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Kazunori Akiyama, VLBIO 00000000, 0000, 2013/12/24 (Tue)

gobbveBlOOoooooobDDoDoOoOO
gobobbbbbbobobododd

0000 (CO0/00000 D2)

oooooooooo

000000: 000 (ISAS/JAXA), B. Sohn, S.Lee (KASI), S. Trippe (SNU), 00 00 (NAOJ)
JVN/ODOOOOD 00000 (@00), 0000 (NAOJ)

0000000M. Giroletti (INAF/IRA), R. Lu, V. Fish, S. Doeleman (MIT)
0O00000o0o0ooo000000oooooovLBIOODODOO /KavA AGN WG

Y VERAC B0 A3 a4 (20081 V5 WM

- The nearest SMBH ( 8 kpc / 4 x 108 Msolar )
- Largest angular size of the Event horizon (1 Rs = 0.1 AU = 0.01 mas )
- The best laboratory to study an environment around SMBH

VLBI scale: < several x 10 Rsch (Ffew Rsch with EHT)

Kazunori Akiyama, VLBIC 000010000, 0000, 2013/12/24 (Tue)

G2/DSO0 observational results: the gas cloud approaching to Sgr A*
a b c

July 2011 L 40 mpc

Gillessen et al. 2012, Nature

- atomic recombination lines of H and He

M-band - faint luminosity of ~ 5 L
L-band iy sun

Marginally detected - low temperature of ~550 K
Y at K-band

7 erband (Eckart et al, 2012) - size of ~ 15 mas -> ~3 Earth Mass

=> dusty and ionized gas?

Kazunori Akiyama, VLBID DD D DD OO0, 0000, 2013/12/24 (Tue)
G2/DSO0 observational results: the Kinematics of the gas cloud

T
2012 combined SINFONI image

Emission from the gas cloud
= Bright head (Cont + Recombination lines)

+ Faint tail part (Recombination line)

The G2 Head ‘

The G2 Tail i .
When is the pericenter passage?

T § VL 20135 @ 3140 Rq (Giller-i72012, Nature)
3 =

5 Wi20157 @ 2200 Ry (ircesansz0isa, Ap)
.o keck  2014.21 @ 1900 Rg (Phifer+2013, ApJ)

LI =

iE

Vit 2014.25 @ 2000 Ry (Gillessen+2013b, ApJ)

Kazunori Akiyama, VLBIO 00000000, 0000, 2013/12/24 (Tue)

G2/DS0 observational r

esults: tidal disruption of the gas cloud
b P A

e o
2000 -1000 0 1000 2000 3000 4000
Visa [km/s]

No hydrodynamic e(ect
has appeared until August 2013

Position along the best- t orbit

Kazunori Akiyama, VLBID 00000000, 0000, 2013/12/24 (Tue)

G2/DSO0 observational results: tidal disruption of the gas cloud

@
o
E
B
S
o
c
o
<
<
8
g

—600
—4000 -3000 -2000 -1000 1000 2000 3000 4000
Visa [km/s]

(Gillessen et al. 2013b)

About 10 % of the gas cloud already
passed pericenter !!




Kazunori Akiyama, VLBIO OO 000000, 0000, 2013/12/24 (Tue)
G2/DS0: Two Scenarios: pure gas cloud vs gas cloud with star

The pure gas cloud (e.g. Gillessen et al., HD simulation works )

\ / 3 Mearth ~ 107® Myirial

— — It should be con ned by external pressure.
f ‘ HD instabilities (e.g. RT&KH) would break the gas
cloud within few years.

How did the G2 head keep its circular shape from 2002 to 2011?

The gas cloud with a star (e.g. Ghez et al., Eckart et al.)
low luminosity star

- Be star? (Morris+2012)
- T-tauri? (Murray-Clay & Loeb 2012)
- Narrow Line Wolf-Rayet? (Eckart+2013)

- Its orbit is similar to other S-stars

Kazunori Akiyama, VLBID 00000000, 0000, 2013/12/24 (Tue)

G2/DS0: Theoretical expectations: ares related with G2 encounter

1. are of recombination Iine&(im NIR)

(¢) Anninos

bofaf w’pﬂ% vassage
(10=2013 - early 2014)

2. are of the G2 bow shock (in radio)
around pericenter passage
(early 2014?)
Possibly detected with VLBI
3. are in Sgr A* (in radio, NIR, X-ray)

after pericenter passage
(middle/late 20147?)

Increase in its radio ux and size

- There are several objects with similar properties in GC region. visible jet?
Kazunori Akiyama, VLBIT 0100101010 010, 0 00 0, 2013/12/24 (Tue)
G2/DS0: Theoretical expectations: the G2 Bowshock G2/DSO0: Theoretical expectations: Flare in Sgr A*

‘Wavelength (mm)
10

y/1000Rg

1000

X/1000 Rg

Abarca, Sadowski & Sironi 2013

G2 - RIAF interaction
would produce a bowshock

=> luminous in radio?

pure gas cloud with a star

Hill radius of a star: few AU

2020.0 G2s size > 100 AU

> 90% of gas will be captured by the SMBH
(Eckart et al. in prep.)

1) increase in its luminosity (detectable in Radio, IR, X-ray)

Accretion disk : L ! Mdot? (Mahadevan 1997)
Jet case : L1 Mdot'# (Falcke et al. 1995)

(e.g. Anninos et al. 2012)

2) increase in its size at mm-wavelength
Accretion disk : size ! Mdot  (Mahadevan 1997)
Jet case : size ! Mdot®’ (Falcke et al. private communication)

3) rst discovery of the jet ejection from the Sgr A*

Kazunori Akiyama, VLBIO 00000000, 0000, 2013/12/24 (Tue)

G2/DS0O: What can we constrain on from Sgr A* are

Long-mm/cm emission comes from
strati ed photosphere in both models

Oy16?2

(Mahadevan 1997, Falcke+1995)

not signi cantly changed in the past 10 years

(Akiyama et al. 2013)

An increase in Mdot will provide the rst opportunity
to test this fundamental interpretation

Kazunori Akiyama, VLBID 00000000, 0000, 2013/12/24 (Tue)

G2/DSO: What can we constrain on from the G2 bow shock
“I 1. detection / non-detection

- constrain on the cross section of G2
- with / without a star

¥(Ra)

) s 2. Size

w0 EESE WM. - the cross section of G2
2 shlowski+2013b L. i

20y, 3. Position and time
"’o,c - PA/inclination of RIAF
i 4/’4‘ .
%, 4. Duration of the are
BH /”0(0/ - dissipation mechanism of accelerated
. particles in accretion disks (Sadowski+2013a)




Preliminary results of VERA Monitor at 43 GHz until Aug. 2013

SGR J1745-29 flare
May 7 Aug 14
B Maintenance
SEER]

Radio ux: 8 % variation

Maintenance

Season

Although the head part of the G2 cloud passed pericenter before April 2013,
no obvious variations appeared in the nucleus of Sgr A* until August 2013.

Preliminary results of VERA Monitor at 43 GHz until Aug. 2013

Freefall time scale from pericenter to Sgr A* ~ few months

some fraction of the head part of the G2 gas might arrive
at Sgr A* in the middle of 2013.

Luminosity of the central engine
Accretion disk : L ! Mdot? (Self-similar ADAF; Mahadevan 1997)
Jet base : L ! Mdot4 (Falcke et al. 1995)
size at mm-wavelength
Accretion disk : size ! Mdot (Self-similar ADAF; Mahadevan 1997)
Jet base : size 1 Mdot®7 (Falcke et al. private communication)

The absence of variability in mas-scale structure indicates
current feeding rate from the G2 cloud to the inner most
region was lower than typical mass accretion rate.

Preliminary results of VERA Monitor at 43 GHz until Aug. 2013

Aug 14
Maintenance
Season

Radio ux: 8 % variation

Maintenance
Season

Weak correlation between the total ux and
the minor-axis size?

Similar correlation was suggested in a previous study during
a are (Lu et al. 2011)

Preliminary results of VERA Monitor at 43 GHz until Aug. 2013

O
O
O
O
O
o)
o

Total flux den:

-0.7 -0.6 -0.5
Intrinsic minor-axis size log

Kazunori Akiyama, VLBIO 00000000, 0000, 2013/12/24 (Tue)

Future observations with KaVA (March 2014 - )

1500 1000 500 0 —500 —1000 —1500
U (km)

VERA monitor --> KaVA Monitor
- More accurate determination of the size
- Better imaging quality (for possible formation of jet and bowshock)

Kazunori Akiyama, VLBID 00000000, 0000, 2013/12/24 (Tue)

Future observations with KaVA (March 2014 - )

1500 1000

VERA monitor --> KaVA Monitor
- More accurate determination of the size




Daily Monitor of Sagittarius A* at 22 GHz with the JVN
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Abstract. We have been monitoring the flux density of Sagittarius A* (Sgr A*) at 22 GHz since
11 Feb. 2013 with a sub-array of the Japanese VLBI Network (JVN) in order to search the
increase induced by the interaction of the G2 cloud with the surrounding structures of Sgr A*.
The flux densitiy observed until 10 Feb. 2014 is consistent with the previously observed values

before the approaching of the G2 cloud. We have detected no large flare in the period.

Introduction

The approaching of the G2 cloud to Sagittarius A* (Sgr A*) is a capital chance to explore the
vicinity of the Galactic center black hole using a test probe (Gillessen et al. 2012). There are
some predictions of increase in radio emission from Sgr A* induced by the interaction of the G2
cloud with the surrounding structures of Sgr A* (e.g. Sadowski et al. 2013). If the increase
begins, it is very important for study of the mechanism of the event to observe the initial raising

phase.



Observation

We have been monitoring the flux density of Sgr A* at 22 GHz since 11 Feb. 2013 with a
sub-array of the Japanese VLBI Network (Tsuboi et al.2013a, Tsuboi et al.2013b, Tsuboi et
al.2013c,) in order to search the sign of the increase. The sub-array mainly consists of the
Mizusawa 10-m radio telescope (RT), the Takahagi 32-m RT, and the Gifu 11-m RT, which are
located in the east half of Honshu Island in Japan. Other antennas in the area, the Tsukuba 32-m
RT, and the Kashima 34-m RT, had joined it occasionally. As known well, the angular size of
Sgr A* changes according to !![mas]= 1.3"% (Lo et al. 1985). The size at 22 GHz is expected to
be about 2 mas. The projected baselines of the sub-array are in the range of 90-140 km. This
corresponds to the beam size (fringe spacing) of about 25 mas. The JVN sub-array can observe
the flux density of Sgr A* itself suppressing the flux density decrease by partially resolved-out.
On the other hand, Sgr A* is embedded in the strong extended emission surrounding Sgr A*.
The spatial resolution of the array can selectively observe the flux density of Sgr A* itself
suppressing the contamination from the surrounding structure. In addition, the observation
frequency of 22 GHz is expected to be highest frequency, which is available except the summer
rainy season of Japan. Therefore, the JVN sub-array is suitable for the daily flux density

monitor of Sgr A*.

5.0

[ SgrA* MONITOR

a0 F ]

i .
2.0 _ s :g§%‘§ %E ;8 3 %% 3 ]
wh et ®n W Thidee S SRR

| Y TN TN N (NN TN TN TN TN (NN TR TN SN TN (NN SN ST TR SN SN TR TN TN TR [N ST TN TN S [N S S S 1 1
50.0 100 150 200 250 300 350 400
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]
®

Correrated Flux density at 22 GHz (Jy)

Figure 1. The light curve of Sgr A* at 22 GHz with the sub-array of the Japanese VLBI
network. The flux density observed until 10 Feb. 2014 is consistent with the previously
observed values before the approaching of the G2 cloud. We have detected no large flare in the

period.



Results

Figure 1 shows the result of the flux monitoring at 22 GHz of Sgr A*. The flux densities
observed until 10 Feb. 2014 range in S" = 1.3 + 0.3 Jy (preliminary). They are consistent with
the previously observed values before the approaching of the G2 cloud. We have detected no
significant variation in 1 year since 11 Feb. 2013. The daily monitor will be continued until the

end of May 2014 even if there is no sign of the change.
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Apparent inward motion of the parsec-scale jet in the BL Lac object 0J287

during 2011-2012

-ray ares

SAWADA-SATOH Satoko (Mizusawa VLBI Observatory / NAOJ), GENJI team

1 Introduction

0J 287 is one of the most observed blazar at a redshift
of 0.306 [1], and exhibits a rapid variability across a
wide range of wavelength. Recently, an increasing ac-
tivity at high-energy band like -ray and X-ray was
detected by Fermi LAT [2] and Swift X-Ray Telescope
[4] in 2011 October, and this are was also seen at
infra-red and optical wavelengths. And in 2012 March,
another increasing event was detected at optical and X-
ray wavelengths [3][4]. After that, a -ray detection by
Fermi LAT was reported at a level of 1  10*8 photons
cm*? s' from 2012 May to June [5][6].

VLBI monitoring toward blazars allows us to iden-
tify the location of the aring event in parsec scale.
The time scale of the ux variability seen in blazars
is often shorter than one month [7][8], and therefore
it is important to carry out frequent VVLBI monitoring
observations at shorter time interval than one month.
Here, we report on the results of VERA monitoring of
0J 287 for 2 years from 2010 to 2012, during the -ray

ares. This research is a part of the monitoring obser-
vations GENJI (Gamma-ray Emitting Notable AGN
Monitoring by Japanese VLBI [9]), which is a moni-
toring program of -ray bright AGNs with the VERA.

2 Observations & reductions

VERA observations were carried out toward OJ 287
from 2010 November to 2012 September at 22 GHz.
The on-source time for each observation of OJ 287 was
typically 30 minutes, spreading into several scans of 5
minutes, because OJ 287 was observed as a calibrator
source for the VERA astrometric observations.

A priori amplitude calibration was performed based
on measurements of the system temperature during ob-
servations and the antenna gain information for each
VERA station. Uncertainties in the amplitude calibra-
tion are 10% or less at 22 GHz [10]. Time interval of
the monitoring is once or twice per month.

After the imaging, we tted three Gaussians (the
core: C, the jet component: J1, the inner jet compo-
nent located between C and J1: J2) to the images using
the AIPS task JMFIT, in order to estimate the position
and ux density of each component. The relative posi-
tional accuracy of a component in the Gaussian tting
was within 0.02 mas, depending on the signal-to-noise

ratio.

The data collected by Fermi-LAT from 2010 Novem-
ber 1 (MJD 55501) to 2012 October 31 (MJD 56231)
are analyzed with the ScienceTools software v9r32p5
using an unbinned maximum-likelihood method imple-
mented in the tool gtlike, with the instrument re-
sponse function P7REP_SOURCE_V15, and following the
standard procedures described in the LAT documenta-
tion®.

We adopt Hp = 71 km s** Mpc'?, m = 0.27 and

= 0.73, and hence 1 mas corresponds to 4.5 pc,
and 1 mas yr*'! corresponds to 19c at the distance of
0J 287.

3 Results

3.1 Parsec-scale structure

The pc-scale core-jet structure is well represented by
three components; the core (C), the jet component (J1)
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Figure 1. The 22-GHz image of 0J287 taken in 2012
September with the VERA. Images are convolved with
a circular beam size (FWHM) of 0.8 mas. Contours
start at 9 mJy beam®? (3 level), increasing by a factor
of 2.

Lhttp://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/



and the inner jet component (J2) ( gure 1). The com-
ponents C and J1 could be identi ed as ‘C’ and ‘j’ of
the VLBA 43-GHz images [11]. We did not resolve the
inner jet components ‘a’, ‘I’, ‘m’, ‘n’, ‘o’ and ‘p’ visible
on the VLBA 43-GHz images [11], due to the lower res-
olution of the 22-GHz VERA observations. These in-
ner components are thus included into the components
C or J2. The 22-GHz radio emission from OJ 287 is

dominated by the core component C at all epochs.

3.2 Radio light curve

Figure 2a shows the 22-GHz VERA light curve of the
component C in OJ 287, revealing three aring peri-
ods during 2011{2012. The rst one occurred between
2011 May and September at the peak ux density of

7:8 Jy. The second radio are occurred in 2011 Oc-
tober, just after the 22-GHz ux density reached the
minimum in 2011 September. The third radio are
started from 2012 January and reached the peak in
2012 March with a maximum ux density of 6 Jy.
The time scale of those ares can be estimated to be <
4 months as a period between the onset of rise and de-
cay in ux. The second and third radio aring events
seem to be connected with the ares detected at -ray,
X-ray, optical and infrared in 2011 October and 2012
March [2, 13, 14, 4, 3].

The two -ray ares seem to occur close in time with
the second and third radio ares unlike the previous -
ray aring events in 2009 [12] when the -ray are pre-
ceded the millimeter radio counterpart three months.

3.3 Radio jet motion

The relative motion of J1 with respect to C is shown in
Figure 3a. From 2010 November to 2012 September,
the relative motion was seen toward the South-West di-
rection, in agreement with the previous 43-GHz VLBA
images [11]. From 2010 November to 2011 April, the
relative position of J1 was at the position (x;y) ~
(¥0:8, 10:7) in Figure 3a, and then moved with a po-
sition angle of 1160 until 2011 November. The
apparent velocity is estimated by using a linear t,
and it is (0:62 0:20) mas yr'?!, which corresponds to
the superluminal speed of (12 4)c (Figure 3b). This
speed is twice faster than the speed of the component
‘j’ [11] measured from 2008 to 2011. After 2011 Novem-
ber, the motion of J1 sharply changed the direction to
backward in 2011 November, just after the second ra-
dio are. Such a synchronization between the change of
the jet position angle and the core ux brightening was
observed in the innermost jet region mapped with the
VLBA 43-GHz monitoring [11]. The apparent inward
motion is (0:23  0:07) mas yr'*, which corresponds to
(4 1) c (Figure 3b).
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Figure 2: (a) Light curve of each component in OJ 287
at 22 GHz observed with the VERA. The error on the

ux density is 10%. (b) Light curve of -ray (0.1{100
GeV) with 7-day time bins observed using the Fermi
LAT. Only points with TS > 10 are reported. The -
ray aring periods are indicated with gray rectangles.

4 Discussion

The relative motion between the component C1 and
C2 should be a ected by both positions of the compo-
nents C1 and C2, and thus the direction variation of
the relative position could be due to wobbling behav-
ior of either or both of C1 and C2. The component
C1 could include contribution from the innermost jet
components. No newborn jet component was seen in
our VLBI images at the period the jet direction var-
ied. However, the relative position of the component
C2 from 2011 November to 2012 August moved back-
ward and forward along a line at a position angle of

120 , nearly parallel to the ejection direction of the
inner jet component ‘a’ detected by the VLBA 43 GHz
monitoring [11]. This fact suggests the idea that C
includes contribution from the innermost jet compo-
nents, which means that the apparent inward motion
could be produced by the ejection of a new component
moving along the jet but still too close to the core com-
ponent to be resolved by our observations, or too faint
to be detected due to the limited dynamic range of our
images. The apparent inward motion was seen in the
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exception of January, March, June, July and August in 2011. Positional accuracy of a component is 0.1 mas.

high state period of rays, as shown in Figure 2b. This
is similar to the pattern seen in the bright TeV -ray
source Mrk 421 [15]. It may suggest that the -ray
are is closely related to a new jet ejection event. In
order to con rm our result, measurements of the abso-
lute proper motions of the components with the phase
referencing VLBI observations are necessary.
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Introduction
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Sample selection and Observation
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Table22012 ¢, kZ G uj WY MA
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