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Abstract. We have investigated the influence of several lingbserved inside a same vibrational state or, more generally, in
overlaps betweef?SiO, 2?SiO and*°SiO on maser emission adjacent transitions 6f SiO,2?SiO andv > 3 22Si0. Olofsson
from the envelopes of late-type stars using tlagge Velocity et al. (1981, 1985) introduced the hypothesis of a line overlap
Gradientradiative transfer formalism modified to account fobetween two ro-vibrational lines of SiO and water to explain
overlaps. Our model includes: (i) 40 rotational levels for eatche weakness of th&SiOv = 2,J = 2 — 1 emission. This
of thev = 0 to 4 vibrational states and each isotopic speciesmission was observed by Bujarrabal et al. (1996) in stars with
(ii) collisions with molecular and atomic hydrogen; and (iiidifferent O-abundances, and the overlap between two infrared
radiative pumping by a shell of dust grains surrounding the Slides of H,O and SiO was confirmed. In addition, several over-
masing layers. laps between the infrared lines of the ma#igiO) and rare
We have shown that several line overlaps may play a role GfiSiO and3°SiO) isotopic species of silicon monoxyde have
the excitation of thé®SiOv = 3, J = 1 — 0 maser, and on the been suggested to play a role in the excitation of these species.
anomalouslyweak = 3, J = 2 — 1 emission. We suggest thatUsing theL VG approximation Cernicharo et al. (1991) modeled
28Si0 maser emission inthe= 4, J = 5 — 4 line, the only the pumping of?SiO by ?8SiO. The importance of overlaps
one observed in this vibrational level, may also result from lingas further investigated by Cernicharo & Bujarrabal (1992)
overlaps. For?SiO, infrared line overlaps successfully explaimnd Cernicharo et al. (1993). Recently, Galez-Alfonso et
observed maser emission in the= 0,J = 5 — 4 andv = al. (1996) and Gor&dez-Alfonso & Cernicharo (1997) used a
1,2,J = 6 — 5 1ines.?°Si0,v = 0,J = 2 — 1, andv = non-local radiative transfer code to study the question of line
0,J = 4 — 3 maser emissions could also result from lineverlaps. They successfully explained most of#t&iO,3°SiO
overlaps, and we find that several overlaps could explain thed high-v { > 3) 28SiO masers; however, several lines remain
newly discovered maser lif€SiOv = 1, J = 1 — 0. Finally, unexplained.
we make some predictions for ne®SiO, 2°SiO and?°SiO Our main goal in this work is to develop a simple and mod-
maser lines. ular calculation tool in order to investigate the impact of various
line overlap effects among the three main isotopic forms of SiO.
Key words: line: formation — masers — stars: circumstellar matA/e do not intend here to realistically model the SiO maser line
ter — stars: late-type profiles. We rather are interested in predicting and discussing
relative peak line intensity ratios. In Sect. 2 we give details on
spectroscopy, the used radiative transfer code and physical pa-
1. Introduction rameters, and on validation of our code. In Sect. 3, we include
several line overlaps and compare our results to the observations.

SiO masers are excited in the inner layers of circumstellar eSome major results of this work are summarized in Sect. 4.
velopes of late-type stars, before the dust formation zone, but

beyond the photosphere where outflow and inflow of matter or

shocks coexist and give rise to complex physical conditions.2. The model
Since the discovery of SiO maser emission by Snyder@(i

Buhl (1974), many papers have been published to explain

SiO maser phenomenon, and several improvements involvi

collisional and radiative pumping have been proposed to mo he SiO maser zone is a fairly good approximation in compar-

the emission from late-type stars. However, itis still difficult t,,, it the exact radiative transfer solution. Other uncertain-
explain the disparities between some rotational line intensitigss 4o not play a minor role in comparison with the differences

Send offprint requests t&. Herpin (herpin@isis.iem.csic.es) between the LVG and the exact radiative transfer results; in par-
* Present addresDdept Fsica Molecular, I.E.M., C.S.I.C, Serranoticular uncertainties in the collision laws and the exact geometry
121, 28006 Madrid, Spain of the maser region result in weaker predictions. Thus, we be-

LVG code used here must be regarded as a simple but pow-
| computational tool for maser emission prediction. Bujarra-
(1994) has clearly demonstrated that the LVG code applied




1118 F. Herpin & A. Baudry: Effects of infrared line overlaps between SiO isotopes

lieve that the physical laws and the spherical symmetry adoptederer is the radial distance\ V;;, the thermal velocityA V-4
in our model are sufficient for the LVG approximation. the turbulence, antl’ the expansion velocityAV character-
izes the local absorption coefficient. The formula giving the
Sobolev length applies to any form of expansion velocity and
to the general case in which the photon escape probability de-
Modeling the SiO emission requires the use of accurate specfgends on the direction. For a spherically symmetric envelope
scopic data and collisional rates. Energy levels of SiO have bea for the special case whdres proportional ta, the angle-
calculated using the most recent calculations of the Dunham dependent terms vanish, the logarithmic gradient 1, and
efficients (Campbell et al. 1995). For the Einstein A-coefficientee escape probability is isotropic and proportional to the inverse
we used the recent work of Drira et al. (1997). of the peak opacity (as soon as the opacity becomes large). The
Basic data concerning the rotational and rovibrational ra8obolev length is just the length over which the velocity varies
coefficients of SiO with H and their dependence on temperasy an amount corresponding to the width of the local absorption
ture were taken from Bieniek & Green (1983). We also used theefficient. One essential advantage of the LVG code is that it
new rate coefficients derived by Lockett & Elitzur (1992) forequires less computer time than more exact treatments of the
v > 3 andAv = 2 transitions and we applied corrections teadiative transfer problem based on integral solutions (Bujarra-
their rates to compensate for the effect of the limited numberlodl 1994) or on the Monte Carlo method (Galez-Alfonso &
rotational and vibrational levels taken in the calculations. In aGernicharo 1997). In the frame of the LVG formalism and for
dition, Langer & Watson (1984) made a first attempt to estimgpysical conditions relevant to the circumstellar environment
collision rates of SiO with atomic hydrogen from a comparisoof late-type stars we have derived the solutions of the statistical
with the expected H-CO andy-HCO rates. The main features ofequilibrium equations and the opacities of various SiO lines.
these H-SiO rates used in our work are: the vibrational collisidtiore complex effects related to non spherical geometry, polar-
rates are 10 times larger than those fay, Hnd the rotational ization or saturation and beaming angles are beyond the scope
collision rates are decreased by a factor of 7. H can be formeaiithis paper. Concerning saturation, we emphasize that our rate
two different ways: i) the stellar radiation may photodissociatequations are solved for both positive and negative opacities,
H. close to the star, thus forming an atomic hydrogen layésut that beaming related to saturation cannot be investigated
(i) shocks may dissociaté, to produce a uniform distribution here because we assume the escape probability to be isotropic.
of H throughout the envelope. We assume here Al /H,] Note that beaming angles for saturated masers in the case of the
is constant and equal t)~2 as in Bowers & Knapp (1987). LVGapproximation remain an unsolved problem (Elitzur 1992).
Adding atomic hydrogen to Hincreases the role of collisions.Saturation and the effect of competitive gains in SiO lines were
Note however that its impact on the inversions is weak (a fewitvestigated in Doel et al. (1995).
for x[H/H,] < 10~'). Beyond this value, inversions for the  Our calculations include 40 rotational levels for each of the
lowest rotational levels tend to decrease contrary to what is @vibrational states = 0 to 4. To correct for the limited num-
served for high/ transitions. The higher the vibrational levelper of rotational and vibrational levels (this overestimates the
the larger the effect of the atomic hydrogen is; this is expectefacities), we have applied a correction similar to that used by
because of larger vibrational collision rates for H than fer HBujarrabal & Nguyen-Q-Rieu (1981) for the rotational popu-
Nevertheless, we stress that these collision rates and the reldtitiens. The required final precision on the populations is bet-
abundance of the atomic hydrogen are poorly known. ter than10—*. Calculations are done simultaneously #8iO,
Because the purpose of this work is to explain in a simi2SiO and*®SiO. We derive the populations for each lewel.{)
ple way the main characteristics &fSiO, 22SiO and3°SiO and derive the opacities for all allowed transitions.
emissions, we have used th€G (Sobolev 1958) approxima-
tion, bas_,ed on the model of a homq!ogously expanding &% Gircumstellar parameters
velope, in which the escape probability does not depend on
the angle. If the velocity gradient (logarithmic velocity gradi¥We have used physical parameters appropriate to the circumstel-
ente, = dlnV/dInr) in the circumstellar envelope is largear environment of evolved stars (see details in Herpin 1998).
enough, each cell of the discretized medium will be decoupled

”.0”.‘ all other cells, t.hus aIIqwmg a "?Ca.' t_reatment of the "% Kinetic temperature. The gas temperature follows the law
diative transfer. The interaction area is limited to a small zo

Yopted by Langer & Watson (1984):
where photons can be absorbed or emitted around a resonancé) y g ( )

point. We have limited the maximum size of the cells to the T _os
Sobolev lengthZ, defined by Te =T(5)

AVD/V
Er

2.1. Spectroscopy, collisions and radiative transfer

L= whereR, is the stellar radiusk, = 7.7 10'2 cm), T, isthe stel-

lar temperaturel(, = 2500 K) and r is the radial distance. This
with law is in rough agreement with the observations of SiO thermal
emission of Lucas et al. (1992) and Bujarrabal et al. (1986), and

AVp = \/AVthQ + AViurs? also with the calculations of Willson (1987) who finds 1500 K
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XS0/ "®) with V the expansion velocity)/ the steallar mass loss rate
I | andm,, the proton mass (see Hig. 1). Maser effects will require
" 1" densities of a fevt0° particles/cm, whereas thermalization is
clearly reached beyon)'® — 10! particles/cm.

I x Grain radiation. IR spectra from the envelopes of late-type

. 1210°  stars show that circumstellar grains have various chemical com-
positions. Here we only consider silicate grains and we assume
that most circumstellar grains lie in a shell outside the SiO maser
zone (WithR;,, = 10'° cm, andR,,; = 10'® cm). The extinc-

. tion coefficient of the dust i§), ~ QO(%O)—P with p € [1;2]

of . for wavelengths\ > 1 um (Mathis 1990). For silicate grains,

° (o) ° we takep = 1.1, Ay = 80 um, andQ, = 2.10~3 according to
Fig.1. SiO/H» abundancey (continuous line) and bl density the_vvork of lvezic & Elitzur (;995): We consider that the silicate
(incm~2, dotted line) versus the distance to the st@m) foryo — 9'2INS behav_e as plack-qu|es with te.mperdmraNe assume
5107%, 9 — 5310~ M, /yr andR, = 7.7 10" cm. that the dust is optically thin, and th&j is constant throug.hout

the envelopel; =600 K). We take, following Netzer & Elitzur
(1993),xq = %H* = 1072, 3.0 g.cn 2 for the grain volumic
in the maser region, for a typlcgl Mira. Turbglence is a fre(?ensity, anc5.10*26 cm for the grain radius.
parameter in our code and contributes to net line broadening.

. . . . 2.3. Line overlaps
x Expansion velocity. The expansion velocity of the gas

adopted in our model is: In this work, we only deal with local line overlaps due to thermal

1 line broadening and local turbulence in successive circumstel-
- lar layers. For simplicity, two nearby spectral lines are con-
1+ (%)e” sidered to overlap whedhV < AV, where AV is the dif-
ference in velocity between the line centers, ax, is ana
priori fixed value. In the examples discussed in Sect. 3 we have
adoptedAV, = 5 kms~! corresponding to turbulent inner lay-
ers A\Vinermar =~ 1.2 kms™1). Line overlaps are treated in a
very simple manner. For two nearby lings andvs4, we derive

* SiO abundance. The SiQ'H, abundance ratio is uncertain the opacities», 734, and the individual source functiort,,

and we adopt the solar abundance by defayl{$iO/H.] = S5,. Adding the absorption and emissivity coefficients of each
5. 107%). This abundance decreases with the distance to e, the source function becomes

star, the SiO molecules being progressively condensed onto the
grains. We follow the law adopted by Bujarrabal et al. (1989912 = S1a(
and we adopt for th&’ SiO and?*°SiO isotopic abundanced)

relative t025SiO, 1/19.5 and1/29.5, respectively (see Fig 1): @nd the total opacity is nowi,” = 715 + 734. The average
intensity is then given by:
K(r)

x(r) = xo[l — e + x'1/A; Ji2 = [1 — B2 (7)) S12" + Brzey’ (7') Iy

V=Vs

whereR,.. = 1.8 105 cm, e, € [1;3] andV,, is the asymp-
totic expansion velocity of the gas (9.5 km'3. A logarrithmic
velocity gradient of 3 was used in the calculations.

T12 T34
——=— )+ Sgy(—————
Ti2 + T34 Ti2 + T34

with o the initial ratio (here the solar abundance), ar\dhe +B12g (') (Ing + Laust)

remaining fraction of SiO after the grain formatid(?). The | haregis the usual escape probability. The cosmic background
termsr(r) andso de_pend res_pecnvely on the radiative pressuggg is described by a 3 K blackbody and the dust contribution is
and the total quantity of grains formed. We take: given byI,,.:. The emission of the central st&y;, is described
(r — Ry)? by a blackbody spectrum at temperatlig a geometrical di-
k(1) = Ko (r— R )2+ (R — R1)? lution factor is applied. In these formulae, the populations of
1 d 1) .
the 4 levelsare involved. Ifr5 < 734, after overlap we have
whereR, is the radius where half the total quantity of grains is;," = S;," ~ S3, andt}, ~ 734; this implies minor changes
formed (1.5 10'® cm), andR; is the initial point @. 10'*cm).  for 75, and thens andn, populations. On the other hand, pho-
tons fromthe stronger line will be absorbed by the more optically

+ Ho density. We adopt (Elitzur 1992): thin line 1-2, t_hus gnhancing the non-equilibrium distribution
) of the populations in the levels 1 and 2.
M Such a treatment of the overlaps is oversimplified, but al-

NHy = 87r2Vm, lows us to test quickly the effects of this mechanism. Our code
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for v = 0 to 4 versus the ratia(SiO)LV ~'e~! (whereL is
aa | r ) 7 the Sobolev lengthy” the expansion velocity; the logarith-

— e ] mic velocity gradient). Our results are much similar to those
| o : . of Alcolea et al. and show that the = 1 — 0 inversions are

é 20T ‘ V ! 1 well differenciated according to the vibrational state. However,
§ [ ¢ B :‘ 1 some minor discrepancies remain. In particular, our work shows
8 16 | - | 7 thatv = 1 inversions occur over a broader range of parameters.
2 ‘ ‘ S ‘ 1 We do not obtain increasing opacities with increasingut in
% 121 w P { 7 Alcolea et al. this trend was probably the consequence of their
z | [ ; 1 smaller number of rotational levels. Finally, we note that results
8 o ‘ ! —_— \V:S 7 inFig. 2 are similar to those of Lockett & Elitzur (1992).
. I : ‘\ ! — — -v=2 ]
j R Zj 3. Discussion of line overlap effects
I ‘ ‘ ! ]
op —+—— Standard radiative and collisional SiO pumping models are able
104 10% 10% 107 10% 10% 10® to predict several of the observed features of SiO maser emis-
N(SiO) L V™ e’ em?km’s) sion from late-type stars (e.g., Bujarrabal 1994). These models

Fig. 2. 2SiO negative opacities for the transitidn=1 — 0inv = 0 Predict similar line profiles and smooth line strength variations

to 4. We have takefi, = 2500K, R, = 7.7 103 cm, the logarithmic when one goes up the rotational energy ladder. They cannot
velocity gradient = 3and“ = 5.310® Mg /yr. (The H> density explain, however, the anomalous line intensity ratios observed
is fixed to10° cm™* atadistance &f.8 R,.) V is the expansion velocity. among several adjacent rotational transitions in higstates

of 22Si0 and inv = 0 to 3 states of?SiO and?°SiO. On

the other hand, line overlap effects may strongly modify the
incorporates three overlaps simultaneously; this number carSo® populations and thus explain apparent line anomalies. The
course be increased. To account for line overlaps, the code finstst complete work in this domain (Gadxlez-Alfonso et al.
derives the populations and opacities separately for each isotdp@6, Gonalez-Alfonso & Cernicharo 1997) includes a non-
without overlap, and then solves again for the radiative transfagal treatment of line overlap effects. Their model correctly
combining the overlapping lines. We describe in Sect. 3 how \peedicts several observed features. It also predicts excitation of
proceed to test the effects of line overlaps. the 2SiO v = 3,J = 8 — 7 transition which was subse-

In fact, non local line overlaps have long been recognized@sently detected (Goatez-Alfonso & Cernicharo 1997) thus
important in the excitation of the OH radical, and, more recentigemonstrating the importance of line overlaps. Nevertheless, ex-
in SiO models (cf. Introduction and Sedt. 3). Line overlaps majtation of several transitions remains unexplained in the work
occur even if two lines are not excited in immediately adjaf Gonzlez-Alfonso et al. In particular, emission frofhSiO
cent gas layers; e.g. a Doppler-shifted line emitted from a first= 0,J = 5 — 4 andv = 1,2,J = 6 — 5 and®’SiO
cloud may interact with another line in a second cloud provided= 0, J = 2 — 1 and4 — 3 must be understood (see discus-
that the two clouds have the appropriate relative velocities. Irsi@n below and Tablgl 1).
somewhat different process, Olofsson et al. (1981, 1985) sug- The present model is conceived as a simple tool to quickly
gested that the anomalously weak= 2,.J = 2 — 1 emission investigate the impact of various line overlaps between ro-
line in stars could be explained by non local overlap with thébrational lines of?®SiO, 29SiO and3YSiO. The model in-
H2O vy 1275 — 14 1144 line. Photons emitted by the water linecorporates up to 3 simultaneous different overlaps, namely six
increase the radiation field at the frequency of the vibrationl&ies, according to the simple prescription outlined in $ect. 2.3.
transition of SiO creating an excess of absorption for this Si@nce the maximum line shift allowed between two lines is fixed
line, and thus destroying the inversionin= 2,J = 2 — 1. (this depends oAV, defined in Secl.2]3), a specific module of
This mechanism was recently investigated in detail by Bujarradr code searches for all possible overlaps. Within the 10 first
bal et al. (1996). rotational transitions we find a total of 27, 48 and 79 overlaps for
AV, = 5,10 and 15 km s, respectively. There are of course
more overlaps involving higher J rotational levels, and we have
also explored the influence of highlevel transitions overlap-

To test the validity of our code, we have used the same initigihg low J-level transitions. As briefly explained in S€ct.]2.3,
conditions as in Alcolea et al. (1989). (For this comparison, wke effect of a line overlap between two lines strongly depends
have not applied corrections on the collision rates for the liron the relative strength of these two lines. In general, when an
ited number of levels.) The main differences with Alcolea everlap occurs betweeiSiO and**SiO or3°SiO transitions,

al. are the number of rotational levels (40 here compared toth2 rare isotopic transitions which are optically thin tend to be
in Alcolea et al.), the collision rates (Langer & Watson 1984 imore affected than th& SiO transitions; and the impact on the
Alcolea et al.), and the more recent spectroscopic coefficientere optically thin lines is higher for lower states. Our code
used here. In Fif]2, we plot the= 1 — 0 negative opacities derives the net optical depths compared to the non-overlapping

2.4. Model validation
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T T
29Si0 v=1, J=6-5| 29Si0 v=2, J=6-5

8 | [ 4 8 [\ i

Negative opacities
Negative opacities
—

3,5 . 4
Stellar radius unit

4 4,5 .5 45
Stellar radius unit

3“’sio v=b, J=2- ‘ 3°Sid v=0, J=4-3
\
g 15 | / \\\\ - § 15 | \\ J
§ 3 \ S \ Fig. 3. Negative opacities of newly ex-
=3 | ‘ = | plained maser lines fofSiO (top) and
Qw0 1 Qwof \ 1 3%SiO (bottom) with (continuous line) and
= ‘g | N without (dashed line) overlap, versus the
§’ | ‘\ 2 \ distance to the star (one stellar radits
ST | ] °T 7 7.7 103 cm). The overlaps used in these
| ‘ / \ computations are given in bold face in Ta-
. |l \ - ble[. The H, density and the abundance
2j6 ‘ : 3‘,2 3‘.4 3‘,6 3‘,8 z‘t 4,2 2 2‘5 ; 3‘,5 1‘1 4}5 X[SZO/HQ] are respeCtlvelyog Cm_d and
Stellar radius unit Stellar radius unit 510" at a distance o2.8R..

Table 1. Possible explanations of observed maser lines not explained in previous works. The overlaps used|in Hids. 3 and 4 are given in bold
face. Note théSiOv = 1,J = 1 — 0 maser line newly discovered by Cho & Ukita (1998).

Explained maser lines Overlaps
28i0v=0,J=5—4(weak) ¢?°SiOv=1-0,J=1-0+%Si0v=2-1,J=4-3
28i0v=1,J=6—=5 eBSiI0v=2-1,J=4-3+?Si0v=1-0,J=1-0

and®Si0v=2-1,J=5—-4+2Si0v=1-0,J=2-1
¢8Si0v=3-2J=2-3+2Si0v=2-1,J=5-6
¢S5iI0v=2-1,J=15-14+SiOv=1-0,J=6-5

2SI0v=2,J=6—5 ¢¥SiI0v=1-0,J=1-0+%Si0v=1-0,J=3—4
e BSi0v=3-2,7J=2-3+2Si0v=2-1,J=5-6
30Siov=0,J=2—1 ¢3%Si0v=1-0,J=1-0+Si0v=1-0,J=3—-4
e38Si0v=2-1,J=3-4+%Si0v=1-0,J=1-2
30Si0v=0,J =4 —3 e8Si0v=2-1,J=3-4+%S0v=1-0,J=1-2
0Si0v=1,J=1—0 ¢30Si0v=1-0,J=1-0+?Si0v=3-2,J=11-10

and®Si0v=3-2,J=11-10+28Si0v=2—-1,J=2-3
¢?SiI0v=1-0,J=3-4+%Si0v=1-0,J=1-0
¢ BSi0v=2-1,J=3-4+%S0v=1-0,J=1-2

cases. Taking\V, = 5 kms™! results in 31 overlapping line of this excitation mechanism numerous very different levels are

pairs. These overlaps affe®tSiO, 2°SiO or3°SiO rotational connected together.

transitions withv < 4 andJ < 10. There is however the in-  We have grouped our resultsinto four categorigshé over-

teresting case of¥SiOv = 2 — 1,.J = 3 — 4 which requires laps invoked by Goriez-Alfonso et al. (1996) and Gaalez-

AVy ~ 10km s~ ! to overlap with?°SiOv = 1-0,J =1 — 2. Alfonso & Cernicharo (1997) to explain some important newly
Because of radiative pumping through higHevels, we discovered rotational transitiong;)the overlaps which may ac-

stress that very differentv(J) levels are connected. That iscount for the behaviour of maser rotational transitions explained

why some infrared overlaps have sometimes a strong influemtgewhere by other models and other overlap3d;tbie overlaps

on ro-vibrational levels not involved in these overlaps: because
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Table 2. Predicted new maser transitions. The lines in bold face have

. 3%i0 v=1, J=1-0|
not been searched for maser emission as far as we are aware. ]

20 | — s

2510 v=4 J=383-2 : p
J=4—3 m

P80 v=0 J=4-—3 :%15j .
v=1 J=2-1 g

J=5—4 S 1

v =2 J=1—0 %loj ]
J=3—->2 =

v=3 J=2->1 z L ]

05iI0 v=1 J=2-1
v=2 J=2->1

3 3,5 .4 4,5
Stellar radius unit

providing explanations for the maser lines not yet explaine'(_i

and {v) the overlaps suggesting a search for new maser line 9. 4. Negative opacities for th#SiO v = 1,/ = 1 — 0 maser
p 99 9 ﬁne with (continuous line) and without (dashed line) overlap, versus

e In the first category it is worth mentioning that the overlap afe distance to the star (one stellar radiug.7 10*> cm). The overlap
28Si0v =2 —1,J = 20 — 21 with 2°SiOv = 3 — 2,J = usedinthis computation is given in bold face in Tdble 1. Fhalensity

8 — 9, although it involves relatively high states forr?SiO, and the abundancgSiO/H>] are respectively0? cm™* and5 10~°
results in strong enhancement of &0 v = 3,J = 8§ — 7 atadistance o2.8R..

transition. This was also predicted by Gafez-Alfonso et al.

(1996). We have also verified that two line overla§S§iOv =

2-1,J =2-3with*’SiOv =3-2,J = 11-10,and*’SiO  pe explained by several overlaps. Of special interest is the si-
v=23-2J=11-10with **SiOv =1-0,J = 0~ 1, multaneous overlap 3#SiOv = 2 — 1, J = 4 — 3 with 2°SiO
resultin a clear enhancement of 18i0v =3,/ =11 =10 4 =1_-0,J =1 -0and of8Si0v =2 —1,J = 5 — 4

line intensity. Another example is the enhancement of%80  with 29Si0v = 1—0,.J = 2 — 1. The same arguments apply to

v =2,J =8 — Ttransition resulting, as in Goalez-Alfonso , — 2 .J = 6 — 5which has also been observed by Cernicharo
etal. (1996), from the effects of 3 simultaneous line overlapgk Bujarrabal. The overlap oFSiOv =1 — 0, J = 3 — 4 with

e We have successfully explained (ca#g) the enhancement*’SiOv = 1 —0,J = 1 — 0 is clearly important because it

of the?®Si0v =3,J =1 — 0andv = 4,.J = 5 — 4 transi- enhances simultaneously the obsenjed- 4 — 3 and2 — 1
tions, and of thé’SiOv = 0, J = 5 — 4 transition. Standard transitions. It is interesting to note that we have succeeded in
modelisation does not easily invert H&iOv = 3,/ = 1 — 0 producing weak maser emissioniSiOv = 0,.J = 5 — 4

line although it is observed in a variety of sources (Scalise @ever explained before). Another important result concerns the
Lépine 1978, Alcolea et al. 1989). One overlap may lead to tfSiO v = 1,J = 1 — 0 maser emission produced by our
excitation of this line28Si0Ov = 3 — 2, J = 2 — 3 with 2°Si0  model with different overlaps (see Table 1 and Fig. 4); this line
v=2-1,J =5 — 6. On the other hand, observations indiwas recently discovered by Cho & Ukita (1998) in TX Cam.

cate that théSiO v = 3,.J = 2 — 1 line should be quenched., Tapie[? lists some relatively strong maser transitions as pre-
This could result from four different overlaps including the loWjjcied by our model (casévf). Note that thé?SiO and**SiO
J rotation level overlap of*SiOv =2 —1,J =3 —4with , _ 1 7 — 9 _, | maser lines have also been predicted

%Si0v = 1-0,J = 1— 2. This overlap is also consistentyy Raysch et al. (1996) on the basis of an optical pumping

with the extinction of they = 3,J = 2 — 1 line and with the 0del. Four transitions?¥Si0 v = 4,7 = 3 — 2, 29Si0
enhancement of the = 4,J = 5 — 4 line as observed by ,, _ 1,J =2 = landv = 3,J = 4 — 3, 3°Si0

Cernicharo et al. (1993) in VY CMa. Our model easily leads — 9 7 — 2 — 1) are easily excited even without line

to maser emission of the =0,/ = 1 — 0 transition. This IS gyerjaps; however, all other transitions require line overlaps
obsgrved in several stars fiSiO (Alcolea & Bujarrabal 1992) for being detectable. F&?SiO v = 1 we find that 6 differ-
and*’SiO (Cernicharo & Bujarrabal 1992). ent overlaps of ro-vibrational lines 8fSiO with 29SiO tend

e Table[1 (caseiif)) and Fig[B suggest explanations of théo enhance thgy = 5 — 4 transition. Six transitions (given
29Si0 and?°SiO maser transitions not explained in the workn bold face in Tabl€1228Si0Ov = 4,J = 3 — 2, 2SiO

of Gonzlez-Alfonso et al. (1996). Only overlaps can explain=2,J =1 — 0,3 - 2andv =3,J =2 — 1,4 — 3, and
inversions of the’Si0v = 0,J = 2 — 1,4 — 3 (not ex- 3°SiOv = 2,J = 2 — 1) have not yet been searched for maser
plained in previous works) of = 5 — 4 transitions. Line emission as far as we are aware. However, all other transitions
overlaps are also required to explain sevét8iOv = 1 and 2 in Table 2 have already been observed without success by sev-
rotational transitions. For the=1,J = 6 — 5 line observed eral authors (e.g., Cernicharo & Bujarrabal 1992). Nevertheless,
by Cernicharo & Bujarrabal (1992), Talhle 1 suggests that it mayrther investigations of these lines would be useful, especially
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