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ABSTRACT High resolution observations of the molecular cloud around NGC 7538 IRS 1 in the 
J = l - 0 transition of 1 3 C O show that the lower bound for density in that region is about 2 X 10 3 

c m - 3 . The study of various molecular transitions and the continuum measurements of the H II 
region indicate that the conditions required by the Boland and de Jong model for the excitation of 
the H2CO maser are not very stringent or unique. 

N G C 7538 IRS 1, IRS 2, and IRS 3 is a group of infrared sources s i t ua t ed in a dense 
molecular cloud. Several molecular masers have been observed toward IRS 1, an 
u l t r a c o m p a c t H II region (Campbe l l 1984). IRS 1 is also one of two Galac t i c sources where 
formaldehyde ( H 2 C O ) masers have been observed. T h e few H2CO masers de tec ted (Forster 
et al. 1985; G a r d n e r et al. 1986) could be due to s t r ingent condi t ions requi red for t h e 
exc i ta t ion of t h e H 2 C O maser or because the maser emission is h idden by t h e more common 
wide absorp t ion features of Galac t ic H 2 C O . Boland and de Jong (1981) have modeled the 
H 2 C O masers in N G C 7538 util izing pumping by free-free emission from t h e u l t r a compac t 
H II region. In order t o examine the condit ions required by the Boland and de Jong (1981) 
model , high resolut ion m a p s have been made of t he J = l - 0 t r ans i t ions of H C N ( P r a t a p 
et al. 1989) and H C O + ( P r a t a p et al. 1990 - P a p e r I ) . T h e molecular t r ans i t ions t r ace 
high densi ty ma te r i a l a round IRS 1 since the H C N line thermal izes a t H 2 densi t ies of a b o u t 
10 6 c m - 3 and the H C O + line thermal izes a t H 2 densi t ies of a b o u t 10 5 c m " 3 (assuming t h a t 
t h e lines are optical ly t h i n ) . T h e H C N and H C O + m a p s show the presence of a cavity in 
t he ma te r i a l a round the H II region (Paper I) . T h e cavity is in te rpre ted as being caused 
by lower densi ty ma te r i a l in t h a t region and thus t h e molecular emission su r round ing the 
cavity implies a densi ty enhancement in the molecular cloud. T h e high densi ty t racers 
provide an uppe r b o u n d for the H 2 density in the cavity of a b o u t 10 5 c m - 3 . High resolut ion 
observat ions of 1 3 C O indicate t h a t the lower b o u n d for t he densi ty in t h e cavity is 2 x 10 3 

c m - 3 . T h e mil l imeter con t inuum fluxes from IRS 1 indica te t h a t t h e H II region can be 

347 

P. D. Singh (ed.), Astrochemistry of Cosmic Phenomena, 347-348. 
© 1992 IAU. Printed in the Netherlands. 

https://doi.org/10.1017/S0074180900090331 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900090331


348 

Figure 1. Front view of the molecular cloud around IRS 1, IRS 2 and IRS 3. The circles around 
IRS 1 and IRS 2 indicate the relative sizes of the radio continuum sources associated with them 
(Campbell 1984; Henkel et al. 1984). The crosses are the infrared positions of the three sources. 
The solid contour shows the edge of the high density material surrounding the low density cavity. 
The open triangles are positions of the H2O masers (Kameya et al. 1990). All the other masers are 
directly in front of IRS 1. 

F igure 1 shows a front view of the N G C 7538 IRS 1 region. All the mase r s are seen 
projected agains t t h e low densi ty cavity sur rounding IRS 1 and IRS 2. Ca lcu la t ions of t h e 
Boland a n d de Jong (1981) model for the H 2 C O maser w i t h t he p a r a m e t e r s ob ta ined above 
show t h a t t he masers can be excited by ei ther c o m p o n e n t of t he Hll region. T h e maser ing 
gas should be s i t ua t ed be tween 0.011 and 0.017 p c from the excit ing source . T h e resul t ing 
fractional abundance of H 2 C O wi th respect t o H 2 should range be tween 2 x l 0 ~ 7 and 5 x l 0 ~ 8 

in order t o p roduce t he observed br ightness t e m p e r a t u r e for the maser . These values are 
consis tent w i th t h e predic t ion of 8 x 1 0 " 7 m a d e from chemical models (de J o n g et al. 1980). 
Th i s work has been s u p p o r t e d by the Labora to ry for As t ronomica l Imag ing w i t h funds 
provided for t he Berkeley-Il l inois-Mary land-Array project by t he Universi ty of Illinois. 
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represented by an cool, less dense, extended componen t and a ho t , dense , compac t 
componen t . 
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