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Spectral Line Analysis of A-CH;CN and E-CH3CN in G331 Table 3
The Table 2 Caption Applies Here for A~CH50OH and E-CH,0H

Transition Frequency Ay [TandV FWHM Transition Frequency E, Ay [TV Vi FWHM
(MHz) ) 10 3s™ Kkms™) s (kms™h A (MHz) (K ao s (Kkms ") kms ') kms ")
A-CH,OH
A-CH(CN 6,-5, 202672.889 63.707 10.6 6.95 + 0.06 ~90.67 + 0.02 5.4 = 008
169159 293845.164 697.83 1.51 - 3.4, 293464.055 51.6381 289 ) —00.35 + 0.00 6.8 =02
166-154 204008 867 377.0721 19 2065 + 0.006 007 + 02 103 +05 12,-114 329632.881 218.8033 6 0.59 + 0.0 —89.8 + 0.3 41 =06
16:-15 204251 461 1843532 213 50403 904 + 02 82406 11-11g 331502319 169.0101 3.394 =+ 0.001 ~90.17 £ 0.02 282 = 0.03
I ~3 0427 e, 2 o ina . ' P, "1:-8, 332020.822 114.794 . o -
16415, 204302.388 120.0696 221 79402 —89.69 + 0.07 8.8+02 12,12 336865.149 197.0765 69405 919+ 02 69 %03
18y — 17, 330557.569 128.67 236 0.15 £ 0.04 =912+ 0.1 09+02 T 338408.698 64.9817 10,83 + 0.07 —90.51 + 0.02 531 = 004
»]gb _ 17ﬁ 130842.762 4079468 28 1.53 + 007 _R8.2 + 04 10+01 T5=0g 338442367 258.6994 1.0% + 0.06 —91.3 £ 0.1 5704

" y N N 7565 338486.322 2028864 211 + 0.08 —90.98 £ 0.09 49 =02
18, — 174 331014.296 215.2437 3.07 6.6+05 -90.3+£03 8908 iy o 00,7032 5 73104 005 £ 01 pape
18y — 17y 331071.544 1509654 316 91+03 —89.5 £ 01 94 +£03 7 338543.152 114.7948 3 9.21 + 0.08 —89.77 £ 0.02 5.62

"]Q‘,| — 18 348911.401 74542 287 - 1262 % 739.802 102.7179 T4£07 —90.6 £ 0.2
_ 5 5 " Yy . = 340141.143 44.6729 2.14 £ 0.06 —90.71 £ 0.08
\119:‘ 184 34:)21_.2:1 4;:4 7(}25 3.3:1 3.01 £0.01 904 £ 0.2 115+£035 45903.915 26545 i -
19; — 18 349393.297 232012 3.63 3.66 £ 007 917403 38406 346204.271 115.1625 231 4 0.07 —90.74 £ 0.09
195 — 184 3494537 167.7368 3 55403 —090.5 £ 0.1 68 £ 04 = 14 349106.997 260.2068 2 425 + 0.06 —90.77 + 0.04

350005.1 16.841 12.19 + 0.05 —90.58 + 0.01 513 =003
E-CHsCN 8, 35168548 121.2915

“165-15 293940916 568.60 - M0l 355219597 2079929 ) - N
3 355602.945 211.0285 2 —91.M .02 476 =

16r-15; 294025.496 4617635 : 0.8 £ 0.1 -887£06 102 256007 238 2952675 3 268 4 008 Zo046 £ 0.8 sg101
165155 294161.001 290.5519 : 2,14 £ 0.09 ~892 £ 02 98 £ 03 —
16,15, 294211873 2263073 2, 2,93 + 0.08 ~902 = 0.1 9303 PR 130793 887 1383774 196 4 006 0103 4 007
16,15, 29427975 1406138 ) 419 £ 0.09 —90.79 + 0.08 79 £02 1615, 331220 3127333 055 + 0.06 914403
16,-15, 294296.728 119.1843 ) 7.74 £ 007 ~91.87 £ 0.07 94401 3ty 537412 109+ 0.06 —9L1 401
"8, — 17, 330665.206 599.54 5 121 £ 007 014 £ 02 8.1£05 j,;z o e :;::ﬁ::;
18, - 17, 330760.284 4926304 ) 0.8 0.1 ~008 £ 0.7 12 7 337707 368 03161
185 — 174 330912.608 3214329 A 20401 -804 4+ 02 116 +06 7 338124.488 T0.1794 3 .09 + 0.06 —00.74 + 0.01 5.01 = 004
181 _ Hl 330969.794 257.1937 33401 —00.5 + 0.1 92 4+ 04 71 338344588 62.6521 X 9.61 + 0.08 —00.63 £ 0.02 4.87 = 005

o ) - i ; DU § . . 338404.61 235.894 - o .
18- 17, 331046.09 171.5073 3, 6,66 + 0.09 9087 = 0.07 104 £ 02 . a0 078 s
18, — 17, 331065181 1500797 313 10.252 £ 0.007 ~91.62 + 0.06 106+ 0.1 7 ebs 338456.536 1811017 13404 ~90.9 + 07
“]‘;]h — ISN 349024 971 616.29 . 338475.226 193.1625 1.5 £ 0.6 —91 0.1
£19, - 18, 349125.287 50938 0304 2 0.003 901 + 06 59207 ] B T i e
19 — 185 349286.006 338.1962 2,106 + 0.008 —89.6 £ 0.2 9505 . 138559963 1198084 . Tstol 083+ 06 s2e0
19, - 18, 349346.343 273.9599 2091 £ 0.002 —89.76 £+ 0.09 6.1 £0.1 338583.216 104.8115 3. 6.9+ 02 —90.99 + 0.08 6.6 =02
19, - 18, 349426.85 1882773 53401 —00.61 + 0.9 98 + (0.2 338614.936 78.1537 214+ 08 —89.5 £ 0.2 99 £ 05

19, - 18, 349446.987 166.8506 3 8018 + 0.001 9176 + 0.05 939 £ 0.08 Lo T Piopoass 1233 2007 e ool SoL=00
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non-LTE / LTE

Parameters and Physical Conditions Derived
from the Statistical Equilibrium Calculations that have Yielded Hydrogen
Densities between 0.7 and 1 x 107 cm™?

“* corrected by T +* corrected by T
Parameters A-CH;CN E-CH;CN A-CH;0H  E-CH;0H II.'

Modeled 7 13 10 13
lines

Xx* min 5.69 171 4.42 T.,. = 156 (25) K T = 152 (20) K

_ 14
N = 6.4 (2.0) x 10" em™ N = 8.4 (2.0) x 10" cm

FWHM (km 5.49 + 0.01 5.49 + 0.01 4.88 + 0.01
-1
s )
N (10" 477 + 0.05 3.69 + 0.04 98 + 0.1
cm_z)
T, (K) 142.1 + 0.9 140.5 4+ 0.3 84.8 4+ 0.1
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Table 1. HC3N lines detected in G331 and their parameters obtained from Gaussian fits.

Transition Frequency 0 a J T, v Viee f 1 FWHM 7 Remark$
(MHz) ‘) (K km s 1) (kms~1) (K) (km 5~ 1y

21832472 13098 694 £ 072 -90.35 £+ 0.05 005 5394011

22741891 141.89 TA9 075 { + 0,05 £ 005 L5701

236512.78  153.24 6.20 £ 0.62 -90.35 £ 0.05 +0.04 55514012

245606.31  165.03 6.02 £ 0.61 = + 0.06 563 017 .

25460051  177.25 6.47 + 0.66 + 0.06 558 +0.15 235 pbw 33504
nl CHaNH

26379231 189.01 585+ 059 9049 + +0.06 593+016 0206 pbw CHzOH

33652008 306.091 : 486 +£ 050 -90.50 + 0. + 0.05 667+019 0082 nl SO

345600.01 32349 - 3BT £ 039 9057 - +0.04 616+£014 0077 pbw CH3OH

35460746 340.51 : 414 £ 043 90.54 +0.04 692+018 0.060* ¢l

130 Isotopologues

H¥CCCN

26-25 220203.09  148.51 + . 0.06 £+ 41404
27-26 23801568  150.93 K + + 0. 0.06 48 £ 05

HC'*CCN

24-23 21730856 13042 28 + + 0.4 0.07 42+ 0.8 0.0251 el
5-24 22645418 141.29 x + 0. 0.06 + 50+1.0 0.0241 el
—26 24456444  164.33 + 0. 0.07 + 36+ 08 027t pbw CHaOH

"_\"s(":\'

21741957  130.44 31, - 0.06  -0D.2 + 0. +002 54404 pbw CH30H
nl 13CN

296476.04 141.31 - 0.06  -80.9 £ 0. + 54+07 0.031 d

23553200  152.61 +0.07 880 £ 0. 1 56+£06  0.037 d

007  -91.3 £ 0. 010£003 4905 0.0156*

1 219173.75  452.34 83.0 034 £005  -91.6 £ 0. 008002 41106 0018
251-241 22707727 463.09 93.5 069 £ 008 902 +02 012+002 60z£05 0.013°
25_1-244 22830317  463.29 093.4 0.70 £ 0.09  -90.8 £ 0. 010 +0.02 68+06 O0011°
26_1-254 237003.38 47447 105.2 053 £ 007 905 £ 0. 007 £0.02 84412  0.000
261-25_4 23743226 474.69 105.7 057 £007 -91.0 0. 010+003 5305 0014°
271-26 246200.14  486.29 118.0 045 £ 008  -91.4 £ 0. 007003 904+19 0011°
27_1-264 246560.95  486.52 118.5 0.78 £ 010  -B9.3 k 010£003 8109 0009
28_,-2T 25532455  498.54 131.7 058 £010 -915 £ 0.F 0.09 £003 67x£1.1 0.011*
281-27_4 25568020  498.79 132.2 0.72 £ 0.11 913 £ 0. 008 £002 B89%x16 0008
29,-28_, 26443958  511.23 146.4 0.20 £ 0.04 + 0.5 005+003 26407 002
20_1-284 2481724 511.50 147.1 0.40 = 0.07 01.1 £ 0.; 007 +£002 62411 0.012*
32,-31_4 202198.64  552.26 197.9 0.50 + 0.08 90.2 + 0. 0.00 +0.02 49+06 0.014° :
30_,-384 35607244 66268 359.2 0.31 + 0.06 90.3 + 0. 0.05+002 66+1.0 0008 nlo S04

21RB60.61 45215 a2y 0.58

*Obtained iteratively from the opacity correction (Sect 4.2.1) "Obtained from Eq.8 (Sect. 4.2.3)
! o
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Frequency [GHz] Frequency [GHz] Frequency [GHz] Frequency [GHz] Frequency [GHz] Frequency [GHz]

218.325 227.425 227.4 236.525 236.5 217.425 217.4 226.5 226.475 235.55 235.525
- e T i = T T T T 13, T T 13, f T 13, " T
125f v=0,2423 T 5| v=0.2524 f [v-0.26-25 \ S[HCC 3N 4-23] [iccBen 2s5-24) [HCCTeN @26-25)

1 0.1

| 4 | 1 ! 1
-100 - ’ -100 - -100 -75 -100

4.725 254.7 . 217.4 : 226.475 226.45 i 244,575
oy T
=0, 28-27 I 7 . ) HCI3CCN (24—23)] oauEceN @s2a] T [t (27-26)]

= 0.075f
0.05f
0.025F

0

L ! K 1 L : L I -0. I 1
-100 -75 -100 -75 -100 -75 -100 -75 —1‘()0

L
=75

336.55  336.525 336.5 345.625  345.6  345. 354.725 3547  354.675 3 229.2 238.025 238
8F T T r T T T T T T . T Rl T T
| v=0,37-38 ‘ v=0, 38-37 ‘ =0, 38-38 ‘ HBCCCN (ZG—ZS)I H!3CCCN (27-26 I

1 | L i L L L L | L
-100 75 -100 -75 -100 75 -100 -75 -100 -75

Velocity [km/s] Velocity [km/s] Velocity [km/s] Velocity [km/s] Velocity [km/s]
I}

Frequency [GHz] Frequency [GHz] Frequency [GHz] Frequency [GHz]
21 75 218.85 219.175 228.325 228.3 228 227.975
4 asf T e J 1 25,- 24
v, =1 25_- 24, . 1 255~ 24

24 23, [w,=1 24, - 23 g
1

1 L 0 O O

237.075 7. . 246.225
; T v, =127,- %,

1y e M

L 3 L . L L L
75 125 -100 75 125 100 75

255,675 64.85  264.825  264.8 4475 264.45  264.425
T T T T i T
129 - 28, stv,=129,- 28,

L
100

202.2 202.175 356.1_356.075 356.05 356.0:
T T
v, =139 - 38,

100 =5 55 00 75
Velocity [km/s] Velocity [km/s]
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P gl
' Excitation/of the v=0 and v7=1 lines
J=38-37 nc (80-100 K) ~ 1.5 x 10" cm~*

n(RADEX)~2 x 10’ cm™3
_, rotational transitions v=0 in LTE

/

/

nf(V7=1-O) ~4 X 102 cm—3 (Wyrowski et al., 1999)

~ IR pumping (pust) f::

/'Tvib = 140 K - Tdust

L’ hc

_ 1.8625 x 10~° (’—) T
1016 cm

()

1~ O4(ZAMS)
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Isotopologue N X
[x 1013 cm™2]  [x 10711

HCC13CN 6.7 + 0.9
HCI3CCN 3.8 + 0.8

H13CCCN

Cz2H2 + CN » HCCCN + .Hff o e

/HsC> +/CN ~ HCC®*CN + H
/ ! P
l .

[HCC'*CN]:[HC'*CCN]:[H'*CCCN] = a:b:c, with a>b=c

/ [ ——
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SEPIAEE0 covering
SEPIA345 covering the w

SEPIA180 covering the wir

Instrumento Frec HPBW Rango
R _ i . 2 Elementos Pol
(FE/BE) [GHz] (arcsec) IF [GHZ]

SEPIA180 pdino SIS 157-211 39-31 4-3

fsky' - 1:LD

'

LSB, pol1 USB, pol1

LSB, pol0 USB, pol0
4 GHz 4 GHz

-6

177.26 189.26 Freq (GHz)
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Frequency
{MHz)

Transition

(Freg doo Juo = Wiy b i

A_!t!'
(10~3 s~

E!f
(K}

Integrated Flux
(Kkms™ )

FWHM
(kms ' )

Visr

(kms™!

J

NIST
reference

175843.695
197821.461
219798.274
241774.032
263748.625
285721.951
307693.905
329664.367
351633.257

8.8 — 70,7
900808
100,10 = 90,9
11g 11 — 109,10
12 42 — Llp 1
130,13 — 120,12
140,14 — 13p 13
150,15 — 140,14

160,16 — 150,15

7.43
10.70
14.70
19.60
25.60
32.60
40.90
50.40
61.30

37.98
47.47
58.02
69.62
82.28
95.99
110.76
126.58
143.46

371 £0.03
363 £0.03
4.53 £ 0.05
535033
4.86 = 0.08
790 £0.10
7.24 £0.03
8.02 £ 0.07
6.79 £ 0.06

591 £0.05
5.86 £ 0.07
553 £ 007
571 £0.44
595 £0.12
6.70 £ 0.10
6.07 £ 0.03
6.42 + 0.08
6.60 £ 0.08

90.23 £ 0.02
-90.36 £ 0.03
-90.50 £ 0.03
9047 £ 0.17
90.66 = (0L.04
90.76 £ 0.4
-90.56 = 0.01
-90.64 £ 0.03
-90.51 £0.03

175189.027
176472.191
197085.416
198528.881
218981.009
220584.751
240875.727
242639.704
262769.477
264693.655
284662.172
286746.514
306553.733
308798.184
330848.569
350333.059
352897.581

818-T17
Bi7-T16
9.9—813
G e—817
101,10 —-910
10) -9 8
Iy — 10y 10
Iy 10— 1019
12y 32— 113 1)
12y 01— 11110
131,13 - 124,12
131 12— 124 14
Ly jq4— 13y 43
141,03 - 131,12
15 14— 14y 13
164,16 — 151,15
16115 — 151,14

7.16
7.31
10.30
10.50
14.20
14.50
19.00
19.50
24.80
25.40
3170
32.40
39.70
40.60
50.10
59.70
61.00

8L11

§1.39

90.57

90.92

101.08
101.50
112.64
113.15
125.25
125.85
138.91
139.61
153.62
154.43
170.31
186.20
187.25

1.01 + 0.01
0.76 £ 0.01
0.68 + 0.01
1.01 + 0.01
1.75 + 0.05
1.73 = 0.06
1.56 = 0.03
1.74 = 0.04
1.80 = 0.10
1.59 + 0.04
2.13+£0.03
253 £0.02
2,13 £0.02
274 £0.02
4.64 £ 0.05
324 £ 0.04
255 +£0.03

5.08 £ 0.07
4.60 £ 0.10
4.42 + 0.08
5.60 £ 0.10
573 £0.21
6.29 + 0.31
548 £0.12
552+ 0.13
5.80 £ 0.50
5.21 £ 0.19
530 £0.10
5.53 £ 0.06
591 £ 0.07
5.83 £ 0.07
740 £ 0.10
5.84 £ 0.09
5.25 £ 0.08

-90.93 £ 0.03
90.97 £ 0.03
-90.99 + (.03
-90.85 £ 0.04
-90.67 £ 0.07
90.79 £ (.10
-90.91 £ 0.05
90.67 £ 0.05
-90.80 + 0.20
-90.85 £ 0.07
-90.86 + 0.04
9091 £0.02
90.86 £ 0.02
90.86 £ 0.02
-90.56 + 0.04
9081 £0.03
9081 £0.03

175791.267
175792.957
197762.939
197765.372

219733.8501

219737.193%

241703.8524
241708.312
285640.923
285648.301
307607.799
307617.020
329573.452
329584800
351537.795
351551.573

827-T6
Bg—Tas
Grg—827
9r71-826
1029928
107 8 =927
20— 1029
1129 — 1025
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HNCO abundances
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Source Size: 5" Source Size: 107

With C. Without C., With C. Without C,
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