
Trigonometric parallax and proper motion of Sagittarius A* measured by VERA 
using new broad-band back-end system OCTAVE-DAS

We successfully measured the trigonometric parallax of Sagittarius 
A* (Sgr A*) to be 117 ± 17 micro-arcseconds (μas) using the VLBI 
Exploration of Radio Astrometry (VERA) with the newly developed 
broad-band observing system named “OCTAVE-DAS”. The parallax 
corresponds to a Galactocentric distance at the Sun of R0 = 8.5+1.5 
−1.1 kpc. Combining the astrometric results with VERA and the Very 
Long Baseline Array (VLBA) over a monitoring period of 25 years, the 
proper motion of Sgr A* is obtained to be (μα, μδ ) = (−3.133 ± 0.003, 
−5.575 ± 0.005) mas/yr in the celestial coordinates, corresponding 
to (μl, μb) = (−6.391 ± 0.005, −0.230 ± 0.004) mas yr^−1 in 
Galactic coordinates. This gives an angular velocity of the orbit of the 
Sun to be Ω = 30.30 ± 0.02 km/s/ kpc. We find upper limits to the 
core wander, ∆θ < 0.20 mas (1.6 au), the peculiar motion, ∆μ < 0.10 
mas/yr (3.7 km/s), and the acceleration, a < 2.6 μas yr^−2 (0.10 
km/s/yr) for Sgr A*. Thus we obtain upper mass limits on the 
supposed intermediate-mass black holes to ≈ 3 × 10^4 Msun and ≈ 
3 × 10^3 Msun at 0.1 and 0.01 pc from the Galactic center, 
respectively.
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Abstract

VERA
VERA(VLBI Exploration of Radio Astrometry) is a Japanese VLBI array aimed for 
unveiling the dynamics of the Milky Way galaxy with measuring precise(10 micro 
arc-sec) proper motions and annual parallaxes of galactic maser sources (H2O, 
SiO) with phase-referencing VLBI technique. The most prominent character of 
VERA is dual beam receiving system. Two receivers are installed at the Cassegrain 
focus to observe two adjacent sources simultaneously. The separation of two 
sources can be varied from 0.3 to 2.2 degrees.

OCTAVE-DAS

Fig. 1 OCTAVIA

・ Specifications
    - Sampling rate  ：8 - 20 Gsps

    - Input Freq, chs：0 - 26 GHz, 4 ch

 - Output rate ：Max 38 Gbps (10 GbE X 4)

    - DBBC： 8 MHz~2048 MHz、Max 32 streams

・ A/D Chip 
     - NTT Photonics/NEL/NAOJ
     - InP HBT ADC (~20 Gsps, ~30 GHz)  
     - Hittait microwave（~20 Gsps, ~24 GHz）
     - E2V ( 4 Gsps, 10 bit, ~10 GHz) 
     - Other ( 2 Gsps, 12 bit , ~3 GHz) 
     - Fujitu (CMOS, 30 Gsps, 8 bit, ~15 GHz）

Fig. 2 OCTADISK

Fig. 3 OCTAD

Octave series
 - OCTAD :  OCTAve A/D Converter
       20(max) Gsps high speed RF(~30 GHz) direct A/D Converter 
 - OCTAVIA1,2  :  OCTAve VSI Adapter
       VSI-H⇔ 10 GbE (VDIF) converter
 - OCTADISK : OCTAve DISK drive 
       Disk recorder for VDIF (10 GbE)
 - OCTADISK2(with VSREC=VDIF Software RECorder) 
       Commercial PC with 10 GbE-card and Raid Box
 - OCTACOR : OCTAve CORrelator
       Gbit real-time Hardware correlator
 - OCTACOR2 : OCTAve CORrelator2
       Software correlator system (VDIF)

Observations

OCTAD (RF Direct A/D)

Motivation of Astrometric Sgr A* Observations

 ・Proper motion measurement to the Sgr A*

- measurement of Θ0 and peculiar motion of Sgr A* 

      - Is stable Sgr A* in the Galactic center?

- compare values from other method (Solar circle ,Tangent point star)

        However , Sgr A* and calibrator sources within 2 degree from Sgr A* are

 very weak (<100 mJy). So, we need to upgrade VERA from narrow band

        (256MHz) to broad band (2048MHz). 

→New broad band backend system (OCTAVE-DAS) have been developed 
           and start observations of Sgr A* from 2014 

Array : VERA with 2 beam
Epochs   : 03/2014-06/2020
                     （26 epochs）
Freq     : 43 GHz
Bandwidth  : 512MHz X 8 ch
Target           : Sgr A*V J1745-2820
Calibrator     : NRAO530

Proper motion of Sgr A*

・ combined VLBA(1995 - 2013) and VERA(2014 - 2020) obs
・(μα, μδ) = - 3.133±0.003, - 5.575±0.005）
・(μl, μb) = - 6.391±0.005, - 0.230±0.004）
・ Ωsun = 30.30±0.02 km/s/kpc

Trigonometric Parallax of Sgr A* and IMBH mass

・acceleration       : a < 0.10 km /s/yr

・peculiar motion : Δ v < 3.7 km/s

・parallax               : 117±17 μas (8.5+1.7-1.1 kpc) 

・IMBH mass   : < ≈ 3×10^4 M⊙ at 0.1 pc and 3×10^3 M⊙ at 0.01 pc
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・Geometric distance measurement to the GC

- 8.0± 0.3 (Camarillo et al. 2017) : Average 27 papers (2011-2017, 6.72-8.92 kpc）
- 8.33±0.35 (Gillessen et al. 2009) : Geometric distance（S2, VLT）
- 7.971±0.059 (Do et al. 2019) : Geometric distance (Kech)

     - 8.178±0.013( Gravity Collaboration et al. 2019) : Geometric distance (S2, VLT) 

      - 8.275±0.009 (Gravity Collaboration et al. 2021) : Geometric distance (S2, VLT) 

   →Need the trigonometric parallax of Sgr A* to confirm it.

Fig. 6 Trigonometric Parallax of Sgr A *

Fig. 7 Limitation of IMBH mass 

           around Sgr A*

Block diagram using  OCTAVE-DAS

Fig. 4 Flux vs UV distance of Sgr A*
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Fig. 5 : Proper motion of Sgr A*


	スライド 1: Trigonometric parallax and proper motion of Sagittarius A* measured by VERA  using new broad-band back-end system OCTAVE-DAS

