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Sub-pc/pc scale image is important!
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- Reconstructed images with the conventional method: CLEAN. 
- Bright core and ejected component to the north-west .
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Observed with KaVA  
(Japan & Korea VLBI network) 

- Reconstructed images with the conventional method: CLEAN. 
- Bright core and ejected component to the north-west .

Approaching side is northwest!
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Overview

2.5-dimensional General Relativistic Radiation MagnetoHydroDynamics
(GR-RMHD) simulation for MBH = 10M⊙.

General relativistic radiation magnetohydrodynamics simulations 
of super-Eddington accretion disks 
around prograde and retrograde black holes

Aoto Utsum𝐢𝟏) ,Ken Ohsug𝐚𝟏)Hiroyuki Takahash𝐢𝟐),Yuta Asahin𝐚𝟏) 1) Univ. of Tsukuba, 2) Komazawa Univ.

Purpose
We investigate the dependence of luminosity and jet power 

on spin parameters in Super-Eddington accretion disks.

Time-evolution of the density (color) and 

fluid velocity lines. (edge-on)

The Jet and the outflow and

the Supercritical accretion 

flow are dominant in radiation.

Initial maximum mass density

𝜌0 = 1.4 × 10−2 g cm−3
Prograde(𝑎∗ = 0.9)

𝑎∗ = 0

Retrograde(𝑎∗ = −0.9)

𝒂∗ = 𝟎

𝑍/
𝑟 𝑔

𝑟/𝑟𝑔 𝑟/𝑟𝑔 𝑟/𝑟𝑔

Global structure does not 

depend on spin parameters.



The energy conversion 
efficiency

Spin parameter dependence

• ሶ𝑴𝑩𝑯 𝒂∗ = 𝟎. 𝟗 < ሶ𝑴𝑩𝑯 𝒂∗ = 𝟎 < ሶ𝑴𝑩𝑯 𝒂∗ = −𝟎. 𝟗

• ሶ𝑴𝒐𝒖𝒕 𝒂∗ = 𝟎 < ሶ𝑴𝒐𝒖𝒕 𝒂∗ = −𝟎. 𝟗 < ሶ𝑴𝒐𝒖𝒕 𝒂∗ = 𝟎. 𝟗
We think that the mass ejection rate is related to 

the Poynting flux. (The Blandford-Znajek effect)

• 𝜼𝒕𝒐𝒕 𝒂∗ = 𝟎 < 𝜼𝒕𝒐𝒕 𝒂∗ = −𝟎. 𝟗 < 𝜼𝒕𝒐𝒕 𝒂∗ = 𝟎. 𝟗

• The non-spinning BH :  𝐋𝒎𝒂𝒈 < 𝐋𝒌𝒊𝒏 < 𝑳𝒓𝒂𝒅
• The spinning BH :  𝐋𝐫𝐚𝐝~𝐋𝐦𝐚𝐠 < 𝑳𝒌𝒊𝒏

If you have any questions, please come to my poster.

ሶ𝑀𝐵𝐻
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The mass inflow and 
outflow rate

ሶ𝑀 = 2𝜋∫ 𝜌𝑢𝑟 −𝑔𝑑𝜃

Luminosity : 𝐿

Profiles of the outward Poynting flux. 
Blue lines indicate the magnetic field lines.

𝒂∗ = 𝟎. 𝟗 𝒂∗ = 𝟎 𝒂∗ = −𝟎. 𝟗

𝑍/
𝑟 𝑔

𝑟/𝑟𝑔𝑟/𝑟𝑔𝑟/𝑟𝑔



RADIATION MAGNETOHYDRODYNAMIC 
SIMULATIONS OF CHANGING LOOK 
AGNS AND INTERMITTENT JET 
EJECTION

TAICHI IGARASHI (五十嵐 太一), CHIBA UNIV.
YOSHIAKI KATO, RIKEN
HIROYUKI TAKAHASHI, KOMAZAWA UNIV.
KEN OHSUGA, TSUKUBAI UNIV.
YOSUKE MATSUMOTO, CHIBA UNIV.
RYOJI MATSUMOTO, CHIBA UNIV.



Optical spectrum & light curve of NGC 3516 (Shapovalova et al. 2019)
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Schematic picture of「Unified model of 
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Optical image of Seyfert galaxy 
NGC 1068
NASA, ESA & A. van der Hoeven



CLAGN : SOFT X-RAY EXCESS

energy keV

X-
ra
y 
int
en
sit
y

Spectrum of Cygnus X-1
Yamada et al.2013

Stellar mass BH (M"# = 10 M⊙)

energy keV
Spectrum of Mrk 1018
Noda & Done 20138

• Soft X-ray excess is prominent when the source is bright.
• Similar to the hard-to-soft (soft-to-hard) transition in 
stellar-mass BH.
State transition exists in the accretion flow in 

the near region from BH.

AGN (M"# = 5×10* M⊙)



RESULT

Hot 
accretion 
flow

Relatively cool 
(~10$ − 10& K) 
region formed.

Temperature distribution Rz slice of 
density and temperature 

Before transition

After transition

• Relatively cool (~10$ − 10& K)
• Non-axisymmetric structure (m=1)
• Strong radiation pressure
• Origin of Soft X-ray emission



RESULT

Temp. at midplane

• Relatively cool region oscillates quasi periodically.
• We reproduce the short time variability.
• The variability follows the cool blob variability.
• Jet ejected intermittently.
• Jet suppressed in the later stage.

Photon luminosity Mass out flow rate



(Hada et al. 2018)

Polarization study of the jet of gamma-ray emitting narrow-line 
Seyfert 1 galaxy 1H0323+342 with high-resolution VLBI

Mieko Takamura(UTokyo / NAOJ, M1)

P4

Gamma-ray AGN

2%
28%

42%

28%
FSRQs

BL Lac objects

Blazars of 
unknown type

Non-blazar

Third class of AGN with powerful relativistic jets

Radio-loud NLS1 Blazar/Radio galaxy

Black hole mass 
 = 106M⊙ − 108M⊙

Black hole mass
 = 108M⊙ − 1010M⊙

L
LEdd

~1
L

LEdd
<1

Object Redshift z Luminosity(erg/s)

1H0323+342 0.061 2.1×1044 7.17

SBS 0946+513 0.584 3.2×1046 7.59

PMN J0948+0022 0.585 7.5×1046 7.5

IERS B1303+515 0.787 6.9×1045 −
B3 1441+476 0.705 4.7×1045 7.4

PKS 1502+036 0.408 1.0×1046 8.84

FBQS J1644+2619 0.145 2.7×1044 8.32

PKS 2004-447 0.24 1.7×1045 6.7

TXS 2116-077 0.26 7.2×1044 7.21

l o g( MBH
M⊙

)

(Paliya et al. 2019)

(3LAC using the first four years of the Fermi-LAT data 
list 1444 gamma-ray AGN)

It is important to investigate the relativistic jet launching, 
collimation and acceleration of NLS1s



Imaging & Polarization analysis
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Imaging & Polarization analysis

2010/10 2011/03 2011/05

2011/07 2011/12 2012/07

2012/12 2013/07 2019/01

Where standing shocks might be.

2019/01

In each epoch, strong 
polarization flux was 
detected in these two regions

The possibility of existence 
of compressed uniform 
magnetic field structures



Constructing a GRMHD 
Approximate Solution for AGN Jets

Taiki Ogihara, Kenji Toma (Tohoku Univ.)

“Active Galactic Nucleus Jets in the Event Horizon Telescope Era”, 20 Jan. 2020 @Tohoku University 



imply changes in visibility amplitudes and closure phases that
are large compared to measurement errors. The fluctuations are
central to our procedure for comparing models with the data,
described briefly below and in detail in Paper VI.

The timescale between frames in the animation is
r c50 18g

1� � days, which is long compared to EHT2017
observing campaign. The images are highly correlated on
timescales less than the innermost stable circular orbit (ISCO)
orbital period, which for a 0* � is r c15 5g

1�� � days, i.e.,
comparable to the duration of the EHT2017 campaign. If drawn
from one of our models, we would expect the EHT2017 data to
look like a single snapshot (Figures 6) rather than their time
averages (Figures 2 and 3).

4. Procedure for Comparison of Models with Data

As described above, each model in the Simulation Library
has two dimensionless parameters: black hole spin a* and
magnetic flux f. Imaging the model from each simulation adds
five new parameters: Rhigh, i, PA, M , and D, which we set to
16.9 Mpc. After fixing these parameters we draw snapshots
from the time evolution at a cadence of 10 to r c50 g

1� . We then
compare these snapshots to the data.
The simplest comparison computes the 2DO (reduced chi

square) distance between the data and a snapshot. In the course
of computing 2DO we vary the image scaleM/D, flux density Fν,
position angle PA, and the gain at each VLBI station in order to

Figure 4. Binned location of the point of origin for all photons that make up an image, summed over azimuth, and averaged over all snapshots from the simulation.
The colormap is linear. The event horizon is indicated by the solid white semicircle and the black hole spin axis is along the figure vertical axis. This set of four images
shows MAD and SANE models with R 10high � and 160, all with a 0.94* � . The region between the dashed curves is the locus of existence of (unstable) photon
orbits (Teo 2003). The green cross marks the location of the innermost stable circular orbit (ISCO) in the equatorial plane. In these images the line of sight (marked by
an arrow) is located below the midplane and makes a 163° angle with the disk angular momentum, which coincides with the spin axis of the black hole.

7

The Astrophysical Journal Letters, 875:L5 (31pp), 2019 April 10 The EHT Collaboration et al.

EHT Paper 5EHT Collaboration 

EHT image = Disk Emission



How about Jet Emission?
Detection is expected in EHT 2020 observations

Produce jet image  
with ANALYTICAL JET MODEL

一般相対論的
輻射磁気流体
モデル

(Chael et al. 2019)

EHT 2017の
観測条件に
基づく模擬観測

EHT 2020の
観測条件に
基づく模擬観測

線形コントア

対数コントア
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2017೥ʹ͸࣮ޮײ౓ෆ଍ͷͨΊʹݕग़͕೉͔ͬ͠

ͨδΣοτ͸ 2020 ೥ʹ͸ଊ͑ΒΕΔͩΖ͏.

ʹ։ൃ͞Εͨιϑτ΢ΣΞ͕༻͍ΒΕ͕ͨ 2), ͦ

ͷ͏ͪͷҰͭ͸ळࢁΛத৺ʹ։ൃ͞Εͨ.

ຊ੒ՌͷإͱͳͬͨM87*ͷը૾ͷ෮ݩʹ͸ଟ

͘ͷ๜ਓ͕ࢀՃ͠, ळੈ͕ࢁ࿩ਓͷҰਓͱͯ͠࡞

൝ͱؔ࿈࿦จۀ 3) Λओಋͨ͠. ೔ຊ͸ຊؒɾळ

ɾ஑ాΛத৺ʹεύʔεϞσϦϯάΛ༻͍ͨըࢁ
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Λใ͢ࠂΔͷ΋ͦ͏ԕ͘ͳ͍ͩΖ͏. ࠲͍ͯ A*
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GRMHD simulation EHT 2017 
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EHT 2020 
mock observation

log contour

linear contour



• method 

• analytically solve GRMHD equations 

• assume poloidal magnetic field 
structure instead of solving GS 
equation (trans-field component of 
EoM) 

• constrain parameters to satisfy GS 
equation at the stagnation surface 

=> derive density, velocity, magnetic field

Constructing a GRMHD Approximate Solution for AGN Jets 
Taiki Ogihara, Kenji Toma (Tohoku Univ.)



Constructing a GRMHD Approximate Solution for AGN Jets 
Taiki Ogihara, Kenji Toma (Tohoku Univ.)

• preliminary results  

• in force-free case,  
we obtained the appropriate 
solution at the stagnation 
surface 

• future work 

• expand model to MHD 

• apply radiative transfer and 
make jet image


