
降着円盤大研究会2015
降着円盤の研究が大きく発展し, さまざまな天体に適用
されていることがわかった. 

ありがたい講義; 加藤先生, 松元, 岡崎
円盤不安定/円盤振動; 廣瀬, 浅井, 小野, 町田
円盤コロナ/ULX-->川口, 川島, 小林
X線観測; 根來, 杉本, 室田 
星・惑星系; 元木, 野村, 廣田, 谷川
激変星; 加藤, 中平
AGN観測; 海老沢, 小久保, 野田, 田中



降着円盤大研究会2015
Outflow; 大須賀, 高橋真, 水田 
輻射輸送計算; 小高, 萩野 
ドップラートモグラフィ; 植村
連星BH/Shadow; 早崎, 高橋労

世界レベルの研究を行ってきた.



本研究会で最も印象に残った加藤先生の言葉

「あと少しで世界を
牽引する成果が.....」



今後なにが必要？
今後の展開その１

定常 with 擾乱
１次元

粘性やコロナはモデル

非定常
多次元

第一原理計算

ex)
•α粘性の起源がMRIと判明（松元）
•DN-type instabilityにおけるαの増加は乱流が原因（廣瀬）
•コロナ；シンプルモデル（川口）→ 衝撃波やアウトフローが起源（川島）
•シンプルなモデルを超えて現実的なモデル導入へ(海老沢, 野田)



今後なにが必要？

ex)
•観測データをフィットはできるけども.....（根來）
•標準円盤モデルは信用できるのか？ （海老沢 vs 高橋真）
•ALMAの威力(元木, 廣田) 化学計算による理論のサポート(野村)
•MONACOコードでシミュレーションと観測を直接比較可能(小高, 萩野)
•ASTRO-Hに期待(杉本, 室田), ドップラートモグラフィーも有効(植村)

今後の展開その２

理論は理論
観測は観測

*簡易モデルを介して相互協力, 
だいたいのSEDが合えばOK

理論と観測の直接比較
*状態遷移, タイムラグ, 吸収線, 
輝線, ドップラーシフト, などな

にからなにまで !
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Tchekhovskoy’s Talk

RAIFのGR-MHD計算
•二温度プラズマを導入完了
•熱伝導を導入完了
•放射冷却は近日導入

↓
RIAFの現実的スペクトルが計算可能



Fragile’s Talk

Tilted diskのGR-MHD計算
定常＋擾乱を超えた複雑でダイナミカルな描像 

↓
LF QPOが説明可能？



Trajectory of virtual ``test particles’’
BZ jet

Disk-jet

wind

( jet exists even for a=0 black hole!)

Yuan’s Talk

GR-MHD計算をしつつ, 多
数のガス粒子の軌道を調査. 
→ ジェットや円盤風の物質
の起源はどこか？
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dotted curves in the first row in Figure 2. The X-ray
fluxes of the extrapolated flows are one-to-two orders of
magnitude larger, as expected. Note that even though
we show the results from this extrapolation here, we will
opt to limit our domain to the inner accretion flow and
consider the fraction of X-rays that originate from the
inner flow when actually fitting the X-ray data to the
models (see Section 4).
Fiducial model.—The resulting broadband spectrum

for each GRMHD simulation and a “fiducial” plasma
model with a representative set of parameters (ne =
3.2 × 108, i = 60◦, βthreshold = 0.2, θdisk = 0.01, and
Te,funnel = 10) is depicted in the first row of Figure 2.
Note that this model is not a specific fit to Sgr A∗ ob-
servations. We use the fiducial setup, before embark-
ing on fitting the observations, in order to study several
theoretical aspects of the spectra, such as the predicted
variability across the spectrum and the different emission
regions that give rise to the structures of the images at
different wavelengths.
The strong turbulence in the accretion flow naturally

causes the resulting spectra and images to be time de-
pendent. This complicates the comparison of the sim-
ulations to the observations, as both need to be aver-
aged properly in order to avoid comparing a particular
realization of the turbulent flow in the simulations to a
different realization in the observed flow. In order to as-
sess the variability of the simulated spectra and images
we perform our ray tracing calculation for 100 different
snapshots in each of the simulations, as listed in Table 1.
Each snapshot of the simulation was obtained at regular
time intervals of 10GM/c3. For the mass of Sgr A∗, 100
snapshots correspond to ≈ 5.9 hours, which is similar to
the time interval over which EHT observations will take
place.
The black solid curves on the panels of the first row in

Figure 2 show the mean spectra obtained by averaging
the simulated spectra in the 100 snapshots of each sim-
ulation. The shaded gray area around them marks the
maxima and minima of the spectra emerging from these
100 snapshots and is representative of the expected spec-
tral variability. The red dotted curves on the same panels
show the average spectra computed using only the image
of size 32rS×32rS, which we refer to as the emission from
the inner accretion flow. As expected, when the emission
originates from the inner accretion flow, the spectra ac-
quire their largest degree of variability while the opposite
is true when the emission originates in a much larger vol-
ume. Indeed, in the optically thick, low-frequency region
of the spectrum, the emission is weakly variable because
the radius of the photosphere at these frequencies is equal
to tens to hundreds of Schwarzschild radii and the dy-
namical timescales there are very long. The variability is
also weak at the optically thin, high-frequency region of
the spectrum, where the emission is generated by ther-
mal bremsstrahlung over a very large volume around the
black-hole. In the millimeter to IR range (i.e., ν ∼ 1011–
1014Hz for the a0SANE simulation), however, the emis-
sion is optically thin and originates very close to the
event horizon. The characteristic timescales there are
very short and both the spectra and images show signif-
icant variability.
To visualize this point in a different manner, we show in

   150 100 50 0 -50 -100 -150  
Relative right ascension (µas)

-150

-100

-50

0

50

100

150

R
el

at
iv

e 
de

cl
in

at
io

n 
(µ

as
)

       
 

 

 

 

 

 

 

radio ν=1011Hz

average of images

   150 100 50 0 -50 -100 -150  
Relative right ascension (µas)

-150

-100

-50

0

50

100

150

R
el

at
iv

e 
de

cl
in

at
io

n 
(µ

as
)

       
 

 

 

 

 

 

 image of mean flow

Figure 4. A comparison of the predicted image at ν = 1011 Hz
using the average properties of the simulation (left) to the average
of individual images computed for each snapshot of the simula-
tion (right). For this figure, we used the a0SANE simulation with
the parameters of the fiducial model. The striking difference be-
tween the images is due to the presence of short-lived, magnetically-
dominated filaments in the inner accretion flow, which contribute
significantly to the emission in each snapshot but are washed out
when computing the mean flow.

Figure 3 the averaged snapshot images of the a9MAD sim-
ulation, for the fiducial parameters of the plasma model.
The different rows, from top to bottom, depict images
at frequencies ν = 1011Hz, 1013Hz, and 1018Hz. The
different columns, from left to right, are for image sizes
equal to 512rS × 512rS, 128rS × 128rS, and 32rS × 32rS.
As discussed above, the emission at the lowest and high-
est frequencies shown originates primarily from large dis-
tances away from the black-hole. On the other hand, the
emission at infrared frequencies originates in a very small
region, close to the horizon. The black-hole shadow is ob-
scured at the optically thick radio frequencies but is vis-
ible in both infrared and X-ray, which are optically thin.
For the X-ray images, although the region around the
black-hole shadow has a larger surface brightness than
all other regions, most of the (integrated) flux actually
originates from a few hundred Schwarzschild radii in our
models.
In calculating the average spectra and images discussed

above, we computed individual spectra and images for
each snapshot of the simulations and then averaged to-
gether the resulting surface brightness and fluxes on the
image plane of the observer. This procedure generates re-
sults that can be very different compared to calculating
the average hydrodynamic and thermodynamic proper-
ties of each simulation and then computing a single image
and spectrum for this mean flow. This is because of the
fact that the plasma properties are substantially variable
and the radiative transfer equation, which we solve along
geodesics to calculate the image brightness, is a highly
non-linear function of the plasma properties. In the top
row of Figure 2, we show as blue dashed curves the spec-
tra computed using the mean properties of the flows. The
relative difference between the two averaging procedures
is largest in the case of the non-spinning black-holes.
In Figure 4, we compare the images computed by the

two averaging approaches for a frequency of 1011Hz, us-
ing the a0SANE simulation. The left panel shows the
image calculated using the mean properties of the flow
and the right panel shows the average of the images in
each snapshot. There is a striking difference between the
two images. The image of the mean flow (left panel) is
very dim and almost invisible in the plot. On the other

流体シミュレーション

密度や温度を時間平均し
てから輻射輸送計算

輻射輸送計算をしてから
時間平均

Narayan’s group
(Chan et al. 2015)

理論と観測を比較する時には注意が必要！
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FIGURES 

 

Figure 1 The X-ray lightcurve and pulsations from the region containing 

NuSTAR J095551+6940.8.  Panel a: the background-subtracted 3 – 30 keV 

lightcurve extracted from a 70′′-radius region around the position of NuSTAR 

J095551+6940.8.   Black and red indicate the count rate from each of the two 

NuSTAR telescopes (1-σ errors).  Panel b: detections of the pulse period (black 

points) fit using the best sinusoidal ephemeris (grey dashed line).   The mean period is 

1.37252266(12) seconds, with an orbital modulation period of 2.51784(6) days.   The 

dashed vertical lines delineate the contemporaneous Chandra observation. Panel c 

shows the pulsed flux as a fraction of the emission from the 70′′ region. The inserts 

show the pulse profile.   
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ULXでパルサーが見つかった！
ULXはBHではなく、中性子星な
のか？

Bachetti et al. 2014

*普通に10Msun程度のBHが存在す
ると確定しているULXもあります
(ex. Motch et al. 2014)

中性子星へのSuper-Eddington
降着は可能なのか？

可能です(Ohsuga 2007)

常識？先入観？



1038 K. Ohsuga [Vol. 59,

Fig. 3. Mass-accretion rate onto the NS/BH and mass-output rate by
the high velocity outflows normalized by the critical rate, Pmacc (circles)
and Pmout (squares), as functions of the normalized mass-input rate.
The filled and open symbols indicate the results of the NS model and
the BH model, respectively.

3.3. Luminosity and Kinetic Energy Output Rate

In figure 4, we represent the luminosity and the kinetic
energy output rate as functions of the mass-accretion rate
onto the NS/BH, PMacc. The filled (open) circles and squares
indicate the luminosity, Lrad, and the kinetic energy output
rate, Lkin, for the NS (BH) model. Here, the luminosity
is evaluated by integrating the radiative flux at the outer
boundary. The kinetic energy output rate is the kinetic
energy ejected through the outer boundary per unit time by
the high-velocity outflow. The luminosity of the NS, LNS,
which is evaluated by integrating the radiative flux at the inner
boundary (see equation [16]), is represented by the triangles.
The mass-input rate is set to be PMinput=.LE=c2/ = 3 ! 102,
103, and 3 ! 103 from left to right.

We find in this figure that the luminosity and the
kinetic energy output rate increase with an increase of the
mass-accretion rate in both models. It is also found that the
energy conversion efficiency, .Lrad+Lkin/= PMaccc

2, of the NS
accretion flows is by one order of magnitude larger than that of
the BH accretion flows. For instance, when the mass-accretion
rate is around 70LE=c2, we find Lrad " 9LE and Lkin " 19LE

for the NS model and Lrad " 2LE and Lkin " LE for the BH
model. The sum of the luminosity and the kinetic energy output
rate almost equals the accretion energy for the NS model,
Lrad + Lkin " GM PMacc=.2:4rS # rS/. In contrast, we find
Lrad+Lkin $GM PMacc=.2:4rS#rS/ in the BH model. This is
natural since, unlike a BH, a NS neither swallows the radiation
energy nor the gas energy in the present study.

In figure 4, we find Lrad > Lkin for the BH model, but
Lrad < Lkin for the NS model. The radiation force is enhanced
via the inner-boundary conditions for the NS model, whereby
the rotation energy is converted to radiation energy via the

Fig. 4. Luminosity (circles) and kinetic energy output rate (squares)
as functions of normalized mass-accretion rate onto the central object,
PMaccc2=LE, for PMinputc

2=LE = 3 ! 102; 103; 3 ! 103 from left to
right. The filled and open symbols indicate the results of the NS
model and the BH model, respectively. The luminosity of the NS is
represented by the filled triangles.

viscosity, and the energy of the inflowing matter is also
converted to the radiation energy without being swallowed by
the NS, driving the strong radiatively driven outflow.

Next, we explain the reason why the mass-accretion rate
onto the NS can be over the critical rate, LE=c2. In the present
simulations, the luminosity of the NS corresponds to the energy
of the accreting gas per unit time (see equation [16]). Thus, if
the gas sufficiently releases its energy before reaching the inner
boundary, the gravity is predominant over the radiation force at
the NS surface, allowing the accreting motion. Otherwise, the
radiation force would prevent the inflow motion at the inner
boundary. Due to such a mechanism, the resulting luminosity
of the NS is self-regulated, so as to meet the condition that the
radiation force does not exceed the gravity. Since we employ
the pseudo-Newtonian potential, the critical luminosity, in
which the radiation force balances with the gravity, is " 3LE.
To conclude, although the energy transported onto the NS
surface per unit time is limited to be . 3LE, the mass-accretion
rate can greatly exceed the critical rate, as long as the matter
sufficiently loses its energy before reaching the NS surface.
Since the BH can swallow the gas energy, as well as the
radiation energy, the mass-accretion rate can exceed the critical
rate even if the matter has a large amount of energy.

3.4. Effective Temperature Profile

Finally, we consider the effective temperature by solving
radiation transfer, and represent its profiles for the inclination
angles of i = 0, !=12, and !=6 in figure 5. Here, X is the
horizontal coordinate on the observer’s screen. The adopted
parameter is PMinput = 103LE=c2. Then, the luminosity is
" 5LE for the NS model and " 3LE for the BH model. In
this subsection, we focus on the effective temperature profile
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1036 K. Ohsuga [Vol. 59,

Fig. 1. Time-averaged distributions of the density (the upper-left panel) and the radial velocity normalized by the speed of light (the lower-left
panel) on the R–z plane for the NS model. Those for the BH model are shown in the upper-right and lower-right panels. The adopted parameter is
PMinput = 103LE=c2.
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Fig. 1. Time-averaged distributions of the density (the upper-left panel) and the radial velocity normalized by the speed of light (the lower-left
panel) on the R–z plane for the NS model. Those for the BH model are shown in the upper-right and lower-right panels. The adopted parameter is
PMinput = 103LE=c2.
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Ohsuga 2007NS

BH

シェル状の
高密度領域
が現れる. 

NSの方がEnergy
変換効率がよい

運動E>運動E
(BHと反対)



Disc-jet coupling in H1743-322 15

Figure 7. Comparison of the hardness-intensity diagrams for the 2003 (dashed line) and 2009 (solid line) outbursts of H1743-322.
Circles indicate radio detections (with measurements from the 2003 outburst taken from McClintock et al. 2009), with the size and shade
of the circles indicating the measured radio flux density. Open triangles indicate non-detections. The X-ray state at the time of the
radio observations has been interpolated from RXTE PCA observations within 2 d. The large star represents the moment of ejection as
estimated in Section 3.3.2 for the 2009 outburst and by Steiner et al. (2012) for one ejection event during the 2003 outburst, with the
smaller stars showing the extent of the 1σ error bars on these times. The outburst in 2009 did not reach as low a hardness or as high
an intensity as that in 2003. The ejection markers clearly show that the jet line is not at a fixed hardness. The hardness at which the
ejection event occurs varies between outbursts.

data allowed us to track back the radio ejecta to find the
epoch at which the transient jets were launched, such that
we do not need to rely on the epoch of peak radio flux
density as a proxy for the ejection date. We now use this
information to reconsider the unified model of Fender et al.
(2004), attempting to answer some of the questions raised by
Fender et al. (2009). However, we note the caveat that this
is a single outburst in a single source, and that more multi-
wavelength campaigns incorporating high-cadence, high an-
gular resolution VLBI observations are required to verify our
conclusions.

Within the uncertainties created by the RXTE sam-
pling, we find that the ejection date is consistent with the
transition from HIMS to SIMS, at the point where the Type
C QPOs disappear and the integrated fractional rms vari-
ability begins to decrease. This is shortly before the detec-
tion of quenched, optically-thin radio emission.

The most detailed comparison to date of the connection
between radio flaring and X-ray timing signatures was pre-
sented by Fender et al. (2009) (see their figs. 4 and 5). They
investigated possible connections between the radio flaring
events in XTE J1550-564, XTE J1859+226 and GX339-4
and the contemporaneous drops in rms variability and ap-
pearance of Type B QPOs. Since the exact sequence of
events appeared to differ between the three sources, they
concluded that there appeared to be no causal connection
between timing signatures from the inner disc and jet ejec-
tion events. However, they noted that any intrinsic signature
could be blurred by both the phase of jet instability prior
to a radio flare and the time delays incurred in producing
optically thin radio emission from internal shocks. In light
of the conclusions drawn from our study of the 2009 out-
burst of H1743-322, we re-examine the flares in their three

c© 2012 RAS, MNRAS 000, 1–20

Miller-Jones et al. 2012
see also Fender et al. 2004, 2009 

なぜいつも反時計回り？
→ 前のステートの状況をひきずっている. 
→ 定常解＋不安定理論でほんとにOK

ジェットラインで何が？
→ 超えるとHS state, 超えないとLH state
→ 非線形でカオティックな現象？



まとめ

重要度

激戦区
真っ向勝負で重要な
成果を出す

研
究
者
数

オリジナル
独創的手法で重要な
成果を出す

マニアック
ライバルは少ないが
どうでもいい研究

ガラパゴス
どうでもいい研究に
グループで取り組む

これからも世界レベルの研究を！


