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VLBI (Very Long Baseline Interferometry)

HERERERTHET
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The East-Asian VLBI Network §5%

[image Credit: Hoto St0ckh, NASA Earth Obsesvatony]




Angular resolution of telescopes

e angular resolution: ©~A/D

resolution (mas)

61 00000

”\AKARI

—4—VVERA

VLBI Connected wST +§§iﬁz
array SUBARU e

—¥— AKARI

\'N/ERA ALMA Single dish :js[ié
e
LBA

Submm VLBI
\ Sgr A* BH size

wavelength (mm)

resolution (mag)




2 - JEEARIIST OD A

2. 2F.AGNEDH X
AGN. SNR/7%JLH — etc.




= B 7R

¢ «_-.-_2|§7°:|‘IZZ

=y

ENDL—FTELE > tHELE

% —G:GbpS$EnEJ

o BRI REEIXIBOHTEHLY (&= Kns)
o fREFIXIELY (BRE PARERE)
- FHRIZHREMANIMNS (FERNIEFE TIERE)

> EVRAU D I7AO—T7YTIEEE
H—RA1FEE

O, LB DABRALGERKITE




KIRIZBEEEL=VLBIZEE

VERA
JI)LiEH
KaVA

B 100f5fE., 1A=
EAVN
SHERE R
EHT
F10HIFE . &




VERA: VLBI Exploration of Radio
Astrometry
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The first parallax : obtained in 2007

e A few first parallaxes reported

in 2007 (Orion KL) Hirota et al. (2007)
D =437 +/-19 pc

RA offset [mas]

20 240 360 480 600 720 840
Orion nebula with Subaru Day (from 2004.000)




Galaxy’s fundamental constants

 Combined with VLBA/EVN data, we have determined
Galactic parameters using 52 sources.

b
»

FBEAIE TN 52 RIKD DT

First Galactic parameter analysis by using more than 50 sources
with VLBI astrometry (Honma et al. 2012)




Maser astrometry as of 2016
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Ex#1(2016) Honma+ 12
143 sources 52 sources

RO =8.26%0.24 kpc (8.05=%0.45 kpc)

Q0 =28.84+£0.37 km/s’kpc ~ (29.57=%0.78 km/s/kpc)

®0 = 2388 km/s (23814 km/s)
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Japanese VLBI Network (JVN)

Specifications
13 telescopes (11m ~ 64m)
Baseline 50 - 2500 km
Frequency 6.7/8/22 GHz
Sensitivities (8 GHz, 128 Mbps) ~
3 mly
High-Speed e-VLBI (2 Gbps)
sub-array

Participating institutions
Hokkaido, Ibaraki, Tsukuba, Gifu
Osaka Pref., Yamaguchi, Kagoshima
Univ.
+ GSI, JAXA/ISAS, NAOJ, NIiCT

JVN Stations

E—ETOE-A—+VLBIAA=2




KaVA

 KVN and VERA Array
c MERODREERICKYIRBAMDEIMIIZFH L

2013 Apr 13

Peak = 101 6.1 mJy/beam

=2 =4 =& =8 =10 =12 -2 -4 =6 -4 =10 -12
MilliAre seconds MilliArc seconds
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Doy BLEEFZFZEL 2013/12/05

2014/01/15

2014/03/02

2014/05/03

2014/06/14

M87 with HST

E#ﬂf7jﬁﬂ'1b®
Hada et al(2016) FENE




KaVA+Tianma

First image with
KaVA + Tianma 65m
(2016 Spring)

=32 =10

Right Ascension (mas

The East-Asian VLBI Network | J

(Image Credit: Reto Stackli, NASA Earth Observatory)



EAVN + TVN

* Baseline doubled, astrometry accuracy doubled

UV plot (MIZ-IRK-OGA-ISG-YAM-IBA-KVYS-KVUL-KVTM-CNTM-TVCR, Dec=
6000

-6000
-6000 -4000 -2000 0 2000 4000

- - U(k,m){ SERMNUD 1 1
FERENGS) The East-Asian VLBI Network &
EAVN UV coverage with (Image Credit: Reto Stocki, NASA Earth Observatory)

one of TVN stations

The radio telescope in Thailand should have a big impact !




FAST 500m in China

WWW.NEWS.CN




Comparison of SKA, EAVN and other array

Opfer;ar:”g 20187 2022? 20227  Operating Operating : 20237 202877

Max. 2000-
Baseline 5000 5000 5000 8000 10000 150 3000
il 10000

_ 61000
Collecting 15000 86000 96000 20000 26000 ~ 32600 440000
area (m?) 142000

FAST 500m corresponds to an effective diameter of 300m
QT: Planned new 110m in Urumaqi




EHT (Event Horizon Telescope)
RN3008 T/ SVvIR—ILDEEREGEE !

O
GLT
PdBI
CARMA O
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OSMT/ARO  |RAM
© O
SMA. LMT
JcmT

O
APEX, ALMA

) & o South Pole (SPT)




EHT with ALMA

¢ ALMA
12m x 548 .6mx 128
EERINGERREZXFD

ALMA (NRAO/ESO/NAOYJ)

ALMAZ S EHTELRIAN2017F 4B [ZRA— |
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Fukue et al Shiokawa et al
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Multi-messenger astronomy with VLBI

o« HOHEAGN (T L—H—_ EIRER:M)
T . X/VERE. v?

e SEIZDT S5 vI7R—IL (Sgr A, M8775 &)
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PeV Neutrino from AGN ?

* HESE-35 (Pev event) NATURE PHYSICS ot 0:103a/xe
by lce CU be R

 Mas-scale jet detected
in PKS1414 in the same |
period (y-ray active phase) &k

Association between blazar |
activity and PeV neutrino ? |

Kadler+(2016)




Gamma-ray emitting AGNs
 Example : 3C84, radio jet detection (VERA) after y-

ray flare (Fermi)
Nagai+(2010)

Flux Desnity [Jy]

0
1994 1996 1998 2000 2002 2004 2006 2008 2010
Time [year]

Radio light curve

cm + (sub-)mm VLBI will lead &
comprehensive understanding [
(higher resolution &

lower optical depth ...)

VLBI map (2 x 2 pc), at 22 GHz

SSC model
for Mrk 501
(Kino+2001)

y-ray mitting
region:<1000 AU
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Size limit to TeV emitting region ?

* Lower limit : ~¥50 Rs from EHT (Akiyama+2015)
 Upper limit : ~100 Rs from VERA (Hada+2014)

0 -0.5 -1.0 .
Relative Right Ascension (mas) EXpeCted SIZC ?

M87@43G Hada+(2013)




Sgr A* long-term variation

* Scale :less than 70 Rs
* Long-term variability:
~+/-15% (0.7 — 1 Jy)
* Radio-loud state in May 07
S~2Jyat43G (Lu +2010)
e Size is basically constant
> Brightness temperature change !

' X
o7 og'
Date of Observation (year)

o VERA image |
Blue : VERA (Akiyama+13)

Orange : VLBA (Lu+10)




Time domain astronomy with FRB

FRB (Fast Radio Burst):

millisec radio burst with large
DM (Dispersion Measure)

Origin is still unknown

Candidates vary from
cosmological source (e.g.,
mergers of compact sources)
to man-made artificial noise
(such as microwave oven)

! !
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The Lorimer Burst (Lorimer+ 2007)




T JTT:‘R Nature, 24/Feb/2016

doi:10.1038/nature 17 140

The host galaxy of a fast radio burst

E.F. Keanel?4, S. Jnhmlnn 5. Bhandari 1“ E. Barr?, N. D. R. Bhat*3, M. Burgay®, M. t:{lLb 7. C.Flynn’3, A
M. lx].ltmrh’ E. Petroff23 , A. Possenti®, W. van Straten?, M. Bailes’ 3 S. Burke Spolaor™ R E1 Iatuu;,,h" B W

T. Totanil’, M. Honma>3, H. Furusawa', T. H.111c1r:|‘ T. Morokuma'>€, Y. Niino™, H. bunaﬂ* T. Terai*, N. Tnm

S. Yamasakill, N. Yasuda'®, R. Allen?, ], Cooke®3, ]. Jencson!5, M. M. E«.aw]m&l“ [} L. lxﬂ]:rldn S. 1. Tingay™

R. Wayth*®, P. Chandra®, D. Perrodin®, M. HLTLEI]‘Iﬂg M. ‘»]th&hﬁu & C.Bg

FRB (Parkes) -

Radio afterglow (ATCA) =

Elliptical galaxy (Subaru) -

Redshift of 0.5 (Subaru) -
cosmological origin |

But debate still on-going...
Need FRB localization

— M W, Mobotne N e M »_A_Rﬂll'

7,000 8,000 8.000
Observed wavalength (A)




LETTER

Nature (online), 2/Mar/2016

doi:10.1038/nature 17 168

A repeating fast radio burst

L.G. ‘ﬁpltlu P. Scholz?, J. W. T. Hessels™*, S. Bogdan
J. Deneva'®, R. D. Ferdman, P.C. C. ]mu:_”I V. M. Kas
S. M. Ransom®, A. Seymour'?, 1. H. Stairs®15, B.W. §

* Repeating FRB !

* A non-coalescence
origin
(at least this case ?)
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L':TT':R Nature, 5/Jan/2017

doi:10.1038/ nature 20797

A direct localization of a fast radio burst and its host

S. Chatterjee!, C. J. Law?, R. 5. W harton!, 5. Burke ‘apulanr 43 1. W. T. Hessels®’ . Bower®, I. M. Cordes', )
S.P. Tendu]har C. G. Bassa®, P. Demorest’, , B. 1. Butler”, A. Sey mour'®, P buhnLr‘ \I W. Abruzzo'2, s. Bogdanov!
V. M. Kaspi®, A. Keimpema™®, U T. L' W. Lazio®, B. ‘\1.11'1.[:{@“ M. A. McLaughlin®®, Z. Paragi'4, S. M. Ransom®

M. Rupen!l, L. G. Spitler? & H. 1. van I_:mf_jm eldel418
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First direct localization of repeating FRB




Young pulsar+SN in a dwarf SF Galaxy ?

Enasgy {a¥]
b 0=
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Figure 3 | Broadband spectral energy distribwtion of the counterpart.

Cisanved Detections of the persistent radio source (blse circkes), the optical
Avar counterpart (red and orange squares) and S upper llmits at various
FRE dataction frequency bands (armows) are shown; see Methods for detatls. Spectral
energy distribwtions of other radio podnt soarces are scaled to match the
radio flux density at 10:Hz and overdald for comparison: low-luminosity
AGHN in Henlze 2-10, a star-forming dwarf galaxy= placed at 25 Mpc
(bhee); radio-loud AGH Q50 2128— 123% scaled by 10— to simulate
lower-luminosity AGN and placed at 3 Gpe (vellow’; and the Crab nebula™
at 4 Mpc (red). F, 15 the flux density and i+ F, 1s the flux density welghted by
photon energy.
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FRB121102 detection with VLBI
e Detected with EVN (European VLBI Network)

Marcole et al.

Marcote+
(2017)

Position consistency between transient and persistent emission

f==L. ZD KHEVLBIERBI M TE LD [Lrepeating burst® ...
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VLBITRH>THAI=CEMBHDA.
CHREIZEbY

Peak = 1016.1 mJy/beam




