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Very Long Baseline Interterometry

OAngular resolution
6 ~A/ D (baseline length)

06 <1 mas

Resolution (arcsec)

100

0.01

—
O
N

—
<
(83

Wavelength (m)

104 10-8

EFFELSBERG-100m

SOFIA o
EUVE

MM

HERSCHEL
& Flice I
22 AN s

CHANDRA

man-SPACE VLBI
I | I

Event Horizon in Sgr A*

Radio

1012 107°
Frequency (Hz)

1020

Gamma Ray




A radio lobe (B), angular resolution of imaging atmospheric Cherenkov telescopes
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VLBI array in the world

Very Long Basehne Array H EEVLBIEE: 'J"ﬁﬂ (KaVA) Japanese VLBI Network (JVN)

(VLBA) e+ D:~3,000 km e D:~2,270 km

e D:~8,000 km e Frq.: 22/43 GHz  Frq.: 6/8/22 GHz

e Frq.: 330 MHz - 86 GHz « NAOJ/KASI e Universities (:Ki}ﬂji PR, I8
« NRAO RBRAFIZ, O, %) +

NICT. NAOJ. JAXA



VLBI observation of Blazars

43 GHz VLBA monitor of Blazar 3C279
(Boston U. blazar monitor)



. The BL Lac Marscher+08
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Radio (VLBI) property of TXS 0506+056

Peak: 454.0, Contours: 0.30 x V2, RNS: 0.09 mJy/oeam
Becm: 1.18 x 0.50 mas ot —5.9 deg., Not. Wat. (no taper)
Common Name: TXS 0506+056 T T 1 '
|B1950 Name: 0506+056 0506+ 56, 2017-06 4 GHz |
J2000 Name: J0509+0541 p MOJAVE Progran N -
R.A. and Dec. 5h9m25.964s Radio core |1
(J2000): +5d41'35.334" o A W}
AGN Class: ISP BL Lac
Redshift: _‘ “/|
Luminosity v .
Distance: SOl c
IRadio Spectrum: Flat S 5| -Sé;é.le jet )
Gamma-ray X _ . 5 VRN . .
Association LAT. Y, EGRET: Y, TeV: Y - . (and limb-brightened)
Kpc-scale Zor }
morphology: Core
Maximum: 332 + 82 pasly ; ) Y
. Median: ; o
det Speed: based on 4 moving features < —
Lister et al. 2013,AJ,146,120 -- 24.3pc * 4
“VLBA-MOJAVE project” 0 )
http://www.physics.purdue.edu/astro/MOJAVE/sourcepages/0506+056.s I
html |
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Proper Motion of Blazar Jet

B06+056 . 18,355 e 2017 Jun 17 , [ 0506+056 at 15.3 GHz, MOJAVE Survey ,
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The OVRO 40-Meter Telescope Monitoring Program



Intensive VERA observation
of TXS 0506+056



VERA = VLBI Exploration of Radio Astrometry

What 1s the VERA?

OOne of Japanese VLBI arrays

OBaseline length

- Longest : 2,270 km (Mizusawa-
Ishigaki)

- Shortest : 1,000 km (Triki-
Ishigaki)

OFrequency (angular
resolution)

- 22GHz (~1.2 mas) 9. EN4 A (SRR, BRI
- 43GHz (~0.6 mas) . B SRR N, HERAED) 11
EOBNZAESEANT LB,




VERA observation
of TXS 0506+056

O Observations

- 2017/Sep/30, Oct/13, Nov/1,
Nov/14 (4 epochs)

OFrequency
- 22 GHz

OOBeam size
- 1.2x 0.8 (mas”"2)
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VERA observations - Images

OsS, . ,.~0.4 Jy/b throughout 4 2017 Sep 30 “ 2017 Oct 13

core
2mas
epochs (=9.7pe)

D Core + Comp act jet in South ! F,=436.0mdy/b |- F3 = 380.1 mdJy/b

I..=14mdy/b ) I..=1.7mdy/b

direction

- Consistent with previous
1mages in the VLBA archive

L ¥ F,=3945mdyb — F, = 379.4 mJy/b
() ‘ I._..=12mdyb i I..=14mdy/b

Preliminay



Comparison with previous works

OCore flux density shows an
increase as compared to that  vyypa

in 2008’ WhiCh i.S COnSiStent Per_rl'ggssllf)snh}gvg;t%glsﬂéivg'g&é?%o?’:igttéen‘ogt:olggggfgom
single dish light curve : mas - 2mas
=4.56 pe 0 (=9.7pc)
(OVRO) | O P
ONo major change in flux U |
(>15%) among 4 epochs of the | F, =_2900mJy/b g F, = 436.0mJy/h
VERA observations 0 DA ) o emh

- Consistent with the single dish
light curve (OVRO)



N VERA lmage -------
2017 Jun 17

Proper Motion (Preliminar

OJet component seen 1n the

VERA 1mage 1s a mixture of o
J2, J3, and J4 AR ‘o | |
- No clear motion of J2+3+4 sl e
within 4 epochs of VERA ] P
observations g N f---ffj’l”""ﬁapp ~3.9+0.4c 5
COONo new-born component 1s 2 (¢ ~ 2002.0 [yr]) 5
observed in the VERA image ¢ ..
- Vit<Hbc if a new component was = J2 Uy, ~ 0 c i |
ejected with IceCube-170922A . 33 . |
* No distance information was available when Vapp ~ 2.1%1.1c VERA J3+4
the observations were triggered, so —— & o - ® S
monitoring interval was not optimal. IJ4 U ~0c, :
00 | 2015.0 PP | 2016.0 | 2017.0 ] 2018.0 |

Year

Fr U S $R: TeceCube-170922A



Discussion & Summary

ONo major flux increase nor emergence of new moving
component 8-44 days after IceCube-170922A

OUpper limit on the velocity of a possible moving component
assoclated with this event (<55c¢)

OContinuing VLBI observations 1s essential to hunt a possible
emergence of new component
- 2-3 years



ALMA

OShall we do ToO observations with ALMA next time?
- Now ALMA allows quick follow- -up. (<1 d) after the triggering.

- Resolution is poorer than VLBI, but mm/submm observatlons can
probe optlcally thiniier part of jets. :

b terested. in submitting proposals f Deadhne

: ‘;\ &
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