
全天Ｘ線監視装置 MAXI による
ブラックホール探査 

根來 均 (日大理工) 

1) ブラックホール候補天体の特徴と探査 �
2) MAXI が見つけたブラックホール候補天体 �
3) 観測される様々な「状態」と降着円盤 �
4) 各状態が示すブラックホール(存在)の証拠!?!
5) 各状態と状態遷移での未解決問題!
�

0) MAXI について �



 MAXI GSC & SSC All-sky Map �



 Known Black Hole Candidates �

Cyg X-1�
GRS 1915+105 � Swift J1752.5 �

H 1743-322� GX 339-4 �

4U 1630-47�

4U 1957+115�

LMC X-1, X3�

Orange: Transient, not persistent. (Renewed Activities are detected.) �



なぜブラックホールは"
観測されない（少ない）のか？�



NASA/GSFC!



Accretion Disk (降着円盤) �

Accretion Disk �

Jet�Companion!
(伴星) �

BH �



Roche Potential"
Roche-Lobe Overflow � Wikipedia�



     July 18, 1996 20:47 Annual Reviews chapter15 AR12-15

X-RAY NOVAE 621

Figure 3 X-ray light curves of four bright black-hole X-ray novae. The observed X-ray fluxes are
shown in units of the Crab Nebula intensity in the energy band separately indicated for each source.
The dotted curve for A 0620−003 is from Elvis et al (1975), and the dots with vertical error bars
are from Kaluzienski et al (1977b). The GS 2000+251 data (open circles) are from Tsunemi et al
(1989) and Takizawa (1991). The GS 2023+338 data (thick vertical bars, which indicate actual
large flux excursions) are from Tanaka (1992a). The GS/GRS 1124−684 data (open squares) are
from Kitamoto et al (1992) and Ebisawa et al (1994).
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X-ray Nova (X線新星), Outburst�

Tanaka & !
Shibazaki 96 �

100 days �

    1 Crab!
(= 2.4e-8 erg/s!
      2-10 keV) �

1 mCrab!

Fl
ux
�



ブラックホール観測"
の基礎 �



観測的ブラックホール論の基礎 1�
•  観測されるのは BH ではなく、降着円盤!
•  BH の条件!

–  伴星の質量と軌道パラメータから見積もられた質量が中性子星の理
論上の上限である 3 Mo 以上。 (系内に 20 弱 << 1e8)!

–  上記の天体とよく似たX線での性質を示す。� (40 ほど)!
–  BH の直接証拠はまだないので、BH Candidate (BH 候補星) と呼ば
れる。BHC は、上記の「よく似た」方だけを示すこともある。!

•  これまで見つかった BH の 9 割以上がX線新星!

Mass Function!

R
r!

i!V!

! 

GMm
R + r( )2

= MV 2

R

MR = mr

M!

m!

Gm3

m+M( )2
=
T
2!

V 3



観測的ブラックホール論の基礎 2�
•  相対論に直接関係する重要な半径!

– 重力半径 rg (Schwarzschild 半径 rs = 2GM/c2)!
– 降着円盤の最内縁安定半径 rin = f (M,�a)�  a: spin parameter  !

•  isco : innermost stable circular orbit !
•  Schwarzschild Hole (回転していないBH) では�rin = 3rs!

•  降着円盤で解放されるエネルギー!

!
–  厳密には.. Schwarzschild Hole で静止エネルギーの 5.72 %,  Kerr Hole (回転し
ているBH)で最大 42.3 % !!!

! 

Egrav =
1
2
GMmp

3rs
=

GMmp

6 2GM /c 2( )
=
1
12
mpc

2 >> Enuclear

佐藤文隆 「相対論と宇宙論」!
Landau & Lifshitz 「場の古典論」!
Shapiro & Teukolsky “Black Holes, White Dwarfs, and Neutron Starts”!



降着円盤�



ブラックホール観測"
（X線新星）の歴史�



State Transition & Canonicals!

Tanaka & Shibazaki 1996 



State (状態) �

Cyg X-1:!
 Negoro 1995! GS 1124-68:Ebisawa et al. 1994 �

Cyg X-1: !
Sunyaev & Trumper 1979! GX339-4: Makishima et al. 1986!

激しい� 穏やか �
短時間変動�

エネルギー!
スペクトル �

べき状!
E-! exp(-E/Ec)!

熱的成分＋�
ハードテイル!

Low/Hard State� High/Soft State�



State Transition (状態遷移)!

GS1124-68: Ebisawa et al. 1994!

VH! Hi! Low!
Intermediate!

No. 2, 1997 ADVECTION-DOMINATED ACCRETION 871

FIG. 1.ÈConÐguration of the accretion Ñow in di†erent spectral states
shown schematically as a function of the total mass accretion rate Them5 .
ADAF is indicated by dots and the thin disk by the horizontal bars. The
lowest horizontal panel shows the quiescent state, which corresponds to a
low-mass accretion rate (and therefore, a low ADAF density) and a large
transition radius. The next panel shows the low state, where the mass
accretion rate is larger than in the quiescent state, but still below the
critical value In the intermediate state (middle panel),m5 crit D 0.08. m5 Z m5 critand the transition radius is smaller than in the quiescent/low state. In the
high state, the thin disk extends down to the last stable orbit and the
ADAF is conÐned to a low-density corona above the thin disk. Finally, in
the very high state, we make the tentative proposal that the corona has a
substantially larger than in the high state.m5

b, the geometry remains essentially the same as in the° 3.2),
quiescent state. However, since the radiative efficiency of
the Ñow increases rapidly with increasing & Yim5 (Narayan

the Ñow becomes quite luminous. We identify such1995b),
Ñows with the low state. Once exceeds the hotm5 m5 crit,ADAF zone radiates too efficiently to remain advection
dominated. As a result, the ADAF begins to shrink in size
and the inner edge of the thin disk moves inward to smaller
radii. We identify such Ñows, where the central ADAF is
still present but with a reduced size compared to the quiesc-
ent and low state, with the intermediate state. At still higher

the central ADAF zone disappears altogether and them5 ,
thin disk moves in all the way to the marginally stable orbit.
A somewhat weak corona is present above the disk. We
associate this conÐguration with the high state. Finally, at
accretion rates close to Eddington we assume that the Ñow
makes a transition to a di†erent state where the corona is
much more massive and active. We tentatively identify this
Ñow conÐguration with the very high state, although this is
the weakest aspect of our scenario.

In the calculations presented below, unless otherwise
stated, we use the ““ standard ÏÏ parameter set summarized in

For those quantities that can be derived fromTable 1.
observations we adopt system parameters corresponding to
the SXT Nova Muscae 1991 (see For the parameter d,° 4.1).
we invariably choose a value of 10~3, but this quantity
plays no role in the calculations presented here and could
equally well be set to zero. This still leaves two important
parameters, a and b. We choose what we consider to be the
most natural values for these. We assume that the magnetic
Ðeld is in equipartition with the gas pressure, which corre-
sponds to b \ 0.5. The assumption of equipartition Ðelds is
very common in many areas of high-energy astrophysics. In
particular, equipartition Ðelds are quite plausible in accre-
tion Ñows since the linear instability,Balbus-Hawley (1991)
which presumably is the mechanism whereby the Ðeld
grows, is known to shut o† when b D 0.5. For the viscosity
parameter a we follow the prescription suggested by

& Balbus see also Hawley, Gammie, &Hawley (1996,
Balbus viz. where1995, 1996), u

RÕ D 0.5pmag [ 0.6pmag, u
RÕis the shear stress. For b \ 0.5 this gives a value of a in the

range 0.2È0.3. We choose a value in the middle of the range,
a \ 0.25.

It should be emphasized that we have no adjustable
parameters in the calculations presented in this paper
except for the mass accretion rate (and to a very limitedm5
extent We could, in principle, optimize a and b so as tortr),obtain the best-Ðt between the model and the Nova Muscae
data discussed in but we feel that the data are not really° 4,
good enough for such an exercise, nor is the model suffi-
ciently well developed at this stage.

3.1. Quiescent State
Between successive outbursts, transient BHXBs are gen-

erally found in the quiescent state, where the observed lumi-
nosity is many orders of magnitude below Eddington. In
the systems for which optical and X-ray observations in
quiescence exist (A0620[00, V404 Cyg, and GRO
J1655[40), the data are explained quite well with the
model shown in the bottom panel of Figure 1 (NMY;

et al. In addition, the same modelNBM; Hameury 1997).
also explains observations of the underluminous super-
massive black hole at the center of our Galaxy, Sgr A*

et al. as well as the supermassive black hole(Narayan 1995),
in NGC 4258 et al. These applications rep-(Lasota 1996a).
resent the most important successes so far of the ADAF
model.

On the basis of the above work, we deÐne the quiescent
state of BHXBs to correspond to mass accretion rates m5 [
10~2. In we plot a sequence of spectra computedFigure 2
with our standard parameter set. The blackbody-like
optical/UV peak is produced by self-absorbed synchrotron

TABLE 1

STANDARD PARAMETER VALUES

Parameter Value

M (M
_

) . . . . . . . . . . . . . . . . 6
i (deg) . . . . . . . . . . . . . . . . . . 60
log rout . . . . . . . . . . . . . . . . . 4.9
log rtr a . . . . . . . . . . . . . . . . . 3.9
a . . . . . . . . . . . . . . . . . . . . . . . . 0.25
b . . . . . . . . . . . . . . . . . . . . . . . . 0.5
d . . . . . . . . . . . . . . . . . . . . . . . . 0.001

a In quiescence.

Esin et al. 1997, 1998!



rin = 3rs : mc2/2 = GMm/rs : rs = 2GM/c2!

��������

•  質量保存（連続の式）!
•  角運動量保存!
•  エネルギー保存!
•  圧力平衡（鉛直方向）!
•  粘性!
•  圧力 �

! 
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Shapiro & Teukolsky 1983!
Kato, Fukue, Mineshige 1998!



降着円盤方程式の解�

光学的に �

M = 10Mo, r =5, #= 0.1!

面密度�

降着率�

厚い�薄い�

Abramowicz et al. 1995!

Q-=Q-adv!
 P = Pgas!

ADAF!

Q-=Q-adv!
 P = Prad!

Slim!

Q-=Q-rad (BB)!
 P = Pgas!

Standard!



Powerful Jets!



未解決問題"
Super Luminal Jet Sources "

Micro-Quasar !

GRS 1915+105:!
 Mirabel et al. 1994!

GRS 1915+105/RXTE: Mirabel & Rodriguez 1998!

v~0.92 c 



Jet と State�

Fender et al. 2006!

! = {1-(v/c)2}-1/2 �



Various Novae!

McClintock & Remillard 06 



Various LF QPOs!

XTE J1550-564 Sobcrak et al. 2002!

XTE J1550-564!
Remillard et al. 02 �



HF QPOs!

GRO J1655-40 Strohmayer. 01!
XTE J1550-564!
Remillard et al. 02!



bold : mass estimated XNe! grey : recursive XNe!

26 New Novae / 20 yr 
= 1.3 yr-1 



MAXI"
Monitor of All-sky X-ray Image �



MAXI�の歴史�
•  構想 10 年!

–  1997/4 に ISS の暴露部の最初のミッションとして採択!
•  PI 松岡 勝 (理研�宇宙放射線研究室 + 阪大 常深研)!

– 目的!
•  突発天体の発見�(cf. HETE2)!
•  X線天体の長期モニター!
•  全天マップ／カタログ!

– 当初は 2003 年に H-II A で打ち上げ予定だった。。!
– 妄想 3 年!

•  2009 年 8 月15 日から ISS 「きぼう」実験棟で観測開始!
•  JAXA, 理研, 阪大, 東工大, 青学, 日大, 京大, 中央大, 
宮崎大 により 24 時間 365 日運用�



Monitor of All-sky X-ray Image"
      MAXI �

Matsuoka et al. 2009 �



全天X線監視装置 MAXI!

09/07/16 打ち上げ 
およそ 90 分で!
全天を観測�



Where is MAXI ?"
On Kibo (Hope) / the ISS!

Pressurized Module!
2008/06 Attached! JEM Exposed Facility!

2009/07/16 Launched !
         07/19 Attached!



MAXI "
Monitor of All-sky"

X-ray Image!



Flight 2J/A 
Launch 

STS-127 

MAXI 
(PAM#3) 

ELM-ES 

JAXA!



NASA!

Space Shuttle Endeavour!
にて打ち上げ � NASA!



NASA!



NASA!NASA!

MAXI!



Instruments and  Observation �
•  検出器!

–  GSC (比例計数管):     3-20 keV!
–  SSC  (CCD カメラ):  0.7-12 keV!
–  PSF ~1.5 deg (FWHM), 位置決定精度 $ 0.2 deg!

•  92 分で 1 または 2 回 40- 150 秒スキャン �

2 観測機器
2.1 Gas Slit Camera (GSC)

2.1.1 GSCの仕組み
GSCは、12台のスリットカメラからなる (図 12)。1台のカメラの視野は 1.5度 FWHM×80度であ
る。天頂方向に 6台、ISSの進行方向に 6台のカメラが配置されている。各カメラのスリットは
3.7mm幅で比例計数管までの距離は 160mmである (図 13)。コリメータの板厚を考慮したカメラ
1台のスリットの開口面積は 5.9 cm2である。

図 12: MAXIにおけるGSCの配置および視野の概念図 (明星電気MAXI SENSOR PDR資料 3-44

に加筆)。

比例計数管 (図 14)は抵抗芯線方式による一次元位置検知型であり、X線検出位置からスリット
を結ぶ方向がX線源の方向となる。典型的な位置分解能は 1 mm FWHM (at 1650V) である。天空
上の位置分解能はこれとスリット幅で決まり、典型的に 1.5度 FWHMである。なおスリットの延び
る方向は板状コリメータ (スラッツコリメータ)を垂直に並べ、視野を限っている。これをスキャ
ンすることでX線源の出入りからスキャン方向の位置を知る。スキャン方向の透過率曲線は典型
的に 1.5度 FWHMの三角山状になる。視野に入っている時間は、スキャンの赤道上で一番短く 45sで

!
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図 13: GSCのスリット、コリメータ、比例計数
管の配置。単位mm。Mihara et al. (2011)

図 14: GSC比例計数管の外観。1台のBe

窓の露光面積は、445cm2である。
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PASJ [Suzaku & MAXI 特集号] �



X線新星における
全天X線監視装置 

MAXI の能力 �

RXTE/ASM!

10 times better 

•  一桁高い感度!
•  幅広いエネルギー
バンド!

•  高い時間分解能�







Persistent Emission Sources!
only 5/43 BHCs!



Old Novae!



Ginga/ASM!



Hard X-ray Surveys!
Distant & Deep !



RXTE/ASM!



All BHCs!



11-25 % area of the 
Galactic Disk 



10 times  
larger area 

(net 50~90 %  
of the Disk ?) 

11-25 % area of the 
Galactic Disk 

Negoro 2008 �



GS2000

GX339-4
A0620

Cyg X-1
GS2023

GS1124

GRO J0422

GRS1915

GRS1009

J1118

X1354-644

4U1543

J1550
J1650

J1859

V4641
J1748

J1719GRO J1655

4U 1957+11

GRS1716
J1755

GRS1758H1705

J1908

A1524-62
4U1630

EXO1846

KS1730
GRS17391E1740.7

H1743 SLX1746
X1755

J1720
GRS1737

J1818

J1817Sun



Competition and/or Collaboration �

Swift/BAT (15-150 keV) �

NASA�

INTEGRAL/IBIS (15 keV – 1 MeV) �

ESA�
Fermi!
BGM!
(150 keV – 30 MeV)!
LAT!
(30 MeV – 300 GeV)�
NASA�

RXTE/ASM (2-10 keV) �
NASA�



Continuous Monitoring "
http://maxi.riken.jp �



Continuous "
Spectral Changes "

XTE J1752-223!

Nakahira+ 2010, PASJ!



MCD - Standard Disk!

Mitsuda (Multi-Color Disk, MCD) model!
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Mitsuda et al. 1984!Shimura & Takahara 1995!



Black Hole Studies!

XTE J1752-223 (#2259, 2378*, 2396)!

GX 339-4 (#2380)!

H1743-322 !
(#2364, 2378)!

4U 1630-47 (#2363)!Cyg X-1 (#2711)!

GRS 1915+105!

Swift J1753.5-0127!
(#2341)!

LMC X-1, X-3!

ATel # in Red : Possible State Transition!

PCA !
  ATCA!

!
PCA!
 MAXI!

!
Swift+MAXI!
 PCA!
  MAXI!



Swift J1753.5-0127: Possible State Transition "
on Nov 25-, 2009!

ATel 2341!

MAXI!

1.5-4 keV!

4-10 keV!

10-20 keV!

Swift!
BAT!

15-50 keV!



Cyg X-1 and GX 339-4 "
both in the soft state ?!

Cyg X-1!

GX 339-4!



Soft State Transition in GX 339-4!
Yamaoka+ ATel 2380! Shidatsu+ 2011!



Soft? State Transition in Cygnus X-1!
Negoro+ ATel 2711!



Short-term Variability!Cyg X-1! GX 339-4!



XTE J1752-223! MAXI J1659-152!

GX 339-4! Cyg X-1!

Dark and Fast? Transition!

Soft-State Source or Intermediate-State Source ?!
cf. Gierlinski & Newton 2006!

Bright and Slow? Transition!



6th State ?"
Optically Thin, Magnetically Supported Disk !

Oda et al. 2009!

No. 1, 2009 MAGNETICALLY SUPPORTED ACCRETION DISKS 21

α = 0.05
= 5rs

ADAF/RIAF

SL
E Low-β

Slim

St
an

da
rd

ADAF/RIAF

SLE

Low
-β

Slim

Standard

ADAF/RIAF

SLE

Low-β
Slim

Standard

Opt. thin

Opt. thick

Figure 2. Local thermal equilibrium curves of accretion disks at ! = 5rs on
the Σ vs. Ṁ/ṀEdd, T, β, and τeff plane for α = 0.05, ζ = 0.6 (thick solid),
0.3 (dashed), 0 (dotted), and −1.8 (thin solid, extremely weak magnetic field
case). ṀEdd = LEdd/ηec

2 is the Eddington accretion rate, where the energy
conversion efficiency is taken to be ηe = 0.1. The low-β branches connect the
optically thin and thick regimes.

optically thick low-β branches. These relations are derived as
follows. First let us derive the dependence of Φ̇out(Ṁ) on Ṁ . In
the range of Ṁ ! ṀEdd in which the low-β branches appear,
Wgas " Wrad at !out. From Equations (17), (18), (20), and (31),
we find that Wtot,out ∝ Ṁ , Σout ∝ Ṁ , Hout ∼ constant, and
v! ,out ∼ constant. Therefore, Equation (33) yields B0(!out) ∝
Ṁ1/2 and Equation (32) yields Φ̇out ∝ Ṁ1/2. Next, we derive the
dependence of Ṁ on Σ. When the magnetic pressure dominates
the total pressure, Wtot ∼ B0

2H ∝ Φ̇2/(v!
2H ) ∝ Ṁ/(v!

2H ).
Since Equations (18), (20), and (17) yield v! ∝ Ṁ/Σ, Wtot ∝
Ṁ , H ∝ (Wtot/Σ)1/2 ∝ (Ṁ/Σ)1/2, we find that Ṁ ∝ Σ and H is
constant. Finally, we derive the dependence of T0 on Σ by noting

that magnetic heating (Q+ ∝ Wtot ∝ Ṁ ∝ Σ) balances radiative
cooling on the low-β branches. We find from Q− ∝ Σ2T0

1/2 that
T0 ∝ Σ−2 in the optically thin regime, whereas we find from
Q− ∝ T0

4/Σ that T0 ∝ Σ1/2 in the optically thick regime.
Figure 3 depicts thermal equilibrium curves for the same

parameters as in Figure 2 but plotted in the T0 versus Ṁ/ṀEdd
plane and the τeff versus Ṁ/ṀEdd plane. On the ADAF/
RIAF branch, the disk temperature is independent of the mass
accretion rate and is nearly constant at T0 ∼ 1011K. In contrast,
on the optically thin low-β branches, the disk temperature
anticorrelates with the mass accretion rate, Ṁ ∝ T

−1/2
0 , and

T0 ∼ 107–1011K. However, it is not possible to compare these
results directly with the observational data (e.g., the cutoff
energy or the electron temperature in Miyakawa et al. 2008)
because the disk temperature does not represent the electron
temperature. We will discuss this issue in Section 4.2.

Figure 4 shows the same thermal equilibrium curves as in
Figure 2 but for α = 0.01. Compared to the results for α = 0.05,
the ADAF/RIAF solution disappears at the lower mass accretion
rate (Ṁc,A ∼ 0.003ṀEdd).

3.2. The Radial Structure of the Disks at Thermal Equilibrium

In the previous subsection, we obtained local thermal equi-
librium curves by solving the basic equations for various Ṁ
and fixed parameters, α, ζ , and ! . In this subsection, we study
the dependence of the solutions on ! by fixing the parameters,
α, ζ , and Ṁ . Since we focus on the hard-to-soft transition of
the BHCs, we assume that a disk is in the ADAF/RIAF state
corresponding to the low/hard state when the mass accretion
rate is low. Thus, we choose the ADAF/RIAF solution when
three solutions (ADAF/RIAF, SLE, and low-β or standard disk
solution) are found for the same mass accretion rate.

Figure 5 shows the radial structure of a disk for α = 0.05,
ζ = 0.6, Ṁ/ṀEdd = 8.28 × 10−3 (thick solid), 0.05 (dashed),
0.10 (dot-dashed), 0.13 (dotted), 0.45 (triple-dot-dashed), and
12.0 (thin solid), respectively.

When the mass accretion rate is low (Ṁ ! 0.01 ṀEdd), the
dissipated energy is advected inward because radiative cooling
is inefficient due to the low surface density over the whole disk.
The whole disk is hot and the gas pressure is dominant, that is,
the disk is in the ADAF/RIAF state.

As the mass accretion rate increases (0.01ṀEdd ! Ṁ !
0.2ṀEdd), the disk undergoes a transition to the optically thin
low-β disk from the outer radii because the mass accretion
rate exceeds Ṁc,A at the transition radius. Now let us derive
the radial dependence of Ṁc,A. We find from the local thermal
equilibrium curves that the ADAF/RIAF branch in which the
heating rate balances the heat advection rate (Q+ ∼ Qadv)
intersects with the SLE branch in which the heating rate
balances the optically thin radiative cooling rate (Q+ ∼ Q−

thin)
at Ṁc,A. The gas pressure is dominant in both branches (Wtot ∼
Wgas). Using these relations, we find from the basic equations
that Ṁc,A ∝ α2! 5Ω−1

K0 |dΩK0/d! |3 ('K0 − 'in). Since Ṁc,A
increases inward in the outer region, the transitions take place
from the outer radius. We note that Ṁc,A has its maximum value
around 10rs for 'in = 'K0(3rs). Therefore, the innermost region
(! ! 10rs) undergoes a transition to the optically thin low-β
disk at a lower mass accretion rate than in the slightly further out
region (10rs ! ! ! 30rs). If we consider transonic solutions
for which 'in < 'K0, such a feature may not appear.

When 0.2 ṀEdd ! Ṁ ! 5 ṀEdd, the whole disk becomes
an optically thin low-β disk in which the dissipated energy is
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α, ζ , and Ṁ . Since we focus on the hard-to-soft transition of
the BHCs, we assume that a disk is in the ADAF/RIAF state
corresponding to the low/hard state when the mass accretion
rate is low. Thus, we choose the ADAF/RIAF solution when
three solutions (ADAF/RIAF, SLE, and low-β or standard disk
solution) are found for the same mass accretion rate.

Figure 5 shows the radial structure of a disk for α = 0.05,
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The whole disk is hot and the gas pressure is dominant, that is,
the disk is in the ADAF/RIAF state.

As the mass accretion rate increases (0.01ṀEdd ! Ṁ !
0.2ṀEdd), the disk undergoes a transition to the optically thin
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rate exceeds Ṁc,A at the transition radius. Now let us derive
the radial dependence of Ṁc,A. We find from the local thermal
equilibrium curves that the ADAF/RIAF branch in which the
heating rate balances the heat advection rate (Q+ ∼ Qadv)
intersects with the SLE branch in which the heating rate
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increases inward in the outer region, the transitions take place
from the outer radius. We note that Ṁc,A has its maximum value
around 10rs for 'in = 'K0(3rs). Therefore, the innermost region
(! ! 10rs) undergoes a transition to the optically thin low-β
disk at a lower mass accretion rate than in the slightly further out
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MAXI運用後の"
ブラックホール天体の発見競争�

発見日!
(年/月/日) �

Astronomer’s Telegram!
名前! コメント �

投稿番号� 引用回数�

09/10/23 � 2258� 16� XTE J1752-223�

09/11/13 � 2300� 0� Swift J1713.4-4219� 情報少ない �

10/09/25 � 2873� 24� MAXI J1659-152� Swift とほぼ同時発見�

11/01/28 � 3138 � 6� Swift J1357.2-0933� 中性子星の可能性もあり�

11/03/15 � 3223� 6� IGR J17177-3656� BH 以外の可能性もあり�

11/03/28 � 3242� 4� Swift 
J164449.3+573451 �

（別銀河の超巨大BH）!
MAXI でも検出�

11/05/08 � 3330� 10� MAXI J1543-564�

11/08/30 � 3611� 7� MAXI J1836-194�
12/04/10 � 4024� 7� MAXI J1305-704� 中性子星の可能性もあり�

12/06/01 � 4140� 8� MAXI J1910-057� Swift J1910.2-0546�



Transient Objects Observed by MAXI �
•  Star!

–  Sun, dMe, RSCVn,  YSOs, Algol!
•  White Dwarfs!

–  CVs, Super Soft Source!
–  MAXI J0158-744!

•  Neutron Stars!
–  LMXB (Burst, Superburst, Outburst), Pulsars, Supergiant Fast X-ray 

Transients!
–  MAXI J0556-332, MAXI J1409-619, MAXI J1647-227!

•  Black Holes!
–  MAXI J1659-152, MAXI J1543-564, MAXI J1836-194, MAXI 

J1305-704, MAXI  J1910-057 (Swift J1910.2-0546)!
•  GRB, XRF!

–  About 1 GRB or XRF/month (GRB 120528B, 120528C)!
•  AGN!

–  Mrk 421, M82, Cyg A, NGC 4151, Cen A, ..., Swift J1644+57�



Swift J164449.3+573451 �



まとめ�
•  BH の観測的研究は大局的には理解されている。!
•  しかし、まだ説明できない観測事実や矛盾がある。!

–  Jet, QPO, State Transition!
•  MAXI によりこれまでに5つのブラックホールが発
見された!

•  未解決問題の解決や新天体の正体を知るために
も、多波長観測がますます重要となってきている!


