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G l . 6 - 0 . 0 2 5 is a dense molecu la r c loud, loca ted nea r t h e Ga lac t i c C e n t r e 

a t 1=1.6° a n d b = - 0 . 0 2 5 ° . Lacking in s ta r - fo rming or infra-red regions , t h e 

c loud w a s first d e t e c t e d as a p r o m i n e n t 5-GHz H2CO a b s o r p t i o n f ea tu re 

( W h i t e o a k k G a r d n e r 1979). N H 3 obse rva t ions by G a r d n e r et al (1985) 

revea led a c l u m p y cloud w i th a d i a m e t e r of a b o u t 30 pa r sec , average LSR 

veloci ty of 50 k m s " 1 , a n d a k inet ic t e m p e r a t u r e exceeding 50 K. In addi -

t i on , a h igh-veloc i ty c o m p o n e n t a t 160 k m s - 1 has been de t ec t ed t o w a r d s 

one of t h e c lumps ( G a r d n e r k Boes 1987). CH3OH in t h e cloud gives rise 

t o a 12-GHz 2 o - 3 _ l Ε t r a n s i t i o n in ab so rp t i on , r ep re sen t ing t h e bes t exam-

ple of r a r e p o p u l a t i o n ' an t i - invers ion ' for th is t r a n s i t i o n ( W h i t e o a k k P e n g 

1989; P e n g k W h i t e o a k 1993). In c o n t r a s t , t h e 36-GHz 4 _ χ - 3 0 Ε t r ans i -

t ion shows e x t e n d e d emiss ion wi th s u p e r i m p o s e d kno t s co n t a in in g m a s e r 

emiss ion (Haschick k B a a n , 1993). Sobolev (1996) has sugges ted t h a t a 

collision! ha s occu r red b e t w e e n t h e m a i n cloud a n d a n o t h e r c loudlet w i t h 

r e l a t ive veloci ty of 100 k m s - 1 , r esu l t ing in high k ine t ic t e m p e r a t u r e s a n d 

shock waves t h a t c r ea t e t h e CH3OH m a s e r s . 

In view of t h e u n u s u a l n a t u r e of G l . 6 - 0 . 0 2 5 , we have carr ied ou t a 3 - m m 

molecu la r l ine s t u d y of i t us ing t h e 22-m ' M o p r a ' a n t e n n a of t h e A u s t r a l i a 

Te lescope ( o p e r a t e d by t h e A u s t r a l i a Telescope N a t i o n a l Facili ty, C S I R O ) . 

T h e obse rva t ions were o b t a i n e d a t frequencies be tween 86 a n d 115 

G H z d u r i n g several r u n s be tween 1995 J u n e a n d 1996 S e p t e m b e r . A SIS 
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( s u p e r c o n d u c t o r - i n s u l a t o r - s u p e r c o n d u c t o r ) receiving sys t em prov ided single-

s i d e b a n d receiver t e m p e r a t u r e s which var ied s o m e w h a t sys temat i ca l ly wi th 

f requency b e t w e e n 80 a n d 130 K. A t t h e observ ing frequencies t h e reflecting 

surface of t h e a n t e n n a has an effective d i a m e t e r of 15 m , resu l t ing in a half-

power b e a m w i d t h r ang ing from 57 arcsec t o 45 arcsec. All obse rva t ions 

were m a d e a t R A ( 1 9 5 0 ) = 17h46ml2 .0 s Dec(1950) = - 2 7 o 3 3 , 1 5 " , w h e r e 

t h e 1 3 C O emiss ion n e a r 50 k m s - 1 max imizes a n d t h e high-veloci ty emis-

sion is p r e s e n t . Pe r iod ic obse rva t ions of SiO mase r s wi th wel l -es tabl ished 

pos i t ions p rov ided a p o i n t i n g accuracy bel ieved t o be b e t t e r t h a n 15 arc-

sec. T h e s p e c t r a were o b t a i n e d wi th a digi ta l corre la tor ; a c o m b i n a t i o n of 

1024 cor re la to r channe l s a n d 64 M H z b a n d w i d t h p rov ided a veloci ty res-

o lu t ion va ry ing b e t w e e n 0.44 a n d 0.32 k m s _ 1 ! a fter H a n n i n g s m o o t h i n g , 

for t h e a b o v e f requency r a n g e . T h e observ ing cycle consis ted of pa i r s of 

on- source a n d off-source obse rva t ions . In tens i ty ca l ib ra t ion was car r ied ou t 

in a two- s t ep process ( H u n t et al . 1997). T h e observed in tens i t i es were 

first co r rec ted for a t m o s p h e r i c a t t e n u a t i o n us ing observa t ions of an a m b i -

en t t e m p e r a t u r e load . T h e y were t h e n t r ans fo rmed to a cor rec ted a n t e n n a 

t e m p e r a t u r e " Τ ^ β " scale by c o m p a r i n g t h e resul ts for t h e sources Or ion 

A a n d M 1 7 S W w i t h s t a n d a r d values given for s p e c t r a o b t a i n e d w i th t h e 

S w e d i s h - E S O Sub-mi l l ime t r e Telescope ( S E S T ) . 

S p e c t r a were o b t a i n e d for 16 t r ans i t i ons . In a lmos t all , t w o b road emis-

sion fea tu res a re cen te red nea r 60 a n d 160 k m s - 1 . In mos t cases t h e 60- k m 

s - 1 f ea tu re clearly shows two s e p a r a t e veloci ty c o m p o n e n t s . U n c o n s t r a i n e d 

t w o - c o m p o n e n t G a u s s i a n f i t t ing yielded c o m p o n e n t s a t m e d i a n velocit ies of 

45 a n d 60 k m s - 1 , w i t h a n u n c e r t a i n t y of 5 k m s - 1 . All t r ans i t i ons a p p e a r 

in emiss ion excep t t h e 107-GHz t r ans i t i on of CH3OH, for which all t h r e e 

veloci ty c o m p o n e n t s a p p e a r in abso rp t i on . M a n y t r ans i t i ons have s imilar 

r e l a t ive in tens i t i e s for all t h r e e velocity c o m p o n e n t s . T h e m o s t o u t s t a n d i n g 

differences a r e for t h e 45 k m s " 1 c o m p o n e n t . T h i s velocity c o m p o n e n t h a s 

e n h a n c e d re la t ive C3H2 emiss ion, a n d e n h a n c e d 107-GHz CH3OH a b s o r p -

t ion . 

T a b l e 1 l is ts t h e t r a n s i t i o n s a n d ind iv idua l resu l t s for t h e t h r e e veloc-

i ty c o m p o n e n t s . Ve loc i ty - in tegra ted l ine in tens i t ies a n d p a r a m e t e r s (k inet ic 

t e m p e r a t u r e a n d molecu la r hyd rogen dens i ty ) der ived for t h e t h r e e c louds 

have b e e n used t o ca lcu la te exc i t a t ion t e m p e r a t u r e s , co lumn dens i t ies for 

t h e lower t r a n s i t i o n levels , a n d t o t a l co lumn dens i t ies . T h e 1 2 C O a n d C 1 8 0 

t r a n s i t i o n s were used t o e s t i m a t e t h e k ine t ic t e m p e r a t u r e s and h y d r o g e n 

dens i t ies for t h e t h r e e c louds . B o t h t r ans i t i ons a re a s s u m e d t o b e the r -

ma l i sed , a n d in L T E , imp ly ing t h a t t h e exc i t a t ion t e m p e r a t u r e for all levels 

is equa l t o t h e c loud k ine t ic t e m p e r a t u r e . T h e 1 2 C O emission was a s s u m e d 

t o b e op t ica l ly th ick a n d t h e C 1 8 0 emission opt ical ly t h in ; t h e observed low 

re la t ive in tens i t i e s s u p p o r t t hese a s s u m p t i o n s . Given t h e exc i t a t ion t e m p e r -

https://doi.org/10.1017/S0074180900084552 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900084552


MOLECULAR ABUNDANCES IN Gl.6-0.025 185 

a t u r e , i t was poss ib le t o e s t i m a t e t h e C 1 8 0 J = 1-0 opt ica l d e p t h , t h e t o t a l 

C 1 8 0 c o l u m n dens i ty , a n d t h e n H2 co lumn dens i ty from a re la t io! nshi ρ 

quo ted by Rohlfs & Wi l son , (1996) . In te res t ingly , t h e H2 co lumn der ived 

from 1 2 C O gave s imilar resu l t s . A n a s s u m p t i o n of spher ica l s y m m e t r y for 

the c loud c lumps yielded H2 dens i t ies . 

For severa l l inear molecules , p re l imina ry e s t i m a t e s of co lumn dens i ty 

have b e e n ca lcu la ted from an L T E analys is of single t r ans i t i ons following 

s t a n d a r d m e t h o d s (see eg. B lake et al . 1987). It is a s sumed t h a t t h e ob-

served emiss ion is opt ica l ly t h i n , a n d t h a t t he p o p u l a t i o n s of all levels a re 

cha rac t e r i s ed by a single exc i t a t ion t e m p e r a t u r e . For O C S a n d HC3N, wi th 

m o r e t h a n one observed t r a n s i t i o n , ' r o t a t i o n ' d i a g r a m s (e.g. C u m m i n s et 

al. 1986) were used t o e s t i m a t e exc i t a t ion t e m p e r a t u r e s . A s s u m e d va lues 

a re shown in p a r e n t h e s i s . 

C o m p a r e d w i th molecu la r a b u n d a n c e s re la t ive t o h y d r o g e n r e p o r t e d for 

t h e molecu la r c louds of O M C - 1 , Sgr B2 a n d T M C - 1 our values a p p e a r t o b e 

genera l ly lower . However , we s t ress t h a t our resu l t s a re p re l iminary , w i t h 

l a rge u n c e r t a i n t i e s For i n s t ance , t h e t h r e e t r an s i t i o n s of HC3N give est i-

m a t e s of t h e t o t a l p o p u l a t i o n which are sp read over an o rde r of m a g n i t u d e ; 

t h e a s s u m p t i o n s of L T E a n d low opt ica l d e p t h m a y no t b e correc t for th i s 

molecu le , a n d th i s m a y also app ly t o o the r molecules . W e are c u r r e n t l y un -

d e r t a k i n g an LVG analys is of our obse rva t ions , which should p rov ide m o r e 

a c c u r a t e e s t i m a t e s . 
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TABLE 1. Caption text 

Molecule Transition Frequency T c x Int Tmb Ν (lower) N(total) 

(GHz) (K) Kkms" 1 c m - 2 c m - 2 

45 k m s " 1 : Tkin = 18.2K; N ( H 2 ) = 4 χ 1 0 2 2 c m - 2 n ( H 2 ) = 3 χ 1 0 3 c m - 3 

CO 1-0 115.3 18 144.5 1.8E+16 1.3E+17 

13CO 1-0 110.2 18 50.6 6 .5E+15 5 .0E+16 

C 1 8 0 1-0 109.8 18 8.3 1.1E+15 8 .1E+15 

HC3N 10-9 91.0 6 35.9 9 .6E+12 2 .9E+14 

HC3N 11-10 100.1 6 18.9 4 .7E+12 2 .4E+14 

HC3N 12-11 109.2 6 12.3 3 .2E+11 3 .2E+13 

OCS 7-6 85.1 10 22.3 1.7E+14 1.5E+15 

OCS 9-8 109.5 10 19.4 1.2E+14 1.7E+15 

CS 2-1 98.0 10 27.5 1.5E+13 5 .8E+13 

HCN 1-0 88.6 4 62.8 1.4E+13 3 .0E+13 

HNC 1-0 90.7 10 60.1 1 .3E+13 6 .5E+13 

H C O + 1-0 89.2 10 4.3 7 .9E+11 4 .1E+12 

60 kms""1: T f c i n = 38.5K; N ( H 2 ) = 2 χ 1 0 2 3 c m " 2 n ( H 2 ) = 6 χ 1 0 3 c m - 3 

CO 1-0 115.3 38 726.3 9 .0E+16 1.4E+18 

13CO 1-0 110.2 38 88.7 1.1E+16 1.8E+17 

C 1 8 0 1-0 109.8 38 23.1 3 .0E+15 4 .8E+16 

HC3N 10-9 91.0 8 19.5 5 .2E+12 1.0E+14 

HC3N 11-10 100.1 8 33.7 8 .3E-H2 2 .4E+14 

HC3N 12-11 109.2 8 10.5 2 .8E+11 1.2E+13 

OCS 7-6 85.1 4 44.2 3 .4E+14 6 .2E+15 
OCS 9-8 109.5 4 9.8 5 .9E-H3 5 .8E+15 

CS 2-1 98.0 4 78.0 4 .2E+13 9 .1E+13 

HCN 1-0 88.6 10 165.9 3 .7E+13 2 .0E+14 

HNC 1-0 90.7 4 118.4 2.5E4-13 5 .1E+13 

H C O + 1-0 89.2 4 51.6 9.4E4-12 2 .0E+13 

160 k m s - 1 : Tfcm = 31.8K; N ( H 2 ) = 3 χ 1 0 2 3 c m - 2 n ( H 2 ) = 5 χ 1 0 3 c m " 3 

CO 1-0 115.3 32 1003.2 1.2E+17 1.6E+18 

13CO 1-0 110.2 32 147.9 1 .9E+16 2 .6E+17 

C 1 8 0 1-0 109.8 32 54.3 6 .9E+15 9 .4E+16 

HC3N 10-9 91.0 19 57.0 1 .5E+13 2 .0E+14 

HC3N 11-10 100.1 19 48.1 1.2E+13 1.7E+14 

HC3N 12-11 109.2 19 60.1 1.6E+12 2 .6E+13 
OCS 7-6 85.1 8 49.8 3 .8E+14 3 .5E+15 

OCS 9-8 109.5 8 32.2 1 .9E+14 3.6EH-15 

CS 2-1 98.0 8 74.2 4 .0E+13 1.3E+14 

HCN 1-0 88.6 8 135.6 3 .1E+13 1.3E+14 

HNC 1-0 90.7 8 71.0 1.5E+13 6 .1E+13 
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