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VLBI images of the SgrA* from SGHz to 43GHz (Lo et al ’99)

©  A7mm The intrinsic image is

| blurred and broadened

because of scattering

effect by circum-nuclear

plasma.F > 1 JLH[E]
ZEOoTLV !

A 14 mm

A 20mm

A 36 mm

A 60mm

3. VLBA images of Sgr A* at wavelengths 6.0, 3.6, 2.0, 1.35

and 7 mm made with DIFMAP, These images are smoothed to a

circular beam of FWHM = 2.62 AL mas as shown on the leR-bottom

corner on each image. At 7 mm, FWHM beam = 1.5 mas ~ mean

synthesis beam size; and at 6 cm FWHM beam = 38 mas that is close

to the mean scattering size at this wavelength. The contours are 2 mJy
beam™—*x (-2, 2, 4. &, 16, 32, 64, 128, 256).
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The Atacama Large Millimeter/submillimeter Array (ALMA9sis an international partnership of the
European Southern Observatory (ESO), the U.S. National-Science Foundation (NSF) and the
National Institutes of Natural Sciences (NINS) of Japan, together

with NRC (Canada), NSC and ASIAA (Taiwan), and KASI (Republic of Korea), in cooperation with
the Republic of Chile, ALMA -the largest astronomical project in existence- is a single telescope of
revolutionary design, composed of 66 high precision gntzgas loc;ated%r the Ch&m@r plateau,

5000 meters altitude in northern Chile: e e g .. € ,
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ALMACyY04: ALMAZ & AT-VLBIEAIIREZ =TT+ 5
Forthcoming Observations: May 19 — 25, 2016

Planned for 2016: May 19 — 25 (session 1), September 28 — October 03 (session 2)

Next Proposal Deadline : Feb. 1, 2016

for ohservations in Autumn 2016

Recent News

Clicking on the the telescope images will lead vou to the web pages of the Institute that operates each telescope.

For comments which help to improve this page, please contact H. Sturm or T.P. Krichbaum




Recent developments/improvements for GMVA

last update: 06.01.2016
Jan. 2016 : GMVA proposal call now also including KVN and
ALMA. LMT will participate on a best effort basis. Initital GMVA
observations with ALMA are planned for Spring 2017.
3mm VLBI with ALMA i1s presently limited to sources with flux of at
least 500 mJy.

Dec. 2015: ALMA 1ssued a VLBI proposal pre-anouncement, ALMA
+GMVA VLBI observations could be proposed via the normal GMVA
proposal chain, proposal deadline 1s February 1st, 2016. The same
proposal has to be submited to ALMA for the AO4 deadline in April
2016. Earliest 3mm VLBI observations with ALMA could happen in
Spring 2017.
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Super Resolution Normal Beams

S8VLBA+GBT+E2+ALMA-+LMT.
135

Figurel. Imaging Simulations.
For SgrA* at 86 GHz
Thermal Noise Only
No Scattering Case
RIAF Disk Model

Flux Density 2 Jy

Restoring Beams are Normal ones
and Super Resolution (20 pas). If
calibrations are well performed, the
resolution is less than 100 pas.

with BH-shadow

Our Proposed Array : 8VIBA+GBT+E2+LMT+ALMA
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VLBA Imaging at 7 mm and Linear Polarimetric
Observations at 6 cm and 3 mm of Sgr A*

Geoffrey C. Bower and Heino Falcke

Maz Planck Institut fur Radioastronomie, Bonn, Germany

Don C. Backer and Melvyn Wright
Radio Astronomy Laboratory, UC Berkeley, Berkeley, CA

SgrA*MI) K VLBIT—2 LT —3281
M+ TEEL (Bower1998)



1) The North-South resolution of the VLBA is inadequate to re-
solve the scattering size at Tmm. The extreme southern declination of
Sgr A* combined with the northern latitudes of the VLBA produces very poor
North-South resolution. In Figure 2 we show the baselines on which we made
detections to Sgr A*. The visibilities that contribute predominantly to the mi-
nor axis size are limited to three baselines, two of which involve the Brewster
station, one of the VLBA’s worst millimeter sites. The maximum North-South
resolution of ~ 100M )\ on a single baseline is considerably smaller than the
FWHM of the minor axis scattering size ~ 190MA. In fact, the size scale of
interest — the difference between the scattered and non-scattered minor axis
sizes — is more than 10 times smaller than the beam size in that direction.

2) Observations of Sgr A* with the VLBA are performed at very
low elevation and are difficult to calibrate. Variable atmospheric opacity



due to water vapor in the troposphere makes amplitude calibration particularly
difficult at 7 mm. Atmospheric coherence times can be very short and variable,
as well. These effects increase as secz with increasing zenith angle, z. Further,
a prior: gain curves at low elevation with VLBA antennas are suspect. The
Brewster antenna, which provides the two longest North-South baselines on Sgr
A*, never gets above 13° elevation. Hence, it is always looking through at
least 4.5 atmospheres. Transferring gains from a compact calibrator, J1730-13
or J1924-29, for example, can improve amplitude calibration but a substantial
uncertainty remains due to the large difference in contemporaneous elevation.
Amplitude self-calibration is not accurate, either, since the density of visibilities
in the (u,v) plane is low.

One can consider the combined effect of the lack of resolution and difficulty
in amplitude calibration by plotting the amplitudes as a function of the North-
South spatial frequency v, after the amplitudes have been corrected for the
East-West structure (Figure 3). If the North-South axis were unresolved, the
residual amplitude would be unity. The considerable scatter in the data indicates

Higher frequency observations are plagued by the same problems of difficult
calibration and poor North-South resolution. These are discussed in more detail
by Doeleman et al. (1999) and Krichbaum et al. (1999).
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of a complex structure. Closure phase @ 4pc of a triangle composed
of antennas A, B, and C is defined as follows.

¢ABC — 00bs BC + oobs

where, 5% = O + (pa — Pg). 00 = Opc + (g — dc) , and 0% = Oca+
(pc — ¢a). 0% is the observed fringe phase of the baseline between
stations X and Y. ¢x 1s antenna based phase error. fxy is the intrinsic
phase due to the observed source structure. If we substitute these in
the equation,

¢ABC _ 00bs BC + Oobs

= 0a8 + (pa — ¢g) + Opc + (g — Pc) + Oca + (Ppc — Pa)
= Opg + Opc + 0ca

In the closure phase @4pc, the antenna based phase errors are can-
celed, and the value of @45 is defined only by the phases due to the
structure of the observed source. (Noted that a baseline based error,
if such exists, is not canceled). The closure phase is an observable
quantity, totally free from instrumental delay or phase error at
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Intrinsic Size and Shape of Sgr A*
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Figure 2. A log-log plot of measured (FWHM) source size versus

observing wavelength for Sgr A* (7- 14 February 1997). The solid line

represents a 1.43 A9 fit to the major axis sizes (open circles), while
the dashed line a 0.76 A2? fit to the minor axis sizes (filled circles).

AREL TRILIE T TULN S,

Figure 3 VLBA images of Sgr A* at wavelengths 6.0, 3.6, 2.0, 1.35 & L \ 5 I% E‘é&(LO 1 99 8)

cm and 7 mm made with DIFMAP. These images are smoothed to a
circular beam of FWHM = 2.62 \L3 mas as shown on the left-bottom
corner on each image. At 7 mm, FWHM beam = 1.5 mas ~ mean
synthesis beam size; and at 6 cm FWHM beam = 38 mas that is close
to the mean scattering size at this wavelength. The contours are 2 mJy

beam™!x (-2, 2, 4, 8, 16, 32, 64, 128, 256).



Super Resolution Normal Beams

S8VLBA+GBT+E2+ALMA-+LMT.
135

Figurel. Imaging Simulations.
For SgrA* at 86 GHz
Thermal Noise Only
No Scattering Case
RIAF Disk Model

Flux Density 2 Jy

Restoring Beams are Normal ones
and Super Resolution (20 pas). If
calibrations are well performed, the
resolution is less than 100 pas.

with BH-shadow

Our Proposed Array : 8VIBA+GBT+E2+LMT+ALMA
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T-5. U-V coverage of the 8-phase SMI maps for Sgr A* (§ =-30")
at 43 GHz by VLBA. N, = 8, P;,y = 16.8 min (Miyoshi et al. 2011).
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T-5. U-V coverage of the 8-phase SMI maps for Sgr A* (5 =-30")
=8, Py = 16.8 min (Miyoshi et al. 2011).
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(® Peak at right side

Periodic Structure
(D Peak at right side change pattern
of the P=16.8 min
@) Peak at center side
The peak position
) Peak at left side  seems to move with
the period.
@ Peak at left side This can be explained
with one arm structure
pattern rotating with
(® Peak at left side the period.
And we observe 1t
® Peak at center from edge-on .
@ Peak at right side
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@D 2 peaks Periodic Structure
change pattern
@ 1 peak |1+ of the P=31.35 min
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Periodic Structure
change pattern of
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change pattern
of the P=56.35 min

@ Periodic Structure

2 peaks appear
during the half period.

1 peak appears during
the other half period.
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@ 1 peak Periodic Structure
change pattern
@ 2 peaks of the P=56.35 min
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