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VLBI observations at millimeter wavelengths provide urga@ented high angular resolution and
allow to image regions, which are self-absorbed at longareleagths. Here we present new
results from a multi-frequency VLBA monitoring of Sgr A* aR243, and 86 GHz performed
on 10 consecutive days in May 2007. We discuss the sourcetwteuof Sgr A* through the
analysis of the closure phase and closure amplitude, oftwthie latter improves the calibration
accuracy and shows indications of a non-Gaussian brighttissibution at the highest frequency.
We also present preliminary maps of the maser emission (wrek, J=1-0, and J=2-1) in the
circumstellar SiO maser of VX Sgr. This will put new constitai on the kinematics and the
pumping mechanisms of SiO masers.
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1. Introduction

VLBI observations at millimeter wavelengths offer a numbgadvantages over VLBI obser-
vations at centimeter wavelengths. First and foremostitjieer angular resolution allows detailed
imaging of compact galactic and extragalactic radio sauveith angular resolutions of a few 10
uas. For nearby objects (like SgrA*) or very massive objelike (M 87) these angular scales
translate into spatial scales of only a few to a few ten Schehild radii around the central super
massive black hole (SMBH). In addition, mm-VLBI provides eeger/clearer look into the core
region of compact radio sources, much less affected by sdntinsic opacity, Faraday depolar-
ization, and interstellar scattering effects (in the cals8gr A*). Therefore VLBI observations
at short millimeter wavelengths are a very complementasenbng technique, which adds new
insights to the inferences drawn from the lower frequencseolmtions. At 43, 86 and 129 GHz,
mm-VLBI allows to access SiO maser transitions with sub-reaslution, opening a new window
on their study. Here we discuss some preliminary resultsgspi\§ and the SiO maser in VX Sqr.

2. Observations and data reduction

During a global multiwavelength observing campaign on Sgpérformed in 2007, the target
source and some calibrators (VX Sgr, NRAO 530 and some otG&t)Avere observed in frequency
switch mode with the VLBA on 10 consecutive days from May 124bat 22, 43, and 86 GHz
[1],[2]. The SiO maser in VX Sgr (v =1, J=1-0 and J = 2-1) wasesbed in interleaved short
VLBI scans to assist the amplitude calibration of Sgr A* ated@l 86 GHz.

3. Results
3.1 Does Sgr A* has substructure?

The compact radio source Sgr A* is believed to be the emissiomterpart of a 4 million M
BH. Its relative proximity makes it the most promising catate for a detailed investigation of a
BH with VLBI on scales of a few Schwarzschild radiidRL Rs ~ 0.1 AU ~ 10puas for Sgr A*).
VLBI observations of Sgr A* have been driven to short milliimewavelengths where scattering
effects induced by the ISM vanish and the underlying inicirs®urce structure becomes visible.
A data analysis which uses hybrid imaging and Gaussian rfitsdelith the closure quantities
(closure phase and amplitude) allows to reduce the cailioratrors to less than 10-20 % and by
this reliably constrain the emission structure of Sgr A*.réleve present some new results of the
inter-day VLBI monitoring program of May 2007. In the context the orbiting hot spot model
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[3], short-timescale asymmetric structures, and thusiepersodic deviations of the closure phase
from zero, would be expected. Such effects would be more imemh and easier to detect at
higher frequencies due to the smaller beam size and loweceantrinsic opacity. We analyzed
the closure phase for our data on a triangle by triangle bdsigigure 1, we show two typical
examples of the closure phase. Throygttest, we conclude that the closure phases are zero within
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the measurement errors, suggesting that the source seustindeed point like or symmetric and
not variable within a given day and also on time scales ofre¢days [1].

Figure 2: Left: Closure amplitudes
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source model [1].

For the analysis of the closure amplitudes, we performededoh scan, an incoherent average
of the 10 s (coherently) averaged visibility amplitudes]uding a noise bias correction (e.qg., [4]).
Closure amplitudes were then formed for the incoherenttyaayed amplitudes. We limit ourselves
to high SNR visibilities with a SNR cutoff of 5 to avoid closuamplitude bias. We fitted the
closure amplitudes with a single elliptical Gaussian congmt in a 3-D parameter space (angular
size along the major and minor axis, and P.A. of the major)akisFigure 2 (left) we show as an
example the Gaussian model fitting to the closure amplitatld8 GHz. For the source structure
we obtained the following parameteajor = 0.70" 301 mas, Bminor = 0.375:35 mas, and P.A. =
8267 g;g degree with gx2 = 1.7. The errors are at 8 level and are derived from the projection
of the x? confidence contours onto the parameter axis for the case af@neters. At 22 and
43GHz, a single Gaussian component fits the source struetnyewell. At 86 GHz, however, a
direct fitting of the closure amplitudes does not converge natice that the closure amplitudes
are formed mainly using visibility data of the inner 5 VLBAtannas (FD, KP, LA, QV, PT). In
this case only 5 independent closure amplitudes are alail&lrthermore, the large scatter of the
data indicates that a single Gaussian component may be @irdy arder approximation to the true
source structure. As an example we show the FD-KP-LA-PT quregdle at 86 GHz for the three
experiments on May 19, 20, and 21 along with an elliptical €3&n model in Figure 2 (right).
Reduced chi-squarexf ) values of the fitting to the 5 closure amplitudes of 3.3 (M&y, 13.8
(May 20), 4.1 (May 21) indicate a poor fit for such a single Gé#ars model. The data therefore
suggest some non-Gaussianity of the source structure.

3.2 Mapping the circumstellar SIO maser emission in VX Sgr

SiO maser emission around asymptotic giant branch (AGB3 &a good probe of the phys-
ical conditions and motions in the innermost shells of aimstellar envelopes. Since the knotty
emission is very bright and compact, it is an ideal targetfalti-frequency VLBI studies of the
maser emitting regions. Previous research showed thati®e@ission often originates in the
inner radius of the dust shell of a few stellar radii from tlemtral star. VLBI observations have
shown that the masers exhibit ring-like or elliptical masfdgy, and reveal a complex gas kinemat-
ics in these inner shells, for instance, contraction, §g.expansion, e.g., [5], and even rotation,

e.g., [6].
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VX Sgr is a M-type supergiant and is a source of strong OkDHand SiO maser emission.
Our preliminary results from the analysis of the 2007 datash detail the very complex SiO
maser emission in the circumstellar envelope of VX Sgr. F{geR) shows the velocity structure
of the J=1-0 maser emission establishing its ring-likecitme. Our monitoring observations also
allow us to study the time evolution of the two transitionsaodaily time scales. Shown in Fig 3
(right) is a composite image of the velocity-integratecakohtensity maps for both transitions.
The frequency dependence of the two transitions is of gneditance for the testing of the maser
emission models, and provides information on physical itmms$ of matter and radiation field near
the star. A proper registration of the emission distributicom the two transitions puts constrains
on the maser pumping schemes, either radiative, [8, 9] disiolal, [10], or hybrids of these
scenarios [11].

4. Summary

Closure phase analysis confirmed the apparent symmetuctte of Sgr A*. We did not
detect significant variations of the closure phase on a-itdrinter-day time scale. Modeling the
closure amplitudes at 22 and 43 GHz verified its equivalencgelf-calibration. At 86 GHz, the
available data, although too sparse for a direct fittingjcag a poor agreement with a single
Gaussian model. This may be a signature of a more complexpbiaut-like Gaussian structure
and has to be addressed in future VLBI experiments. We prgsehminary maps of the maser
emission in VX Sgr addressing kinematics on a daily timeesaald the pumping mechanisms.
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