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A- 

We have observed CO(7-6) , CO(3-2) , HCN(3-2) and HC0+(3-2) line emis- 
sion toward the starburst nucleus of M82 and have obtained an upper limit to 
HI3CN(3-2). These are the first observations of the CO(7-6), HCN(3-2) and 
HCO+(3-2) lines in took the CO(7-6) spectrum in 
January 1988 at th 800 GHz Heterodyne Receiver 

March 1989 we used the 

Table 1: Observational parameters 

emission is strongest 10" S the nucleus with the same feature clearly visible. 
It is also prominent in far-infrared emission lines (Lugten e t  al. 1986, Duffy e t  al. 

Our preliminary results are summarized as follows: 

We attribute the emission feature at V L ~ R  - 110 km s-l to an unusually large 
star forming complex near the nucleus of M82 with dense gas and a large number 

368 



of young, massive stars (L N lolo L,). Estimates of the size and mass of this most 
active current star-forming region in M82 yield 5-10'' (80-160 pc) and several 
lo7 M,. The intrinsic strength of the CO(7-6) line then is a few 10 to 100 K. The 
excitation of this line as well as of HCN(3-2) and HC0+(3-2) requires densities 
2 lo4 ~ m - ~ .  The close correlation between CO(7-6) emission and UV-radiation 
from young, massive stars in galactic sources suggests heating of the CO(7-6) 
emitting gas by UV-radiation or shocks. The character of this nuclear "hot spot" 
is not unlike that of the molecular mass concentration near the nucleus of our own 
galaxy. A more detailed discussion of the nuclear "hot spot" will be published 
elsewhere (Harris e t  al. 1989). 

The HCN and HCO+ data for other positions show that the central 1 kpc of M82 
contains a large amount of dense gas (n(H2) 2 several lo4 ~ m - ~ ) .  The "CO(3-2) 
line flux at all measured positions is weaker by at least a factor of 2 compared to 
the l2CO(2-1) line. We find a similarly low ratio I(12C0(3-2)/I(12C0(2-1)) 5 0.5 
also in a number of galactic molecular cloud complexes. The low "CO(3-2) to 
(2-1) intensity ratio cannot be accounted for in simple one component models of 
the CO emission in molecular clouds. The low ratio may be due to a component of 
relatively low density (n(H2) 5 lo3) and low temperature (10 to 20 K) interclump 
gas where the J=3 level of "CO is subthermally populated, as in the model for the 
CO emission of the M17 interface (Stutzki e t  al. 1988). It is then likely that the 
large "CO(2-1) to (1-0) ratio is due to temperature gradients in predominantly 
externally heated clouds (see discussion in Young and Scoville 1984). A more de- 
tailed discussion will be presented in Wild e t  al. . 

References 

Blundell, R., Carter, M., and Gundlach, K.H., 1988, Internat. Journ. Infrared 
and Millimeter Waves 9, 361. 

Duffy, P.B., Erickson, E.F., and Haas, M.R., 1987, Ap.J. 315, 68. 

Harris, A.I., Jaffe, D.T., Stutzki, J., and Genzel, R., 1987, Internat. Journ. 
Infrared and Millimeter Waves 8 ,  857. 

Harris, A.I., Wild, W., Eckart. A., and Genzel, R., 1989, MPE-Report. 

Harris, A.I., Eckart, A., Genzel, R., Jackson, J.M., Jaffe, D.T., Lugten, J.B., 
Stutzki, J., and Wild, W., 1989, in prep. 

Lugten, J.B., Watson, D.M., Crawford, M.K., and Genzel, R., 1986, Ap.J.(Letters) 

Stutzki, J., Stacey, G.J., Genzel, R., Harris, A.I., Jaffe, D.T., and Lugten, J.B., 

311, L51. 

1988, Ap.J.  332,379. 

Wild, W., Eckart, A., Genzel, R., Harris, A.I., Jackson, J.M., Jaffe, D.T., Lugten, 
J.B., and Stutzki, J., in prep. 

Young, J.S., and Scoville, N.Z., 1984, A p .  J .  287, 153. 

369 



4 

2 

0 

.2 
n 

.l ?L: 
U 

.4 

.2 

0 

3 

2 

I I I I I  I l l 1  1 1 1 1  

HCN(342)  

I I I I I I  I I I I  I I I I  

- n HC0+(3-.2): 
J I  t i l l  1 1 1 1  - 
- 
I- i 

1 

0 

-1 
0 100 200 300 

Fig. 1 Spectra of the nuclear ',hot spot" of M82,lO" (160 pc) SW 
of the nucleus 
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