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ABSTRALT. The profiles of maser lines from spherically symmetric
expanding shells are computed with the help of a siaple madel.lt is shown
that a beaming effect must be taken into account in order to  correcily

account for the OH profiles of type 11 OH stars.
1. INTRODUCTION

According to the models of Elitzur et.al.(1974) and of Reid et.al.(1977:,
the two OH emission features of type II OH stars originate in the near
and far side of an expanding circumstellar shell. We present here a more
complete derivation of the profiles of maser lines which takes into
aceount the whole contribution of a spherical shell. The profiles depend
oniy on the expansion velocity law Vir) and on the population difference
across the maser transition n{r) . We remark that since  the
equation for radiation transfer takes similar forms in the cases of
optically thin thermal emission and of saturated maser emission (in
both cases the intensity of radiation increases linearly with
column density),the same "thermal" profiles are obtained in both cases.
The typical profiles with two peaks can only be obtained if the maser
intensity depends on a power mi1 of the amplification path length; this
occurs in the case of unsaturated masers, or in the case of
saturated maser emission with a beaming effect.

2.BASIC ASSUMPTIONS

The first step in the caliculation of the line profile is to cbhtain the
profile I{(p,v) observed in a line-of-sight that passes at a distarnce p
from the center.The length of the amplification path contributing to the
intensity at a velocity v in the spectrum, limited by the Doppler shift
due to the velocity gradient along the path,is 4 1(z)= Av/i{dv/dz},where =
is the distance along the line-of-sight, v the projection of V(r) , and
Av the thermal width of the line.

We assume that the observed intensity in a given line-of-sight and
at a given velocity is proportional to same power of the length Al(z) and
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Figure 1:Computed maser profiles for several expansion velocity
laws.The velocity laws are indicated at the right of each profile.
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to some power of nirl. A convenient expression for nir? is nir) =A r in a

shell !H,-ri Ryd and niri=0 outside this range. Therefore a convenient

S for the intensity due to a line-ofi-sight is:

- -Mm
Iep,vy = [evip,zi/4az] (1)

where m , g are parameters which allow us to describe different situations.
The oprofile from the whole envelope should be obtained by integrating
Iip,v) over p. We substitute the integration over p by an integration
over r using the relations:

p2= rz— zz {23 3 vip,z¥/V{r) = 2/ {3}
dvip,z) _ V (r? 1 - v2 _ v¥  dinv
dz T Vird? T Vi)t dinr (4)
The result is:
Ra -m 2 2 1-m m+l-g
I1iv) o= vir) 1= (vw/V3 —(v/V) (d In v/d In ) r dr (5)

Ra
REZIILTS AND DISCUSSION

When Vi{pr)=V0 {(constant),which occurs at large distances from the star,the
expression (5) reduces to:
2 i-m
I¢v) = [ 1- (v/VG)]

m=1 we obtain I=constant,which corresgonds to the rectangular
observed in the case of optically thin thermal emission.

m=2 {intensity proportional to the sguare of the amplification
ngth) we obtain the same expression liv) = 1/ (V0"- v~ ) which was
by Reid et.al.(1977) without stating the condition m=2 .

integral (5) must be computed numerically for other veliocity

.We show in figure 1 the normalized profiles that are obtained
t linear increase of the expansion velocity (V{r)= A+ B#r) between 2
nd 12 stellar radii, with m=2 and g=4.This choice of g corresponds tc
th dencsity and pumping radiation flux decreasing like r(-2). We remark
Rat the profiles obtained with moderate acceleration resemble the OH
profiies of visible Miras.

The additional dependerce of the intensity on the amplification path
lermgih  im=Z) is a beaming efiect.A large path length produces a large
cohsrence area at the output,so that the radiation is concentrated in beam
of smaller zolid angle and the observer receives more radiation (the
cohsrence area acts like a large emitting antenal.
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