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GSC+SSC	Image	
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Accumulated	in	2010-2013	
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2009/7/23　Astronaut	Wakata-san	at	ISS	moved	
robot-arm	to	mount	MAXI	at	JEM-EF	port.	

2009/7/16,	MAXI	was	launched	by	space	shuttle	Endevour.	

Photos	in	NASA	web	page	



Real	MAXI	
in	space		

2009/8/15	First	light	

NASA	photo	taken	from	the	Space	Shuttle	

H-FOV	

160	deg	

×３	deg	

Z-FOV		
160	deg×３	deg	

Scans dwell time ~60 s
Sensitivity (～5σ)
   1scan 100 mCrab	
   1day     30 mCrab
   1month  5 mCrab
   1year      1 mCrab



All-Sky	Coverage	(GSC) �

GSC 0 (slow	gas	leak.	Now	P~0.1atm)	

Scan poles (blind, r = 10 deg.)	moves 
with the orbital precession period of 70 days. 

Galactic	coordinates	

Sun avoidance (5 deg.)	

GSC 3  (degraded	sensitivity	without	veto)	 http://maxi.riken.jp/	

The	GSC	covers	~90%	of	the	sky	every	92	minutes	of	ISS	orbit.	

One day	



Daily	duty	cycle	of	12	cameras�
*  Daily	average	duty	cycle	~	40	%	(stopped	in	SAA	and	at	high	latitude)		
*  GSC_3,	GSC_6,	GSC_9:	veto	counters	are	disabled.		GSC_0:	gas	leak		
*  GSC_3,	GSC_6:	under	test	operation	with	the	veto	disabled		

1650V	 1550V	

2009/8/15	 2016/9/23	

Redundant	
pair	

without	veto		

without	veto	

without	veto	
Stopped	

Low	lifetime	
Stand	by	

Low	lifetime	
Stand	by	

Stand	by	

Stand	by	

Gas	leaking	

i = 51.6 deg. Alt. ~ 350km

Sugizaki	IEEE	2016	



Press	releases	of	MAXI�

7�

2010.	9.	21.	

2013.	11.	14.	

2011.	8.	25.	

2013.	2.	22.	

Taken	from	Japanese	newspapers	

Slow-eating	Blackhole	
Hyper	nova	remnant	in	Milkyway	

Ignition	of	nova	explosion	

Blackhole	swallowing	a	star	
草食系(?)	ブラックホールの発見	
～ブラックホール新星 XTE	J1752-223	の	
																																								出現から消失まで～	



BAT	
det.	

MAXI	scan	
No	det.	

V404	Cyg	on	2015.6.15.		

V404	Cyg	/	GS	2023+338	

To=2015/6/15 18:31:38 

Fermi	
det.	

Quick	follow-up	optical	observation	
Discovery	of	rapid	variability	(Kimura	et	al.	Nature	2016)	

⇒ Kimura-san’s	talk	



Papers	and	Awards�
*  Refereed	paper	using	MAXI	data　  190		
*  Refereed	papers	(by	MAXI	team)　　 62         　 　					

*  Invited	talks	in	Intern.	Conf.																		11										　　	

*  Press	releases　                                        13         　　	
*  2013	Paper	Award	by	Publ.	Astron.	Soc.	Japan　	

*  MAXI	conferences　                                 3	
*  Riken	Symposium																								                4	

*  ISS	award	on	innovation	in	earth	and	space	science,	
CASIS	(Center	for	the	Advance.	of	Sci.	In	Space),										
American	Astronautical	Soc.,		NASA	

Time	domain	astronomy	
Multi-messenger	astronomy	
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GSC	all-sky	map	(4.1	years) �

					Red:	2-4	keV,	Green:	4-10	keV,	and	Blue:	10-20	keV.		
					X-ray	binary	pulsars	appear	in	blue,	supernova	remnants	appear	in	red,	

low-mass	X-ray	binaries	appear	in	yellow.		
					More	than	500	sources	are	detected.	Members	of	bright	AGN	have	changed	

in	30	years.		A	new	catalog	in	the	early	21st	century.	

2.1	All-sky	map	

Mihara	et	al.	(2014)	

Hiroi	et	al.	(2013)	



GSC+SSC		all-sky	map�

Kimura	et	al.	(2013)	

Red:	0.7-2	keV,	Green:	2-4	keV,	and	Blue:	4-7	keV.		
Supernova		remnants		appear	in	red.	
Large	structures	(North	polar	spur,	Cygnus	super	bubble)	are	recognized.		

2.1	All-sky	map	

⇒ Tsunemi-sensei’s	talk	
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14�About 60% were identified.�

(galactic coordinate) �

2nd	MAXI	/	GSC	37	months	catalog	�

Hiroi	et	al.	(2013)	

Careful	and	precise	localization	is	needed.	

500 sources are detected （|b|>10°, >7σ）�

 Swift/BAT 70-Month Hard X-ray Survey Catalog  (AGN, galactic) 
 Meta-Catalog of X-Ray Detected Clusters of Galaxies (clusters)�

X-ray binary :   20� Galaxy cluster : 114�

Seyfert galaxy: 100� Blazar        :  15� Galaxy           :    8�

Confused      :    4�

CV/Star     :  30�

X-ray source : 5� Unmatched     : 204�

Cross-matching	with	catalogs	

Detection limit  :�
 ～0.4 mCrab�

2.2	MAXI	catalog	

1st		143	src.	
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•  Consistent	with	HEAO-1’s	result	（fluxes	>10-11	erg	cm-2	s-1）	
•  But,		40%	of	objects	were	changed.	
•  N ∝ S -1.5   (in low flux of f < 10-11 cgs ）	

10-12�

4-10 keV flux S (erg cm-2 s-1)�

10-11� 10-10� 10-9�
10-4�
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Surface	density	of	X-ray	sources	
log	N-log	S		(MAXI’s	500	objects)�

2.2	MAXI	catalog	

Hiroi	et	al.	(2013)	
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MAXI	discovered		
17	X-ray	Transients	in	7	years�

	J1659-152	(GRB	100925A)	

J1543-564	
	J1836-194	

J1305-704	

J1910-057	
(Swift	J1910.2-0546)	

		J1828-249	

J1647-227	

J0556-332	
	J1409-619	

MAXI	J0158-744	GRB	121225A	
(Swift	J1741.5-6548)	

J1932+091	

1	White	Dwarf,		6	Neutron	Stars,		6	Black	Hole	Candidates,		and		1	unknown	

J1735-304	(Swift	J1734-3027?)	
	J1421-613	

2.3	MAXI	sources	

⇒ Negoro-san’s	talk	
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Discovery	of	MAXI	J0158-744 �

• 	Soft	X-ray	short	Transient	(	<	5	keV)		
None	of	GRBs,	X-ray	burst	on	neutron	stars,	
Flare	of	magnetars,	Super-giant	Fast	X-ray	
Transient,	and	supernova	shock	breakout	

• 	MAXI	GSC	1	orbit	image	

Galactic	Coordinates	

2.4	Massive	Nova	ignition	

		3	
2011-11-11	06:26	



100	 1000	10	 day	

Classical	nova	MAXI	J0158-744 �

*  Near	the	edge	of	Small	Magellanic	Clouds	(SMC)	
Ø Optical	spectrum:	Be	star	at	SMC	distance	(	=	60	kpc)	(B1-2	IIIe	)	
Ø Luminosity	=	1040	erg/s				(Ignition	phase)	
Ø  Ionized	Ne	line	was	detected.	

*  Latter	phase	(0.5	~	30	days)	:			
*  Blackbody		(radius	=	104	à	102	km,		Temperature=	60	à	110	eV)	
*  Similar	to	soft	X-ray	emission	after	nova	explosions.	
*  Super	Soft	X-ray	Source	phase	(SSS	phase)	

SSS	phase	

ignition	phase	

Rapid	nova	

Time	(days)	since	trigger	time	
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⇒ Tsunemi-sensei’s	talk	
GSC-H	SSC-H	Z	

Very	rapid	
Very	luminous	
Less	total	Energy	

2.4	Massive	Nova	ignition	



WD mass is close to the 
Chandrasekhar limit  (1.4 Mo)	

Hachisu & Kato (2006)	D
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1000	

10000	

White dwarf Mass	

1	

Turn-on	

Turn-off	

MAXI J0158-744	

days	

SSS phase: very early (started before 0.5 days)  
                    very short duration（about 10 days）�

Rapid	nova	 2.4	Massive	Nova	ignition	



22�

WD-Be binary system (MAXI J0158-744) �

Credit: Takuya Ohkawa	

Very massive     
O-Ne white dwarf	

Be star	

Circumstellar 
disk	

Press	Release	from	RIKEN	(2013.11.14)	

Nova ignited 
with a less 
accumulation	

Luminous (100Ledd) and 
Exploded out rapidly 	

rare	

Thermal Ne line	

Morii	et	al.	(2013)	Nova	(nuclear	fusion)	explosion	
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MAXI	detected	large	stellar	flares	�

24�

64 large flares from 21 stars in 4 years.
�

An	example	of	flare	

-3	-2	 -1	

0	

+1	 +2	+3	

Time	(from	2012/04/18)	[day]	

dMe	star	
AT	Mic	

Log	(flare	energy	[erg])	
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Tsuboi	et	al.	(2014)	

2.5.	Stellar	flares	

⇒ Tsuboi-san’s	talk	



Luminosity	distribution	:		
MAXI	detected	large	flares�

25�

64 large flares from 21 stars in 4 years.

Solar	flares	

Super	flares	of	G
-stars	

Log	(flare	energy	[erg])	
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2.5.	Stellar	flares	

⇒ Tsuboi-san’s	talk	
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4U�

　　Be	X-ray	binary	pulsars		

X-ray	sources	are	variable �

56000　	

55000　	 55500　	 56000　	 56500　	
2009/8/15	 2014/6/17	

2.6.	recurrent	transients	

MJD	

MJD	

Asai	et	al.	2013	Mihara	et	al.	2014	 1038　	

1037　	

1036　	

1035　	

      　	

We	need	to	watch	every	day	and	every	second.	

1038　	

1037　	

1036　	

1035　	

55000　	

Neutron	star	Low-mass	X-ray	binaries		

Lx
 e

rg
/s

　
	

57600　	MJD	55200　	

http://maxi.riken.jp/mxondem/outburst/BH/	

Blackhole	X-ray	binaries		

Fx
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⇒ Nakajima-san’s	talk	 ⇒ Asai-san’s	talk	
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Cir	X-1	dust	echo�

Taken	from	space.com	
2015	June	24.	

2.7.	Dust	echo	

SNR	

rings	

a	b	c	d	

http://www.space.com/29755-neutron-star-lord-of-rings-chandra.html	

• A	snap	shot	by	
Chandra	contains	
sum	of	the	
activities	in	one-
year.		
• Historical	light	
curve	of	MAXI		
was	necessary	
to	solve	the	echo	
rings.	

Chandra	X-ray	image	

MAXI	light	curve	

Dust	planes	inbetween	

Ring	intensity	fitted	by	
MAXI	light	curve	

Heinz	et	al.	2015		
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P	and	Pdot	of	4U	1626-67�
were	monitored	with	MAXI	in	each	60-day.	

Flux	

											55000										55500										56000											56500	
MJD	

Residuals	from	linear	fit.	

MAXI	
Fermi/GBM	

MAXI	and	GBM	results	agree	well.	

Flux	increase	
and	
Pdot	increase	

P	

s	

2.8.Pulsar	monitoring	

Takagi	+	2016	
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MAXIのデータ	

Spin	down	

Spin	up	

Swift		data	

MAXI		data	

Apply	G&L	eq.	to	MAXI	and	past	data,	
obtain	best-fit	M	and	R. �

Best-fit	model	for	D=10kpc	
	M	=	1.74±0.05	Mo,	
	R	=	13.5±0.1	km	
Very	accurate.	

χ2	ν=0.99	

Flux	error	5.5%		is	added.	

Takagi	+	2016	

2.8.Pulsar	monitoring	



Ghosh	and	Lamb	(1979) �

Acc.	Disk	:	Kepler	rotation	

Mag.	Fields	rotates	rigidly	with	pulsar	 Gas	pressure	=	mag.	pressure		
(Alfven	radius)	

Gas	transfers	from	Kepler	
rotation	to	rigid	rotation	at	
Alfven	radius.	The	angular	
momentum	is	transferred	from	
the	gas	to	the	pulsar.	

Relation	between	Pdot	and	Lx.	
Parameters	are	μ,	I		⇒ B,	R,	M	

2.8.Pulsar	monitoring	
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Soluition	

Allowed	M	-	R	region	of	NS	in	4U1626-67	

Gray	lines	are	EoS	of	a	NS	(SLy,	APR,	Shen)	

Uncertainty	includes	
• distance	
• Uniformity	of	X-ray	radiation	
• Accuracy	of	GL	equation	
Lines	by	a	factor	of	(1,±0.2,	1±0.5).	

uncertainty	

If		the	uncertainty	is	±0.5	

If	D=10kpc	

If	the	distance	can	be	available	by	other	method	as	GAIA,	
we	can	put	limits	on	M	and	R.	

⇒ Sugizaki-san’s	talk	

Takagi	+	2016	

2.8.Pulsar	monitoring	
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Long-term	monitoring	of	AGN	�

3.6 活動銀河核
高いX線検出感度と大きな視野をあわせ持つMAXIは、活動銀河核（AGN）の活動の監視に大きな威力

を発揮する。実際、MAXIは、活動銀河中心核の一種であるブレーザー天体の長期 X線監視観測で、観測
の初期段階から重要な成果 (たとえば Isobe et al., 2010a) をあげてきた。
AGNの中には、ジェット呼ばれる超高速のプラズマ流を噴出する天体がある。その中でも、ジェットが

我々の視線方向を向いた天体がブレーザーである。ブレーザーの大きな特徴に、電波からX線, γ線に至る
広帯域の非熱的放射と、その強度の激しい変動があげられる。その時間変動の様子を詳細に解析すること
で、磁場や放射領域の大きさなどジェットの重要な物理量を推量することが出来る。
図 59に、2009年 8月の通常観測開始からの 3年間に蓄積した、ブレーザー天体 Markaryan 421 (以下

Mrk 421)の X線光度曲線である。この天体は、全天でもっとも X線フラックスが大きいブレーザーで、
MAXIで最も精度のよい観測データを取得できている。Mrk 421が、非常に活発に活動している状態と静
穏な状態を繰り替えしている様子が、はっきりと分かる。特にMAXIは、Mrk 421が一日程度のタイムス
ケールで突発的に増光する現象（フレアと呼ぶ）を 3 回検出し、Astronomer’s Telegramを通じていち早く
全世界に速報することに成功した (Isobe et al., 2010b,c; Hiroi et al., 2011) 。

図 59: MAXI GSCが 2009年 9月から 2012年 10月の間に観測したブレーザー天体 Mrk 421の 3–10 keV で
のX線光度曲線。菱形（赤）が観測点で、点線（黒）は非観測時期の線形内挿を表す。MAXIがAstronomer’s

Telegramに速報したX線フレア (Isobe et al., 2010b,c; Hiroi et al., 2011) を、図上の矢印で示した。Isobe

et al. (2014) より抜粋。

フレアの際の X線光度曲線を詳細に調査することで、Mrk 421のジェットの物理量を推定することにも
成功した。例えば、フレアのピークの減衰時間は、ジェット中の高エネルギー粒子がシンクロトロン放射で
そのエネルギーを失うタイムスケールで決まると考えられるため、減衰時間からジェットの磁場を測定出来
る。MAXI が測定したX線光度曲線によると、1月 1日のフレアのピークの減衰時間は約 25000秒であり、
これは磁場の強度B ∼ 0.045(δ/10)−1/3 Gに対応する（δはジェットのドップラー因子）。これは、これまで
の研究で報告されてきた磁場強度とも矛盾がなかった (B = 0.036 – 0.44 G; Kino et al., 2002) 。いっぽう、
2010年 2月 17日のフレアのピークは減衰するのに約 1日半もったことから、このフレアを起こした領域の
磁場（B ∼ 0.015(δ/10)−1/3 G）はこれまでの観測と比べて有意に弱かったことが示唆された。この結果を
もとに、巨大なフレアは磁場の弱いところで起きる、あるいは巨大なフレアはいくつかのフレアの重ね合わ
せで起こる、という新たな可能性を提示することが出来た (Isobe et al., 2010a) 。
MAXIがフレアを速報したことにより、ブレーザーの他波長連携観測の可能性が大きく広がった。例えば、

2010年 2月 17日のMrk 421のX線フレアに同期して、非常に強い超高エネルギー γ線フレアがVERITA

望遠鏡などにより報告されている (Ong, 2010; Bartoli et al., 2011) 。また国内では、「かなた」望遠鏡など
の 可視光観測や大学VLBI連携 (JVN)などの電波観測との協力体制も構築しつつある。実際、2月 17日の
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MAXI	Light	curve	(3-10	keV)	of	the	
Blazar	Mrk	421	for	3	years.		

Mrk 421のX線フレア後の速報を元に JVNによる素早いモニター観測を実施し、新しいジェットの blobが
噴出した兆候を発見することに成功した (Niinuma et al., 2012) 。これは、ジェットの噴出と強いX線フレ
アの発生を関連付ける、重要な成果と考えられる。
さらに、我々は 3年間という長期に渡って取得されたMAXIの光度曲線を解析することで、その変動の

パワースペクトル密度をかつてない長い周波数範囲にわたって決定することに成功した（図 60）。過去の
観測結果によれば、t ∼1 day以下のタイムスケールにおいて、Mrk 421のパワースペクトル密度は、指数
≈2.1のべき関数で近似できることが知られていた (Kataoka et al., 2001) 。今回、MAXIにより初めて長い
タイムスケールでの変動特性を測定した結果、t ∼10 day以上でのパワースペクトル密度のべきは≈1.6で
あり、より高周波数での傾きより有意にフラットになっていることが明らかになった。このフラットなべき
は、強いジェットをもたない通常の AGN（セイファート銀河）から観測される値とほぼ一致している。こ
の事実は、ブレーザー天体における長いタイムスケールの変動は、ジェット内部での現象でなく、ジェット
を形成する降着円盤の変動によって作られていることを示唆している。この結果は、「ブラックホールから
の相対論的ジェットの形成機構」という重要課題に対して、極めて重要な示唆を与えるものである。

図 60: MAXIおよびASCAで得られた、Mrk 421のペリオドグラム（周波数がかかっている）。ポアソン
レベルは差引済。赤四角はMAXIによる結果を、青四角は ASCAによる結果 (Kataoka et al., 2001) を示
す。白三角は、MAXIのデータ点から得られたパワースペクトル密度のベストフィットモデル（指数 1.6の
べき関数）より予想されるペリオドグラム。黒三角は、ASCAで決めた高周波数側のべき指数（2.14）を、
そのまま低周波数側に延長した場合に予想されるペリオドグラム。低周波数側と高周波数側で、パワースペ
クトル密度のべきが異なることが分かる。Isobe et al. (2014) より抜粋。
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Power	spectrum	of	Mrk	421		by	MAXI.		
It	connects	with	the	ASCA	points	at	higher	frequency	after	break.		
White	triangles	with	lines	are	simulation	of	a	power	law	with	index	of	1.6.		
Black	triangle	with	lines	are	extrapolation	of	ASCA	curve	(index	2.14).		

Isobe	et	al.	(2014)	
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Tidal	Disruption	Event	with	MAXI �
-  A	star	approaching	to	a	giant	blackhole	in	the	

center	of	a	galaxy		is	torn	into	pieces	by	the	tidal	
force.	The	debris	accretes	to	the	blackhole.		

-  Long	time	monitoring	of	MAXI	guarantees	a	
single	event,	not	one	of	the	AGN	activities.	

-  MAXI	detected	three	TDE	during	2009-2012.	
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Fig. 1.— Left figure shows the significant map in a region where Swift J1644+58 (left upper source) was detected. On the other hand, the
right map is created in the same region with the data obtained during the 37 month. The brighter color indicates the higher significance
according to the scale bar on the top of each figure.

TABLE 1
Our Sample of Tidal Disruption Events

Name z logL4−10keV Γ δ
[1] [2] [3] [4] [5]

Swift J164449.3+573451 0.354 46.6 10 16
Swift J2058.4+0516 1.1853 47.5 > 2 (10a) (16a)

NGC 4845 0.004110 42.2 - -

Note. — Col. [1]: Name of the TDE; Col. [2]: redshift; Col. [3]:
Luminosity (erg s−1) in the 4–10 keV band; Col. [4]: The Bulk Lorentz
factor; Col. [5]: The Doppler factor.
aThe value used in analysis.
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Fig. 2.— The X-ray (3-10 keV) light curves of three TDEs (left to right) during their flares. The light curves colored with blue are used
to fit the power law model, while the gray dashed line is not used and plotted for the purpose of a visualization. The nT in each figure is

the best fit power law index represented as (t− tD)n
T
, and the errors in a 90% confidence interval are also expressed.

Second, an alternative key is to test whether a light
curve follows the (t − tD)−5/3 power law decline after
the peak flux at tp, where t and tD are the time dura-
tion and the disruption time, respectively. The fitting
to a light curve strongly depends on the time taken to
achieve the peak flux from the tidal disruption, namely
∆t = tp − tD. By referring to the papers (Burrows et
al. 2011; Cenko et al. 2012; Niko"lajuk & Walter 2013),
approximately 20 days (for NGC 4845) and 80 days (for
Swift J1644+57 and Swift J2058+05) are appropriate to
explain the light curve with ≃ −5/3 power law. Accord-

ingly, fixing the tp and the tD at the first day in the
bin showing highest flux and at the above ones, respec-
tively, we confirmed that the 10 days light curves follow
the power law, as is shown in Figures 2. When fitting
the power law model, where the free parameters are the
power law index and the normalization, we choose to use
the 9 bins, corresponding to 90 days. The resultant in-
dexes of nT are −1.94+0.39

−0.48, −1.92+0.58
−0.73 and −2.00+1.14

−1.25
for Swift J1644+57, Swift J2058+05, and NGC 4845, re-
spectively. Here, the Chi-squared method gives the good-
ness of the fit and the errors at 90% confidence. Although
we performed the same light curve fitting for the TDE

MAXI	2-10	keV	

SwiG	J1644+57	with	SwiG/BAT	and	MAXI/GSC	

2011/3/28	

2011/5/20	

Burrows	et	al.	Nature	2011	

⇒ Kawamuro-san’s	talk	

SwiG	J2058+05	
with	MAXI/GSC	

2.10.Tidal	disruption	
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0 1 2 5 10 21 42 85 171 341 680

1	orbit	(~92	min)�

3 σ upper limit (2-20 keV) : 0.1 c/s/cm2 ~ 30 mCrab ~ 10-9 erg/s/cm2 (Serino et al. 2015)	

Sun	

MAXI	put	upper	limit	in	flux	in	just	after	the	event,	long	before	and	after	the	event.		
GW	151226	:	upper	limit	(Serino	in	prep.)	

GW	150914																							 ⇒ Kawai-san’s	talk	

MAXI was not operating at the GW time 2015.9.14. 9:50:45 UT. 

Abbott	et	al.		2016	

Kawai	et	al.	in	prep.	

2.11.	Gravitational	wave	



1.	MAXI	instruments	
2.	Results	
			1.	All-sky	map	
			2.	MAXI	Catalog	
			3.	MAXI	sources				
			4.	Massive	Nova	ignition	
			5.	Huge	stellar	flares	
			6.	Recurrent	transients	BeXRB、NS-LMXB	
			7.	Cir	X-1	Dust	echo		
			8.	Pulsar	Lx	P	monitoring	
			9.	AGN	monitoring	
			10.	Tidal	disruption		
			11.	GW	150914	
			12.	MUSST	
3.	MAXI	future	
	
�

Outline	�



7	MUSST	(MAXI	UnID	Short	Soft	Transient	) �

GCN		#17772											 Atel	#7954																				GCN		#17568														GCN		#16686															ATel	#6066																GCN		#14359									    ATel	#3316	

GRB	150428C					MAXI	J1501-026				MAXI	J1540-158			　GRB	140814A　MAXI	J0545+043				GRB	130407A　 MAXI	J1631-639			

Scan	profile	is	not	corrected	in	light	curves.	

No	flux	
in	high	
energy	
band	

           2015-04-28														2015-08-26																			2015-03-11																	2014-08-14																		2014-04-12	　           2013-04-07														2011-04-29	

(l,	b)	=	(139.1,		+11.3)		　   (354.6,	+46.8)												(351.6,	+30.6)						    			(139.9,	+66.4)														(201.1,	-12.6)				　						(26.4,			+35.6)									(324.4		-10.8)							

flux					0.16	Crab																			0.44	Crab																					0.1	Crab																								0.23	Crab																					0.2	Crab	　　　        			0.17Crab																		0.12	Crab				

SwiG	follow-upｓ  　　　non	detec\ons	

We	put	GRB	name	and	reported	to	GCN.	But	they	might	not	be	GRBs	in	fact.		
Higher	performance	of	novasearch	and	7-tiled	follow-up	of	Swift/XRT	increased	the	number	of	MUSST	after	2014.		

2-4	keV	

4-10	keV	

10-20	keV	

11’	FOV	

2-4	keV	

Soft : only detected in soft X-ray（MAXI 2-10 keV). �
Short transient : Undetection in the next scan of MAXI. �
                      Undetection in the Swift/XRT follow-ups.�

2.12.MUSST	



OHMAN	(Onorbit	Hookup	of	MAXI	And	NICER)	

MAXI:	Already	on	orbit	

Keith Gendreau (NASA/GSFC)
*  Prompt follow up 
*  Watch the transient in X-ray 

while still X-ray bright.  
*  Nova search on ISS and 

command to NICER. 

ISS ELC3	

43�

NICER:	Launch	in	March	2017	

GSFC:	MIDX		MOO	
Riken	ISAS	小規模	

2.12.MUSST	
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MAXI		future �
*  MAXI	is	operated	till	2018.	3.		We	will	apply	for	a	further	operation.	
*  JAXA	continues	ISS	program	till	2024	(op-3).	

* Global	cooperation	with	new	instruments	
*  CALET:	2015	–　　　　　　　simultaneous	obs.	of	GRB	
*  Advanced	LIGO:	2015	–	   GW	sources.	O2	is	going.	
*  NICER:	2017	–　　　　　　　pointing	X-ray	observation	from	ISS	

* Coordinated	obs.	of	transients	(Japan,	International)	
*  New	blackhole	binaries	:	1-2/yr　　　     　 ＊　Giant	stellar	flares	
*  Low-mass	X-ray	binary	:	Super	Bursts　  ＊ 　Gamma-ray	bursts	
*  Tidal	disruption	events　　　　　　　　　　  ＊ 　X-ray	binary	transients	

•  Catalog（３rd),			Low	galactic	(|b|<10°)	　	
*  More	statistics à		reaches	confusion	limit	(~0.5	mCrab)	　～1000	objects	
*  With	Light	curves	and	variability	index.	（info.	in	time-dimension）	

* Permanent	MAXI	archive	at	ISAS	
　�

3.MAXI	future	

⇒ Ebisawa-san’s	talk	



Summary	 �

End	

•  Continuous	monitoring	of	MAXI	on	ISS	provides	
					basic	information	on	variability	of	X-ray	sources,		
					which	is	distributed	freely	to	the	world.	

•  A	real-time	alert	triggers	many	follow-up	observations	of	ground	
observatories	and	satellites	in	orbit.		

•  New	phenomena	(as	an	ignition	of	a	nova)	and	six	blackholes	were	
discovered.	

•  MAXI	has	opened	a	new	era	of	time-domain	astronomy	and	of	
multi-messenger	astronomy	with	the	highly-sensitive	X-ray	all-sky	
monitor	and	the	real-time	alert.				

•  Together	with	new	instruments	(gravitational	wave	detectors,	the	
X-ray	detector	NICER	on	ISS),	MAXI	will	be	on	the	cutting	edge	of	
the	X-ray	astronomy.	


