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We present the latest results of a multi-line study of Si@uinstellar masers in oxygen-rich
AGB stars using the VLBA. In particular, we have studied salvenaser lines at 43 GHz£1
andv=2) and at 86 GHz¥=1 andv=2) of 8SiO, and for the first time we have been able to map
the emission of the ground state0 J=1-0 0f?°SiO and the/=2 J=2—1 maser line of®SiO. In

TX Cam, the 3-mm emission is produced in an outer region otttemstellar envelope, as it
has been already observed in other late-type stars. We ialsosd the importance of these new
detections in the framework of the SiO maser pumping models.
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1. Introduction

Circumstellar SiO maser emission is mainly detected in evolved stars. This pecuoizsian
is produced at a few stellar radii from the central star, in the innermedisstf the circumstellar
envelopes formed due to the mass loss process occurring while in the A&#®.pAmong other
properties, it is well established that the SiO maser emission appears distiibuiteg structures
composed of many compact spots with sizes of a few miliarcseconds, andhigérbrightness
temperatures, therefore being an ideal target for VLBI studies. Ontltieg band, the maser am-
plification is shown in?8SiO, 2°SiO and3°SiO in many rotational transitions, which have been
extensively studied with single-dish observations. Thanks to thosewalisss, we know some
important properties associated to the SiO circumstellar maser emission, aarfyle, the cor-
relation with the IR @m stellar radiation or its time variabilityT]]. In this paper, we present the
latest results obtained in a multi-epoch and multi-transition study of the SiO masesi@miis
AGB stars.

2. Observations and results

High-resolution observations of R Leo and TX Cam were carried out wahNtRAO" VLBA
in October 2001 and December 2002. A summary of#860 and?®SiO maser transitions studied
is shown in Tabl¢]1. The data were correlated in Socorro. The arrgyle¢tus achieve a maximum
angular resolution of 0.17 and 0.12 miliarcseconds at 43 GHz and 86 GHeatdvely (see Table
). The calibration was done following the standard procedures fatrgppéine VLBI described
in the AIPS cookbook The maps were produced using the CLEAN deconvolution algorithm. All
the presented figures were made using the GILDAS soffare

In TX Cam, the?°SiO lines were not detected and tFSiO v=1 J=2-1 data could not be
calibrated due to very weak emission of the phase calibrator. The resuR&.&o will be presented
elsewhere. A more detailed description of the maps obtained for TX Caneis gfithe subsequent
section.

3. Relative spatial distribution

The main objective of these simultaneous observations was to study theersladitial distri-
bution of the SiO maser emissions. Depending on the excitation energy, the Inaseequire
different physical and chemical conditions. For example, the emissions irrfhandv=2 vibra-
tional states are separated by about 2000 K, and therefore, aretexkpe be located in different
regions of the envelope. This comparison of the masing layers is oftertaisedstrain the current
pumping models. In fact, there is still a big debate whether the mechanism thaspghe SiO
circumstellar masers is the infrared stellar radiation or the collisions with gtslesr

Our results for TX Cam seem to be in good agreement with previous studéeygen-rich
stars. When comparing the 43-GHz linds1-0, thev=2 emission is produced in an inner part of

1The National Radio Astronomy Observatory is a facility of the National Seidfoundation operated under coop-
erative agreement by Associated Universities, Inc.

2http:/lwww.aoc.nrao.edu/aips/cook.html

Shitp://www.iram.fr/IRAMFR/GILDAS
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Table 1: Summary of observational results for TX Cam

SiO maser frequency bandwidth number of resolution restoring beam (miliarcsecond)
transition (MHz) (MHz) channels  (kms!) (first & second epoch)
283i0v=1J=1-0 43122.080 8 256 0.22 0.54x0.43 0.730.61
v=2J=1-0 42820.587 8 256 0.22 0.44x0.17 0.26<0.16
295i0v=0J=1-0 42879.918 8 256 0.22
283ij0v=1J=2-1 86243.442 16 512 0.11 e 0.34x0.22
v=2J=2-1 85640.456 16 512 0.11 _ 0.68x0.32
25i0v=0J=2-1 85759.132 16 512 0.11 _

the envelope (Figurd$ 1 afid 2). In the first epoch, the spatial distribotitire maser spots was
similar (Figure[]l). The angular diameters and separation of the masingseg®oompatible with
the measurements made ] pnd . However, in the second run, the ring distribution is less
clear and the profiles differ, but there are some features appearinghransitions. We note that
the intensity of the emission and the line profiles vary from one epoch to the dtbeertheless,
this latter facts and the disruption in the ring morphology have been obseartteel monitoring of
thev=1J=1-0 maser line in TX Cam by].

On the other hand, the angular size of the 86-GHk J=2-1 region is larger than thl=1-0
one (see Figurg 3). We confirm the results found in other evolved #8423,10011 and R Leo (see
[Bll, [ and [B]). In addition, we have been able to map for the first timewh2 J=2—1 maser
emission in an oxygen-rich AGB star. One maser component has beendan#mpee making dif-
ficult to derive any spatial information, and the line is weak if we compare itémther masers.
The infrared line overlap was firstly proposed I8} fo explain the quenching of the=2 J=2—1
emission in oxygen variables. Further calculations@ly [B] and [B] have shown that the condi-
tions of the excitation of the SiO molecule change drastically when the line ogextapntroduced
in the model calculations, and therefore also their relative spatial distribution.
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Figure 1: The?8SiOv=1 (upper figure) and=2 J=1-0 (lower figure) maser transition in TX Cam. These
plots show the integrated intensity map in Jy bedkm s1 units (center panel), the spectrum of the maser
spots that appear on the map (numbered boxes), the total ppeetrum (black) and recovered flux (red)
in the map (left panel above the map), and the ratio of thegminales (right panel above the map). The
dashed vertical lines mark the systemic velocity of the seM| sr=11.8 kms'1. For thev=1 line, the peak
intensity is 6.50 Jy beamt kms™1, the contour levels are 0.17, 0.18, 0.19, 0.38, 0.77, 1.3%, 8nd 6.25
Jybeam!kms1, and thermsis 0.05 Jybeam! kms™1. In the case of the=2 line, the peak intensity is
3.91 Jybeam! kms™1, the contour levels are 0.39, 0.43, 0.47, 0.96, 1.91 and B/®@amkms 1, and
thermsis 0.08 Jy beam* kms™1.

4



SiO maser emission in TX Cam R. Soria-Ruiz

™
o [T TrF T ]
=) | ]
2 ]
- S wf ‘ 3
= 6 © I 1
= E [ ]
M ]
2 o - ]
= = ol 7
~
Q
o -
o k1 L .
-1
Visr (km s )O 10 20
T T — T T
o | —
=
4
2
o 0 p "
=
o 3 @6 —
@ (-4
N
©
E
-
o
a
= o
S _
°
=
=
2
o
z
—_ ©
o 1 e =
<L | =
] o
=
o
3
ol
30 20 10 0 -10
-1
Vige (km s7) East Offset (mas)
T L T ] T T T
sk | b ! ]
3 | b I ]
o “ !
o oL I - <o | 1
w © | = o ]
E | 5 ! ]
= oL - < | ]
<+ | > | .
| h ol 1
o kl ! . o kg il L -
0 10 20 Vin (km s © 10 20
T
o | —
3
4
¢
5
2 Seb
o _
—~ ? e
g 8 o
£ g -
- 9
o
£
b=
o
(=}
E=I I —
20
=
o
z
g
© SL | ©
= | 1o 2
2 S E 2 S F
X o F v of
E £ E £
SR E <[
ok I R S R o
30 20 10 0 -10
-1
Visg (km s7) East Offset (mas)

Figure 2: Same as Figure 1 but for the second epoch observed in TX Canmthé&we=1 line, the peak in-
tensity is 2.99 Jy beamt kms™1, the contour levels are 0.69, 0.75, 0.89, 1.19, 1.49, 1.78 and 2.69
Jybeammtkms1, and thermsis 0.03 Jybeam'kms™t. In thev=2 map, the peak intensity is 15.65
Jybeam!kms1, the contour levels are 0.47, 0.96, 1.91, 3.82, 7.65 andL1lB/®eam!kms1, and the
rmsis 0.02 Jy beam! km s,
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Figure 3: Same as Figure 1 but for tR8SiO v=1 (upper plot) and=2 (lower plot)J=2—1 in TX Cam. For

the v=1 line, the peak intensity is 4.09 Jy beahkm s, the contour levels 0.16, 0.22, 0.28, 0.38, 0.48,

0.97, 1.95 and 3.90 Jy beathkm s1, and thermsis 0.02 Jybeam*kms™1. For thev=2, the maximum
intensity is 5.07 Jy beant km s 1, the contours are 0.31, 0.62, 1.24, 2.48 and 4.96 Jy btkms 1, and

thermsis 0.03 Jy beam*kms 1.
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