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-Current status of the East Asian VLBI network
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Motivation

Scattering in the ISM
ϴscatter ∝ λ2 

Faraday rotation
 ∝ � λ2

Typical resolution

λ/D (cm) ∼ 0.5 mas
λ/D (1.3mm) ∼ 30 μas
λ/D (0.8mm) ∼ 20 μas

Self-absorption:
look “deeper”



(Boccardi et al. 2017)

Baseline Sensitivity

Array Sensitivity

The Global Millimeter VLBI Array

Assuming: 
BW=500 MHz (2 Gbit/s), 7 sigma threshold, tcoh=20s

https://www3.mpifr-bonn.mpg.de/div/vlbi/globalmm
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Resolving the AGN cores with mm-VLBI



Resolving the AGN cores with mm-VLBI
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Sagittarius A* (Sgr A*):

Mass: ~4×106 M☉

Distance (R0): ~8 kpc

Schwarzschild radius (Rs):

1 Rs ~ 0.1 AU~ 10 µas!!!

radio
optical

X-ray

radio, 3.6cmradio, 6cm radio,1.3cm

NIR

radio

Largest black hole in the sky:



Horizon-scale structure in Sgr A*

SMT-CARMA

SMT-JCMT

JCMT-CARMA

Doeleman et al. 2008, Nature

About 4 Schwarzschild
radii across

1.3 mm emission offset 
from the BH



SgrA* flares on Rsch scales

Fish et al, 2011, ApJL

Calibrator

Sgr A*



SMA (L/R)

APEX

SMT (R&L)
CARMAp +single (R&L)

Hawaii
JCMT (R)

(L)

EHT 2013uv-coverage

6Rs×3Rs

Days 80, 81, 82, 85, 86  (‘_’: with APEX)

Two 480 MHz bands (except single dish at CARMA) 

Baseline length: 
            92m (intra-site)  — 9447 km (with APEX)

APEX

 -APEX detected Sgr A*:  3 Rs resolution achieved !

1.3mm-VLBI observations of Sgr A* in 2013



APEX doubles the uv-range to 7000Mλ!

Visibilities on long baselines are not dominated by (refractive) scattering!

The signature of the BH shadow?

PredictedObserved

Huang et al. 2007

EHT 2013

(Lu et al. 2018)

-the (deblurred) visibility amplitudes
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1.3mm-VLBI observations of Sgr A* in 2013



Visibility at long baselines contains much more information than at short baselines

Simple geometric models 

(adopted from T. Pearson)

model model visibility (amplitude) 



-new signatures seen: two-component models do fit

(Lu et al. 2018)

1.3mm-VLBI observations of Sgr A* in 2013



-Non-zero closure phase
-Horizon-scale-structure asymmetric

average: 7.8±1.2 deg.

average: 0.1±0.6 deg.

average: 7.0±3.5 deg.

APEX

SMT
CARMA

Hawaii

-new signatures seen: two-component models do fit

(Lu et al. 2018)

1.3mm-VLBI observations of Sgr A* in 2013



(A)

2-component Gaussian 

(B)

non-uniform crescent 

➤Single component Gaussian model ruled out
➤2-component models could well explain the data (Model B fits the data slightly 
better)
     common (real) features: 
     overall size (the white circle: 5Rs!!!);  orientation of the asymmetry;  “dark” 
at center;
➤New data are obviously needed to confirm the reality of the crescent-like     
structure

(Lu et al. 2018)
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1.3mm-VLBI observations of Sgr A* in 2013



What do we see? 
many possibilities, but all models give similar shadow size 

(i.e., ~5Rs: see the white circle)

Dexter & Fragile, 2013

“tilted” disk “untilted” disk

Chan et al. 2015Broderick et al. 2011

Moscibrodzka et al. 2014

 semi-analytic RIAF magnetically arrested disk (MAD)

disk+jet



Status of the East Asian VLBI network 



EVN VLBA

VERA
CVN

KVN



Many radio telescopes in East Asia





EAVN monitoring observation of Sgr A*&M87 in 2017/2018
(contemporized with the EHT campaigns)



EAVN campaign 2017, Mar –May (K and Q band)

Obs. Code Date Sources Freq. Band Stations

a17077a Mar 18 UT12:45-19:45 M87 K KaVA, Tm, Ur, Ht, Ks

a17078a Mar 19 UT11:40-18:40 M87 Q KaVA, Tm

a17086a Mar 27 UT13:10-23:10 M87+SgrA Q KaVA, Tm

a17093a Apr 3    UT13:20-23:25 M87+SgrA K KaVA, Tm,Ur,Ht,Ks,Mc

a17094a Apr 4    UT12:35-22:35 M87+SgrA Q KaVA, Tm

a17099a Apr 9    UT12:20-22:20 M87+SgrA Q KaVA, Tm, Ny

a17104a Apr 14  UT12:00-22:00 M87+SgrA Q KaVA, Tm

a17107a Apr 17  UT11:45-18:45 M87 K KaVA, Tm,Ur,Sj,Ht,Ks,Mc,Nt

a17108a Apr 18  UT11:40-21:40 M87+SgrA Q KaVA, Tm

a17114a Apr 24  UT09:20-16:20 M87 K KaVA, Tm

a17115a Apr 25  UT09:15-16:15 M87 Q KaVA, Tm

a17116a Apr 26  UT15:55-21:55 SgrA Q KaVA, Tm, Sj

a17130a May 10 UT08:20-17:20 M87 K KaVA, Tm, Mc

a17131a May 11 UT08:15-17:15 M87 Q KaVA, Tm

a17145a May 25 UT14:10-20:12 SgrA Q KaVA, Tm

a17146a May 26 UT07:20-14:20 M87 Q KaVA, Tm



EAVN campaign 2018, Mar –May (K and Q band)



Sensitivity enhancement with Tianma

● Using a scan of 1219+044 (ideal point source), you can check the baseline 
sensitivity with/without Tianma

● (scatters directly reflect baseline SNR)

VERA-VERA (MIZ-IRK) VERA-KVN (MIZ-KUS) VERA-TIA (MIZ-TIA)



Preliminary

Image capability of EAVN: Sgr A*



Preliminary

Image capability of EAVN: M87



2018B open use: 
first call for proposals



https://radio.kasi.re.kr/eavn



Observation time and Frequency

Nanshan 100 
hours
(22 GHz) Risk 
shared



UV coverage

+60° +20° -20°

K-band

Q-band



Comparison of EAVN, EVN, VLBA



Future 

Comparison of SKA, EAVN and other arrays



Future 



Future 

EAVN+LBA
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