Juoogdo

Bok-Globule FeSt 1-4570 [ 00 0O 0O [
] [ I:N2H+(J =1-0)00

20130 O
(00 2500)

Juboguoodubotodod

oo

12NM154F
U g



g0

Bok-Globule FeSt 1-457 0 000 0000000000000000O0DOOOOOO0O0O00O0
00000000000000000 (~102em™2)000000000000000000DO00
0000000000000 000000000
000000 FeSt 1-457000000000000000000D0O000O0O~ 104AU]DODO
000 NHY(J=1-0)000000 150000000000000000000000000
000000 NHtO0OOODOODOO0000000 (dip)D00000g
N.HtO00O00ODD0D0D0000000000000000000 T ~6[K|O0dip00000
0000000 np, ~108em™3)|00000000000000000000O0O0DOOOOOO0
00000000000 00000000000000000000000000000000
0000000000000000000000000000000000000000000
0000000000000 0000
O0000000000000000000000000000000000000000FeSt
1-45700000000000000000000000000000000D0DOOOOO0000
FeSt 1-457 0000000000000 First Core 000 0000000000000 OO00O0
ODo0ooDoooooog



g1d

0gz20
2.1

2.2

0g3d
3.1

3.2

3.3

040
4.1

g sd
5.1
5.2
5.3

good

gooo

I
211 0OO0OOOoooo ... ..
212 00000 (Starless-Core)
213 First Core . . . ... ...
214 0O00DOOOO ... ...
gooo ...

Uubob45mO0ggn

uaoog ... 0.
3.1.1 000 ... ... ..
3.1.2 000 ... ... ... ..
I
3.21 0O0OD0DOOO ... ....
3.22 0O00O0OOOO .......
I

3.3.1 Chopper Wheel 0000000000000 ... ... ...
3.3.2 PointingODOOOOOOODO .. ... e e e

3.3.3 OTF(On-The-Fly)O O .
334 0000O0ODOOOO ..

0000 Bok-Globule FeSt 1-457

FeSt 1-4570 00000000 .

4.1.1 FeSt 1-457 0 0 0 0 Bonnor-Ebert Sphere 0 OO OOGOO .. .. ... ..

412 0OO0OO0O ... .. ..

0000 NoH* (J=1-0)

N.HtOOOOoOo-oooo ...
Depletion . . . .. ... ... ..
00000 (Hyperfine Structure)

S IR T U SERNEN

10

11
11
11
12
15
15
16
16
16
17
17
19

21
21
21
23



g6l 0O0OO0OOOOOOOOOO
6.1 OOOO ... ... .. . .. ...
6.1.1 0000 ...............
6.2 DO0DOODOODOOOODOOObOObOObOO
6.3 JUOOoooooooog ...
631 00DOO0OO0OOODODOOODOOOO0

o770 ODoOoo
7.1 OO00OO00Og ..o
72 00000 ..o 0 0.

osbh 0oooO
8.1 OU0OOoOaoog ... ... . ...
82 dipdDODOO . ... ... ... .....
83 DUOOOooDooono ... ... ...
83.1 OODOOoOoooono ........
83.2 OODOOODOOoODO ..o .. ..
84 H,DTODOODOOO .. ...
85 FeSt 145700000 . ... .......
851 OO0ODOODOO ... ... ....
852 0O00OOO0OOOOOOOO ... ..

go9g ooOOo

0 O A Bonnor-Ebert Sphere
Al OO0O0ODO ... .. .. e

U0BUOOOOODOOOOOOOOOO
B.1 NoHTOOOOODOODOOOOO . ... ..
B.2 ortho-H, DY OOODOODOOOOO . ..

0O 0C CLASSOO0ODOOOOooOoonoooonoo
C.l ODOoopbooooooobogo ...
C.2 CLASSOOOOOOOOOO .......

00D H,D(1,0—1,)00000
D1 OO0 0o
D2 00000 ... ... ..

27
27
28
28
29
29

31
31
35

36
36
37
38
40
42
45
45
46
47

49

50
50

52
52
54

56
56
56



10 togd

ubbogbbgobbouoobbooobooobboobboooboooboboobbdg
goboboooboboobooboooobooboboooobboobobooooboooooobooobooag
gobobooobooobbooobbooobobooobboobbooobboboobobo
gbobodgboobboobooobboobuoobboobuodobooobooboobobod
gbooboooboboooboboboooboboboooboboooooboooboboooobon
00000000000000000000000000000 ~104em™3]00000000
loo000000o0O0O0OD00~10K]OOOOOO0O0OO00D0oooooooooooooooo
gobooooboboooboboooobooobobooboboobbooboboooboobooooboba
gbobgobooboobobobooooboobobobooboooooboboboboobo
000000000 (First Core) 00000000 O0OO0OOOOOOOOOOOOOODODOODODO
000 (~10000)000000000000O0O00O0000O00O0O0ODOO0O0O0OOOOOOOO
gbooboobooooobgooboooooobobobooooboboooobobooboo
gobbooobboobboooboooboboobboobboobbooobobooboba
gobobooboboobbooobboobobobooobbooobobooobobooooboobag
goobooo

oboobobob 4smbibobOoboboobobo0oooobobobobobobooboooo
goboobooobbooboobobooboobbooboobboobooobobon
g2000000000D00D00O0000O030000O0O0LODODODODO4mO0O0000
000000000 4000000000000 FeSt1-457000000OO0O0ODOBSODOO
gbobooooooboobuo e obobobooboorbobobobDoLobLO
00000008000 FeSt1-45700000D0ODOOOOOOOOOODOO



20 0OoO0d

00 ((@)oo0o00000ooooOO000U0OOOoODOO0O0D0D0OoODOODOOODOOObO
0000000000000 0000000000000O0O0000O000 10 /ccOOOOOO
goboboooobbobuooobooobbooobbooobboobbooobboobDbo
gobbooobboobbooobuooobboobbuoobbooobobooobboobobd
gobooboooboboobboobooboooboooobboobboooboboooboboonboa
gobooboobbooboobbooboobboobooboboon

2.1 OJOOoOO

21,1 00000000

000000000000000000000000000000000000000000
00000 ng, 0 ~10*¥em™¥|00000000000000000000O0OCODOOOOO0
0000000000000000000000000000000ng, ~ 10*%cm=3000
00000000 0000000000000000000000O0O0DOO 10K]00D0000
000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
000D00000000000000000000000000

() DOO0O0OO0OOO00OO0OOOOOOO0O0OO0DO0OOOOODOOOOOOOODODOO
(b DOOODOOODOOOUOOOOOOOOOOOOOUOOOOOUDOOOOOOODOO
(¢ DOOODOODOOOODOOOOODODDOOO

(d) 0000000000000 OooOoOoOooOooOooDODOOO

g2i1ogbooboooboboboobobooboboboobooooboboobobd
214000000

2.1.2 00000 (Starless-Core)

0000000000000000000000000 (~10°em™3))0000000000
00000000000000000000000000000000000000000000
0000000000 (collapse) 0000000000000 00000000O0O0O0OOO0O



21 00000 5

0, =105[cm™] 0, =10"[em™] 0,=10"%cm™] 0, > 10%[cm™]
1045[AU] 10-100[AU] 0.01[AU] 0.001[AU]
— « > > —

B HIRHE BEEE
Second Collapse O
1024[yr] 10%[yr]
[RIRE
(a) B FEIT (b) First Core (c) Second Core (d) BT ERFIRREE~

021 0000000000000000000000000

gbobogooboooboobooboobooooobobobobooobooboboboooobobo
00000 Bonnor-Ebert Sphere 000000000000 OO0ODOOODOOOOOO

Bonnor-Ebert Sphere

0o000d0ooooooooooobooooooooobooooooooooooooooono
000000 Bonnor-Ebert Spere 00000000000 pd000O-00000O0O0OOODO0O
00 (AppendixA 0O 0)0O

1d (Ldp\

?d_f <§2d_§) = exp(—v) (2.1)

1/2
5 _ (477(5%%) r (22)

T
P

v o= a—; (2.3)
p(r) = peexp (—%) (2.4)

T

0000er 00000 (=+p/p0p0000)0p.000000GOOOOOO®,000000
oboobobobOobOo ROO JeansO O MFDDDDDDDDDDDD

3 4
MR = (a_T> __ap 95
VGor) " pi2G3/2 2

O0b0DprbOpr 0000000 ROODODOOOOODOOOOO MD MﬁDDDDDDDD
Ub0mOO00O0

M “12r Ld
Mj PR A€ Je=er
00000 (26)0000000000000000000000000000000 2.20 Bonnor-

Ebert Sphere 0000000000 ODOO0ODOO0OOOOODOOODOOOOOOOODO ¢ODO
gbobobobobobobobob

(2.6)



21 00000

09
08 f
0.7 f
0.6 |
05
04
03|

0.2f

0.1}
1141
0

p/p,

6.5

§=—\J4xGp,

ar

O 2.2: Bonner-Ebert Sphere 00 ¢0 p0 000 00O [30]

1.5 T T T T

Cloud Mass m

I | 1 1 |

I |
% ( 10 2.0 3.0 4.0
Density Contrast log,[ p./pr |
prip.=1.18

0 2.3: Bonner-Ebert Sphere 0000000 mO pO0000O00O0O (35



21 00000 7

023000000000000D00000 mO0D00O00O0O Bonnor-Ebert Sphere I 00 00O
ooboboboboboboboboboo

e p./pr=1000 m=0

pe/pr — 0 0000 m—0

pe/pr=1430000m; =1.1800000000

0000 pe/pr —0 0000 mOO0O
e p./pr — oo 0000 me =+/2/r000

pe/pr < 14300000 p,000OOODO MﬁDDDDDmDDDDDDDDDDDDDDDD
O0000000000Op./pr>14300000 M}%DDDDDmDDDDDDDDDDDDD
0000000000000 000000000 collapse 000 p./pr=1430000 &g =6.5
OO00000000 ¢r0 ¢ax0000O0000O0OO0O0ODOODOOOODOODOOODOOD

2.1.3 First Core

gbobgoboooooooboboobooooobobobooboooooboobobobooo
000D0ODO0ODO0ODOO0O0O0OD0000D0000 First Core0 00000000 OOOOOODOO
00 (Larson, 1969; Masunaga & Inutsuka, 2000)00 2400000000000000000O
00000o0o0O00ooOO000ooOo00oOoOo0OO00LOOO000 (y=1)0OOOOoODOO
00000000DO0D000D0O000D000DO0OD000DbO0ODO000000First Cored OO0
0000000000000 0000O000ODO00LOO0o0DOO0y=5/3~7/5000000
O First CoreUODDODOODODOODOODOOODOODOOD10OKOODODOOODOOOOODOODO
000000000000 (Second Collapse) 000 ODUOOOOODOOOOOOOOOOOOO
gd

First Core 000000 AUOODDOOOOO 10¥em™3|00000000000000O0
gbooboobobobooobobuooboboooobobouobo 106_7[yr]DDDDDD
OO0OFirst Co,e 00000000000 103*4[yr]DDDDDDDDDDFirS‘L Core 0 O 0O
gbodoboooboooooboobboobboobbooob suooboboobobbooobn
(Enoch et al., 2010; Chen et al., 2010; Dunham et al., 2011; Pezzuto et al., 2012; Chen et al., 2012)0
00000000D0000O0First Core0000D00OD00OO0O0OODODOOOOODODOODOOO
0000000000000000 ALMA(Atacama Large Millimeter/submillimeter Array) O
gooooobbobobbtbodooouoooon

214 0O000O0ODO

Second Collapse 000 DOOO00OO0OOOOO0OOOOOODODOOOOODOOOODOOOO
gobooobooobboooboooboboobboobbooobobooobboobbo
googd



21 00000 8

log T, [K]

log p. [g cm™]

0 24: 0000000 First Cored Second Core 0 0 0000000000000 O0OO (Ma-
sunaga & Inutsuka, 2000)

002~20pm|00000000000000000000 a=dlog(AFy)/dlog(\) 0000
00000000 (Class) 000000000000000000000000 [17][18](Lada &
Wilking, 1984 , Lada 1987)0 00 0000000000000 Class 000000000000
000000000000000000 250000

Class 0 00000000000 O0DOODOSED(Spectral Energy Distribution) 0 000000
000000000000 000000000O000000O0O000O0 1000AUJO0OOO
000000 (Ooo0oooO)0o0oo0o0o0ooooUoobLOoUooooUoOooo
0000000

Class I ClassO O OO 0OO0O0O0OO0O0OO0e>00000000000000000O0000O0O00O0OO
0000t~1-2x10°yr]000000000000D00000O0O00OO Mg, 0OOO
boboooobooboooobooobooon

Class IT Class 10000 T-0000000O0O0OC0DOOO0OO0ODOOO0OOODOOT-ODO0O0O0O
o000 o02-2M,, 00000 0.1-20L,, 000000 SEDO —15<a<00000
gboboobooboobbooboobbooboobbooboon

Class III 00 000000O0D0O0O00OQC ClassIIIOOOCOOOSEDO a<-15000000
oobooboboooobooboooooTrToooobooobooboooboobooooboobooon
obobooboobobooboobooooboobooon



2.1

ugboogn

0250000000 Class 0-III0 0000 00O OO SED[10](Dauphas & Chaussidon, 2011)0

Pre-stellar phase

Protostellar phase

Pre-main sequence phase

Parent cloud

Core

Formation of the central protostellar object

Fragment
o T LAY | MR
¢t
w F
< I Cold Black Bady
<83
o [
- F
3 | !
10
A (Hm)
Class 0
- 1 1
— F
= F
< Cold Black Body
(@)
o
-

Class Il
1 I I
~ |
w
<
> L
o
—1 L
1 1
1 10
t=1 My A(pm)
Class lll
1 1 1
~T
w L
<
o |
o
—1 | [ Stellar Black-Body
PERTH AT | T L
1 10 102
t=10My  »@m)

Birthline for

Pre-main sequence stars

>

Protoplanetary Disk?

>

Debris+Planets?



22 0000 10

22 0000

00000000000 0DOD0O First Core00000O0O0ODOOO0ODOODODOODOOOOOO
0000000000000 First Core0 000000000 ODOOODOOOOODOOOODOO
goboboooboboobobobooobobooboboooobooooboboobboobobooboa
gboboobooobobobogoooboooboboboooo4bobobobDobooboboobO
Ub4mbO0o0ooogbooboooooobooboboooobob4muiboobooDn
gbobooboooboooboooobobooboobooboobobobobbooboooboooono
goboobooobboobbooobooobooobboobboobobooobboooboba
gbobogbooooboobobooooboboboboboooooboboboboooobo
goboboobobooobboobobooobobooobobooooooooobobooobooa
gobooboobboooboobboooboobobooobooboobobooboobo



030 Ubdb4mbUbgnd

0000000000000 0000004mUI000000 [32]0000000 45m0O00
obobobooboooo

031:0004m0O00000000 (0000OOOO)O

3.1 0O00On
3.1.1 000

O04m0O0000 20GHzO0O 116GHzOOOOOOOOOOOOOODOOOS8OO00ODOO
00000000 (20140 1000)000000COOOO0OO0OO0O0O0ODOOOODOOOOOOOO
gobobobobobobo 2000000000

0000000 000000 (Radio Frequency, RF)DOOO0O0O0OODO

0000000000 ODO000 (b0o0)ooUoO0oUDoOoO0OU0DoOoOO0DUOODOoDUOODOOoOoO
0 (00000 ;Intermediate Frequency, IF) 0000000000000

11



3.1 0000 12

ooog
100GHzOOOOOOooOoOooooooooooooooooooooooooooooooDo
O00000o0o0o0oOooD (~4K)DOOOOSISOO0O0oO0oOoOooOooooooooOo
gbobobobobooboobooboooooooo
obooobooboRrOobOO0O0OOOOOOOOO0ODOODODOOOO0ODOODOObOOODOOOOODO
000000000000 RFOOOODOOOOOOO (DODOODDOOO)ODDODOOOOOOOO
0000000000000 000000000000D0000D0D0DOO0O0 (Local Oscilator fre-
quency, LO)O0 000000000000 OOOOODO 101IFOO (8.8~10.8GHz) OO OOOO
goboboooboboobboooboooboboobboooboboobobooobboobbo
00000000000 0O0O0O00O0O0201IF0O0 (b~7GHz)OOOOOODOOOOOOOOOO
gobooboooboboobooobobooooooboboooan

3.1.2 000

gbobgobooboooooboboobooboboboobobooboobooobobobobooboo
00 (0O0O000000)00000000U0U0000OO000D0D0OOOOOoODUOOObDoODOO
gobooboobboooboobbooobooboboooboooo

00000000 (AOS)

0004mO00000000A0SOOO260000000000000000000000
00000000000000000000000000000000000000 (AOS-H)O
160000000000000000000000000000000 (AOS-W)0 90000
000000000000000000000000000000000000 (A0S-U)0 10
ooo
AOSO000000000000000000D000000000000000000000
000000000000000000000000000000000000000000
00000000000000000000000 (IF)0000000000 IFO00000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
0000000 (LiNbO3)DODOD0O000 (TeOx)0000000 (GaP) 00000000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000 ¢CD(000
000)0000O000

00000000000000032000000 BraggDOOOO

2Asing =mA (3.1)



3.1 0000 13

1R

7/
\

AgtSk

SDIER

03200000000 BraggdOUO

00000000000ADDOOOOOODODOO0OOANODOOOOUODODOOOOO100 (m=1)
gooond

e (3.2)

gbooooby»y0000000sO00D00D0O0DOO0ODOODOODOO0O00O0ODOO0ODbOODbO0OO
goood

50 = gay (3.3)

00o00o0000ooo0oO0o0o0ooo0oOo0o0 LOooo0ooooooooooooD (3.)oo

2Lsin%:)\ (3.4)
00oooooo
A
59 =2 .
T (3.5)
00000000 (33035 0000000000
S
6= .
0 = = (3.6)



3.1 0000 14

ooooooooAoSODOOQOUOOOoDOOO /yOOODODOOODODOOOOOODOOOOODOO
obobobdomOobOoO

mT)\ (ve — Av) < 0, < mT/\ (ve + Av) (3.7)

ubobooboobob y0obbobboobbobboboboobobbobobooboond
gbol1boog2000000b000b000b0boo0boobooboooboon

A 2
3 (ve + Av) < - (ve — Av) (3.8)
goonpAoOSODOODOODOO BW, O
2
BW, =2Av < 3% (3.9)

0000000000000000000000000000000 BWelecity 0

BW,
B WVelocity = =

c (3.10)

gobooboobooboooobooboobbooboobobooobooo
4smO000000000 AOSOOAOS-HO 40 MHzO OAOS-W O 250 MHzO O AOS-U O
500 MHzOOOOOOO 20480 0000000C0C00O0O0O0OODOAOSODOOOCOOOOOOO
oO0DO0o0DbOOo0DOO0o0oOo00oOoOooboOoboognO £1°COO0bOO0O0bOOoO0obOOoOoDOoOoboOoo
goooboo

gobooaoo

AOSOO00000000000D00000000000000004mO0000000000
0000000000000000000000000000000
0000000000000000000 A/DOOOOOOOOOONOOODODOOOOOOO
00000000000000000000000000000000 LS(O0O00000)0
0000000000000 000000000000000000000000000000
0000000000000000000
00+000000V@#) 000 -0000000¢t+7(r000000)000000 V(t+7)
000000000000000

C() = fim 7 [ VOV(E+ 7 (3.11)

000000000000 00000000000000000
1o .
P(v) = — / C(r)e 2" dr (3.12)
27 J oo

0000000000000 o0L00o00o00o00o00oO0oOo0oLO0LODoLOOooOOooOooOoooOoon
Wiener-Khintchine OO0 OO0 000



3.2 00000 15

3.2 0JUoon

0000 (000000)00004m0i000000000O0O0OOOOOOOODOOOOOO
gboo3boboooboobooboobobobobobobobobobobobobobob

3.2.1 00000
oo

000000000000 (oOo00000o0o0o0O0O000U00O0)00o00 10000000
gboooboobooboboboodssmidbd 26emmioonoooooooobobboong
b0 40bobooosbooooooooobobobooooboobo4mbonoobOoDO
goboooobobooboboooboooboboobboobboobooboooboboobobag
gobobooobooobboboboobbooobooobbooobbooobbooobobo
gbooobooobooboobooobooboboooboooobob4mbobooobO 05000
gooooo

googd

0000 ((00)0o000000oo00O000LOOo00Oo0O0O0O0OOOOOOoOoOOOO
gboobogooboooboobobgooboooooooboboboboobooobobobooooobo
goboobooobobooboooboobooon

oo

gobbooooobboooobob 4mb0oo0obbO0o0ooobboooobbooooD
B.R.Been(Proc.IRE Vol.50,1962) 00 0 00000000000 0O00OO0OOO KOOOOOO
0 2(90° - E)0000000OO

AFE; =N -1075(1 — 0.0011 - tan? 2) - tan 2 (3.13)
0000000000000 NDO

5
:7;§P+372210F%
00000000700000000 (K)DPOOO (hPa)dP, 00000 (hPa)0000

000000000000000000000000 15000000 200°000045m 0
43GH000000000000 (HPBW:Half-Power Beam Width) 00 4200000000
0000000000000000000000000000000000000000000
000000000000000004m000000000000000000000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000

N

(3.14)



3.3 0000 16

3.22 0O00OO0OODO

0000000000000004mO00000000(0000000000000)000
0000000000000000000 (00000000)000000000000000
000000000000000 (000000000)000000000000000000
00000000 () 00000000000000000000000000»000000
000000000000 V,OOO000O0O00000000000000 v = wy(l — Viag/c)
0000000 0000000

3.3 0o

gobooboobbooboobbooboobobooboo

3.3.1 Chopper Wheel UOODODOOOOOODOO

uboobooooboooboboobboobboobboooboooboooboboonobg
gobooobooobboobooobooobboo~0obbo0obboobbOoobbo
O00000DO0O000O00DOO0 Chopper Wheel DODOODOOOODO

gboobobobo

oborogooooooogoooogoobooogonog

1(T)ydy = 21 ! dv [erg em2str] (3.15)
v - exp (hv/kT) — 1 v 1ot em st )
000 w<kT0000
2kT
L(T) ~ C—Qz/? xT (3.16)

gobooboobbooboobbooboobbooboobobooobooboobbon

goboooooo

0000000000000 0OD0OD0OO0OO0OO0 T,OOOOOoOoOoOooOoDoOO 316000 0OOO
0oobobol Tewe D OOODOOOOO Ty ,DODODODODO 70000

TA = Tsource€ " + Tatm (1 - e_T) (317)

ooobobo 0000000t UOODOODOODOOOOOODOOODO 3303400
000000000 00000D0 (ONO)ODOO Won[Watt) OO0 GOOOOOO

Won =G {Tsourcee_T + Tatm (1 - e_T)} (3-18)



3.3 0000

17

BHDRIE OFF&

ONg [ 7o530E—14
(RTLDRED | maan

033 00000ONOOOFFOODOODO Tioom

gooooon

AY

Tsourc €

034 00000000b0o0oooooog

0000000 (OFFO)00Ooooo
Worr = GTytm (1 —€77)
00000 (00)0D00000000O0O0000000 TheemOODODO
Wr = GTroom

gbobobooboooo

WON - WOFF _ Tsourcee_T
WR - WOFF Troom - Tatm (1 - e_T)

000 Tatm = Tooom 000000

Won — Worr
Tsource =~ 15 X Troom
Wr — Worr

0000(3.22)0000000 7000000000 Twwwe OO OOOOODODOO

3.3.2 PointingODOOODOODOOO

(3.19)

(3.20)

(3.21)

(3.22)

gbooobooboboooooboboobooboooooobobooosbobooboboo
00000000o0o0O000000oOooO00o0o0DU0DUooooOoOOooDUoUO (Dooooo)o
goboooooboboooboobooboo3sb3enboonooboonobooboboonoa
googbooobogobooboboo3sbooboobooboooboooboooobooooon
gobooboooboboobboooooboooooooobboobboobooboooobooboad
gobooobooobooobboobbooobooobboobbooobboobba

gbobobooboooooooooooon

3.3.3 OTF(On-The-Fly) 0 O

00000000 4mO000000 On-The-Fly(OTF)DUOODOODOOODOOOOOOOOTF
0000000000000 000000000000000 WmO0001xN[s|OODOOO



3.3 0000 18

LN & R . "
- \.\ = e~ . =~
:.\ Y “\
" ’I" \\\‘ gﬁg "l Q‘ gﬁg
% ’I" \“\ g ”l \‘\
| " ® |
P .\ /I’ \
N . /’./ .
HELH (AZ) B (AZ)
U35 0000booooboooooon 036 0000000000000000

ON=1)000000000000000000000000000000000000O0OO
gobooobooobbooobooobooobbooobboobobooobboobba
ooo

e 10J0D0DODODOOODOOODO (dead time) D0 OO OOODOODODODOO

e J00JD0ODDOOUIDOOOUOUOOOOLUDLOLOUDLOO (OUDLODUODUDODOO)
ugoog

e Nyquist 000 (DOODOOOO HPBW)OOOOOOOOODOODOODODOODOOODODOO
oono

oTr00D0000O00O00COObOOODbDOOO37T0O0D0ODOODOON-sourced OO0
00000000 (D000000)00000000000000 v5an(0 000000 vgean =
6.0["/sec])) 00000000000 O0OOOO0OOOOOODOOOOOODOOODOOOOOOOO
0000000000000 (approach) 00000000000 O0OOOO OFFOODOOODO
00000000000000000 approach0000000 (transit) 00000000000
oo0boDOOo00boo0ooooboboooooDboOo0obOoOoooDOOd Chopper-Wheel 00O
gbobooboooboobooooooboboobooobbooboobooon

U00O0bo0oOO0ONyquistUOODOOoooooobooooboooboooooboooboog
gobooboobg3robooboobooobobobooboobooboboooboobooDbo
ooo0O orTroboCOOOOOOCObOObOODbDOoOlDOUODOOCOObDOODOUODOObOOO
gobooboooboboooobooobboobbooobooobboobboobboobbo
0000000000000 000000000D00OD0O0O0000D0D Spheroidal OO [25]00
OO0DO0O0ODOOSpheroidal 0O OOOODOOODOOODOODOOODOODOODOODOOO
0000oO000o0ooOO0oOo0oOooo OoTPOODOOODOODODOOODODODOODOODOOO
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transit

transit

approach

O370TFO00000C00DOOODOO0O0OO OFF-ON-ONOODOO

0000D000000000000000000000000000000000000000
0 19.3["]@110[GHZ] 0 0000

3.34 0OU00D0OO0ODOOODO

ubobobooooobobogooboooboobobobobooooobooooboboboooooo
gboboboboboboboboboboboboob

O00oO0o0ooO (Y-factorO)

000000 Ty OO0 Ty 000O000000000000000000000 P,(amb)[W]
0000000000 (300K) 0000000000 P,(atm) 000000000000

P,(amb) = Gk (Tsys + Tamb) (3.23)
P,(atm) = Gk (Tsys + 300) (3.24)

000 GUO0O00KO000DOO0DOOOOO0O0OODOO Y[dB]O

P,(amb)  Tyys + Tamp

Y = -
P,(300)  Tiys + 300

(3.25)

000000 YOOOOOOOOOOO0O00000000000000000 Y-factor 000
000004mO00Y ~6dB|00000000O0O0O0ONONDDON00000O0ONONONO0O
Y =3~4[dB]0000O0
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gboobobobo

uboobooooobdwrp0OOO0OOD0DOO0D yoOOOOODOODOOODOOODOOOO yp
gobooboobobooobooobooo

VRF = VLO £ VIR (3.26)

O000o000o0o0Uob00U moeOOOUO +yp000 2000000 (000O0OOO)0ODO
O00000000000000vo+vprOd00000 Upper Side Band(USB)O v, — vp OO
0000 Lower Side Band(LSB) D0 000000000 OOO0OOODOOOOOOOOOOODO
0000000000000 (IF) 0000000000000 O Double Side Band(DSB) U O
O0000USBO LSBOOOOOOOOOOOOODOODO Single Side Band(SSB) 0 0 0O O
DSBOOOOOOOOO0OOO0O0OY-factorD00 DSBOODOOOO TrxpsgDOOOOO0OOO
DSBOOOOOOOO0OSSBOOOOOO Trxssg DO OOOOOOOOOOO

Trx,ssB = 2TRX,DSB (3.27)

gbobgoboobooboboboooobooboboboobooobooboboboboobo
gbobobooboooooooooboobooboboboboIrocoboooooooboobOoDO
0000000000 IFOODODOO RAB/ODOOOOOOOOOOOOOO

1
TrX,SSB = (1 + R) TrX DSB (3.28)

gooog



140 0O0O0O0QO Bok-Globule FeSt 1-457

OO0D00O000O00DO0O0D First CoreD00OO0OO0OO0OO0ODOOODOODOODOOODOOO
uobooboooboboobboooobooooboobooobobooboboobooboooooboobooa
gobooooboboobbooobbuooobbooobboobboobbooobboobbo
O0000000000D0000 (Bok-Globule) DO OOOOOOOOOO
FeSt 1-4570 000000000 160[pc) 0000000000 ODOOOOOOOOOOOOO
000000000000 0D0O0O00OD00D0000 Bok-GlobuleOODOOODOOOOOOOOO
gogbbooobooobbuooobbooooobooobobooobooobboooboba
goooooo

0 4.1: FeSt 1-457000000
00 [AU] | OO [pe] | RA(J2000) | Dec(J2000)
8000 160 | 177 35™ 47° | -25° 32’ 53”

4.1 FeSt 1-4570 00000000

Kandori et al.(2005)[15] 0 FeSt 1-457 0 00000000000000000 (IRSF)OOOO
000000 14mO000000000 30000 SIRIUSOOO0OO00JOHAOK, 0000000
0000000000000 410000000000004.1000000000000000
00000000000000000000000000000000000Kandori et al.(2005)
00000000000000000000000000000000000000000000
000000000000000000000000

4.1.1 FeSt 1-457 0 0 0 O Bonnor-Ebert Sphere [1 00 0O 0O 0O O

042000000 (4,000)000000000000000000000000000000
000000000000000FeSt1-4570000000000 JOHOK,O0O0ODO 400000
0000000000000 000000000000000000000000000000 4.3
000021.200000 Bonnor-Ebert Sphere 1 00000 000000000000000000
0000000000 430000000FeSt1-457000000 Ne(Hs) O Ne(Hy) ~ 102[cm 2]
0000000000000000000000000000000Bonnor-Ebert Sphere 0 00
0000 &max = 126000000000000000000000000000

21
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FeSt 1-457

100

Dec. offset (arcsec)
o
T

-100 |

R

foiik i3 i

100 0 100
R.A. offset (arcsec)

Resolution

0 4.1: SIRIUSOOO0DO00D FeSt 1-457 O

0000000J0000HDOD0K, 0o O 42 FeSt1-45710 4,0000000000

00000000 (Kandori et al., 2005) I
D000000000000000000000

gbobobobobobob

FeSt 1-457

1023 ¢

1022

1021

Column Density N(H,) (cm2)

1020
1

Angular Distance (arcsec)

0 43: FeSt 1-45700000000000CCOOO45'00000000000000D0DO00O0O
0000000000 Bonnor-Ebert Sphere0 00000000 DOOO0OOOOOOODOCOOO
O0000DOO Bonnor-Ebert Sphere 00 0000000000000 ODOOOOOOOOO
gboboboboboobobobo
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4.1.2 0OO0O0OO0

Kandori et al.(2005) 0000000000000 O0O0OO0OOOUOOODOOOOOOOODOO
NoHT(J =1-0)0000000000000000000000000000O0~ 6[K] O
0000000000 FeSt1457000000O0OC00ODOOODOOOODOODOOOODOOO
O00O0FeSt 14570 00000000000 Bok-GlobuleOOOOOODOOOOOOOODOO
godboboooboobooobooboobbooboobboobooonboo
Kandori et al.(2005) 000000000000 NoHN(J=1-0)000 1000000000
gbobgoboobooboobobooooboobobobooobooobobobobooobo
gobbooobboobobooobbooobbooobboooboboobbooobooboooboba
gobooboooboboobooooon



050 0O00O0N,H' (J=1-0)

00000 Bok-Globule FeSt1-457 0 000 9000000000000 (600D)0DOO
000000000 NHTOOODOOOOON,HtOOODODOO0O00000000ooooo
000 (Thaddeus & Turner, 1975) 0N HY 000 J=1-00000000000000000
000000000000000000000000000000000000000 NoHTO
goboobooboboobooobooboobooobobooobobooboooboobooonoon

51 NoHTOOOODOO-0000

N,Ht 00000000000 0000000000000000000000000000
0000000000 [22)(Prasad S. S., et al., 1980)0N, 00000000000000000
00000000000000000N,0000000000000000000000000
ooo
N,Ht 00000000000 5.1000000052000000000000000 (000)
0000000000000000000000000 (Pearly time”, 3.16 x 10°[yr])0 < 20[K]
00000000000000000000O0N,H"00000000000000 60000
00 [20](Millar T. J., te al., 1997)0N,Ht 000000000000000000000 (N§O
N,0H,0 00 COOOHTOHCOTONH)OOOO0000000000000000

05.1: NoHFOODOOOoO0O
Reactantl Reactant2 Productl product2 Relative Rate

Ho Ny NoH* H 1.0
Hi Ny NoH* I50) 9.1

0 5.2: NoHTOOOOO0O0O
Reactantl Reactant2 Productl product2 Relative Rate

NoHT (0] Ny OH* 1.0
NoHT 6{0) Ny HCO* 3.2
NoHT e Ny H 2.8
NoHT e NH N 3.7
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5.3 00000 (Hyperfine Structure) 25

5.2 Depletion

O00000D00000D0000000000000000000000000000000
0000000000000000000 depletion 0000n(He) =103[em™3| 0000000
000000000000000000000000 2C0(J=1-0)0000%CO0 H,O0
00000 ~10740000000 [28)(van Dishoeck, E. F., 1992) 0000000000000
000000000000000000000®2CcOoO000000000 depletion000000
0000000000000 D00000000000000000
CcOO00D0DD0D0O0 520000000000 NH"000000000000 HY +CO —
HCOt*+H, 000 H 0000000 OO0OO0O00NHTOOOODODDOOOOODDODOOOOD
[23](Qi et al., 2013)ONHY 00000 00 Odepletion 0000 104 5[em™3) 00000 [2](Bergin
etal.,2002) 0000000000000 0000O0O0OODOOOO00O0

_III'II!'[IIII'I'IIIIIIIITIIIIII_‘ _l'[llIII'IITIIIIIII'ITIIIIII'I'[_

100

50

0

AS (")

-50

-100

PORVENN [N SN T T N T T W N T T W O Y WO W

PR T NN TN S T N TN M A T T A AN SO |

_IlllIlllllll]llllllllllllll- _lllllllllllllllllllllllllll_

150 100 50 0 -50 -100 150 100 50 O -50 -100
Ao (") Ao (")

051: 00000BO0DODODODODOOOOOODO (0)OODODODODODODUOODODOOOoooOOO
00000300000000000)CBOWJ =1-0000 0.1[Kkm/sj00000000
(b)NoHY(J=1-0)000 0.2[K-km/s]0 0000000 (Bergin et al., 2002)

5.3 00000 (Hyperfine Structure)

gbobgoboobooooobobooboooooboboboboooboooboboboobo
000000000000 (Hyperfine Structure) 00 0000000000000 OOOOOO
gobobooobb21zemd00O0o0oooObOOO0OO0OOOO0O0oODbOO0o0oDbOOOoOonoDODg
gbobgboobooboboboobooobooboboboobooooobobobobooobo
000000000000000000000 “NODODOO/=1000000000000



5.3 00000 (Hyperfine Structure) 26

000000000ONHTOODDODOOOO HCNOHC3sNONH; 0OOOO0O0O0O00DO000000O
gbooboooooooooooooooo roboboboboobooob0 FOODODO
00000 JO00000000000 F=J+I0000NHTODODOODODOOODODOOOO
gobooaoo

B —eqQ
S 2I(21 —1)(2J — 1)(2J +3)

3

Eg 200+ 1) — I+ 1)JT( +1) (5.1)
00000000000C=F(F+1)-II+1)-J(J+1)0000eQO0000000000
00000000000000 AF=41,00AJ=4+1,00AI=00000

N,H*(J=1-0)00000

NoHFOOOOOOOO0O0O00O0 JOROFOOOOOOJOOOODO0OO0O00O0000LO
oobLpbdbooobooogbooooogobobooDobo kL =J+L0F =R+ 1L00
0000000 J=1-000000000000000000000 53000 [16)(Keto E. &
Rybicki G., 2010)0000000000000000000O0O0OOOOOOOOOO0OO NyH*
0000000000000 (Appendix CO0O)O

0 5.3: NoHT(J=1-0)000000000 (Keto E. & Rybicki G., 2010)
Line Label(JFiF — J'F{F’) Frequency[MHz| Relative Line Strength

110-011 93171.6086 1
112-012 93171.9054 5
111-010 93172.0403 3
122-011 93173.4675 5
123-012 93173.7643 7
121-011 93173.9546 3
101-012 93176.2527 3




el UOUOUOLOOUOLOOOODO

gboooogooobob 4mbObgbdboboooooboobobobooboboboobooo
uobooooboooobooooboboooboboooobobooboboooobooboooboobooobooa
gobooobooobbooobooobooobboobbooobbooobboobbo
gbooooon

6.1 OOOO

OO00D0004mO000000DO0O FeSt1-4570000 OTFOOOODOOOODOO 2013
020400020900000NHTO00000002050000000000000 1600
000000000000 00000 Teys~200K]/D000D0ONHYOODOOOOO 3x3'00
00000000000 XOO (AzimuthOO )0 300Y OO (Elevation) 0 10000000
gobooboobbooboboooboobobooobooboon

0 6.1: NoHFOOOODOOODOOOOOOOO

goo 20130 20 50

googd 160 O

0o0o0Do 93.173480[GIz]
000000000 (HPBW)Q110GHz 19.37]
OTFOO0DOO0D 5]

000000 15.26(kHz)(00 00 O O 0.05[km/s))
000 63[MHz]

Ty ~200(K]
000000000 (dAZ, dEL) (—1.20 = 3.54["], —4.90 £ 3.54]"])
Y-factor 3 ~ 4[dB]
000000000 R > 10[dB]

FeSt 1-457 0 TZ10OOOOO0O0OOO00 SAM45000000000000000000
0000 H400000 AOSHOOOOOOOOOOOO0O0OO000O0000000000000
VX-Sgr0Si0 0000 (J=1-0; 43.42376[GHz)) D00 0000000000000 0 45m 0
000000 (dAZ, dEL)=+5"]0000000
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062 0TFOO000DOOOOOOO

Molecule Transition Frequency[GHz]
HCO* J=1-0 89.188526
HCN J=1-0 88.631847
HNC J=1-0 90.663564
H3CO* J=1-0 86.754288
H'3CN J=1-0 86.340176
HN!3C J=1-0 87.090859
NoH* J=1-0 93.17348
CH30H | 8(0,8)-7(1,7) A++ 95.196516
CH30H | 3(1,3)-4(0,4) A++ 107.01377

6.1.1 0000

gelibd0dbboOobDbOo0obOoOobDbOOoOobOoOonDOoO

e JO0O0OO0ODODLOOODODOODOODOOLDODODLDOODODOOLDODOODODO
oooooo

e JOUODOODOODOO
e 1JUJUODDDOODDOODODO (SAM45)000ODODO

e 0O DODOODOOODLDOODLODLDDODLDOODLOODLDODDOODLOODOLDOODLODLDO0
000000000 IRAS16293-24220 00

e FeSt1-4570 OTF OO

000 OTFOO0DUO0O0O0OD Y x3 0000100000 3000000000000000
gboooboboboooboboboooobooboooobo400b0b0b00bobobboDbo
obobodbl1~200000000000000000000O00O00OOOO

6.2 UJ0O0OOOOOOO0OOODLOOOOOOOOOn

ubboobooboobbooooobooobooon

nostar

gobooboobooobbooboobboooboobbooboon



63 00000000000 29

s N

Tuning for pointing target

. J

v

Pointing observation

v

Tuning for main target

\ 4

Calib target
had been observed

4[Observation of main targe%‘

0e6l1:0000booboboooboonon

Observation of calib targefJ

casaviewer

000000000000000D0(00D0)0000000O0000 (Channel Map)O O OO
gbobogboobboobooobbooobuooboobbooboobbon

kslice

Channel MapO OO O OO0OOOODOOOOOOODOOODOOOOOOD

CLASS

Hyperfine-Structure 0 D00 0000000000000 000O0OODOO [34]

6.3 UUOOOOoOoooon

4m00000000000000000000000 Chopper-WheelUOOOOOOODOO
gobooobooooooo

6.3.1 LUO00OUOOoObDOOOoodoboobOoOd

nostar UO OO ODOUO0OO0O00O0O0OODLODOODOODOOOO0OO0ObOODbOODODbDO0nDO
gobooboooobboooboboobbooobbooobobooboboooooboooobooad
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0000000000000 000000000000000000000000000000
00000000000 ooooooooooooooog

0000000000000 ooooooooooooooooooooooooooon
00000000000 0000000000000000D00000000000000O000
NHTOOOODODOOO0OO000000(05300)000000000000000000000
000000000000 000000 nestar 0000000000 OTFOOODODOODO
000000o0O000o0o00O00 1/300000005s5 0000000000000 0ooOoOO
00000000 00oooo0oo0ooo0oooo0oo0ooooooooooog NOoOod
00000000000 0000000000000 1/Y/NODODOOODOOON,HrOODOOO
00XO0O00OYOOOoOooD40000O0OO0O00O0O00000O000D0O0OO00O0OOO00OO0O0
00000000 <1% 0000000000000 000000D0DUUUUOODoODODOoDOOO
OTFO00U0000O0000UDOO0D0O0O0OUOO0UDOODOOUOO (gridding function) 00O
0000000000000 00000D0O000DO Spheroidal 00O gridding function 0 O O
oooooog



70 O0ood

45m 0000 NoHT(J=1-0)0 OTFO 0000000000000 0000000000 6.3
oooooooobriboboboooo b ooooooboobobobobobooDoDO
0000000000000 00000 [9](Daniel F.et al,2006)0 0000000000000
rboboobooobooobooooobooooboooobooooboooboboboboooboo
OO00OD00O Radio Velocity DO OO0 OOOO0OOOO

Radio Velocity [km/s]
1.0 14.4061 11.1899 7.97366 4.7547 1'54.128 -1.67492 -4.89111

123-012
0.8
122-011

0.6 12012 | | 111010
101-012
JL 121-011

0.4

110-011 ‘

0.2

b [ bl w‘ ot ol g

-0.2

Antenna Tenmperature [K]

93.169 93.170 93.171 93.172 93.173 93174 93.175
Frequency [GHz]

071:00000009%00000000000N,Ht(J=1-0)00000000000000
0000 (JEF — JF/F)0

7.1 O0O0ooogoad

70000000000000000000000000000000000000000000
0000000000000000000000000000000000000 (0000000
0)00000000000000000000000000000000000072~74000
00 30[kHz](0.5[km/s]) 0 O O 93.17440~93.17455[GHz](-3.45~-2.95[km/s|0 JF\ F — J'F|F’ =
101 — 012)0 93.17157~93.17222[GHz](4.05~6.15[km/s]0 JF, F — J'F{F’ = 121 — 011, 123 —
012, 122—011)093.16977~93.17033[GHz(10.15~11.95[km /s]0.J F; F— J'F{ F’ = 111—010, 112—
012, 110—011)000000000000
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71 0000000 32

Relative J2000 Declination (arc:

80 60 40 20 O -20 —60
Relative J2000 Right Ascens ion (arcsec! )

0 7.2: 30[kHz](0.5[km/s]) 0 O O 93.17440~93.17455[GHz|(-3.45~-2.95[km /s]0.J F} F—J' F| F' =
101-012)0 NoHYOOOODOOOORMS=0.157[K]0 000 3c00000000000000
000000000000000
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71 0000000
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110 — ¢¢l ‘210

—€cT ‘110
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)
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00000000 4HSN O
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71 0000000

00000000 4+HSN O
(TTO—0TT ‘CT0—3CIT ‘010 —TIT = , A1, — A OS/WA|G6 TT~CT0T) [ZHD]EC0LT €6~LL69T°¢6 O O O ([s/w]¢ 0)[zHT0E FL O
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93.169830 93.170110 93.170260 93.171660 93.171970 93.172160 93.17449[GHz] 0 0 0 0 0 O
0000000000000000070000000000070000000000000
0000000000000000000000000000000000 ~200000000
000000000000 093.17194[GHz(4.95[km/s])0 93.17023[GHz] (10.45(km/s]) O 0 0 O
0000000000000000000000000000000000000000000
0000000000000 000000000000000000000000000000
0000000000000000000000000000000000000000000
00000000000000000000000000000000

7.2 QOJOoog

072~740000000000000075000000000000~ 10000[AU]O0O
00000000 15s0000000000000000000000000N,HTO0000
0000000000000 ~2000000000000000000000000 NoHMODO
gboobobobobooboob

S sl 2 fJ

) /

- 40 ) (

ke

2 2 |1

e 0 ~
2 3
8 -20 ~
O N2
S —40

(0]

2 —60

©

¥ —80

80 60 40 20 0 -20 —60
Relative J2000 Right Ascension (arcsec)

o 7.5 NoHT DO000000 D0 093.17440~93.17455[GHz|0 93.17157~93.17222[GHz| 0
93.16977~93.17033[GHz] 0O OO0 00000 ORMS=0.101[K- km/s]0000 30 0000
O0O00O00DO0oO0oOoOO0O0RMSOODODOOOOOODOOOOOOODOOOOOODOO



U84 Uooung

goboobooboobooboooboooobooboooobooobobbooobobooDbo4
0000000000 DOO0ODO0O0O00C0ODOO0OD0O0OD FeSt1l47O0000ODOODOO
gooboooboogod

81 UUUOOOOO

0810000000000 00000DDODOON,HrO0000000000D0D0DOO00
00000000000000000002000000000000000000000000
0000000 (dip) 0000000000000 000000000000000000000
0000000000000 0000000D0D00O00O
081000000 (0D 1)0D00000000000 10°000000dip00000000O
000000000000000000000 (0020000000000 (RA, Dec)=(10",
20)0000000000000000000000D000000000 NoHYOODO 12000
000000000 40°000000
0000000000000000000000000000000000000000000
0T,00000070000000000000 et 00000 (Appendix CO0)000O0
0081000000008200000000000NH"O0000ONH*ODOOODOO
00 H,0000000000000000ng, 0000000000000000000 HeO
0000000 (000000)X(NoHY) O 107100000 [19)(N. Lippok. et al, 2013)0 0 0
00083100000000000000000D000O0DO0OOOO0
08.2000FeSt1-457000000000000dip000010000000000000 200
D00000000000dip0000000 ~55K|00000000000dip0000000
0000000 NH'OODOODOOO00O000000000000 np, ~108em=3]000000
0000 (~104%[em™3)) 0000000 000NyHT O depletion 000 0O [2](ng, ~ 10%[em ™3],
Bergin et al, 2002) 00 0000000000000 dip000O NoHT O depletion 000000
000000000000 ng, >10%em™3|000000000000000FeSt1-4570000
0000000000000 D0O0D0000D0000D0000DO00D0DO00D0DOO0D0DO

081:0000oogoogg1

00 0000 [Kkm/s| Tex Teot
1 3.87 + 0.08 538 + 0.11 | 16.28 + 5.4
2 4.58 + 0.02 7.14 + 0.31 | 5.02 + 0.95

36



8.2 dipOOOOO

37

40
o

-40

Relative J2000 Declination (arcsec)
o

¥ phye

/]

80 60 40 20 0 —-20 —60
Relative J2000 Right Ascension (arcsec)

=
'x
3
05 »
0
-0.5

081: 0000000000000 0O0O0UO0O0ORMS=0.101K-km/s]0 000 300000

good

082 000000000002

00 | Niot(NoH') x10'3[ecm—2] Mgun n(Hy) x10%[cm 3]
1 5.40 £ 0.11 4.55 4 0.09 5.88 £ 0.12
2 2.14 £ 0.01 7.50 & 0.04 1.15 £ 0.01

8.2 dipOUOQOnQ

00000000000dip0000000000000000O0 82000000 NoHTODO
00000000 (93.16883 ~ 93.16977,93.17033 ~ 93.17157,93.17225 ~ 93.17437,93.17455 ~
93.17502[GHz]) D0 0000000000000 82000 £le00000O0OODOOOODOO
00000000000000000000ONHYOOODOO0OO0D0000O0dip00OOO0OO00O0O

gboboboboboboboobobooboboobobobooboboobobboooo
oo0ooOooboOoooOdiphbOoO0obOOCO0ODOOODOOO0OOOODOOOOOOD

(1) 0000000000000 00O00O00D0OD0D0D0O0O0ODO NHYOODODOODOOO

oo

(2) 0000000000000 0000O00DO00OO0 NoHT O depletion 0000

(3) (1O ()OO0
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y [ 1
o] 8000AU

l 005

(s/uwoiy)

-0.5

Relative J2000 Declination (arcsec)

80 60 40 20 0O -20 —-60
Relative J2000 Right Ascension (arcsec)

082: NoHTOOODODDUDODODODODDOUDODODOO00DOO1e =0.302[K-km/s] 0000000
ooob 1le0O000 -1lc000OO

0000000000000008300000000000000000000000000
000030000000 200000000000000000N,Hf0000000000
00000000000000000000000000000083000000000000
00 I[Kkm/s)|00000 T,0O0O000 70000000 Avlkm/s| 0000000000
00000000000000000000000000000000000000
0840083000000000000000000084(a)00T,,0OO0OOODOOOO
0000000000000000000000000000000dip000000000 (1)
0000000000084 00000000000000000000000000000
0000 ROOOOOO R2=0.163000000 T,,0000000000000000000
000000 84(b)0(c)0000 T, O0OOD000000 AvO000000000000000
0000000000000007T,00000000000000000000000000
000 N,Ht 000000000000 0000000000000000dip00000000
00000000000000000000000000000000000000dip0000
000000000 (2)0000000000000000

8.3 UUULUODOOOO

gboboooboooboboobbuoobobooobooooboboobobooooboooobo
00000000000 000000 (collapse) 000000 DO0OO0ODOODODOODOFeSt1-457
gboboobooobboooboobooobuooboobboobooboo
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39

083:00000000000000083000000000007[Kkm/s]0000007TwK]
0000007 0000000Avkm/s) 00000000700 £0.101[Kkm/s]000000
000000000000000000000000000000

I=0.82
Tox = 4.54 4 0.89
Tt = 10.18 £ 4.29
Av = 0.21 £ 0.02

I=20.90
Tex =4.75£0.89
Tiot = 12.96 £ 4.78
Av =0.20 £ 0.02

I1=0.54
Tex =413 £1.26
Tiot = 9.67 £ 7.69
Av =0.20 £ 0.03

I =0.57
Tex =5.78 £1.80
Tiot = 3.92 £2.14
Av =0.17£0.02

1=1.39
Tex = 6.40£0.95
Tiot = 9.29 £2.11
Av =0.19 £0.01

I=1.53
Tex = 6.45£1.09
Tiot = 8.91 £2.29
Av =0.22 £ 0.01

I=1.15
Tex =6.060 £1.31
Tiot = 0.67 £ 2.08
Av =0.24 £ 0.02

1=0.59
Tex =4.92£1.45
Tiot = 0.04 £ 3.38
Av =0.19 £0.02

1 =142
Tex = 5.79 £ 0.86
Tiot = 11.85 £ 2.81
Av =0.21£0.01

I=1.33
Tex = 5.86 £0.90
Tiot = 11.83 £ 2.86
Av =0.20 £ 0.01

I1=1.12
Tex =4.86 £0.81
Tiot = 10.64 £ 3.45
Av =0.25£0.02

1=0.73
Tex =5.45£1.44
Tiot = 0.30 £ 2.61
Av =0.21 £0.02

I =0.68
Tex = 6.50 £ 2.83
Tiot = 2.70 £ 2.02
Av =0.26 £ 0.02

I =0.68
Tex =4.47+£1.43
Tiot = 0.86 £ 4.46
Av =0.27 £0.03
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\ | | I
8000AU
»

Relative J2000 Declination (arcsec)
(s/wht3h)

80 60 40 20 0 —20 —-60 -0.5
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