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First VLBI mapping of SiO maser emission in a
circumstellar envelope
29
R. Soria-Ruiz1, J. Alcolea1, F. Colomer2, J.-F. Desmurs1, V. Bujarrabal2 and K.B. Marvel3
Observatorio Astronómico Nacional, c/Alfonso XII 3,28014 Madrid, Spain
2
Observatorio Astronómico Nacional, Apartado 112, 28803 Alcalá de Henares, Spain
3
American Astronomical Society, 2000 Florida Avenue NW Suite 400, Washington, DC 20009-1231, USA
1
Abstract
In this poster we report on the first VLBI map of the v=0 J=1-0 maser line of the 29SiO isotopic substitution in the long period
variable star IRC +10011. We have found that this maser emission is composed of multiple features distributed in an incomplete
ring, suggesting that this maser is also amplified tangentially as already proposed in other SiO circumstellar masers. We present
also the results for the 7mm 28SiO v=1 and v=2 J=1-0 lines and the 3mm v=1 J=2-1. The 29SiO masing region appears to be located
in a layer in between the 28SiO v=1 J=1-0 and 28SiO v=1 J=2-1 lines. In addition, we confirm that the 86 GHz maser v=1 J=2-1 is
formed in an outer region of the circumstellar envelope compared to the other SiO masers studied.
Results
• The map of the 29SiO v =0 J =1-0 is composed of 7 maser spots with velocities
ranging from 5.7 to 11.3 Km s-1. This maser line is the weakest among the four
observed. The masing region is located in a layer in between the 28SiO v =1 J =10 and J =2-1 shells. The emission forms an incomplete ring, therefore suggesting
that this radiation is also amplified tangentially, as other well studied 28SiO
circumstellar maser lines
VLBA observations
We have performed high resolution observations of circumstellar SiO masers in
the OH/IR variable star IRC+10011, using the Very Long Baseline Array. We
fitted a ring to our observational data (Rin Rout) selecting only the maser
components with a SNR larger than 6 and appearing on at least three consecutive
spectral channels (see Table and Figure)
species
• The 28 SiO v =1 J =2-1 maser transition is produced further away than the v =1
J =1-0. Moreover, the spatial distributions are completely different
28
v=1
v=2
v =0
v=1
SiO
29
SiO
28
SiO
• The 28SiO v =1 and v =2 J =1-0 emissions present a ring-like structure
composed of multiple spots with a similar distribution. The two maps are shifted
about 1-2 mas, being the v =2 in an inner region of the envelope
29
SiO v =0 J =1-0
maser
transition
28
rest
frequency
J =1-0
J =1-0
J =1-0
J =2-1
(MHz)
43122.080
42820.587
42879.916
86243.442
restoring
beam (mas)
0.80
0.85
0.97
0.58
x 0.53
x 0.35
x 0.73
x 0.47
R in
Rout
(mas)
(mas)
10.07
8.81
11.80
15.33
13.09
12.35
15.26
16.92
SiO v =1 J =2-1
Total power spectrum of the observed SiO
maser transitions (continuous line) and the
recovered emission (dashed lines) after
calibration and imaging. The dashed grey line
indicates the systemic velocity of the source,
VLSR = 9.2 Km s -1
Theorethical
SiO pumping models
29

Contour levels: 0.08, 0.10, 0.12, 0.23, 0.48,

1.14 and 2.41 Jy beam-1 · Kms-1
0.92 and 1.76 Jy beam-1 · Kms-1

Peak fllux: 1.76 Jy beam-1 · Kms-1
28
Contour levels: 0.10, 0.12, 0.14, 0.28, 0.57,

SiO v =1 J =1-0
Peak fllux: 2.41 Jy beam-1 · Kms-1
28
SiO v =2 J =1-0
Robinson & Van Blerkom (1981): higher
opacity along the radial direction than in
the tangential one, yielding line profiles
composed of two peaks separated twice the
expansion velocity of the envelope, similar
to those observed in OH masers. This model
does not reproduce our ring-like geometry
Olofsson et al. (1981): line overlaps between
ro-vibrational transitions of 28SiO and
SiO
29
BUT... none of these models explain how
their excitation mechanisms affect the
spatial distribution of the SiO maser
lines studied

Contour levels: 0.28, 0.57, 1.14, 2.28, 4.16

and 8.34 Jy beam-1 · Kms-1

Peak fllux: 9.14 Jy beam-1 · Kms-1
CONCLUSIONS AND WORK IN PROGRESS
 We have mapped for the first time the 29SiO v = 0 J =1-0
maser emission in an evolved star, IRC+10011, using Very Long
Baseline Interferometry
 The 29SiO v = 0 J =1-0 map suggests tangential amplification
 The results obtained for the 28SiO v = 1, 2 J =1-0 and J =2-1
are consistent with previous studies of this source (Desmurs
et al. 2000; Soria-Ruiz et al. 2004)
Some of the maser components of the 28SiO v = 1, 2 J =1-0
maps appear in both epochs. This is not the case for the v = 1
Contour levels: 0.28, 0.57, 1.14, 2.28, 4.16
and 8.34 Jy beam-1 · Kms-1

Peak fllux: 9.72 Jy beam-1 · Kms-1
J =2-1 emission, where the distribution totally differ
None of the current pumping models reproduce the observed
spatial distributions
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