALG 19 ZBOY LMITS FRE po.
FIE0 : 1 z a y
FHE RRODE @ 1.211 1.37 £ 4.7l
GED RAODE 2.11E 2,962 0.7 k] TARAOG 1 ZAGAS , ZMx
FLE BFF REFERRNLE ¢ CHIEF RAY COMFIGURATION 1 OF 1

0 6.10: 000 (00000)0000000000000000000 1350mm 00000
0000 ¢0(0000)01'03 0000065 00000000000

121



6.4 00OOOOO

6.4.1 00000

00000000000 Magellan OOOO0OOOO0O0DO0OOO0OOO0OOOOOOO
ooooooOoOoob0 e6000000O0O0O0O0O0O0O0O0O0O0OO

6.4.2 000O0O0OOOOODOO
ggo

TAOOUOUOUOUOOUOOUOOOOOOOOooOoooUoUoUooooooooo
oobooooboooooooboooobooOoOooOoOoobooOooooOoooOooobooOon
0o0000000000ooooooooooooo 30000000o0000000
oooooooo

coooboboboodoooboooooooooboooboooboOoOoooboOoOoOoOoooonoon

e JODOUOODOODDOODOO

e JO00O0OOOOOOODOCOOOOOOOOOOOOOOOOOODOOCOOO

aad
goooood 10Hz
oo goooon
ogooad gooooooogao
oood 1.5 rms
ooooad
oo 0.701
oo 0.1

0oooooooooD <003 (00 11m/sO0)
<0./2(00 15m/s00)
god gboboboboooooooobobob

O 6.6: TAOOODODOOODOOODO

122



ogno

gobbodoooooooooooooooooobooooooooooobooooonn
000000000 14m/s0000000D0OD 11m/sO0000000OOOOODOO
00000000 (000000000000 ™Tm/sO000 <0./03000 11lm/s00
0<0/2)000000000000000000

od

0000000000000 0000000000O000000000OUDO0O0O0OTAO
gbobobobooooooboobobobobooobooooobogoo

o30d

oooooOO0o0o0o0oooooOoOO0OO0OO000O0o0 300oooOooOo0o00o0o0oooooon
obooobooooooOooooboOooboooooooooon

0000000000000000 TAOOOOUOO 30020000000000
000000000000oo0ooD0ooo0ooU0ooO0ooOoooooUoD (O 6.1)0

6.5 OOOOd

goooboboooooooooooooooooooooboooooooooooon
goooooooooooooOoOoOoOO00 200000000000 O0O0G0OGODBOOO
boboooooobooooboooboooooboboooooooooooooooboooon
gobooooooobboooobooooboobooobbooooooobooooooooobooo
goboooooobbodoooooboooobboooooooooooboooooooon
oomooboooboooooooooooooooboooooooooooooooon
gobooooooobooobooooooooboboooooooboooooboooooboooon
goboooooobboooobooooooobbooobooooooooooDbooo
goboooooobobooooboocoboooobobooooooooOooooOoooooon
oobooobooooboooboooooon

gobbooobooooooooooooooooboooooooooobooooDo
oobDo0ooooOooooog 600 m OO0 O0ooobOOoOooobObo0ooDbboOonon
goboooooobobooooboooooooboooOobooOobooOoooboooooboooon
goboooooooobooboooooobooooboboOoooOooobooOooboooobooon

123



Oooo0o0O0oooooooooooo0oo0O0ooooooooo0OoD 1.05m0O0
0000000000000 000000000000000 2m MAGNUM OO0
Ooo0o0ooooooooooO0oooOooObo0oO0oooobco0oe60em ODODOOOODO
ooboooobocoooooboooobooOoOooOoOoobooOoOoooobooOooobooboOon
MAGNUM O00OO0OU0OO0OU0OOUOOUOO0OOU0O0OOU0DOUOOODOUOODOOOOOOoOO
ooooOooboooobOoooo0ooboOoooOoOoooooooooooooooOoo
toboooobooooOooobooOoOoOoOoOoOoOoOoOoOoOoOooOOoOoOoOoOoOoobooOon
oooOoOO0O000000000 SmOO00000O0OCOOO0OOO0O0O0O0O0O00B0C0O
ooooogo

6.5.1 O00OO0OODO

coboooobooooboooooooooooooOooobooOooDboOooobooOooaon
oobooooboooooobooooobooOoOooOoOoobooOooooOobooOooobooOon
00000000000000000000000000000D0000O0 (DoDOoO
000000o00o00)0000000oo00oo0ooo0o0ooooooooooo
0000000000000 D0O0000o0OoUoO OS (bOSU0OUO0 RTLinux O
0)oooooo

oooooooooooboooooboooooooooooobbooobbooooDooboooon
oobooooboooooooooooooooooooooooooooooogn
cobooooboocooooobooOoOooOoocOoOoOOoOoOoocOoOooOOoOoOooOoOooobooOon
ooboooobooooboooooooooooobooooooooooooooobooOon
oooboooooboooobooooooobobooooooo

coboooooooobobooooboooooooooooobooooboooooooon
cobooOooooOoocooboooOoOoOoOoOoOOoOoOobOOoOoOoOoOoOoOoOoOboOoOoDn

6.5.2 0O0OOOO

oooooooooooboooooboooooooooboooobobooobboooooooon
ooo0DbOo00ooOoO0o0oDbOo0ooOooOo0ooooObo0oO0oDOo0oooo0oOooon

cooooboobocooooooobocOooooooboobcOoOooOoooOooOobcOooooooon
oobooooboocoooooboooobOoOoooOoooboooooooooooobooon
ooooooboooobooooooobooooboooobooooboooooooooOoo
ooboooobbooooooboooobooooooooooooooooooogn

124



OBSERVER

INST
/ ¢ VN
DOME TEL AG PRIM SEC AUX
N>_ 7 /
it overall cameraarm active optics focus mirror cover
azimuth pnt calc read camera offset SH chopping rotator
ventilation el drive cac offset actuator adaptive optics

az drive ventilation actuator

0 6.11: booooooooog

gobooooooobboooobooooboooobbooooboooooooooooobooo
goboooooobboooooooooooboboooooooooooboooooooon
gobooooooooboboooobooobooooboboOoOooOooOobooOooboOooboooon
bobooooooobooooobooobooooobobooobooooooooboooooboooon
goboooooooooobooooooobooobooooOooooooobooo
0000000000000 0000000000000/0000000000 (OO
gobooooooooboboooobooooooooboboOoOobOoOobooOooboboooOooboooon
0000000000000 000000O000)D0000D00D0DO000O00DOoO
goboooooobboooboooooobbooobooooooobooooobooo
goboooboooooooooboooo

oobboooobooooooooboooboobocoboooOoooooooOooboOoooDo
oobooooooboboooboooooooobooooboooooooooooboooo
gobooooooboodooboooooooooooooooooooooooooon
gobOoooooooboobooooboocobooOoobOboOoOooOooobooOoobOboOoOooboooon
boboooooooobobooooboooooooobooooboooobooOoooboooooboooon
gobooooooobobooobooooooobbooooboooooooboboooobooo
00000000000o0o0 OSOU LinuxOOOOODOOOOO COOODOOO
000000000 DO0O0O0 IPODOODO/O0000D0ODOO socket DODOODOO
goooon

125



6.5.3 0O0OOO

OO00oDoOoooooooDbo e00m O0D0OO0O00DOO0OO0ODOOOODOOODOO
ooboooobooooooboooOoOoocOoO0ooOoOooooOoOooOooOoooOooobooOon
oobooooboocooooooooooboooobooobooooooOoooooobooon
0000000 2000000000000 (00D 2500m) 000000000000
ooboooooooooboooobobooobooooooooon

coboooooboooobobooooOoooOoooOoOoOoOoOoOboOoOoDOboOoOooOoboOooon
ooboooobooooooooooobooooobooooboooooooooooobooon
ooooooooooooooooobobooooooooobooooooooooooo
oobooobooooboooooooboooooooooooooooooooogn
000000 MbpsOOOOOO TCP/IPLANOOOODOOOOOODDOOODOO
ooboooobooooooooooboooooooboooooooooooobooOoon
0000000 LANOOOODOODOOO0OODDO0O000O0o0oooooD (FAXOOoO
00)02000000000000000000 LANOODOOOODODOOOOO
ooboooobooooooooboooooboooOooOoOoobooOoOoooobooOooobooOon
oobooooboooboooboooobooooboooboooooooooooobooOon
0000000000000000000 LANOOOO MbpsOOOOOOOOOO
000 XO0O0oOoooooooooooooooooooooooooooooooo
ooboooobooooboooobooooboooOoboOoooboooooooobooOooobooOon
oobooooboooooooboooobooooboooobooooooooooooOoon
O000000000000D0 socket 000000000000 O0DODOOODOOOOO
cooboocoobooooooocooon

cooboooooooooooooooboooooooboooOoooobooooooooon
ooooooboooboooooobooooboooooooooooooooooo
cobooooboooooobooooooOoOooOoOoOoooOoooOooOoooOoooboogon
ooboooobocooooobooOooboocOoOoOOoOoOooOoOooOooOoooOooobooOon
ooboooobooooooobooooboooobooooooooooooooobooOon
ooooooboooooooboooboOoooboooooOoooooooooobooOoo
cooooooooooboooo

cobooooobooooobooooobOoooooooooOoOoboboOoOoboboOoOooboooon
ooboooobooooboooobooooboooooooooooooooooobooOon
ooooooboOoobOoOooOoOo0oobOoOoooOOooooOoooDoooooOoooooo
000000000000 0oO0o0oOoOoooO AsCllodooooooooooo
oobooooboooooooboooobOoOoooOoooobooOoooooobooOoobooOon

126



R
control
) ]
: X viassh
- LT orske |7 T ]
| monitor ) v (_monitor ")
-
TV mestin
Y2 1 —\
suMMIT 7 N\ BASE SITE
Operator Observer

0 6.12. DOo0oDO0OO0O0DOOOODOOOO

goboooooobboooboooooooobooooooooooooooooooon
000000000000 0000000000000000 socket DOODOOOODO
ooboooooooboboooobooobooooobbooooooboooooooooboooon
goboooooooooooobooooboobo0oobboOoooooo

goooooooooooboobobooooooooboOooooooooooooon
gobooooooooboboooobooooooooboboOoOobOoOobooOooboboooOooboooon
booooooooooooooooboboooooooooooooooooooooon
oooo MAGNUM OOOOOOOOOOOOODOO0OOOO0O0DOOOOOOoOoooO
gbooooooooooboooobobooooooooooooooobooooooooo
goboooooooobobooooboooobooooobobooOoobooOobooOooboooooboooon
gobooooooooooboboooooooboobooobooooooobooooobooo
gboboooooobbodooooooooobooooooooooooocoooooon
oboooooocoooooobooOoOooOoOoOoOboOoOoOoOoOoOoOoOoOoboboOooOoboooon
bobooooooobooooboooooooboooobooooboooooooooboooon
gobooooooobbooobooooooobboooobooooooobobooooboooo
goboooooobbooobooooooooboboooooooooooooooooo
goo

127



6.6 U0OUOOooOooOO

oo00O0oocoO0O0o0ooOoO00oooooOOo0ooocoOoDoo0o0ooooo0O0n 5000 m
gogboooboooobboobboobboobbooboboobboobobooo
gogboooobooobboobbooboboobbuooboboobbooobbooo
gbobobooooooooooboon

oobobobobobobobobobobOobobobobobobobUuDbOoo
000000000000000000 MAGNUMOOUOOOODOOODODOOOOOO
0000000000000 (00 2m) 00000000 DOOOOOOOOOOOO
3000m 00000000000 O0TAOOUOOOOOOOOOOODOOUOUOODOO
gobobooobooobboobboooboboobboobboobboobobooo
gogbooooboooobbooobbooboboobbuooboboobbooobbooo
gboboboboboboboboboboboboboboboobooobooobooog
oboboboooooboobobobobooboooooobogoo

gbobobooboboboboboobooboboboboboobobobob
gooooooooooobobobobobobobobuobuobooooboobooo
gbooobooobooboooboooboobooobooboooobooboboobooo
000 MAGNUM OO0O0OO0OO0OO0OO0OOOOOO0OOOOO0OO0O0OO0OO0O0OOOODOOOoOOO
gogboboooboooboooboboooboboobbooboboobboobbooo
gogbooobooobbooobboooboboobbuooboboobbooobbooo
obobooo
oobobobobobobobobobobOobUobOobobobOobobUoboo
gogboooobooobboobbooboboobbooobboobobooobbooo
gbobobobobobobobobobobooboboooobooooobooobooog
gboboboboboboboboboboboboboobooboooooboobooog
00000000 MAGNUMOOOOOOOOOOOOUOOOUOOOooDoOOoooOoo
gobodbobooboobboobuoobbooboobboon
gobobobobobobobobobobobOobOobOobOobOobOobOoDbOoo
obobobobobobobobuoboboooboobooooobooooooooog
gobbooobobooobboobboobboobboobobooboboobobooon
gogoooobooooboboobbuooboboobboooboobobbooobbooo
gboboooooooboobobobooooooooboboboboooo
oobobobobobobobobobOobOobUobobUobobOobUobUoDbOoo
gobooobooobboobboobboobboobboobbooobooo
gogboooobooooboboobboobobuoobbuoobobooobbooobboo

128



gobooooboobboobo
gobobooboobooobooobbooobooboboobbuoobbuoobboon
goobogobogobogoobooobogoooooooooooooboooobooooooooo
gooboobogoboobooobooooooooooooboobooboobooobooooooo
gobbooboobbooboobboobooboboo

6.7 0O0ODOO

6.7.1 0O0OOOOODO

0ooo0o0oooooooooooeroooonoono
gobobooboooboooboooboobboobboobboobboob
good

6.7.2 00OO0OOODOOO

obooooooooooobooboboboboooooooooooooooooooooo
000613000000

00000 00 000 0000 00

(< 1lpm) (1 ~10pum) (10um <)
oooo D 6.5 (TAO) /8.2 (Subaru) /8.1 (VLT) (m)
00000 €tel 672000
000 Tmirror 2
00000 €atm 6.7.4000
0ooo Tatm 255 (K)
oooono €atm :l_eatm
00000 Tier 270 (K)
oooooo Ctel =1 — efupirror
0oo0ooon €opt 6.7.3000
000000 e 6.7.5000
ooooo Nread 3 10 2000 (e~ s~ Tpix Trm.s.)
ooo idark 1x1072 1x1072 1x1072 (e” s !pix™t)
00000000 Spixel 0.1 (" pix™1)
oooo Wpix 1.5 x 10° 2 x 10° 2 x 107 (e pix 1)
000000 tmin 10 0.1 0.025 (s)

0 6.7 000000000000000

129



6.73 0O0OO0OOOOO

000000000000 (1)000000000(2)00000000(3)0000
00000000000000000000000

afufalalufalaln
e 00 (A<09wm) 00 CCDOOODODDEEVOOOODOO30000

e J0DO (09<A<5wn)000000000D000008%OOOOOODO
0000000008%0000

e J0OODDO (Bum < A) 0D0O2pumOI000 Si:AsO025um 0000 Si:Sb
0000000000 SOFIADOO0OUDOO0ODOO0O0 FORCASTODOOODOO
Si:As*0 Si:Sb°00DD000

gobooobooboo

oooooOooOoooooooesoOooooooOon
gooooooooooooooooooo e3000O0O0OO

6.74 0O00OOCOO
0Doo

coooooooooooooooboOoOoOODOODOOODOODOODODODOOOOOO
0O GEMINIOOO (00DOO0OO0OO0O0O CFHTOUOOOOOO)ODOOODOOOO (4200

oo o0Ooo o0oooo
oooood 0.7 0.7 0.5
oooooog 0.6 0.6 0.6

O 68 0000000D

Shttp://anela.mtk.nao.ac.jp/eev/eev.pdf
4http://tnt.tn.cornell.edu/techmemos/Support_Docs/TMOO_19/SiAs\%20DQE. prn
Shttp://tnt.tn.cornell.edu/techmemos/Support_Docs/TMO0_19/SiSb\%20DQE. prn

130



m)000000000000000000000000000000OOOD0O0OOOODO
gooooobooboboooo

T T T
Rl Tl AR '

LB |

e el el o % el

T T TTTT

instrument

LB LLL |

0 6.13: DO00O0O0DOO0OO0ODOO0O0OOODOOO(U)ODOD00ODOUOOOOOODOO
00000000000 500000000000000000 5600m (TAO)DO OO 4200m (O
00)000oo 2600m (VLT) OOOOOO0OOOO0OODOOOOODOODO 20%000000
00000 (@0)000000000 (2000)0(0)0000OODOD (DOODOOOOOOO
000000ooooooooo)g

131



ggo

0000000000000 000000000oo0U0o0oU00ooouUO0o0 ATRAN
(Lord, S. D. 1992, NASA Technical Memor, 103957) OO0 00O O0O0O0O0OOO
5600m04200m (00 00000)02600m (VLT OOOOODO0OO0O00) 030000
ogooooooooobooad

e 00 (Z=0)

e JODOOODO 0.8um ~ 1000 pm

ATRANOOODOOOOO R~10000 (30 km/s) 00ODOOOOOOOO O
00 R=10000 (0O0DOO0OO RO +£20000000000)00000O

ATRANOOODODOOODOOOO 5600m=18373 00 000000O00O0OOO
1.lmm 000000 Chajnantor 0000000000000 O0OOOOOO
25% 00 0.5mm 000000

ATRAN O0O0OO00OO0OO0DO0OOD 4200 m=13780 00 O0O0O0OOOOOOOO
034mm O0000O0OGEMINIOOO 0000 4200m 0000000COO
000 20% 0 1.0mm 00000000 1.0mm OO0O00O0OO

2600m=8530 00000000000 ATRANOOOOOODOOOOOOOO
O 6.0mmO000

oboboo 613000000

6.7.5 0O000OO
ocooooooooooooo200000000C00000O0C0OOOOO

e 100D0DDDOOOOOOODS000O0NONODODO22m 000000000
oo00o0o0ooooooboooon

e J000IDD0ODUDUOD T UODODO X(1 —ewm) 0000

e 100J00DDOODDODOON Tt ODODODOO x(1 —epmirery 0000

atm

Shttp://www.gemini.edu/sciops/ObsProcess/obsConstraints/obsConstraints.html

132



6.76 00O0O0O

00000000Mm.35~52um000000000000000 10,000005/N = 10
000 TAOODOOODOVLITODOOODOO00D00 (R=5000000 (R=100)00
0000 (R=5000000000000000000

00000000000000

e 00000000 (A<1lwm)D 05000 (A>1wm) 0 0./400000000
00000000000000000000000000000

e 100000000 OOOOOOOOOOZ20000O

e 10000000000 tyinge 1000000000000 Spg (7 s tpix™1)
oooooo

tsingle - Wpixel/SBG (61)

goooocooo

tsingle > 36008 0 0 fyngle = 3600s
~ 000000000000000000000 tpere O

teaLp = (47read)?/SBc (6.2)
00 0O tsingle > tearLp U O tsingle = tearp 00 0O O
gooooooocooooboooooooo

e 100000 (tmin) 0000000000000 O00O0O0 Wy, 0ODODO0O
000000000

e JO0D0DUOOex0200000000000DODODODOOOODODDDODOOO
gogd

0000o000o0o0o0oooo0 e.1406.160000

133



T ST NUNL AT LR S BN T T L

108

10*

1000

100

—_
(=}

AL R s L AL L L L

Limiting Flux (udy)

—

“TAQ (8:5m, 5600m)
= ‘Subaru. (8:2m, 4200m)
—> YLT'(8.1ri; 2600m)

1 10

Eovod vl vl vvvied vl vl el vd

Single Exposure (s)

T T T T

Sky Count (e-/s/pix)
2
o B L i R R B b i |

0 6.14: (0) D000 (R=5)0 TAO (00)00D00 (DO0)OVLTOOOOO (00)000
00 TAO (0)00OO (0)OVLT (0)0000000000000000(0)000000
00000D000000000 (00000000)00000000000000000000
000000000000000000000000

134



108

108

104

1000

100

Limiting Flux (udy)

10

0.1

Single Exposure (s)

Sky Count (e-/s/pix)

LRLLL LR Ll B L SR B L L L e

bl v ownd v vl vvvvnd vl vl vl il

ol 2vvael v 1vsl 1 s

0 6.15:

000000 (R=100)0

135




Limiting Flux (udy)

Single Exposure (s)

Sky Count (e~/s/pix)

)
g =
IS

—
o
o

—_
[=]
(=]

—_
o

R Y T T T T T T T T

Péint Source (R=65000, 10* sec, S/N=5)

AL R Ll L AL L L L

Eovd vvvwnd vl vvved vl vl el vvd

i e e B e s e o e |

0 6.16: 000 (R=5000)0 TAO(DO)O

136




070 O0oOn0

00000TAOOOOOODODOODOUDOUOUOOOOODOODOO0DO0DO0OOODOOOn
oboboboooooooooooooooooooooboooooooooooooon
000000O0000Do0oooO (De0oOoOoOOoO)d

71 0O000200000000000

000000000 TAOOOOOOOODOOODOOoOOOoOOooDoOoooOoooOoO
0000000o0o0o00o0oU0o0o0oOo0oo0 TAOOODOOOOOOOoDOO
goobooo

ooooooooooooo 20000O00O0Obo0o0oboOoOooOoOoo

7.1.1 00O
000000 TAOUOOOOUOOOOOUDOOOOUDOOO

e 000D00DD0O0DO0O (1.27mmO0000 75%) 0000000000000
oooo (0 7.1)0

e 12 0000000D0DOODOODO
0oooo0ooooooooooooo 200000000

e J00DDODDO 2048x20430 00000000 0OOO0ODOOOO (HAWAIIL2)
gooogooo

e JO00OCOOUOOODODOCOOUOOOLOOODOCOOOOOOODODOOOOO
gobooooooooobooboooboono

137



7.1.2 00O

gooobobooboboooboboobobooobobooboboobobnoo
oo0ooOoO000oC2000000000000O0O000DAO

0000000000000 1200000005 x 100000000 1.37um0O0
000000000000 000n 07~137um 0 145~25pm 0 20000000
0/00000000000000000000D000000OO0O0O0O0 720000
oooooooooooooooooo 710000000

gboboboboboboboboboboboboboboboboboboob
gobooobooobobo20000bbo0oobooobOooboboDooboooboboooog

Transmittance

Chajnantor(5600m) 1.27mm WV

ol - . . )
1 1.5 2.5

2
Wavelength(um)

O 7.1: Chajnantor 0000000000000 0O0OOOO0O 1.27mm000 5600m 000
ATRANOOOOOOOO

ooo HAWAII2-RG x 40
00 FO F/12
00 FO F/3.9
oooo 000000000000/0000000
ooooo 0.7—25um (0O0O)
0oooo 1000 (0O OO0 1.70)
0ooooooo 015 /pix
0o 127¢ (000)
5 x5 (000000)
oooo 0ooooooo
oooo 0000 (0.9 — 1.35um, 1.45 — 2.5um)
0oooo 0000000000000 1.37um0 200000
ooooo 00000000000000000 30000000

0 71:00020000000000000000000000

138



000/0000000000000000000000000000 2Kx2KO000
0000 HgCdTeOOOODOODOOOOOOUODO 200000000400000000
0000006x ¥ 000000000000000000000000000O00
J000o0o0o0o0oooooooooooooooo
goboopoboooboobobooboon

e JO000OOOODOOOOOOD 20000000 DODOOOOODOOOO
gboboboooooooooboobon

e 0.7 ~25ym O0000O00O0O0OCOO0OOCOOOOCOOOOODOOOOOO
gooooboboobobobuooooboboobobuoboobobooboobo
gog

7.1.3 000

000000000000 72000000000 7300010
goooooo0o0ooOoOooOoUoooor400000D0O0OO0OOOOODOODO
075~7800000000000000O0O0O0O0O0OOOOOOODOO

o= iR A SH(>1.45um) === === === .

ZEFHEL VX T QYA — B fp e H
l ; L HAs049s8 | IE— TURL

TANE— TYXL

RHEBE7 LA

e EREN A T (<LITPMY - m e m e <

0 72:0002000000000000000O0000DOOO

H(O) Genesia 0000 0000

139



oo 1245mm (0000), 1221mm (0DOD0DO)
oooo 660mm (@1.8um)
gooooo goooo 283mm

00 00000 50 (CaFe, S-FPL51, ZnSe, Silica, BaFs)
ooood  220mm (@QI1.1pm)
0000 (0) OO0 00000 60 (BaFz, S-TTH14, BaF2, S-THI14, S-LALS,
S-BSM16)
0ooo  220mm (@Q1.8um)
0000 (0) OO0 00000 60 (BaFa, S-TIH14, CaF,, S-THI14, S-
BSM16, S-BSL7)
oo 55mm
00 000 a  A/AX0.43"slit)
() iz000  ZnSe 310 mm~'  9.4° 1163
oooon (b) JOOO  ZnSe 215mm~' 10.5° 1178
(¢) HOOO ZnSe 171 mm~' 10.8° 1180
(d) KOOO ZnSe 126 mm~' 11.1° 1180

O 72000000000

[1} 150.00 MM

150.00 MM

0 7.3: 000 (0)0000 (0)00000000

140



0 74: 0000000000000000000O00O0O0O00OOO

Distance from
Field Center

[(0.0', 6.0)

Distance from
Field Center
1 [o.0, 6.0y
? 7[00, a5y
e (0.0°, 3.0)
‘ 7 [to0r, 1.5
* 1 0.0, 0.0y
36um

36um

Distance from
Field Center

36um

Distance from
Field Center

q [aes 129

36um

Distance from
Field Center

075 00000000000000000000000 0.74m0O 0.8pumO 0.95pum 00 00

141



Distance £rom
Field Center

[(1.257, 1.25%)

0O 76: 00000000000000O0DOOO0O0ODO0 1.1pmO1.25um01.4pm 0000

36um

Distance from
Field Center

[11.250, 1.25)

(2.57, 0.0
(0.07, 2.5)
[(0.07, 0.0)

36um

Distance from
Field Center

T [aes, 125)

36um

Distance from
Field Center

[1.257, 1.25")

(2.57, 0.01)
[(0.07, 2.5")
[(0.0, c.0')

077 00000000000000D00000DO0O0 14pm01.6pm01.8um 0000

II)%

=

36um

Distance from
Field Center

[11.257, 1.25)

(257, 0.0)
[(o0.07, 2.5)
(0.07, 0.0")

%

W

142

36um

Distance from
Field Center

[(1.257, 1.25%)

36um




Distance from ! Distance from ! Distance from
Field Center Field Center Field Center
N Y 2 R |
. e oy ) |
(0.0 ) ? (0.0 ) Q (0.0 ) ‘Y
[(0.0". 0.0) o 7 o0 0.0y o " Jto.0r 0.0y ®
mmmmmmmmmmmmmm

078 000000000000000DOO0OODOO 2.0pumO2.2pum024pum 0000

714 00O

0000000000 2kx2k0000000 HgCdTeO OO OOOOOOOOOO
0000000000000 Rockwell Scientific 00 HAWAII2-RG O Raytheon O O
VIRGOOOODOOOooooooo

0o0o0ooooogor300ooooo

HAWAII2-RGUOOOOOODOOOOOO0OO0OODO0OO0OO0OO00000O00O000on
000oooooooooO2sum 0000 S5pemO00000000OCO0O0OOO0OOO
0000000000000 0oDoo0ooo0o0oo0ooo0ooo0o0ooo0oDoa30K
gbobobobooooooboobobobobooooooooDo

VIRGOUO 25ym 00 0000000000000 0OO0OOOOOOOOOOOO

Cable and Connector

Sensor Chip Assembly

. 5

O 7.9: Rockwell Scientific 0 0 HAWAII2-RG (O ) O Raytheon 00O VIRGO (O)

143



00000 HAWAII2-RG | VIRGO
goooooo 18 pm 20.0 pm
ooooooo 1.0 x 10° e > 2.0 x 10° e
gooooooo < 5 MHz 280 kHz
0000000 (CDS) <15e <20e¢
oood > 65% > 70%
oooo 0.3 —5.3um 0.85 — 2.5um
ooo < 0.1 e™ /sec (50K) <4 e /sec (T8K)
0000 < 4mW (@ 100 kHz) | 7mW (@ 280 kiiz)
ooooo 1,4, 32 1, 16

0 7.3: Rockwell Scientific 0 0 HAWAII2-RG 0 00 O Raytheon 00 VIRGO OO DO
ooo

000000 (7K)OooooOOOOOoOooOOooooOoOoOOoOoooooooooooo

ocoooooooobo om0 000OC0COCOOODOOOOOOOOOOOCODOCOO
oooo

7.1.5 0O0O0OO0O0OOOODO

coooooOooOO0o0o0000oo0o0oolomOODODOO0OO0O0O000000000
ooboooboooooooooobooooooooodoooooooooogn
00000000 NASA-GSFCOODODO?00000000000000000000
cooooOoOo0o0o0oo0ooooo vioooooooobOoOOooOoOoOoOooooooo
oobooooboooboooooooboooooooooooooooooooOon
ooboooboooooobooooooooboooooooooooooooooaon
ooboooooooooboocOooobocooboooo

UH\' "'""'"""""""'""‘ [

,I,wll;'i' : / H-HEHE@
MEDDDD

[ LI

[ L]

0O 7.10: GSrPCOOODODODOOODODOODDOOOO (D)DOODODOODODOOO (O)

’http://bram.gsfc.nasa.gov/ms_webpage/

144



ooooo ooo
000000000  100pmx500um

goooooooo 40x200
oooodoo 20mm x 20mm
goooooo 1:2000 O O
gooooooo good
goooo 0.3 ~ 2.5 pm

0 74: 0000000000000000000000D00O00O0O0O0OOOOOO0

O0oO0oUoOoGsSrCOOO0O0OUOOOOODOOUOOO0DOOUDOOOOUDOOOO
goooooooooooobooooooooooooobbooooooobooooooon
0000000000000000000000300000000000000000
goboooboooooooooboooboboooboooooooooood

1. 0o0ooooooooooooooboooooooooobobooooooooDoon
goooooooooooooboooodgoooobooboooooooooon
00000000DO0ooOooo(@ 7.110)

2. 0000000000000000O00000000OOO (0D 7110)000000
gooooooooooooooboooodgooooooobooooooooon
goboooobooooboobooobooooooOoboOooooo

oobooooood
o010000000000000000000000O000O0O00O0 7120000

oooooooooooooooobcooooooooooooooooooooooon

0 500pumx100pm 0000 200000000 10000 (500umx2000pm) 0000

Capacitance

i

0 711: 000000000000 00000000000000000000000 1000
0000 (0)0D000D000000 (@)

Shttp://toshi.fujita3.iis.u-tokyo.ac.jp/home/index.html

145



00000000000 10x400000 (2emx2cm) 0O0OO00DODOOOOODODOOO

000 5x500000000 x5 000000000000O0O0

0000000000000 TAOODOODOOOOODOOOO 0./2501./250000
0000000000000 1”7x10"00000000000000004%x80000

oo0ooooo0oooooooooo0oopoooooo0 713000000000
0000000000 oo0o0000o0o0000o0Oo0O0000o0O0O000O0O00 400

tobooooboooooobooOoOobOocOoO0oOOoOoOooOoOooOOoOoooOoOooobooOon

oooooooo

goboooobooooooooobooooooooobood

o 7.12:

gooooooooooooobooooooooooboooooboOooood

100pmx500pm 000 0000000000000000000000000000000 (O

0000o0)bo0o0o0oo0000oDoO0o0o0oDoOooooo

o 7.13:

146



7.2 0000O0OOOODOO

721 0O0O0OO

gobbooooocoooooooobooocoooooooooooooobooOooonon
gobOoooooooboobooooocooooooboboOoOoOooOobooOoobobooooboooon
goboooooobboooboooooooobboooooobooooobooooobooon
0000000000000 0000000000000D0DODO0OD (DO)0DODO0OO
gobooooooboobooooooooooobobooooOooobooOooobobooooooo
goboooooooooooobooobooooooooooboOooon

ooboooboooooooooooooooobooooooooooboboOoooDo
00000000000 0000D000() 0000000000 D0O00D000OOO
0000000000000 O(i) DOoo0D0oUO0obOO0oUOobOD0ObDODOODOOoOooo
0000000000000 00000O00D00D(i) D0D0D000D0oLOOoDUOOoDO
goboooooooboooobooooooobbooobooooooooooobooo
goboooooooooon

TAOOODOOUOOOOUOOOOODOOUOOOoOOoUOOooOooUoooooooooo
goooooooOoOoOoOoOoOooooooooOoDOOOO0714000000000000
00000000000 00O0000O0O0ONODOD (00 813pwm) 00000000
000000QUOO0 (00 1626wm)00000D000DO0O0OO0OOOOOOOO
028pymO00D000O0O0OC0COOCCOOOOODOOOOOOOOOOOO0O0O0000O
oooo

000 TAOOOUOODOOODOOODODDO0O0O0O00O0DO00D0O0DO00O000o0O0TAO
goboooooobobooooboooooooobobooobooobooOoooboooooboooon
goooooooo 20pmOO0O0O0OO0OO0OO030pmOOCOCOOOOOOOOOOOOOO
ooooooooooooboooooooooooooooboobooooooonoooooon
gboboooooobbodooooooooobboooooooooooocoooooon
bobooooooboobooooboocOobooOoobOboOoOooOoOoOobOoOooboocOoooboooon
0000000000 (AO)0O0DOU0L00ODO0O0OLO0O0OOD0DOOObODOOUOoOUO
gooooooooz20-830 ymO00000000O00O0O0DOOOOODOOOOO
goboooooon

147



Transmittance

Transmittance

R T eV W W

Transmittance

30 32

Wavelength [um]

36

O 714: 0000000000000 DO0O0 PWV=0.38mmOO00 PWV=091lmm 0000
0000 5600m04200m 000000000 10%00000000

ooooao

OooooooooooooOoOoocooOoOoOoooooooooboooOoOooon 20+
oumO000CO0O0000O0OODOCODOOOOOOOODOODOOOOOOOOOO
ooooooobooooboooooooooooooboooooooon

e 200 I000000DODOODODOO

2000mO0000000C00O0DOO0O0OO0OCOCOOOOOOOOCOCOOOOOO00O0
cooooooobooocoooooooooOoOoOooOoOoOObOOoOoOoooooo
ooooooooboobobooooooooooboooooooboboooooooo
0000000000000000000400000000000000000
00000000 6mO000000000 3000mO000000000000000000000000

148



gogboooboobobooboobbooboon

000O0O0TAODOOO 6.5mO00000000000."75 (@20um) 000000
0000000000000 D0O0000 1000000 10mJy (DOOS/N =5)
oooooooobobooooooooooooobobooooooooooooon
0O COMICSOO 5000000000000 DODUOODOOOOODOUODUOO
O000000oO0TAOOOOOOOUOOUOOUD 20emO0O000O00OODOOO
00000000000 (Doobh)O0DoooDoOooD

3pmO00000000000000

Jopm 00000O000DO0OOCOOOOOCOOOOOOOOOOOOOOCOOO
(Kuiper0O)O0OOOODOOODOOOOOOOODODOOODODODOOODOODO
0000000000000 00000 H,O (DDOO)00DOooooooooo
0000 4500m OOO0O0 OOODOOOOOOOODOOOOOOOOOODOOO
0000000O00DO000O0O0D (o 7.180) 000000000 OODODOD
0000000 St:AsBIBOOOOOOOO1020pumO0O00O0O00OOD0OOO
000 25umO0000000000DOODOOO (071990000 2000000
oo000oO0oooooooooo 25pmO00000CCOODOOODOOO0O 6.5m
0 TAOOOOO 30pmO0 ~1./5000000000000000000000
0000000000000 00000O0000D0O000D0TAOOOO 30pm
000000000000000000°%030pm 0000000000 TAODO
booooooooooooooooocoooooobOoboooooooooon
oobooooooooooocoOobooOoobobocoobooOoo

O00oo0o0oo0ooo0ooKooooooooooooooooooooo
0o0o00o0ooooooOoCocoOoO0ooooooooooboO0Ooon 25pmO00
oooooboooooosoemooDObOOOOoooDOObOOOooooon
O0o00o0o0o0o0ooOooooTAOOOODOOUOOODOODOOOODOOOOO
03umO0000000000000D0000OO00OOOO0O 1.4 (@35um) 00
ooboooooooooboooboooooooad

00000 TAOODOODOODOODO

5201100000000 JWSTOO (00 6.5m) 0000000000 (MIRI) 0000000000
000000 SiAs BIBOODOOOO 30pum 0000000000000000000 30um 0000
0000000000000000000000000 SOFIADOO (00 27m) 4000000000
(FORCAST) 0000000

149



7.2.2 00000

ooooogoo rs00000000000000O0ODODOOOOOOOOOOoO
cobooOooooOoboOoOoboOooOooOoOoOoOoOooOoobOoOoOoOoooOoa
gooooooooooog ris0000

o LD

gooooo0oo0o00oo0oooooooo 10000 35pmO0OD00O0ODO0O0O
0000000000000 000O00 (0D 71500000000000000
0000o0oooOooooooo)o

coooooboooboooooooobooboboooooooooboboooooooon
tooooooooooboooooooooooOoOoOoboboOoOoOooooooooo
ooooooooobooooobooooobooooooooooboOooooooo

ooooo
ooooo

gooooooo

od

NOOO (8-13wm) /QLOO0O (16-26 um) /29-38 um
g0 :.0000000000Db00o0o

00 : 000000000000 (R~200)

0.”10/pix

gooopoooooo

00 : 25"x25"

00 :~25"(0000000000)

0000 (thoOOS/N =5)

10pm 000 : ~1.5mJy

200m 000 : ~10mJy

30pm 000 : ~mJy

10pm 000 (R =500) : ~20mJy
20pm 000 (R=900): ~75mJy

ooo

ooo

ooo

ooo

0000/NQOOOOO/30pm 000000 300000
ooo

00000000000

0000000000000000000000000
ooo

D000000040000000000
0000000 20000000000 20K0000
0000000000000000000
Si:As BIBODODO 10 (NQOODODD)

0000000 256x256 0000000
Si:SbBIBOOO 10 (30pmO0000)

0000000 256x256 0000000
Linux+PCI000000000000000000
0000000000000000000000000

0 7.5: TAODOODODOODDOODODO (ODO)

150




Ntrap,
lran, )
Winggy ¢ Coll limagy,.,

1

L
ot Sty Cimegg,

O 7.15: 00000000000000O0O

ooooooooooooooOoooOoOoOoOoO0oO0oOoOOOb0 200000000
oooooooooooboooooooooOooOoobocboOoOooooooooooon
goooooo

goobood

gooooooooooooooboobooooooooobooOoooooooDoon
ooooooooooooooooooooooooDbobboooooooDon
gooboboobocoooobooooooooboboooooooboboOoooooon
000000000000 O0O0UO0OUO0OUD HzODOODODOODOO ~YODODODO
00000 (0000)000000000000O00000000O00OOoOoO
ooooooooooooooooooooooooboobooooooooon
O00000o0o000o0oOooo0oooOoooOooTAOOUOOOOOO
0 (AO)0D000OU00D0O000ODO000OO ~10"000000000ODO0U0OD0OO
0000000000000 oO0o0ooOo0o0oOoOTAODODODDODOODODOO
0000000000000 00000000D0 (20K)DO0D0D0OO0OD0O0000
ooooocooooono

goooooooooooooooobocOoooobooooobocOoooooooDoon
oooO0O0O0000opoooODO0O000O0ooooo0sem0O0OODOOO0O0O00O
ooooooooo0o0ooooooobobo0o0oooooooboo0ooooooDon
ooooOoOO0O0o0o0oO0ooooOooOOO0OO0OO0O0OO0O0oooOoOoOOOOOO0O0nn 2
0oo0OHzOOOOOOOOOOOOOOOOOOOODOOOOOOOOO0oon
00 (0 716)0000000000DO0O0O0O0ODOOOODOOODOOOODOO

151



@ (b)

25msec  25msec 25msec
oO—0—0

125msec 125msec \ i
O«—0 <T)—> [e] T D

4Hz O<«—0<«—0 4Hz

0O 716: 000000000D0O00DOO0OOOO(a DO00DOOO0ODOOODOOODO
000000((b) 000000000000 00 9000000000

coooobooooooooooboooooooobooooooobooboooooono
00+20000000000000000000 10HzOOOOOOOOOOOL
OoooooooooooooOo0oOoooooooboobooooooooooooDo
cooooobOoooooooOoObooOoooooboObocoOoOoooboboOoOooooono
oooooooooooooboooooooooooboobocboOooooooooo
ooooobooooooobobbooooooobobooooooooooooooDo
D00000000000000000 v/200000000000000000

gobooboobobooboobobooobuoobbooobog

e 00O

0000000 3%umI000000000OO0DOOOOOODO (Si:Sh)DOO
40pomO00000D0O00O0O0O0CCOOOOOOOCOOOOOOOCOOOO
gooooOoooOoOoDOODOODODOD 20KOOOOOOOOOOO 4KO
0000000 20000000000000000000000D0002400
00000000000 000U00o0o0ooooooooOooooO COMICS
coooooobooooboooooooa

e ODOODO

oobooooboobooobooobooboOooooboobooooooOooDoooo
0000000000000D0() 000000000000 0ODOO0OO0OOI()
Oo000O0000000000O0x 200300000000000000000
O0000NQUODOODDOO 30pmOODODOOO0DOODODOOODOOODOOODO20
OoooooobooooOo0ooooooboobobooooooooooboboOooooooDo
tooooobooooOoOoooooOooOoocOoOoOoooooOoOoOoCcOoOoOooooooo
000000000000 0oO00oo0ooo0oooooONQOOoOoDOoO

152



ggobobbooooboobbooooobbboooobobooooobbbooo
gogbooooboobbooboobboooboo

e JO00O0OODOOOODOOO

00000000000 BoeingO Si:AsO00 (256x256 00) O Si:Sb BIBO
00 (256x256 00) 00000000000 200000000000000
(MUX)OODOOOOOOOODOOOOOOOODO0OODODOODOOOOOOODO
gobooooobooobooobooooboooboooooboooooooon
25-50msec0 0000000000000 0O0O0O0O0COCOOOOOOOOOO
ooboboooooooooboobooooobooooboooooobooobooOoooon
ooooooooooooooooboooooooooooboooOooooooDon
ooboooooooooobooooon

7.23 0000
ooooo

gooooooooooooobbooOoOoOOoOo0ooOoooooobooDOobOon
00000000000 00000 (DOD0D0O0O0o0)b0o00OoOOoOoooDOoO
oboooooboooooooooooooooboobcOoooboboOoooobooboOoooon

oo00ooooo0oooooooooo0 M mmOO0O0000000 2000000
0000000000000 000000 (0717000000000 DO0OOOOOOO
goboooooobbooooboocoboooobobo0oOoOooOoooOoooocOoooooon
0000000000000 00000 76000000000 250msec (4Hz) OO O
9000000 (D00D0O0)D0O00DD10D00O00DODO0O0O0DDOO 28msecO
00000000000o000O00O0D (0oO)00DO0o00Oo0ooOoooOooDoO
5%000000000 «lmsecO0 0000000 0ODODOOODOOOODODOODOOO
0>10kHzO0OOODOOODOODODOODOODODO0OODO0OO00OOooO0oooo ooooo
00000000000000 TAOOODODOODOO 20em 00000000 ~1"000
000000 <0/10000000000000000000D000000 ~20pm O
000000~1000000 <10nmO0000000000000000000000
0000000000000 0000000 ~10000000 <01 0000000
goboooooobobooooboooooobbooooooooooooooobooo
goboooooobobooobooooooooooobooOobooOoooooooboooon
oobooooooobooooboooooOooooboooOobOoOobooOooboooooboooon

153



goboobbooboooboba
ggbooobuogooboobboobboobboobbooobboooboobo
gbobobobobobobobobobobooboboooooooooooog
0000000000000 00DO0U0DO0UD (OO0 U0O0O0)0OL00ODLOODOO
000000000000000000000000000000D0 (D0DDOO0O00)0O
gogboooobooooboboobbuooboboobbooboboobbooobooo
obobobobobobobobobobobobobobooboobooooooog
gbobobobobobobobobobobDoboboboooDooooooooog
000000000 /00000D0O0O0000DLO0O00000DODODOOOODOO

EERX HFHEK

FryTwry

HMEEIVT7IFaI—4

FrvTwo

RENS
100mm x 100mm

1:5 T2

BEETY79F211—42

O 717 00000000

ooooooooo 00 28 msec/pos 0 9 pos (100000 4 Hz)
ooooooo oo vr

oooo < 1 msec

0ooooo < 1 pix (0.1)

ooooooo ~10000000 < 1 pix (0.”1)

goooooo gooo : goooooo x2000000000000 x200

000o0opooooD x2000000
ooooo . 00 ~20 pm

0ooo : ~ 10°
ooag : < 10 nm
gooo : 1 msec
gooad : > 10 kHz
oo : < 0 10 mW

0O 76: 00000000

154



000000000 TAOOOOOODOOOOODOOODOooDOoOoOoOoo

30pm 0000

O0000o0o0o0o0o0o00000000 Si:AsBIBOOOO 25pmO000000O
00000d30pmIO00000 Si:SbBIBOOODODOODOOOOO 7.19 00 Boeing O
0 Si:Sb BIBO O OO Si:As BIB O 000 detective quantum efficiency (DQE) 0
O000ooooooSisShBIBOOOO 25um 000 Si:As BIBOOOOOOOOO
DQEOOO00O0O0OO3umIIO0OO0O0OO000OD0O0O0O0O0O3pmO0O00onon
oooooooooog3o3gumiooooooooooonDoonn20—35um0O
0O DQE~0300000000000000Si:Sb BIBOOOO Boeing 128x128 O
000 Spitzer 000 IRS OO Boeing 256x256 0000 SOFIAOOOOOOOO
FORCASTODODOOOOOOODOOOOFORCASTOOOOOOODO Boeing Si:Sb
BIB 256x256 00000107 e 00 0000000000000 O000O0OO00OO 30um
000000000000 0oOsSi:ShBIB256x256 00000000 Boeing OO Si:As
BIB 256x256 0000000000000 7.700000000000000000O00
0000000000000 0000000000000000000000Si:As BIB
00000 Raytheon OO 320x240 00000000000 TAOODOOOOOOOO
000 Boeing Si:Sb BIB 256x256 0 0000000000000 O0OO0OOOOOOO
000000000000000000000000 Boeing Si:As BIB 256x256 0 0
go1002pm 0000000 0ODOODOOOOOOO

0Oo0O Si:As BIB Si:Sb BIB
oooooo 5 — 25 pm 5 — 38 pm
ooooo 256 x 256 256 x 256
ooooooo 50 pm 50 pm

00000 (0000000) 1.6 x 107 e” 1.6 x 107e”
ooooooon ~ 2400 e~ ~ 2400 e~

0 7.7: Boeing 256 x 256 Si:As BIBO O D USi:SbBIBO OO ODOO00O (Keller et al. 2003,
SPIE Vol. 4857, p29)

6BIBDDDDDDDDDDDDDDDDDDDDS/NDDDDD n0 1/200000000000 B
00000 Detective quantum efficiency (DQE) =»n/40 1/200000000000BIBO0OOO0O
00000 nO0000 DREODODODOODOOODO

155



27.5um 31.5um 34pum 37um  38um

Transmittance

26 40

wavelength (micron)

0 7.18:23-40pm 00000000000 (0)000000O0O (TAOOODD)DOOOODOO
0ooooo 10%0000; PWV =0.38mm0 (0) 0000000000 50%0000; PWV
=0.8mm0(0) 000 00000000 10%0000;PWV =091%0000000000
000000000 3pwmO00000000000D00O0ODOD (DODDO0)D0OD0O0ODOO

BIB SiAs
RS y—

DQE (Detective Quantum Efficiency)

5 10 15 20 25 30 35 40
wavelength (micron)

O 7.19: Boeing 256x256 Si:As BIB 00 O 256x256 Si:Sb BIB O Detective Quantum
Efficiency (DQE)U Boeing 0 0 0 O SOFIA FORCASTOOO WebOOOOOOODOOO
anti-reﬂection(A/R) goodooobobobooooooobbobboooooouboobobooo
0000000000000 (Heter et al. 1998, SPIE 3354, 109)0

ooooocoooood

ooboooooooooboooooboooooooooboooobobooobboooooooon
ooooboooooooooooooooooooooobooooooooooooon
10200m 000000 (R~10)000000000DO0O0O0O0OO0OOODOOOOOO
000000 2-80msecO000000O0O0O000000O030pmO0O0O 200mO0O0O
0000000000 (00OD0O000)0D0000DO3MODDODOO0OODOOO

156



0000000000000 00000ooooooooooo0 20mOo0CO0000
00 ~0msec0000D0O0O0O0DOOOOOI02mO0O0O000DOC0OOODOOOOO
0o0o0ooooooooo0o030pem0O000000000

256x256 000000000 16-bitA/DOOODOOOODDOOOOODOOOOOOD
00 5-10 Mbyte/sec (18-36 Gbyte/hour) 000000000 DODOO0DOOODOO
ooooooooooooooooooooobooobooboOooooooOooooDoooon
000o00oO0o0oOo0ooooooooo TAOOODOoOoOooOoooooooo
gobooooooobooooboooooobooooobooobooOoooboooooboooon
olgoooooboooobboooobooooooooboooooooooooooooo
0000000000000 0000 100000 (0D)0D0000DO0O0O0OOoOO0
gobooooooooboobooooboooboooooboboOoOoOooOobooOoooboooobooon
ooo0oo0ooooooooooooOooOooooooO coMICSOoOoOoOooooO
goboooooooooooooDo

gobbooooocoooooooooobooooooooooooOoobooOooonn
goboooooooobobooooboocooooobObo0oOoOoOobOoOoooboboOooOooboooon
000000000 TAOODODDOOOUOODOOOOODOUOOUOLDODOODOUDOUOO
00 (D0000D0O00)00D000DO0O00000OD0O0U0O0OO0DDOO0O0 du/dt
gobooooooobobodooooooooooboboooooOobooOooooOoooooon
oobooobooooooOooooboOoobooOooooon

goboooooon

TAOOOOOOUOOOOOOOOOODOODO0OODO0OOoDO0ooOoooUoUOooooooo
goo000ooooooooooOo0o00o0ooooooooooooo r2000000
gobooooooooooooooooooa

oooooooooooooobooooooo 0, 20pmbOCcO0OO0OO0OO0OO0O0OoOoOn
KBrOOOOOOOOKBrOOOOO 20emO000O0O0O0O0O0DODOCOOOOOO
O000ooooooooo22um00000000O0DOO0OOTAOOOOODOOOO
ooo0oooo0 24pmO000000000000 2em0 KBrOOOOOOOOOO
0000 ~60%0000007%80000024um 0000000000 KBrOOGOD
O000ooo0oooo02440pm 000000000000 DO0OCSIOKRS-5000
O00o0oo0oU0ooOocGslboooooooooooooooooooooooooo
KRS-50000000000000000000O00DO0O0000O0O0DO0ODO0O0OO

TCOMICSOODDO0
8000 TOOO0OO ROODODODOD 000000 dODDOOOT = (1-R)e 4000000

157



gooooooobooouooboooboobouoobooboboooboooooboa
godoooooooboooooooono

U UgUo4o g
oO00o00oOo0DOo0O0o0DO 102emOO0D0000O0OO0OCODOO0OO0O30pm O
goobooooobooooooooo (R~50)DDDDDDDDAstro—FDSpitzerD
SOFIAODODO-000000000000000000 30pmOIO0000O000O0O0O
ogooad

1020pm 00 30pm 00000000 OCOOO0O0OOODDOCOOOOOOOODO
ogoooooooboooooobooooooooooobooooooooooooa
000DO0DbO0bO00O00O0o0O00000O02m O 30pmOO0000O00O0OOO0OO
00 FORCASTOODOOOODO (Keller et al. 2000, SPIE 4014, 86)0 FORCAST O
goooooood MgO(DDDDDDDD)DDDDDDDDDI'?—QZIMIHDDDDD
25-40pm O00000017-24pm 0 3040pm 0000000 ~80%0 0000000
ooad

TAOODOODODOOOOOOOOOOO 1020um 00000 R~250-10000000
O000000000000000000Astro-FO KRS-5000 R ~23-38000
~28%000000000000000000000000000O00O0O0O0O00O00O0
0000000 (Ershov et al. 2003, SPIE, 4850, 8050 )0 0000000000 OO
dddddooooooooo

158



1 T T T T T T T T T
o8l 4
eff x
| (1) Csl
g oer . (3) Polyethylene *  (2) KRS5 k i
: 04 |- ] ™
(4) Silicon
02t : 1
_ \ (5) KBr
o é 1‘0 1‘5 2‘0 2‘5 3‘0 :;5 B 4‘0 4‘5 50
Wavelength (micron)
1
: 9) KClI
08 (8) ZnSe ’(/) ]
» \ l- : \.\
g o6y / ) Magnesm i
g (6) MgO it
5 !
&
£

(10) se

Wavelength (micron)

0 7.20: (0)30pmO0000000000000(0)1020pm 0000000000000 (1)
CsI 5mm 00 (2) KRS-52mm 00 (3) 0000000 a:0.1lmm O0b:1.02mm 00 (4) OO
00 2mm 00 (5) KBr 5mm 00 (6) MgO 5.5mm 00 (7) DO0O000 10mm OO (8) ZnSe
6mm 00 (9) KCl 10mm 00 (10) Se 1.69mm 00 (11) D00 8um 00 (12) Ge 2mm 0 O (3)
0000000000000 Handbook Of Infrared Optical Materials O O O

159



7.3 Uooooooooog

0000000000000 0DO0ODO00OD0OD 10000000000 oOooOo
0000000000000 30000000000 IMACSOOOOOOOOOOTAO
oooooobooooboooooooboOoooooooooooooooooobooo
ooboooobocooooobooooOoOoOoOoOoOoooOoOooOooOoooOooooOon
00000 15 0000000000000000000000DO0D0O0DOUO0ODOO
oooboooobooboooboonooooo

7.3.1 O00O0OO0OO0OOO

00000000000000000 1 0000000000000000D00OO
0000000000000 0000O0D0O0O0DO0O0OO0OO F/2500015000
4096x2048 00000000 15um O (0./20/00)0 CCD 20000000000
ooooooooOooooooobooobbooobbO 200b00000000D0O0O0
oOoo0oO0oO0ooUooUoOooOoooUoooOoUoCccb2000000O0O0OO0OOO
0000000000000 00D0O000DO0DO0ODO0ODO FOCAS (DD 6'¢) 0000
0000000080020 00000000 2000000000 (DOOODOOOO
00000000000 1.6000000000)00000000O0OOOOOOOOO
oobobOooooOooooboOooooOoOoOooOOoO0OoOOoOoOobooOoOoOoooOoOoOoon

0000000 365nm~1000nm 00 0000000000000 OOOOOO (O
00000o0ooooog: A/dAa=100000000000:A/6A=1000000000
0/40000000)000000000000ODODOOO0O0OOO0OOODOOOOOOO
coboooobocoOobOoooboooOoOoOoOoOoOoOoOoocOoOoOOoOobooOoOoOoobooOon
goooooo oo000oooooooooooooooooon

ooooooooooboooooooooooooooobboooDbboooDboooo
coboooobooooooboooobooOoooOoOoOoboooooOoOoOoooOoooboogn
ooboooobocoooooboooOobOoOoOobOOoOoobooOoOooOoOoOoooOoOoobooOon
ooboboooooboooobooobooooooboooboOoobooOoooon

160



74 0O0000O0OO0ODOODOOODOOOOO

goobooboobooboobobooboobooboobooboobooooooooooooo
000000000000 oos000mO000000000O0O0OO0TAODOOOODO
gooobooobooobooobboobboobboobboobboobboo
goboboboboboooooooobogon

74.1 0ODO0OODOOOOOO

00000000000 20000 (MAGNUMOOO)OOOOOODOOOoOoOOoO
0000000000000 0o0O0oU0bLODO0o0b0ODoDoMAGNUMODOOOOOOO
0ooooooooooooool1ooooboboooooooooo

gobbooooboocoooooobooooobocOoOooOooOoOooOoOooooOooboOoOoooDon
000oo0o00oo00oOo0ooOo0ooO0o0oOOo0ooOO0ooDoODOoOoooOO SITe
CCD (1024x102400)000000000 SBRC InSb (256x256 00)000000
oboooooooooDoOoOOO0OO0 03 ~22ymO0000000OOODODOOOOOO
goboooooooboboooobooooooooboobooOoobooOoboooooboooooboooon
ooboooood

oooooooooooobobobooooooooooooooooooooooon
gbobooooooboobooooOoocoboooobOboOoOooOooOobooOooboboOoOooOooon
boboooooooobboooobooooboooooboobooooboooobooOoooboobooooboooon
goboooooobboooobooobooboooobbooooboooboooobobooooboooo
00 200000000000000000000000000000000C0O0OO
gooo

742 000O0ODOOOOO

gooooooooooOooODOOOOO0O0O00o0925pmOOCOCOOOODODDOO
goooooOoooOoOO0O0O0OOOODOO0OO0OOODOODOOOOOO NICMOS3OO0OO
(256 x 256 00 ) 00000000 721 0000000000000O00ODOODO

161



mFRHS T o)L EEE NICE

B
1. IVZVISKBBRRSMEEL/A L ~500005% — 60km/s DEENMREET line ZEAITTAE
2. R0 9~2. 4umERGI NG A% - BUWEREISHE= > THEDGLY continuum Z#RIATRE
3. BBXER - RELEBBUEERRL, M ORKEZ/NEEEE
4. NICMOS-3 + MESSIA-IV(CIC) + PCAR— K THillf - REOHBHBRUEBLAAPCR— FOBAHEDLE THIEHERR
B
D AKAX IV A+HIORTARA—HITEDBRY Y bS%
2). RS 0.9 - 2. 4pumERML < 4 58 L THRBRATHE
3). AUy bk 1"x9” or 2"x9” (YIHR)
(@) KRN 1Ay REE 5300 (pix. limit) . 2°Z Yy R 3000 (slit width limit)
5). BHRHE
R [un]
WRER 1 1.25 1.65 EE %
EE1) 80% 80% 80% 80% *1
Ry b iEA 50% 50% 50% 50% *2
NICEX#R 34% 29% 28% 42 *3 Y f147=NICE
BHBETHE 40% 46% 60% 60%
JERIE Bl 5. 40% 5. 30% 6.70% 10.10% Ho—Fr08
TR0 TI0h | A20r | 6108 | TTI0% y000 2 2omm e )
HR1203 -2.20% 4.70% 5. 60% 9.40% 2002.2. 218H 4 7
HR1903 4708 | 4708 | 340K | 5705 lon s i
EHE HR2004 4505 | 1.90% | 3.60% | 4.005 |po09 9 orsgm
HREICES (BRFR 9. 5mag. 9. 2mag 9. Omag. 9. Omag *5
X - BIRORFRSRE (RMETEELY)
*2 1 o—4 Y JFWHl=3arcsec. A v b resec DIHEDER(E
*3 : NICERDQZL VX, FEG, JL—T 1 D IHhRESDIEBBHE NeY LU ERBER
*4 1 1.00 umDBLR T — % [<#iH FBbad pixe| DHESHY
*5 1 O ik, HOBMI008, S/N=1000BEDBRER ()-b /43 Y3yh)
ORI NICHOS-3 (HgCdTe 256x256, 140 m/pix)
(). #E VME-PC (Intel R—X, Windows2000) + MESSIA-IV(CIC) e
8) BEE—F RYv FRETRE LI-LENICHOSTIRIZTEE . R
(BRI ART A RA—FESS—(2H)Y BX TR 3G MlEcReniEE
NICED SR AR NICED R EBHEIE
e
+ + “a
Ity W
NEe!
ez L ) \ 2012
L RBORERE e Z
~ RS W
xyonmy s
@ayi—t — /// g
LB — \ 1} N
HRRAEER FOPFTY + g
JET PSP TR e )
Qus—g
rom
__EammRges | | §
) ° W I =)
_ muu—ses nss — ~d
 S0AFA R o]
_EAREREAH | i
NAS (BBLYZ) i
J— AR NIOHOS (256:250) N
_/ :
, O | |
|

0 72l: 0000000D0O000ODOO

162



080 Ooouoooood

000000000 ALMAODOODOO (00O 4800-5000m) OO 600m 00000
000000000000 00000O00O00000 TAOODOODOOOOOOooooo
gobooobooooooOoocOoobOOoOoOobooOoooon

81 0000

ooo0o0o0oooooooo0ooooooocoboOoOooooooo 20030 90000
0000 5100-5200m 000 (D0D0)00000O0OO0O0ODOOOOOOOOOODOOO
goooooOos0-60ecem000000O0OO0O0O0O0OOOOCOOODOOOOOOOOO
gooooooooooooooboooboodoooooono boooooooooo
0810000000000000810000000000

obobboooboooooboooooooobooboooobooooooooooboOoooDo
gobooooooobbooobooooooobbooooboooooooobooooobooo
0000000000o0o0O00o00o0O0O0 (000000 0O0o0o0o0)D0o0ooDoO
gobooooooobobooooboocoooOoooboboOoOoOooOoboOoOoOoboboOooOooooon
000000oooooosmOODOO0O0O0C0O0O000000000O0O0O0DOO00C0O
0000000000000 00D00000DODOD00D00000O (bOobOOoOoOoOo)o
goboooobooooooboooooooooooboOoooboooooobooboOoooon
goboooboooobooooooboooo

0ooo 12%

oooo 10%0 0

oooo 4m

0ooo (0oo) 80 0

0000 (0DO0000) | 600

0ooooo 40m

ooo 6.4km

00 000000000000000000000000

0 81: 0000ooo

163



Plan Of Road For TAO Site Survey
3 §=1/2500

O 81l: 000000ooooo

82 00000

googboboobobooboboobobooboboobobooboboo
00000000000 0O0bOO0bO0ob0ooo0oooboooooOoDOoD 820000

8.3 U0O0UODOODOUODO (CDODOOUOODODO)

84 00000

obooobooboobooobooooooboooooooobooobobooobooon
OO0 2smO000000CO0000O0COO0O00O0O0CO0O0O0OO0COO0O0OCO000D0AO0
ooobDoooo 830000

85 0OUOUgdgn

ooooooooooooooooooobooooooooboooobboooDboooo
000000000 ALMAOOOOOOOOOOOOOOODOODODOODOOOOOOO

164



\ REm
WIREHFTUT

P ST

(B R - \\

sRE=S5— \ 2o\

TR EUPARNY \

=AY = ]| mmm ox zzaw

081, OmRFLEN |
D&6. Smp s LEH

0 82: 000000

ogobooobooooooog

8.6 U0O0OUOUO0 (UOOOUOOOUOOOODO)

goboobooooooooobooooooboobooooobooboOooooboooOooooon
gobooooooobbooooboooooooobboooobooooooooooobooo
gobodooooobooooboooooooobobooooooobooooooooboooon
gobooobooooooooobOocOoOobobooobooooOooooo

goboooboooooooooboooobooboooboooboooooboooooon

165



BEXE 75N RMFHE

{ 1\ 7 L i
F3 35— H % 5= E AR

F) (i e B = |

% 1
LA
N s st
5,000 s.000 | s.000
25.000 1foko 18,000
2BEF@EE  1:300

<
/ i
]
2=
\
Q
15
v
14,000 5,500 8000
000 1]obo 18,000
1REF@EE  1:300

tloy
WAEE  1:300

0 83: 0000

166



090 Ououououououod

9.1 OO0

000 (00O 7700)0000000000 92000000000000000
goboooobooooooooooOooOoOooocooobooooon

9.2 0O0O0OO

TAOOOOOO 6000000000 (0D 910000000D)D0ODOOOOGO
gogbooboooboobobobobooboboobooboobobbobbobo

[=4 HR(E) | EE 24E 3EE AEE 54EE 6 EE
+4 MAE 1.0 | —]
BRET - MR 1.0 [ —]
FE 45 < >
s 25 | >
EE 2.0 ¢ >
nEs 3.0 - >
HEYBRUE 1.5 —
A LT (TH) 0.5 =t =
$AH LT (FRH) 1.0 i
F—4 1.5 | —
HEMEUE 1.0 |
$8% EF (3RH) 0.5 DU
H4 PEfE 0.5 <>
$ERRYAT - FR b 0.5 <P
AT A - RREM 1.0 e m—
RRENASRNEERE 2.0 [ ——-
T BN IR R 15 -« >
HLER
ARG BRI 4.0 . >
EFRIMRGD YR BERF 4.0 - >
PRIFRSMR GRS H BRI 3.0 < >

0 9.1: 00000

167



oooooooooooo e d

0 0 000°00€ 000006 000°008 000005 000°005'G 0
000°00€ 000°00¢ oooood 9D
000°00% 000002 oooooo-eD
000°00% 000°00% oooog o
000°00 000009 000°00TT 0oo0oooooooreD
000002 000°00% 0ooooogo
000°00€ 000°00€ oooo-TyD
ooooooooogD
000°'01Z | 000°00€T | 000°0¥ST | 000°00ZI | 000°099 | 000°06% 000'00Z‘S O
000°0S 000°00T 000°00T 000°0S 000°00¢ oooooooooog
000°0S 000°00T 000°0ST 000°00T 000°00¥ gooooooooo
000°0S 000°00T 000°00T 00008 000°00€ oooooooooo
000°0¢S 000°00g 000°00€ 000°00€ 000°0ST 000°000°T oooo-sd
000°00T 000°0ST 000°0¢ 000°00€ 0ooooovd
000°0¢ 000°0¢ 00009 jooooo-ed
000°0G 000°0G 000°00T 000°0ST 000°0¢€ (Doooo o) oooo
000°00T 000002 000°0ST 000°00T 000°0SS oooo
000°00% 000°00% 000°00% 000003 000°00% 000°000T oooo
000°0S 000°0S¢ | 000°00¢ | 00000 000°00¢ | 000°00% 000°006‘T 0ooooogzdgd
00009 000°00% 000°0¥ 000°00€ (DooD 0) oDooooo
000°0¢ 000°0¢ 000°0¥ gooooo
000°0ST 000°0ST 000°00T 000°00% ooooo
000°00% 000°00€ 000°00% 000°09T 000°0¥ 000006 oooo
000°09 000'0LS | 000°0T¢ | 000°00€ 000°09T1 000°0F 000°079‘T oooooo'1T4g
oo'd
[ oo0‘0c [ ooo‘os [ ooo‘oc [ ooo‘'os | ooo‘os | ooo‘os || 0oo‘0og | D000000000°Y |
oo oo oo oo oo oo oo
00¢eH | 00T2H | 000ZH | OO6IH | OOSIH | O0OLIH oo oo

168



100 0O0OoOn

10.1 0OO0OO0OO0OO0OO0OOOOOO0

TAOODOOOOODOOOOD 10100000000000000000 10.10 TAO
gobooooooooobooooocoooOoOoOboOoOoOoOoOobooOoOoDOboOooOobooOooon
oboooboooooooooboooobooooboooboooo

00 [00 [ ooo [ Ooooo* [OO
oooooog 3* | oo/oo oooo 000000000000
0ooooo 3* |0Oo/oo 0ooo 0000000000000
00000 1 oo oooo oooooo
0oooo 1 0o oooo 00000000000000
ooooo 1 oo oooo 00000000000000
oooooooo | 1 oo oooo 00000000000000
00000 1 0o 00/0000 [000000
oooooo 1 oo 00/0000 | 0000000000000
oooooo 1 0o 00/0000 | 0000000000000
0oooooo 1 oo 00/0000 | 00000000000000
ooooooo 2 oo 00/0000 | 00000000000000
oooooooo | 4 0o oooo 00000000000
000 2 oo oooog 000000000

2 oo oooo
0oo 1 oo oooo ooooooooo
ooo 3 oo oooo ooooooo
0oo 2 0o oooo 0000000000

*OO0O0DOD0DDOOOOOOOoOo (D00 CONICYT) 0000000 (D0000noooooo
0)00000O0O000D0D00O0O0O00O0DOO00O0O0O00DOOOD0OOOOODOOOODODOO
0oo0000oboOO00o0ooOO000L0DOO0O0DDO0O00DOD (LhboUoo)boooDboo
000 RCUH (Research Corporation of the University of Hawaii) 0000000
*O0ooooooo2-3000000

0 10.1: booooooooo

169



10.2 TAOOOOODOOODOOOO
1. 00

() 0DO0DO (0DO0;00)
e J00D: 0D (DUDOODO)O Astronomer (1-20) O Engineer
(1-20;0000)
gobooboobboobooboboooboo
e JJ0OU:00DDODDOODLOODDOODbOODDOUODOO
(b) D0DOD (0DD0;0D0)
e J00OD: 0D (DOUDOODO)O Astronomer (1-20) O Engineer
(1-20;0000)0 Technician (3-50; 0000 ) O Officer (1-20;
o00o0)0b0o0oOooooOoo

e J000: 00000DUDOD (DOOODDUOD)DDODOODOD
gooooo

(¢ 00DDO (0DDO;00)

e J000:0000000 0 OOOLLODOOOUO O DOODODODBOO
OO0 000 0ooooooooog

e JO0OUO:0DLbOODDOUOODLUODLDOUOODOUODLDbDOODO
2.00000000

(a) 00OO
(b)y DODOOODODO
e 00 (DODODD)
e 0D0OOO (DDD)
e 00000 (DOD)
(c) DOOOOOO
e 0000O0OD (DDOO0-00PIOD)
e 00DOODDOD
e JD0OODDOD
e 0D00OODOD

3. Operation 0 00O

170



() 00D (00O0O00D0000D00O000)
(b) 00O0ODO0O00 (0D0000D000000000;1-20)
(c) D00 (00DD00O00DO00O0O0DO0O0O0DO0O0O00)

gobooooood

oobboooobooooooooboooboobooOooOobooooooooOooboOoooDon
00oTAOUOUOOOUOOOOOOOOOO0OOOODO0OO0ODOO0DOO0DOOOOOOoO
goboooooobbooobooooooobooooobooooOoobbooooooo
0000000000000000000000000000000000 10%000
ogoboooooooooooobooobooboboooboooooooon

%g%gﬁ ERAFHA ERDLHOOBMESE) | /30

E?A%(égﬁ?ﬁ(] ?ijgo-ofx xiﬁg’ﬂm ]=,~(=) ;/JO
By ¥ e P R REFIA
[*é??fih] %ﬁ k?%aﬂm

WA ol L] Tone 2 Rl

0 10.1: TAOODODOOODOODOOOODOOOOOODODOODOOODOODOOODO
ooooo

171



0 102 00000000000

O 103: 0000000000000

172



0110 O0Udouododo

11.1 000000000

<O0bOoooooog >

goobooboobogoboobogooooooooooooobooooboooooooooo
gogobooobooobooobooobboobboobboobboobboo
gogbooobooboooboobobbobbooboobobbobooboobobo
0000000000000 000000O00000DO00O00000O (DO0)0oo00OO0
goobooobooboobooobogoooooooooooooboobooboooooooooo
ggobooobooboboobobooobooobboobboobboobboo
goboooobooboobobooboobbobobuoobbooooba

e JO000O0O0OOOOOOOODOOOO
e JO0000O0OOOOOOOOLODOCOOODOOOODOOOO
e JO000OO0OOOOOOOODOOODOOOODOO

000000000000 000000000D000000DO00DDOUOOD (0DOOoOo
0000000D00O00000O0O000OD)D0D0ODObO000DODODO0O0O0DOOOOOn
goboobogoobooobogoooooooooooooooooboooboooooooooo
gooboboboboooooboobobobo

<O0000000O0ooobOobooobooOooooogon >
goooooooooooOoOODODOOOO0OO0OO0OO0O0O0O000002000000000
oboooooooooobooooooooboboOoOooOoooooooboooOobooon
gobooooooooboooboooooooboooobooooooooooobooon
goooooooooooooooooboOooooobo0oooooomoooooDooono
gobOooooocobooooboocOoooOooOboOoOoOooOobooOoooboboOooOooboooon
ooboboooooooooooooooooooobooooboboOoooobooboOoooon
goooboo 2000000000000 0000DOOO000O0O0OOOO00000O

173



gobboooboooboboobbooboboobboooboobobooobboo
ggbooooboooboboobboobobuoobbooboboobobboobobbooo
gboboooooobooboboboboooooo

<boboobooooo >
oobooOoobo0oobOoooo0ooooOooobooooo0oooboOoooooooOoo
tobooobOocoooooooOooOoocOoOoOOoOoOoOoOoOooOOoOoOooOoOoOobooOon
0000000000000 00O000000DO0O000 (ODOoOoUOOooOoOooDoOo
000D)0000000O0O000000DODO0OD00D0000OODOOD0OOoDOoOoOLDODO
oooooooooooon

1. 0000000000C0O0O0O00000000C0COOO0O0O0O00O000O0O0O0OO
ooooooooooobooooooboOoooooooooboboooooDo
booooobooooooooboobooooooobooooooooooooooooon
Oo0oO0o0ooOooOooo cccbooUooUoUoUOoOooooOooooooo
oobOooboooobooobobooboobooooooooooooboooboooon
ooobooooooooboooooobooooooooboooooobooooooDo
boobobooooobooobooooobooooooooobooooooooonn
oooooooooooooobooooOoOoobOOobOcOoOoOoobOoboOoOooooo
oooooooooooboooooooboooboobooooooboooooooono
ooooooo

2. 000000000O00COODOOCOOOOOCOOOOOOOOOOOOOO0O0O0
oooooboooooooooooooboooooboooooboobooooooDo
oooooooooooooooooOooOo0o0ooooooooooooooDoon
coooooobooboooooooooooobooooooooboooboOoooooono
goooooooOoODOOOOOOOOOO 100000000000000C0O0O
ooooooooobooooooooooboooooooobooooooooooDo
oooooooboooooboooobooooooocooooooooooonn

3. 0000o0Oo0coooOo0oooooooo 200000000000000000O0
ooooooooboooboooooooobooboooooooooboobooOooooooDo
booooobooooooooooooooooooooooooooooooon
cooooooooooooooboooooooOoobocOoOoooobooboOoOooooo
cooooooboooooboooooooooobooboooon

174



gogbobobooboobooboobobooboobooboboobooboboo
gogboobobooobuoooboboobooboobobbobooboobobo
goobogoobogoobogooooooooooboooooobooboooboooooooooo
gooboooboobooboobogoooooooooooooboobooboooooooooo
gobobooobooboboobooobo

11.2 0JOO00O0DLOOO0O0ObOOO0OOobOOoOoobboOooo
[

TAOODODOOODODODOODOODODODOODO0DO0O0O0OO0O0ODOD0000oooDo0oooooo
gooo

1 TAOOODUDODOOODODOOOOODOoOOOoOooo
2 TAOOODOOOUODOOOOODDOOOOO

aboooboboobobobobuooboboboobobobobooboboboo
gboboboooooooboobobobobooooooo

300 (000000000000 000O0)0000DD0OO00DODODOOOOoOOoO

a 00000TAOOOOOOOOOOODOOOOOOOOOOOOOODOO
goboooooooobooboooo

b 00000000 DO0O0OU0DOO0O0O0O0O0ODDO ArchiveOOOOODOOO
Archive 00000000000 DO0OOODOOODOODOOUDOO

4 0000000000000 000000DO0O0O0O0000O00O0O0O0O0O0000
oooooOo0obD ooooocooobooo

175



11.3 000OOoobooobobooobogoo

20020 0000000000000 vwOOODOOODOOOOOOOOOOOOO
gogbooobooobooobobooobobooobbooboboobbooobooo
gooboobooobobooboboobooboobobbobobooboobobboobog

ooooooooon
oooooooood
ooooooooo
cooooooo
ooooocooooog
ooooooo
ooobooooog
ooooogo
oooooooo
ooooooo
oooooooo
ooooooo
ooooo
oooooooo
ooooogo
ooooooooon
ooooooooon
oooboooooog
ooooocoooood
ooooocooo
oooooooooooon
ooooooooo
oooooooooodoo
oooooooo
ooooooooon

gobooooo
ooobooooo
goopboooo
gobooooo
oobooooood
oobooooood
ooboooooon
gobooooood
ooboooooon
goboooooon
oopbooooogd
gobooooon
gooooooooooo
ooboooo
gobooooood
gobooooo
gobooooood
ooboooo
goboooo
oobooooo
gooooooooooo
oobooooogd
goboooooooo
oobooooooono
gooooooooooo

176

ooooooo
oooooooood
ooopoooooog
oooooooo
oooooooood
oooooooooooo
od
oooooooooood
ooooocooo
ooooogo
oooboooooog
ooooocooo
ooooooo
ooooooo
oooooooood
ooooocoooood
oooooooo
ooooogo
ooooooooon
ooooooooon
ooooooo
ooooboooo



114 00O0OO0OO0OOO0OOO

gobooooooooboocooboooooono

1141 0OD0OO0OOOOOO
20030 40 230
goboooooooooooobo ooooo

goboogooobgoon
gobooopobooboobobooobo

gobooboobbooboobbooobuoobboonoboo

(0ooo)
0000000000000000000000000000000000000
000000000000 0000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000000000

(00DDD0O0O0O00Oo0)
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000 00000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000000000

(000O0OOoooO0)
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000000000

177



cooboboooooooooooooboboooooOoboOooboOoOoooooboOoooDo
oooooooooooooobobooooooboboooooooboooooooooDo
tooooooobooboooooooboobooOoooooooOooboboOoooooono
00000000000 0O00000 (DooDoooOooooOooDoOooooo
00)0000000000000000000000O000O0O00OOOoOoOoO
OoooooobooooOoooooooooboOoOoooooobooboboOooooooDo
cooboboooooocOoOoboooooobooOoOoOoOoOOoOoOobOOoOoOoOoOOoOooDO
ooooooooooooooooooobooooooooboooboOooooooo
oo0oo0o0O00o0OO000o0ooo0 19%940000000000000000COO
coobooooooobooboooooooooooooooooboobooooooDon
ooooOo0O0O20000000000C0C0OO0O0O0OO0O0OO0O0O0O0O0O0O0OO0GOCOOOO
oobooooooooboooboooooooooooOoboOoooooooooo
ooono

(Doooooo)
0000000000000000000000000000000000000
000000000000000000000000000000000000
00D00000000000000000000000000000000000
00000000 20000000000000000000000000000
0000000000 140000000000000000000000000
0000000000000000000000000000 1.5000000
0000000000000000000000000000000000000
0000000000000020000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000

(0D0oDoooooooooo)
boooboooooooooboooobooboobOoO0oooocooooooooon
tooooooooocOoooooooOooocOoOooooobOOoboboOoooooono
cobOoooooooboooboooooboobooooboooboOooooon
ooobooooobooooooooboooooooobooooobooOooDo
coooooobooobooooooooobooooooooooboooooooon
coooOoooboocobobooOooooOooboooooooa

(00DDO00DO000) DOo0O0DObD 650000000000000DODOOOOD

178



ooooooooOOOOOO000s0000000000000000000O0O
gogobooboboooooboooobobboooobobbboooobobbooo
0000000000000 00O000000O0 ALMAOOOOOOOOOOO
gooboooboobooo

(000DO0OOOoO0Oon0)

ooooO0O0 3s0000000000C00000000O0OCOODOOOOOOO
goooooooooooooooobocOooooooobooOoobcOoooooooDoon
00000 Astro-FOUOOODOODOODOO0OOO0OUDOODOOOOOOOOOODODO
oooooboo0oOoooooooooooboobooooooooooooooDoon
goboooooooooboOooboOono

(00D0D0O0D0D00o00)

(0O

ooooooOo200000000000000000DOO0OOCO0ODOOOOODOO
uboooooooooobooOoooooooOooOoobocoOoooooooooooon
ooooooooooooooboooobooooboooooboOoooooooDoon
ooooooooooooooboboboooooooboboooooooooDon
gobooooooooobooooooooo

300Uooooooono)
goooobooooooooooooooobooooooooboooooooon
gooooboooooooboooooooooobooooobooboooooooon
ooooboboooooooooooOoobocOooooobooOoOobocoOoOoooooDoon
oboooooooooooooooooooooooooobooooooooDoon
oooooboo0oOoooboooooooobooooooooboboOoooooDoon
goboooodoooobooooooooooobooOooooboOooooooon
ooooooOooooooooboocOooooobocoOoooooOoboboOoooooon
gobooooooooooboobooobooooboboo

(00O0DO0OO0DO0OO0D00)

gooooooooooooooooooooobOOoOoOoOooooboOoOooooon
gbooooooooooooooooobooooooooooobooooooDoon
oooooooooo0oOoooooobooboooooooooooooooooon
0000000000000 00000O00000O0DO0O0D (oo)oooo
goooooooooooooooobocooooboooooboOoooooooDoon
gobooooooooobobooobooono

179



(0o)
go0oooooooooooooo0ooooooooooooooooooooo
Ofd0do00o00o0oo0ooooooo0obooobooooooooooooOoooon
O0d0o0o0oo0oooO0oo0ooboobo0ooooooboo0oooooooOooobooon
gooooooooooooooobobooooooooooooooobooooo
go0ooo0ooo0ooo0oooooooooooooooooooooooooo
O0o00o0O0oO0ooO0ooOooooooooooooo

coboooobobodooboobooooooooboooboOooooobooooon
oooooobooooooooboOobooOoooobobooOooooobooooOoooooo
oooo

180



20050 50 180
goboooooooooooobbo ooooo

goobooboobooo
gogbooobooboobbooobo

goboobboooboobboooboobboon

(0ooo)
ggoobbdoooobbooobbtboooobbouoobbuooobobbooo
00000000000000000000000 Tokyo Atacama Observatory
00 (DO0TAOOD)ODOOOODODODOOODODODDOOODOOODODOOOOOO
gobodobobooobobobooobobobobooobobooobooboooboo
goobobbboodogoobbbooooobbbuoooobobobbboboo
0ooooodooooooboodoooooboboboooooooonooogd
ggono

(000D0OD0DO00O0O00)
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000

(DoOoDooooo)
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000

181



gbogobooboobobooboboobooboboobobooboboo
gobogbooobooog

oooooooooooooobobooooooooboooooooboooooDo
booooobooobooooooooboobooooooooooooooooooon
tooooooooooOoooocooooooooOoOoOoboboOoOoooooooooo
ooooOo0O0O0O0O000000000000000000000 199400000
ooooooooooooooobobooooooooooooobooooooooDo
ooo0000000oooo 200000000000000000000C00CCOCO
cooooooooobooOooooooooOoocOoooooboobcooobOooOooono
ooooooooood

(00O0DO0O0D00O000)
0000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000 20000000000000000000000000
0000000000000 140000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000000000D000000 ALMAOODOOODOOOO
0000000000000000000000000000000000000
0000000000000000000000000

oooooooobooboooooooobooobobooooooooooboooooooDo
000000000000 00000000000O00OO0OO TAOOOO
toooooboooobooooooooooOooooooooOoooOoOoooooono
00000000 (D0)0L00DU0000O0O0D0DDO0O0OOOOUODDOOoOOO
ooooooooooooooooooooooobooboboOooooooooooo
booooobooobobooooooooooooooooooooooooooon
cooooooboocooboooooooobooooo

(0000000000000 0D0DO0OOoDOooOOon)
0 TAOOOOODODOODODODOOOOO ALMAOOOOOOOOOOOOOO
56000 000000000000 0COO 6,0000000000C0O0O0O0O0O
gbooboobobooboboooobobooboobobobooboboo
000000000 ALMAOOOOOOO000000000000000

182



goboboooboobooboboobobooboboobobooboboo
gooobodboboboooobobobobouoobobobobnoooobo
gboooboooooooboooboobooboboobooboobooboobooooo
gbooboobooboooboobooobooboobobooboobooooo
gobooboboobobooboobooboboboboobooboboo
goboboooboboobobooboboobobooboboobuoboo
ogboboboooooooobobobooooo

000o00o0o0oDoD0o0oO0o0o0ooDOo0ooOoooOooooooooog 30
goooboboobobobooobobobooobobobobobobooobo
gboboooooobobobooooboooooboboboobooooboboo
gbooobooooooboobooboooboobooboboobooobobooboboo
gogboobbooboobobooboobboobobooboo

O

(DODO000DO0O0O0D0O0O0OO0DODO0ODOOOUOOODOOn)
0O TAOOUOOOUOOOODOOOOOOOODOOOOOOOOoOOooOoOooooo
goooooooooooooooooooooooooboooooooooon
gooooooobooooooooooooooooooobooooooooDoon
0030000000000000TAOODDOODOOOUODOOODDODOOODDOOO
goboooooooooocoobOoOooonn

goooboboobobooboobobobooboboboobobooboo
goboboobobooboboobobooobobboboboobuoboo
gbooobooobooobooboobooobooboobobooboobooooo
gboooboooboooboooboobooboobobooboobooboboobooboobooboboo
gooboboooooboobobooboboobobbobobboboboboo
gboogoogoooobooobogoooobooooobooooboooooobooooboo
gboooooobooobooobooooooboobooboobboobooboobooboboo
gogobobbooobobbooooobbooobbboooooobooboboooo
ggbooobooboobobooboobbooboobboo

gboboooboooboooooooboobooboboobbooobooboooboo
goooboboobobobobooobobooboboboobobonooo
gogboogooooobgo

(OD)
gooobobdoobobooooboboobooboboobobobooboobo

183



gboboooobobobobooboboboboboooboboboboo
gooboooooboboooboboboobobobobobobbooboboo
gobooboobooobooooooboooboooobooobooooboooobooooo
obooooooboobobobobooooooboboboboooo

goboooboooooobooboobooboobooboobooobooobo
gboobooboboooobobooboboboobobobooboboo
TAOUOUODODOODOOOOOoOoooooooooooooooooooooOoooo
gbobooooooboobobobobo

184



1142 0O0OO0OOOOOO

RKIXWER B EREE
i 2003 4£ 9 A 20 H
TAOETEIICDWT

HARZPM @A CFM RS (LT, fhEersd) 3. BAICBITA R
LEEMFREDII 2 =74 —52REXT LMD REETH S, SHOHHIZB W
T, ERFIEBITHRICFMIEORRGTI A2 EEEE S L CEPHREE T BT
TWwb, HTH. WRKFHFENIERF R CAMRHE £~ & — L MR LFHLH
B LTWwW2 TAO (HEKFT ¥ H~RKXE) BEIZOWTIR, IFE THREIZBW
TERIE O & & b ICEERER SN, ZOFTHOPHIZOVWTERE OFRHIE S
NTHBEN, HERFIIBIT D KIEMFER R T FLFE L T 70O EERFHE & 32
MENTVD, TDOL ) GETEEZREBAICHEL T &3, WEKFEORL S
T, BRDZ L ORFEORFMFEHAEICE o THEEEE 2, 4%, FE (RO
FEBE) L LCEHMEOHEIZV-F) DB NEZERLIFTHETH 5D,

HAZMESER L FMEERES
= . A
ZEHE MW T/

3

pi

{
H

(3

0 11.1: ooooooooo

185



11.5 000OO0O0ooooo

coobooooboooobooooooboooooboo

11.5.1 0OO0O0ODOOO

goboooobooboobobooboobbobobuoobbooobooba
goboobooobooboobobd
gboboobooooooooboobobobobooboboooooobDo boooboog

oooood
oooooooOoooooooooooooobOobocOoooooobooooooonoon
ooooooooobooooooooboobobooooooooboooboooooooDo
oooooooooooooooooooooooooooboboobooooooDo
cooboboooooocOoobooooooboOooobooOooooOooOoOoOooOboOoooDa
coooooboboooobooocoOooboOooobobooooo

ooobooooooooboooooo

toooooobooboooooooooboobooooooooobooboboOooooooDo
ooooooooboooooooooooOoOoOooooobOoboOoOoooooo
ooooooooboooboooooooobooboooooooobobobOooooooDo
gooooo20000000000000000000O0DOOODOOOOOOOO
gcoooooooooooOOOOOOOOOODOOODDOODOS2mO000
ooooooooooooooooobooboboooooooooooooooooo
oooooooooooobobooon

goooooe0OoOoOOoOODOOODODODODOOO 130000030000
000o00ooO0o0oO0o0ooo0ooO0ooboOoboooooooboOoobooooo
OoooooooooboOo0oOoooooDoOobooOo0o0 2mo0oooooDO
gobooobooboobooboobooboobooboobooobooDbo
oooooo

gboobooboboboboobobboboobooboboobboboo
gboboooobooboboboooobobobobooboboboboo
gobooboooboobooboobooboooboooboooboooooboooboobo
oooooo

186



gogboopobooboon
goooboboobobooooboboubobobnooboboboboobo
goboboboboooogog

goooooboooooooooooobooooooooobobooooooooon
ooooooooooobooooooooooobOobobocOoOoOoooooobooDoon
gooobobooooooooobooooooboooooooboobooooooon
ooooooOoODoOoO00000oooooooooooD 1994000000000
000000002100 0000000000D00C0C000000O00O020000 12
00 (0)0O0ODO0OO0O0OO0O0OO0OO0U0ODO0OODO0ODOODODOODOD
(00)oooooooooooo

oooobooooooooooooooobobooooooooobooooooon
ooooboooooooooooooooooooooooboobobOoooooon
goooooooooooooooboooooooobooboooooooooon
ooboooooooooboooobooooo

gobooooooooooboooon
goboooboobobooboooodboooboooodooooobooobooooon
uoboobooobobooobooboobOooobOOoOooOooooobocoboOoooon
ALMAOOOODOOUOOOOODOUOUOOOO0OODOUOOODOOUODOUOOUOOO
goooooooOoooboooobooono

goooooesmO00000O0OCOCOODOOOOOODOOOOOOOOOO
ooobDoo0ooooooDoO00ooooOooboO0oooooOoooDoOoooon
uoooooboooocboOooooooooooOoOoocOoOoOoooooooooon
oboooooobooobooboboboocobooobooooobooboOoooon
oooooooboooooboobooooobooooooboobooooon
goboobobooboobooobooooobooooooooooobooooon
s60mO0O0C0CO0O00000000O0O0O0O0ODOOOOOCCOOOOO0000
O0DALMAOOOOODOUOOOOOODOOOOOOUDOOOOOOUDOOOOO
gooooooooooogoooooobooooooooobooooooooDon
oooooobooooooooooooboooooooooooooooooon
oooobooooooooooooboobocOoooooooOoOobcOoOooooooon
gobooooooooboooon

00oooooooCoo0 smO0CO000O00O0OODOOOOOOO0OODDOO
goooooooobooboobooboboboobooooboobobOOobOD 6.5mAd

187



gbobooooboboboboooobobobobobooboboboo
ooooooooooooooooooooooombObOO0o0oOoooooDo
gobooboooobooooboobooboobooboobooboooDbo
gobooboooboobooboobooobobooboobooboooboobooobo
ooo0000000oooooooo0oo0 6omO00000OD0O000O0O0O0O00OO
gogoboboooobbobooobobboooobbboooobbboooo
goooboobooobooboobooboobooobooboobooobooboDbo
gbooooooobooboooooobooboboboooobooboboboo
gbooobooboboooboboboooboboboobobobbooboboo
goooooon

coobooooboocoobooooooo
ooboooobooooboooboooboobooobooboooobooboOoDbooon
booooobooobooooooooboobooooooooooooooooooon
tooooobOoooooooOoObocoOoOooooOobocoOoooobooOoboOoOooooo
coobooooboooboboooboboooooboooooooa

188



0 0A 0000000000

20020 (00O 140) 30

1. 0000

ooooboooooooooooooboobobooooooooooooooon
0000000000000 00O00O000DOO0/O0000ODO00ODOOODOD
oboooooooooooooooooooooooobooboooooooooDoon
ooboooooobooooobooooooooooooooboooooooooog

OoOoo (0oO): gododdooooooooad
Jeremy Mould (00OO0O): OOO0OOODOOO

oogoao: goooood

oooo: oooooo

Robert S. Stobie: oooooogod

Peter A. Strittmatter: gddddoooooooooooo

ooooboooooooooooboooboOooooooOoOobcOoOooooooon
ooooboooooooooooobooooooobooooboooOoooooon
ooooooooooooooooooooooooooboooooooooDon
gobooobooooooooboobocooooooboooobOboOooooobooooon
oboooooooooboobooobooooboooooooboooon

000000000000000000000
20010 (00O 130)120 120 (0)00D00000000 (0O0ODO)
00000000000000

0000000000000000
00000000000000000

189



gobooboobobooboobobooboon
gobooboooboobooon
gboboooooooobooboboobooo
gbooboooooooogo

120 130 (0)0000000000000000 (0O00O0)
0000000000000000000000000
000000000
000000000000000000000000000000
000000000000

120 140 (0)0OOODODDODODOODODODODOOOOOOOOOOO (DoDoO)
gobooboboooboo
gboooooobooboboboboooooog
gboboooooobooboboboo

00000000000 D0O0O (Dooo)

gbobooomooobooboboooooboobobobooooooobobo
gbooobdobobobooboboooboboboobobobooboboo
goboooobobooboboboobooboboooboboobobooboboo

2. 000000000
cooooooooooo
2.1. 00

gbooboobooboboobooooboobobbobobobooboo
googoboobdoobobuooboobooboobobuoobobooboboo
gboooooobooboboboboooooogoboooo

El. 0000
coooooobooboooooooooooobooooooooboooboOoooooono
cooobooocooooooboobooooooboOoboOoOoOooobooOobcOoOooooon
oooooooooooooooboooooooooooooooboobooooooDo
Oo000o0o0o0oOo0o0ooOo00ooOoooo0ooboOo0oooDoOooDooooo 50
oooooooooooOoooOos000vry0oOooOOO0OO0OOO0O0Oooooon
ooooooooooobooooooooooooobooooooobooooonon
oooooooooogoooDo

190



2.2.

E2. 00000
goooobooooooooboobcooooobooooboboOoOobooOobo0oOooooon
oobobOooooooocooooobooocoooooobooOooooobooooon
gooooooooooooooboboooooooooboooooooooDoon
oooooDbOoooOoOoooobboooOooooooboooboOoOoooooDon
uobooOooobOooooooOoooOobocOoOoooOooOo0oOoboOooooOobocOoooon
oboooobooooooocooboocobobooooboooooooag

oooooDbOoooooooooooooooooooooooooooooDoon
oooobooooooooboobooooboobooboooooobooOoOooooono
goooooOoooooooooooooooboooooooboboboOoooooon
ooobooooobooooooboooooboboooobboooooboooobooOoooon
ooooooo0oO0oooooooooooboboOoooooooboOoooooDoon
ubooooboocoboboooboodobOooOobOOoOooOoooooocoboOooOooon
ooo

ooooobDOoo0oOoooooboooooooobooOoooooobooooooon
goooooooooooooobooooooooooboboOoooooooDoon
goooooboooooooooboobooOooooooboboooooooooDoon
goooooooooooboooooo

oo
gooobobooboboboobobooobobobooboboboooo
gogbooopoogo

R1. O0OO0OOOOOO

R2. 00O0O0OO

R3. 00000

R4. DODOOO

R5. 0000000
goboboobobooboboobobooboboobobooboboo
ggoboboboooooobooooobbboooobobbooobobbooo
gboooobooooooboooboooooooobobooobooboooboobooooo

gboooooboobobobooobobooooboobobooobobobobo
goboobooobobooboboobobboobobbobobbooboboboo

191



googo

Rl. OOCOOOOOOO
gobooobooooooooboooboooboooboobooboobooDbo
goobooooooboobbooobbboooobbbbooooobobooooo
00000000000 Suprime-Cam 0000000000000 0O0OO0OO
gbooooboboboobooboobobooboooobobooobOoooo
000D0D0D00OSDSS (Sloan Digital Sky Survey) D0 000 0D ISO (Infrared
Space Observatory) 00 0000000000000 00O0O0ODOO0OOOOOO
gbobooooooobgobobo

oobooooboooooobooboooooboobooooooboooooo
cooooboooooooobcOoooooOoboOoooooobocOooooobooOoOoon
gooooooooooooooo 2mOOOOOOOOOOOOOOOCOOOO
oooooooobooooooooooboobooooboboooobooooo

00000000000 (Fe/Mg) D0DDODO0ODOODODOUOODDOOOODODODOOO
goboooobdooboboboooogbobobooboboobooboboo
gbooooooooboboboboooog

R2. 00000
gboboooooboboboboooboboboboooobobobuoboo
000000000000000000000In/II0D000000 SN1987A D
oooooOooOooo MIooooooooooo0oooooooooooooo
gboboooobooboboboobobobuobooooboboboboo
gobooboogn

0O GRAPEOOOOODODDOOOODODOOOODODODOOOODODOOOO0ODOOOO
O0D0DODOGRAPEODOODOOODOOO (100Tfops) 00D OO0DOOODOO
cobooOooooOoboOobobooOooooOoobooOoOoOoOooOooOooonn

tooooooooocOoOoooooboobooOoooooobooboboOoooooono
cooobooooboooooboooooooo

R3. 0OCOCOCO
goboobooobooobooboobooobooobooboobobooobooobo
gboooboobobooboboboobooboobobobobooboboo
goboobooobobooboooboobooboboobooboboobo

192



gboogboobobobobooboboboboobobobobobooobo
goboooobobooboboooboobobobobobobboobuobLboo
goood

R4. 00DODO
oooooooooOo0oooooobooboo0oooooooboooOooooooDon
Oo0ooO0oocoooOoUooUOoUoooOooOoUOoUoooooooooooon
oooooooooooooobooobooooooooboooboOoooooooDoon
ooooooooooooboooooooooooboboooooooooooboDoon
oOoooooooocoOpoUOoUOooOooOooOooooOooOooOooUoDoOon
ooooboboooooooooooOoobocOoOoooooooOoOobocOoOooooooDoon
goooooooooobooooooooooboobobooooooooooooon
00000000000O000O00o0O0oo0OO0 ALMAOOOOOODOOOOOO
oobooooood

R5. 000OOCOOO
gooobobdooboboboooooboboobobuoboooboboobooo
O00oU00oU0O0ooO0o0oO0ooO0ooOooO0oOoo0oo0oo0ooOoOoooUoooOO
O0000000o00O00O00O000000000O0O0Uo0OoOoOooooooooo
gbooogbobobobooooboboboboobobobooooobo
0000000 PAH (Poly Aromatic Hydrocarbon) 000000000000
O00o00o0O0ooO0ooO0ooO0ooOooOooO0oo0oOooooOooUOoUooDUooOO
00o0000O0o0o0ooO0o0oooU0ooooUooood

2300
boooboooboooO0oboodoooOobooooOoooocooocoobOOoOooooon
0000000000000 000O0ODO0O0OD 18770 (DO 100)0DOOOO
000000018880 (0D 210)0000000000LO0DOUOOOODODO
goooooboooboooooooooobooooooooobooooooooon
ooooooOoooooooooOoDO3000000000ooOoOOO0O0O0O00onn
0000000000000 000D19880 (D0 630)000000O0O0O0OODO
goooooooooooooooboboooooooooobooooooooDon
ooooo3oooooooOoOOOOOOOOODOOOOOOO0OO0O0O0000O0
goboooooooooooon

oooobobOoooooooootcOooooooooOooooboOooooooon

193



goobboooobbobooooobbboooobbboooooobbbooo
gobobouooboboobobooboboobobboobobooboboo
gooobooobooboobooboobooobooboooboobooooboobo
gobooobooooooooboooboooboobooboobooobooDbo
goobooooooboobbooooobbooobboooobbbooooo
gboobooooboobobooboboboobobooboboobooboboo
gobooboooooobooboobooboob0oobooboobooobo
oooooon

oobooobooooooboobooboobOoobOoobooboobooDbo
gbooooooboboobobobooboboobobobooboboo
googoboobodoobobooboobooboboboobobbooboboobooboo
gobooboooboooobooooboobooboooooooboboobooobo
goboooboooooooooooboobooboobooboobooDbo
gbooodboboobobobboboboboobobobobooboboo
goboobbooobdooboboooboobobooboooboo

ooooooooboooogooooobobbooooooooboboboOooooooDo
ooooooboboobooooooooobooooooooooooooooooon
ooooobooocoooobooooooooOoboOooOoOoOooobooOobcOoOooooo
coooooooooooobooboooon

gboobooboboboboobooboboobooboboobobboo
gobogoboooboobobobooobooboboobooboboboboo
ooooooOoOosb0OoOO0bObOOooobOOoooDOoOoooooooOooDo
gboooooobooboboboboooooogooooo

019740 (00 490)000000000000O00O00DOO0OOOODODOO
oooooobooooooooooooooooobooOoooboobooooooono
oooboooobooobooooooboooobooooo

gboooboobobooboboooooboboooobobobooboboon
goboogoboboobopoooboooobooboboobobooboboo
gooooon

gobooboooboooboooboobooboobooboobooboubo
goboobooooooboobooboooooboboobooboobooboobooobo
goboooboooooboooobbooboooboooboobbooboboobooboooDbo
goooobooboooboobooooboooboooboobooobooboobo

194



goooboboobobobooboboobobobobooobobonboo
gooogooboboboboooobobobbooboboboboooobo
gooobooogoobooobooboobooooboobooboobooboobboo
gboobooooboobobooboobooboobobobooboobooboobooo
gogbogooboobobooboboobooobooboooboobobooo

240000
gbooobooboooboobooboooboobboooooboooboobooboboo
goooboboobobobooboboobobooboooboboboobooo
gogboooobooboobobooboobboobuoobboooboo

1.

gobooooboooooboooooooooooooooooooobooOooon
g0oooogoos0oo000o0o00 1h00b000ooogooooo

ggobooboboobboooboooboobboobboobboon
000000000000 0000000O0D0D0O0O0OASTRO-FOOODO
0000000000000 000000000000D0 (TAO)OODOO
gooboobooboboboboboboboboboboboboobooo
ggboobooobooboobbooboon

oobooooobooooobooooooooooooooooooobooooo
00000000000 (65m) D000 (DODODODOODODOOO)OOO
ooooooOO0o0o0OOo0oOoooooOooooOoOOOoOoO0gsoombOnOnOonOn
gobooooboboooboooooOoooOooOoooooOoooooOoboOoooOooon
goooooood

000000000000 000D0O000D000D00O0OO0D ALMA (At-
acama Large Millimeter Array) 000000000 OASTE (Atacama
Submillimeter Telescope Experiment) 0000000 ALMAOOOOO
gboobobobobooooooobooboboboooooo

.ooooooooOooOooOOOO0OCOCOOOOOOOOOOCOOCOOOOOOaO

000000000 DIVA (Double Interferometer for Visual Astrometry)
00000000000000000000000 DIVADOOODOOOOO
00000ooo UKODODOOOoOO0O0ooooooooooOoKOSMOS
(Kiso Observatory Schmidt Multi Object Spectrograph) 0000000
0000ODoD0o0oU0oooOoODOo0D0ooUoOoooOoOOooo M31ODOOOO
goboboooboobooooboo

195



gooboboooobbobooooobbboooobboooobbboooo
goobooobobooboobobooboboboobobobobooboboo
gboooooooboobobobobooooooboboboboooo

3. 0oon
oo0ooboo3000ob0oboooboobo0obooboobooooooooDo
gobooboooboooobooooooboobooobooobooboobooDbo
goboooboooboooboooobooobooobooboooooobbooobooDbo
gboooboobobooboboooobobooboobobobooboboo
gobooboobobooboobobooobooboo

goboogobooboobopooobooboboobooboboobobooboboo
gboooooobooboboboooooooooboboboboo

3.10000
gobogbooobooboboobooobuoobooboobobbobboboo
gbooooooboboboooooobobobooooboboboobooo
gobooobooobobooobooobooboobobooobooboboobooboooobo
gbooooboobobobobooboboboobobobobooboboo
aono

1. J000000O0o00oo0o0oboo0ooo0ooo0oooDoooooDooooo
gboboboooooooooooooooobobooooobobobon
000bO0o0O0o00oOo0ooosb000b0 15000000DO0DbO0ODbObOOOO

2. 000000000000 oOO0O0O0oOOOooOoDODOooOoOoOoOoobobObDoDbOo
oobooooboooobooooboboooboooobboOoooooooogoo
ooboooobooooboooobobooooOoboOoOooboboOoooboboOooooOoo
oooooooood

3. 00000ooooooooooOocoooooooooooooooooon
ooooogoo

4. 00000CO0O0ODOOO00OOOO0O0OOOUODOOOUODOOODOOOODDOOO
ggoogbobooboooo

5. b00000O00000O0oooobooobOoooooooooooooDo
ooboooobooooboooobobooooooooboooooooooogon
oobooooboooooboooobobooooOobocOoooboboOooobooOoooooo
ooooooooon

196



6.

ggobooboboobobooobooobooboboobboobboon
gogooooboooobood

3.20000
gbooobooooboobobooboobooboboooboobobooboboobooobobooboboo
gbooogbobobgoboooobobooooboboboboooobo
gobobooboobooboobobooboboobobooobobbooboboo
gbobobooooooooboobooboboboooooooooo

1.

gooobooooboobooobooboobbooboobooboobooboobooo
ggooboobooboobobooobooobuooboboobbuoobboon
goobobobooooooobooboobobooboo
goooobobobbooooobbbbooooobbbbooooooo
gooboobobooboboobooobooboboobobuoobbooo
gogd

0000000000000 0OD0 (DO00DODOD)0D0O0DOoOoO0ODoOO
gooogo

.gobooobooobuoobboobboooboobboobboobo

goboooboocoooboooooooooooooooooooooooon
oobooooboocoooboooooOoooooOoooOooooooOoOoooooon
goooooooooooooooooooobooooooooboooooooon
gobooooooooooooboooobobooooooooo

ggboboobbooboboooboooboobboobboobboon
gogooooboboooooooboboboboboooobobooooo
gobobgooboboboboboboboboboboboboobooboo
gooboobooboboboboboboboboboboboboobooo
ggboboobobooboboobobooboboobobooobon
gogbobobooboboooobobuoboooboboboobobon
goobooobooboboboboboboboboboboobooooo
gooboooboobobobobobobobobobobobooboobooo
gogboogooboobooon

3300000000
oooobOooooooooocboooooOooOoocOoOoooooboobocOoOooooonn
obooooooooooooooooooooooobooboooooooooDoon
gobooooooboooooboobooooooooobooOooobobooooo

197



l. 00b00obobooboooooooooboobooooooooooobooobDOoo
ggboooobooobooboboobbuoobboobbooobooonoo
obobobooooooobooboboboooo

2. 000000000DOO0OOOOOCCOCOOOOOO0OO0O00O0O0O0O0O00O0
oobooooooooooooboboooboboooobboooobobooooobogoo
ooboooobooooooooboobooobooooobooooooooooaon
ooo

3. 000000000Oo00oOo0oU0O0oOoOoU0O0oOoOoUoOooOoOOoooUDboo
0 (00000O0O000Db0OO0)00Ob0O0oO0oooo

4. 0000O0ODOO0OO0OO0OOCOOCOOCOOOOOOOOO0OOOOOOOOOO0O0O0
oobooooobooooobooooboboooobooooobboooobobooooboooo
ooboooobooooobooooboboooobooobboooobobooooboooo
oooo

340000
cooboboooooocooooooobooboooooOoOooboOooooOoboOooona
ooooobooooooooobooooooobooboOoooooobooooooo
oooboooooobooooooooobboooooooobooooooOoooDo
ooooooooboooooooooooooboooobooOoooDoo

1. J0b0o0oooooooooo0oooooooo0ooobooboooobooooo
ooooooobooooooooooooboboOoooooooooboooooo
0O ALMAOOOOOOOOOOOOOOOO0OOOO0ooOOooOOoooooooo
oobooooobooooobooooboobooooboooobbooooboobooooobooo
ooooooooooooooboboooobooobboooobbooooboogoo
oobooooboooobooooobooobooOooboboOooobobocOooooOon
ooboooobooooobooooboboooboooooboobooooboboooooon
oooooooooooboooooooo

2.000000000DOC0OOOOOCCOOOOOOOO0OO0O0O0O0OO0O0O00O0
0000000000000 0O000000000ALMAOASTRO-FOO
ooboooooooooboooooboooboooobooono

3. 0000000000000 ObobOooOOobOoOooOOoooobooooboo
obobobooooooobooboboboooo

4. 000000O0O0O0OCCOOCOOOOOOOO0OO0O0OOOOOOOOOO00
oobooooooooooooboboooobobooobboooobbooooboooo

198



goboobbooboooboobboobboobbooboooobo
gobooboobobooboobobooboon

5. 000000000000 DOOOOOoOOooOoKOSMOSOOoOoooooo
gobobooobooobobooobooboooboobooobobobooooboo
gboboooooooooooooooooboobooboobobobooo
goboobbooboooboobboobboobbooboooobo
goboobobooboooboooboboobboobboobboooobog
gooooooobooboboo

6. ASTEOOO ALMAODOOOOOODOOOOODOOOOOODOOOOOO
coooocoooocoooboooobOocOoOooOoocOoOobOooOoOboOooooa
ooooooo

. 00000o0oooooooooooooOOOCOCcOOOoOO000o0o0ooo
gooboooooooooobooooobooooboooo

ooobobooooooooooooooooobooooooooooooooon
goboooocobOocooOoOooboooooOoocOoboOoOooOoooboOooOoon
goboboooooooooooooooooooooboooooboooooooo
oooooooooooo

3.5 000
goboboobooobobbooboboobooboboobobooboo
gogboopobooboobobooo

l. 0ooooboooooooooooooooooooooOooOooOOO0Obonn
ooboboobooooboooooboooboooooo

2.000000C000OO00DOO0O0DOO0OU0DOOUDOOUDOUOUODO
goboobooboobboobooboo

4. 00
goooboboobobobobooobobooboboboobobonooo
gooogooboboboboooobobooooboboboboooobo
gboobooooboooooobgboboobobooboooboobooobo
gbooobooboooboooboobooobooobobooobooboobooooboo
goboboboobooboobooboobobooboboobobooboboo
goboobobooobobooobooboobooboboobooboboboo

199



gbooobooboboobobooooboboobobobooboboboo
aono

gogooboboooobooboboooobbboooobbbooobobbboooo
goboobogboobooobooboobooboobooboobooobo
gobooobooooobobooobooboobooboobobooboobooobo
gbobooooboboboboobobobobooooboboboboon
gboobobdoobobooboboobobuobooboboobooboboo
gboooooooooog

oooooooooobooooooooooooooboboooooobooooooDo
cobooooboboobOoO0oobOooOooboOooooboocobOOoOooOoOoboboOooboooon
cooooooooooooooooobooooooooooooOooooooon
oooooboooooooooooooooobooboooooobooboooooDo
cooooooo

ooooooooboooooooooooboo0ooooooobooooOooooooDo
toooooooooooobooooooooooobboOooooooooooo
cooooooooooooooboOooooobOoboOoooooobocoooooo
oooboooooobooooooooobooooooOoobooooooOoooDn
0000 A.0D000000000O00O0O00OO0OO0O0OO0OO0OO0OO0OOO
cooooooboooobooocoOoooOooboobooooao

200



O 0B OO0

gooobooobooobooobboooboboobboobboobboobboo
gboboboboooooobobg

0B.1 00000O0OOOODO
goboobobooboo

0B2000000000000O0O0O0COCOCOO
gogbooopoogo

0B3000O000OO0O0OO
ooboooooooooboooobooooboooooobooOoOoobooOono

201



e e

HEERRFLFIKRE
LOMITBIT D
FMZRICETIHEE

%ﬁk%%ﬁk%Ukéiﬁm\ﬁk#@%ﬂﬁ%ﬂ%h@kiuﬁnéﬁ%%mgs
HMOEREDOERBLZRETHADOTHILEWVWIRBRICLL, ZIRREWMREHEE A
T 5.

B1E EAKZLFIREI ¥HFELLBOBLERESHTIREVT, UTo &
HRK-OX, BOA2FETCERETIbO LT,
(1) HERVHESE O AKX
(2) £#AWETR =7 FOEE
(3) BEPLLVLURY T LADBERE
(4) ERR VN HEY O R

wok WA, PROFACBEL, BANZEREY T OBEERT D, ZOEB
FAREREEFEOEMEFE LD LT D,

HE3L& TNTHhOKRFER, ZRAEZERTOILDORAFAZCREOEHERL
TH0LT D,

AL ZOBER YUEBFCIDITEOELADBVWEFOBRLY SEMEDH LTS, oy
AHHEEIAYEEDAETCERT DI LN TE S, APHEARNL VWXL EYF

Fixe VARMOBMIC LV ARELTMR T LA TE S, il
5% ZOBERXBRFEOEGBRLI-TEETDHILNTE D,

6% ZOWERBAE, A VEBERTEBRTIBT2ERKENL. ZoWnThb
EXET B,

FBERIOEL LTHASEERTROZANEND AR CABEICES LE,

REKF FUKRF

/{ﬁ Ka 5 'zK \A.J{A.»J“P

BE HEax #& Luis Riveros
20034 1A 168 1A

2003 ¢ 16 A

0 B.l:00oo00o00O0oo0O0o0O0O0OoOooOooOoOooOoon

202



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. Ezxchange of information and academic publications

Article 2. Both universities shall prepare a detailed program concerning specific steps
and measures for implementing 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 Agreement during its
period of validity. ‘

Article 5. This Agreement may be amended by mutual agreement of both universities.

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

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

The University of Tokyo The University of Chile

Blocsn’ Ao el

Takeshi Sasaki, President Liiis Riveros, Rector s
Signed as of: S#zned as of:
2 January 16, 2003

s ;
TSR A
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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 cooperaci6n entre ambas universidades promover4 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 4reas académicas de mutuo interés a través de
medios apropiados, como sigue:

1. Intercambio de profesores e investigadores;

2. Conduccién conjunta en proyectos de investigacién;

3. Celebracién de conferencias y simposios, y

4. Intercambio de informaci6n 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 honraran el principio de reciprocidad en la
elaboracién de dicho programa.

Articulo 3. Cada universidad har4 todos sus esfuerzos para obtener los recursos
econdémicos de diversas fuentes de financiamiento para hacer factibles los programas.

Articulo 4. Este Convenio permanecerd en vigor por un periodo de cinco afios a contar
desde la dltima fecha de firma indicada mas abajo por las partes. Su periodo de validez
podri ser extendido por acuerdo mutuo de las partes. Cualquiera de las partes podra
poner término a este Convenio durante el plazo de su vigencia dando aviso por escrito a
la otra parte con seis meses de anticipacién.

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

Articulo 6. Este Convenio seré ejecutado en duplicado en versiones en Japonés, Espafiol,
¢ Inglés respectivamente, todos los cuales serdn considerados como originales.

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

Universidad de Tokio Universidad de Chile

Takeshi Sasaki, Presidente

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

0O B.1: oooooO
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SCIENTIFIC COOPERATION AGREEMENT
in Astronomical Investigations
between
the University of Tokyo and the University of Chile

Considering the scientific importance of the plans of the Institute of Astronomy of the University of Tokyo to N

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. E

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
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 agreement of the signatories. Either party may, by giving E
six months written notice to the other party, terminate this Agreement.

In witness of the above, this Agreement is to be executed in three identical copies (one in Japanese, one in
., Spanish, and one in English) by authorized representatives of each university and both parties will retain one 3

) copy of each of the Agreement.
The University of Tokyo The University of Chile

- P
Takeshi Sasaki, President Luis Riveros, Rector
Signed as of: Signed as of:
January 16, 2003 January 16, 2003




CONVENIO DE COLABORACION CIENTIFICA
en Investigaciones Astronémicas
entre
la Universidad de Tokio y la Universidad de Chile

Este Convenio se suscribe entre el Presidente de la Universidad de Tokio, universidad nacional con
base en la ciudad de Tokio, Japén, la que opera el Instituto de Astronomia de la Escuela de
Graduados en Ciencias, y el Rector de la Universidad de Chile, una corporacién de derecho
piiblico con residencia en Santiago, Chile.

k3

Considerando la importancia cientifica que tiene la proyectada instalacién en el territorio de la
Repiiblica de Chile por el Instituto de Astronomia de la Universidad de Tokio del University of
Tokyo Atacama Observatory (en adelante, TAO), dotado con un telescopio infra-rojo de 6.5 mts. ,
y el interés de la Universidad de Chile de colaborar con el desarrollo de dicho proyecto, las partes
acuerdan como sigue.

PRIMERO: La Universidad de Tokio y la Universidad de Chile colaborarin en el desarrollo
cientifico y técnico de la astronomia 6ptica e infra-roja y en las pruebas que habrén de realizarse en
los sitios de observacién.

SEGUNDO: La importaci6n de todos los materiales e implementos que fueren necesarios para la
construccién, instalacién y operacién del TAO, asi como la importacién de los efectos personales
de los cientificos, ingenieros, técnicos y empleados que puedan viajar a Chile por este programa,
quedarn sujetos a los beneficios que otorga la Ley N° 15.172 del Ministerio de Hacienda de Chile.

TERCERO: Luego de instalado el TAO, un diez por ciento del tiempo de observacién en el TAO
serd reservado cada afio para la astronomia chilena. A la Universidad de Chile le correspondera
crear un Comité especial de Distribucién de Tiempo a nombre de la comunidad nacional de Chile a
fin de administrar este tiempo reservado. El mismo criterio se aplicaré a cualquier otro nuevo
instrumento o telescopio que fuere instalado en Chile por el Instituto de Astronomia de la
Universidad de Tokio.

CUARTO: Los astrénomos que utilicen las instalaciones del TAO para observaciones conforme 2
iws iérminos del pérrafo precedente, tendrdn los mismos privilegios y estardn sujetos a las misma
regulaciones aplicables a todos los usuarios de las instalaciones del TAO.

QUINTO: Este Convenio podra ser modificado por acuerdo mutuo de los firmantes. Cada una de
ias partes podré terminar este Convenio dando aviso escrito a la otra parte con seis meses de
anticipacién.

En testimonio de lo anterior, este Convenio se suscribe en tres ejemplares idénticos (uno en japonés,
otro en espafiol y otro en inglés), firmados por los representantes autorizados de cada universidad,
quedando una copia en cada idioma en poder de cada una de las partes.

Universidad de Tokio Universidad de Chile

Takeshi Sasaki, Presidente I!uis Riveros, Rector
Firmado el: Firmado el:
16 de Enero de 2003 16 de Enero de 2003
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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, 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 Arizona agree to promote cooperation
between both Universities in academlc fields of mutuel Interest through appropriate means as follows:

. Exchange of faculty members, research staff members, and graduate students

2. Conducting Joint research projects and activities

3. Holding lectures and symposia

4. Exchange of Inf fon and

Article 2. In each specific case both Universities shall prepare a dstailed program concerning specific
steps and measures for implementing Article 1.  Both Universitles shall honor the principle of reciprocity
In worklng out such a program.

Article 3. Each University shall make every effort to raise funds from varlous sources to make
programs for cooperation feasible. Any program prepared under Article 2 will take effect only after funds
have been appropriated for It.

Article 4. This Agreement will be effective from the date of signing for a period of five years.
The period of its validity may be extended by agreement of both Universities.

Article 5. This Agresment may be amended by agreement of both Universities.

In preparing the programs of cooperation and putting them Into effect, the Faculty of Science of
the two Universities will act on behalf of each University,

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

and one in English, by authorized representatives of each University and both parties will retaln one copy
ol each of the Agreement.

Date: /41/7 %/ /f',?? Date: //"‘7 //I /9/’;"

L_)A‘/Z;:w- ‘/‘/"o/-v' /‘7&»"7‘- /%7/&/_

i % 7
Wataru Mori Henry Koffler
President President
The University of Tokyo Thg_unme;sity__ol,,mii@a
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N

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 expressed that the renewed Agreement shall be subject
to the clauses under the titles of Conflict of Interest, Non-discrimination, and Non-appro-
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.

This Agreement will be subject to termination by one or the other of the two parties,
even during the period of its validity.

Date: /QM’Z/ ;7) /793 Date: J“’ZX— ,4’ /793

%’ J’V///—/fn_/éaa Oqg "MO&JM

MANUEL T. PACHECO HIROYUKI YOSHIKAWA
President President
For The University.of Arizona For The University of Tokyo

O B3 00OO
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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 2W /9, 200 R Date A ‘\/nm_nnv,, 2003

\
ZM //:Mc‘/ék/“' (_(—‘Qa‘c Q‘A \\/(\»:q

Dr. Takeshi Sasaki

Dr. Peter Likins

President President

The University of Tokyo The University of Arizona

0O B3: 000
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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 monitoring of astronomical 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 - 29.2.96, 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.

[N

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 IoA-UT.

3]

ESO will provide GOES-8 data consisting of 6.7 micron data covering 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.

-

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.

3]

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: ’}%{ 200‘ Date: ,90 A Zﬂd/ Date: A (. 087‘ O/

Wiy Zmma f by

Malcolm Smith (A%'CT Yuzuru Yoshii (IoA-UT) Alvio Renzini (ESO)

0 Cl:00000000000000000000000 MoU
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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 [oA-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: /V(,ﬂ? [0, 2001 Date: /9/(‘/9/

=

M Terera /’Zu;b,

Professor Marfa Teresa Ruiz Professor Yuzuru Yoshii
Director Director

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

0 C2 TAOOOODDODOOODODDOOODODOOO0O0D0DOO 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 +81-422-34-5041

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

Dr. Eric Goles Chacc,
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:

O C.3: CONICYTODOOOOOoO
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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

AN

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 C4: CONICYTOODODOODO (0ODO)
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GOBIERNO DE CHILE
CONICYT
SANTIAGO, July 19, 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
FAX: (56 - 2) 655 1396
E-MAIL: info@conicyt.cl
CANADA 308

® COMISION NACIONAL DE INVESTIGACION CIENTIFICA Y TECNOLOGICA SANTIAGO DE CHILE

O C5: CONICYTOOOOOOOOO
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