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Typical	energy	spectra	of	Cyg	X-1	(Yamada+2013)	

A	study	of	the	long-term	variability	is	important	
for	understanding	the	large-scale	structure	of	
the	accreVon	disk	and	of	the	corona.		

-  What	is	the	origin	of	the	long-term	variability?	
-  Is	there	a	difference	of	the	long-term	variability	between	the	LHS	and	the	HSS?	

PSD	by	previous	studies	

1.5-3	keV	

5-12	keV	

Long-term	variability	of	the	black	hole	binary	Cygnus	X-1		

BH	

low/hard	state	(LHS)	and	high/soF	state	(HSS)	

Corona	
(RIAF)	

AccreVon	
disk	

3-5	keV	

LHS	 HSS	

Aaer	the	start	of	the	
MAXI	observaVon,		
it	stayed	in	the	HSS	
for	most	of	the	Vme.	

2	

lack	of	
informaVon	



20.1

1

10

ke
V2
 (P
ho
to
ns
 c
m
-2
 s
-1
 k
eV

-1
)

Energy (keV)
5 10

Observa(on	by	the	MAXI/GSC	from	Aug	2009	to	Jan	2016	

-  Cyg	X-1	repeats	the	state	transiVon	between	
the	LHS	and	the	HSS.	

-  It	stayed	mostly	in	the	HSS	in	the	6-years	of	
MAXI	observaVons.	

LHS	
HSS	

1-day	bin	light	curve	with	MAXI/GSC	
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The	two	spectral	states	can	be	disVnguished	by	the	hardness	raVo.	
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Analysis	&	Results	
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Psup	=	61	day	

Porb	=	3.89	day	

MAXI	data	includes	data	gaps		
caused	by	sun	avoidance,	high	parVcle	background	regions,	etc.	
à	We	interpolated	each	gap	with	a	linear	funcVon	and	calculated	PSDs.		
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Treatment	of	the	data	gaps	
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Treatment	of	the	data	gaps	
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Psup	=	61	day	

Porb	=	3.89	day	

MAXI	data	includes	data	gaps		
caused	by	sun	avoidance,	high	parVcle	background	regions,	etc.	
à	We	interpolated	each	gap	with	a	linear	line	and	calculated	PSDs.		

For	examples…	

	
MAXI	Power	spectrum	page	:		
h:p://maxi.riken.jp/home/juri/PSD_web_cat/	
	



How	to	correct	a	PSD	with	MAXI	data	
The	MAXI	light	curve	consists	of	discrete	snap-shot	scans,		
because	MAXI	scans	an	X-ray	source	only	for	40	∼	70	s,	every	90min-period.		

☆	Discrete	snap-shot	scans	
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																54sec	

Aliasing	effect	

(a)  54sec	sampling	
(b)  90min	sampling		
																		+	data	gap	
(c)	ObservaVon	Response	funcVon：	

(b)	/	(a)	

We	corrected	the	sampling	and	gap	effects	in	the	MAXI	
observaVon	by	dividing	the	PSD	calculated	from	the	
real	data	by	the	response	funcVon.	

1.  Making	simulated	light	curves	
(54sec	sampling,	PSD∝f-1	)		

2.  Applying	MAXI	observaVon	
palerns	to	the	simulated	light	
curve	(discrete	structure,	data	
gaps)	

3.  CalculaVng	PSDs	
4.  CalculaVng	the	response	

funcVon	
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Results:	Long-term	Power	Spectrum	Density	

HSS	

LHS	

In	both	states,	NPSDs	down	to	10−7	Hz	follow	a	power	law		
and	are	approximately	expressed	as	an	extrapola(on	of	the	NPSD	above	0.01	Hz.		

The	long-term	NPSD	in	the	HSS	was	
obtained	for	the	first	Vme	!	
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Short-term	variability	

Long-term	variability	

NPSD	=	PSD/(average	intensity)2	



Discussion	
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Time	scale	for	the	accre(on	
	
Viscous	Vme	scale：	
	

We	assumed	that	the	long-term	variaVon	(10-7	Hz)	is	produced	
at	a	large	radius	and	propagates	inwards,	and	that		
most	of	the	X-rays	are	radiated	from	the	vicinity	of	the	BH.		

The	long	term	variaVons	(<	10−7	Hz)	are	too	slow	to	be	explained	by	a	phenomenon		
that	has	direct	origin	in	the	BH	vicinity.		
àWe	must	consider	that	slow	changes	in	Mdot,	produced	at	some	large	radii,		
propagate	towards	the	center	to	produce	the	observed	X-ray	variaVons	(Churazov+2001).	

Time	scales	of	the	varia(on		
newly	produced	in	the	accre(on	disk	
	
-  Dynamical	Vme	scale:	

-  Thermal	Vme	scale:		
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αΩK
H	：	disk	half	thickness				R	：	disk	radius	
α	：	viscous	parameter			ΩK	： Keplerian	angular	velocity		

àThis	idea	was	invoked	by	Churazov	et	al.	(2001)	
to	explain	the	X-ray	variaVons	on	Vmescales	down	
to	10−4	Hz.		
	

・　In	an	opVcally-thick	and	geometrically-thin	standard	disk	:		
H	<<	R,	α〜0.01	　 à	td＜tth＜tvis	

VariaVons	produced	at	any	outer	radii	would	be	strongly	dissipated	and		
		not	propagate	down	to	the	X-ray	emitng	region.	
	
・ In	an	opVcally-thin	and	geometrically-thick	flow	(RIAF)	： 	

H〜R,	α〜0.01　   à			td＜ tth〜tvis	
		The	fluctuaVons	can	propagate	inwards,		
		and	cause	the	X-ray	intensity	to	vary	on	a	wide	range	of	Vme	scales.	 10	

à	How	can	the	long-term	varia(on	propagates	to	the	vicinity	of	the	BH?		

variaVon	

X-ray	
radiaVon	

Previous	picture	

〜1012	cm	



・　In	an	opVcally-thick	and	geometrically-thin	standard	disk	:		
H	<<	R,	α〜0.01	　 à	td＜tth＜tvis	

VariaVons	produced	at	any	outer	radii	would	be	strongly	dissipated	and		
		not	propagate	down	to	the	X-ray	emitng	region.	
	
・ In	an	opVcally-thin	and	geometrically-thick	flow	(RIAF)	： 	

H〜R,	α〜0.01　   à			td＜ tth〜tvis	
		The	fluctuaVons	can	propagate	inwards,		
		and	cause	the	X-ray	intensity	to	vary	on	a	wide	range	of	Vme	scales.	

Time	scale	for	the	accre(on	
	
Viscous	Vme	scale：	
	

The	long	term	variaVons	(<	10−7	Hz)	are	too	slow	to	be	explained	by	a	phenomenon		
that	has	direct	origin	in	the	BH	vicinity.		
àWe	must	consider	that	slow	changes	in	Mdot,	produced	at	some	large	radii,		
propagate	towards	the	center	to	produce	the	observed	X-ray	variaVons	(Churazov+2001).	

Time	scales	of	the	varia(on		
newly	produced	in	the	accre(on	disk	
	
-  Dynamical	Vme	scale:	
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àThis	idea	was	invoked	by	Churazov	et	al.	(2001)	
to	explain	the	X-ray	variaVons	on	Vmescales	down	
to	10−4	Hz.		
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We	assumed	that	the	long-term	variaVon	(10-7	Hz)	is	produced	
at	a	large	radius	and	propagates	inwards,	and	that		
most	of	the	X-rays	are	radiated	from	the	vicinity	of	the	BH.		

à	How	can	the	long-term	varia(on	propagates	to	the	vicinity	of	the	BH?		

variaVon	

X-ray	
radiaVon	

New	picture	

RIAF	

〜1012	cm	
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For	both	the	LHS	and	HSS,	we	calculated	NPSDs	from	the	light	curves	in	the	three	
energy	bands,	2–4	keV,	4–10	keV	and	10–20	keV.	
The	short	data	length	was	used	:	(40	d	×	6)	for	the	LHS	and	(43	d	×	8)	for	the	HSS.	
These	data	segments	were	converted	individually	into	NPSDs,	and	took	their	
averages,		
	

Result	2:	Energy	dependence	of	the	long-term	NPSD		
																																																																				in	the	high/soF	state	

2-4	keV	
4-10	keV	
10-20	keV	

-  The	normalizaVons	are	significantly	energy	dependent.		
2-4	keV	(disk	component)	＜ 4-10	keV,	10-20	keV	(power	law	component)	

The	power	law	component	is	responsible	for	the	observed	long-term	intensity	
variaVons,	while	the	disk	emission	is	essenVally	constant.	
It	may	provide	keys	for	understanding	the	origin	of	the	hard	component	.	

NPSD	=	PSD/(average	intensity)2	

NPSD=変動の割合	

Γ=-1.35±0.29	

Γ=-1.29±0.23	
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We	studied	characterisVcs	of	the	long-term	X-ray	variaVon	of	Cyg	X-1	over	the	
frequency	range	of	10−7	−	10−4	Hz	with	6	years	of	MAXI	data.		
	
☆NPSD	analysis		（Sugimoto	et	al.	(2016),	published	in	PASJ.）	
	
	
	
	
	
	
	
	
	
	

	

Summary	

The	long-term	variaVon	produced	at	large	radii	can	propagate	to	the	vicinity	of	
the	BH	through	the	opVcally-thin	flow	(RIAF)	extending	to	1012	cm.	
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-  The	long-term	NPSD	in	the	HSS		
						was	obtained	for	the	first	Vme.		
-  In	both	states,		
						our	results	(<	10-4	Hz)	connect	to		
						the	NPSDs	above	10-3	Hz.		
-  In	the	HSS,	the	disk	component	is	

stable	while	the	hard	tail	varies.	
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-  PSD	page	
	h:p://maxi.riken.jp/home/juri/PSD_web_cat/	


