High-resolution polarimetric study of
Sgr A* with the GMVA

Michael Janssen
Radboud University Nijmegen

/N collaboration with.

C. Muller, C. D. Brinkerink, H. Falcke, T. P. Krichbaum, G. C. Bower, E. Castillo, A. Deller, S.

Doeleman, R. Fraga-Encinas, C. Goddi, A. Hernandez, D. Hughes, M. D. Johnson, M. Kramer, |.

Leon-Tavares, L. Lolnard: Az MontansseiEsidesstaaemacerntra@rtiz-lleon, D Sanchez-Arguelles,
R. Tilanus, G. Wilson, |. A. Zensus

and
|. van Bemmel M. Kettenis, D. Small

BL

Radboud University %d e H

O"UNG-‘?@



Outline

- Recent results of 3mm VLBI studies of Sgr A*:
— Closure amplitude - source shape
— Closure phase - source asymmetry

- Polarization properties of Sgr A* & upper [imit for LP at 3mm
on VLBI scales

- CASA as a VLBI data calibration tool:
Recent developments & a future pipeline
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Sgr A* at mm wavelengths
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Sgr A* at mm wavelengths
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Sgr A* at mm wavelengths
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VLBI observations of Sgr A* at 3mm

The Global Milimeter VLBI Array (GMVA)

Ortiz-l eon: el szt

VIBA+LMT from April 201 5, Imaging with ~45 pas resolution at 86 GHz
. Baseline Sensitivities = GMVA_ the Global mm-VLBI Array
Slng|e pO| in Europe: s
Brinkerink et al. 2016 and Muller 30-2s0mJy
et al. 201 Z{inEprciomsE in US with GBT:
VLBA+GBT+LMT from May 2015, >==22Y
¢ best transatlantic:
Smgle pO| 30 — 100 mJy
- Janssen et al. 2017 (in prep.): Array:
GMVA (this talk: only VLBA+GBT) =1
from Ma y 2016, dual D G e "etumeTe. 100 8ec,2Chee) http://www.mpifr-bonn.mpg.de/div/vIbi/globalmm
StO |<e S corre | a t| onN » Europe: Effelsberg (100m), Pico Veleta (30m), Plateau de Bure (35m), Onsala (20m),

Metsahovi (14m), Yebes (40m), KVN (3 x 21m), planned: SRT, NOEMA, ...

* America: 8 x VLBA (25m), GBT (100m), planned: LMT, ALMA, ...
Proposal deadlines: February 15!, August 15
Taken from Thomas Krichbaum
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VLBI observations of Sgr A* at 3mm

Imaging & closure amplitudes

Summary of Elliptical Gaussian Fits to 3 mm VLBI of Sgr A*

BD183C
Self-Calibration
212.7 4+ 2.3 pas
1385 + 3.5 pas
81°1 £ 178
1.54 + 0.04

Closure Amp.
2149 + 4.0 pias
Minor axis 1390 + 8.1 pas
PA. 8078 + 372
1.55 + 0.08

Major axis

Axial ratio

- Muller et al. 2017 (in prep.):
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Closure Amp.
217.7 £ 5.0 pias
147.3 + 8.0 pas

8072 + 478
1.48 + 0.07

Self-Calibration
221.7 + 3.6 jias
1456 + 4.0 pas 13077
7592 4+ 275
1.52 4+ Q.05

[ureaq /A pw| Aysua( xnp g

Lud('11)
Self-Calibration
210 & 10 pas
130 £ 10 pas
8372 +£1°5
1.62 + 0.11

Shen+('05)
Closure Amp.

Doeleman4-('01)
Self-Calibration

180 + 20 pias 210730 jias

- Janssen et al. 2017 (in prep.):
g las at /9°

Muller et al. 2017 (in prep.):
Modeling Sgr A* with a Gaussian
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VLBI observations of Sgr A* at 3mm
Asymmetry & closure phases
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Brinkerink et al. 2016: 2. component Based on data from Ortiz-Ledn et al. Janssen et al. 2017 (in prep.): 2.
towards south-east 2016: 2. component towards north-west component towards north-west
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Polarization properties of Sgr A*

Highly variable (e.g., Yusef-Zadeh et al. 2007)
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Bower et al. 1999: Observations in 1998 with
BIMA array (as resolution) = LP < 1% at 3mm

Macquart et al. 2006: 2004 with BIMA = LP ~ 2%
at 3mm (unrepeated)

Mufoz et al. 2012

Marrone et al. 2006:
R == g2 et a2
- 2x107° M sun/yr < dM/dt < 2x10-7 M sun/yr
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Polarization properties of Sgr A*

Highly variable (e.g., Yusef-Zadeh et al. 2007)
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Bower et al. 1999: Observations in 1998 with
BIMA array (as resolution) = LP < 1% at 3mm
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Macquart et al. 2006: 2004 with BIMA = LP ~ 2%
at 3mm (unrepeated)

Mufoz et al. 2012

Janssen et al. 2017 - Marrone et al. 2006:

(in prep.): LP = 1% RM = - 6x10° rad/m?

at 3mm at 0.2mas — 2x107° M_sun/yr < dM/dt < 2x10-7 M_sun/yr
resolution
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CASA as VLBI calibration tool

Advantages of CASA:
Easily scriptable — pipeline
Supports MPI parallelization

Widely used and secure future

Recent developments:

JIVE developers: Ilse van Bemmel, Mark
Kettenis and Des Small

At Radboud: Code testing and verification
with EHT, GMVA and VLBA data

mm VLBI expertise: MPIfR and Radboud

CfA and Haystack involvement soon
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Status:

Python version of Cotton-Schwab fringe-
fitter is working (sbd&mbd) = being ported
to CASA c++ code

Amplitude calibration based on telescope
metadata (ANTAB) works

Bandpass calibration works

Polarization calibration works (delay+phase)
DIFX fits-idi format supported

Will go into CASA 5.1 release

For now: Binary tarball with dynamically
linked libraries is working under Linux

Cross-comparison of results is ongoing
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Summary & Outlook

CASA I1s now VLBI ready
Work towards a fully automated pipeline

2.10-6.10 CASA VLBl workshop @JIVE:
contact llse van Bemmel

http://www.jive eu/casa-vibi2017/

P < 1% at 3mm on sub-mas scales In
SYelf A

Clear asymmetry at 3mm in Sgr A*
detected - unclear If intrinsic or due to
scattering

Next steps: Analyze data from European
stations & check consistency with self-
calibration
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http://www.jive.eu/casa-vlbi2017/
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