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1. I n t r o d u c t i o n 

H C N , one of t h e m o s t a b u n d a n t h igh d i p o l e - m o m e n t molecules ( t r aces 

mo lecu la r gas a t dens i t ies n H 2 £ 3 X 1 0 4 c m - 3 whereas C O t r aces a t ~ 500 

c m " 3 ) , ha s only been de t ec t ed in ~ 25 galaxies , p r imar i ly t o w a r d s t h e 

ga lac t i c nuclei (So lomon et a l . 1992; Nguyen -Q-Rieu et al . 1992; Helfer h 

Bli tz 1993; A a l t o et al . 1995). Dense molecu la r gas p rope r t i e s in " n o r m a l " 

ga lac t i c d isks , as c o m p a r e d to t h e centers of " n o r m a l " sp i ra ls , s t a r b u r s t s , 

a n d l u m i n o u s I R galaxies a re no t clear. As p a r t of a large H C N survey in 

60 ga lax ies ( G a o 1996; G a o & Solomon 1997), we p resen t here H C N obser-

va t ions in cen t r a l regions of a few nea rby galaxies . H C N was m a p p e d a t 

leas t a long t h e m a j o r axes in t h e inne r disks t o d e t e r m i n e t h e t o t a l H C N 

luminos i ty , t h e d i s t r i b u t i o n w i th r ad ius of H C N emiss ion, a n d of t h e surface 

b r i g h t n e s s r a t i o of S B R = / H C N / ^ C O -

2 . E x t e n t a n d D i s t r i b u t i o n o f D e n s e M o l e c u l a r G a s 

T h e r e a re a lmos t n o H C N observa t ions b e y o n d t h e nuc lear ~ 1 k p c re-

gions in ga lax ies . W e have m a p p e d H C N along t h e m a j o r axis in ~ 10 

n e a r b y ga lax ies . A n e x a m p l e is shown in F ig . 1 for M82 . A p p a r e n t l y , t h e 

dense mo lecu la r gas is no t confined t o t h e inne r ~ 1 kpc nuc lea r reg ion , 

a l t h o u g h t h e h ighes t concen t r a t i ons of dense molecu la r gas are in t h e cen-

te r . A significant f ract ion of dense molecu la r gas is d i s t r i b u t e d in t h e inne r 

disks of galaxies ou t s ide t h e nuc lear or inner r ing s t a r b u r s t regions , a n d 
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can b e d e t e c t e d t o radi i as la rge as a few k p c (e.g. , in N G C 891) , p e r h a p s 

t o d i a m e t e r s of ~ Z?25 /4 . 

T h e r ad i a l d i s t r i bu t i on of H C N emission a n d t h e S B R in N G C 253 

o b t a i n e d from b o t h t h e I R A M 30m a n d N R A O 12m are p r e sen t ed in F ig . 2. 

T h e H C N d i s t r i b u t i o n in t h e i n n e r m o s t p a r t of disks of galaxies seems t o 

follow a p p r o x i m a t e l y a n exponen t i a l ly decreas ing law. However , it seems t o 

b e m o r e difficult t o descr ibe t h e S B R as a funct ion of r a d i u s . 

3 . S t a r b u r s t I n d i c a t o r S B R = / H C N / ^ C O 

T h e S B R in N G C 253 reveals a nuc lear s t a r b u r s t core of h ighes t S B R 

~ 0.1 w i t h a l inear scale £ 0 . 5 k p c . A t la rger r ad ius , R £ 0 . 3 k p c , t h e 

f rac t ion of dense molecu la r gas becomes smal ler a n d t h e S B R d rops t o t h e 

g lobal va lue for n o r m a l spirals like N G C 891 ( ~ 0.025), which shows slowly 

dec l in ing b u t a lmos t c o n s t a n t S B R across t h e inner disk (on a l inear scale 

of ~ 5 k p c ) . In ga laxies like M82 a n d N G C 6946, a r a t h e r c o n s t a n t S B R 

~ 0.04 - 0.05 ( m o d e r a t e s t a r b u r s t ) across t h e i n n e r m o s t a few kpc region 

is obse rved , whe rea s n o r m a l galaxies a n d even t h e o u t e r p a r t of t h e inner 

disks of t h e s t a r b u r s t galaxies (e.g. , N G C 253) have S B R a b o u t 0.02 - 0.03 

( n o n - s t a r b u r s t , n o r m a l ) . 

U l t r a l u m i n o u s I R galaxies have t h e h ighes t H C N - t o - C O luminos i ty ra-

t i o , LUCN/LCO ~ 0.1 - 0.3 (So lomon et al . 1992; G a o k Solomon 1997) , 

s imi lar t o t h e S B R in t h e s t a r b u r s t cores , whereas " n o r m a l " spirals have a 

r a t i o LUCN/LCO ~ 0.01 - 0 .05, s a m e as t h e S B R in n o n - s t a r b u r s t ga laxies 

or t h e disks o u t s i d e t h e s t a r b u r s t regions . 

The re fo re , t h e S B R seems t o be an ind ica to r of t h e s t a r b u r s t a n d t h e 

r ad i a l d i s t r i b u t i o n of S B R as a funct ion of ga lac t ic r ad ius m a y suggest t h e 

s t a r b u r s t size scales in ga lax ies . 
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Figure 1. HCN spectra (bottom) mapped along the major axis in M82 as compared 
with the CO(2-l) spectra (top) obtained simultaneously from the IRAM 30m telescope. 
The vertical scale is the antenna brightness temperature TJ(K). 
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Figure 2. HCN emission (the integrated line intensity) and the surface brightness ratio 
SBR= 7 h c n / / c o as a function of the galactic radius in NGC 253 (filled squares are the 
IRAM 30m data and the open squares are the NRAO 12m observations). The line is an 
exponential fit. 
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