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The	Swi$	Observatory	

Burst	Alert	Telescope	(BAT)	
		-	coded	mask	telescope	
		-	17	arcmin	PSF	(FWHM)	
		-	1.4	sr	field	of	view	(~20%	of	the	sky)	
		-	15-150	keV	
		-	50-100	poinHngs	per	day	
		-	300	s	temporal	resoluHon	(survey	mode)	



BAT_Imager:	soMware	of	data	reducHon	and	scienHfic	product	generaHon	dedicated	to	
coded	mask	telescope	(Segreto	et	al.	2010)	

BAT	Palermo	Catalogue	

The	 100-month	 BAT	 catalogue	
includes	more	than	1700	sources	



Cyclotron	lines	in	accre1ng	neutron	stars	

§  In	 the	 presence	 of	 a	 strong	magneHc	 field	
the	 accreHng	 material	 is	 channeled	 along	
the	field	lines.		

§  The	 energy	 of	 the	 plasma	 electrons	
traveling	 along	 the	 magneHc	 field	 is	
quanHzed	according	to	the	Landau	levels.	

§  Photons	 may	 undergo	 resonant	 scaSering	
off	 these	 electrons,	 	 producing	 a	
characterisHc	 absorpHon	 feature	 in	 the	
spectrum	emiSed	by	the	NS.	

§  The	energy	of	the	fundamental	line	and	the	
spacing	 between	 the	 harmonics	 are	
approximately	proporHonal	to	the	strength	
of	 the	 magneHc	 field	 in	 the	 region	 where	
the	line	forms.	

Trumper	at	al.	1978	

Ecyc=	11.6	B	(1012	G)	(1+z)−1	keV	



HMXB	seems	to	be	divided	into	two	groups	(posiHve	correlaHon	and	negaHve	correlaHon)	
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Cyclotron	lines	observed	in	~25	HMXB	(Revnivtsev	et	al.	2015)	
B	ranges	between	0.9	1012	G	(SwiM	J1626.6-5156)	and	6.7	1012	G	(GRO	J1008-57)	

Becker	et	al.	2012	

Significant	variability	of	CRFS	energy	with	luminosity	

--	deceleraHon	of	the	plasma	to	rest	dominated		
				by	radiaHon	pressure		(nega1ve	correlaHon)	
			à	the	line	forming	region	moves	upward	with		
									increasing	luminosity	
--	deceleraHon	dominated	by	Coulomb		
				interacHon	(posi1ve	correlaHon)			
				à	the	line	forming	region	moves	downward		
									with	increasing	luminosity	

Hypothesis:	different	behaviour	could	reflect		
different	accreHon	regime	

Cyclotron	lines	in	accre1ng	neutron	stars	



Pspin	=	4.4	s	
Porb	=		34	d	
Lx	=	Transient		1038	erg	s-1	

Two	giant	outbursts	observed	since	2005	

V0332+53	

BAT	light	curve	



NegaHve	correlaHon	Ecycl	[keV]≃−0.143(±0.002)	L37+29.56(±0.03)	(Tsygankov	et	al.	2010)	

Tsygankov	et		a.	2010	

The	2005	outburst	

RXTE	(green	and	blue)	and	INTEGRAL	(red)	results	show	that	the	linear	trends		Ecyc	vs	Lx	in	
the		rising	and	in	the	fading		part	of	the	2005	outburst	are	consistent.		

V0332+53	
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The	 energy	 of	 the	 cyclotron	 line	 does	 not	 follow	 the	 same	 path:	 lower	 values	 in	 the	
declining	phase	with	 respect	 to	 the	 rising	phase.	At	 the	end	of	 the	 	outburst	we	have	a	
drop	in	the	energy	of	the	line	of	1.5	keV	or	a	“drop”	of	∼1.7	×	1011	G	of	the	observed	B	field.	

Cusumano	et	al.	2016	

V0332+53	
The	2015	outburst	



V0332+53	

BAT	+	NuSTAR		
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2016	

Doroshenko	et	al.	2016	

SwiM-BAT	2015	
Nustar	2015	
Nustar	2016	

5	NuSTAR	pointed	observaHons	(red	points)	have	confirmed	the	Ecyc	behaviour	during	the	
2015	 outburst.	 Two	 new	 observaHons	 in	 2016	 ,	 during	 periastron	 passage	 of	 V0332+53,	
have	shown	that	the	Ecyc	has	recovered	its		pre-outburst	posiHon	in	the	spectrum.		

The	2015	outburst	and	beyond	



AccreHng	 maSer	 may	 accumulate	 onto	 the	 polar	 cap	 forming	 a	 magneHcally	 confined	
mound,	 where	 the	 gas	 pressure	 balances	 the	 magneHc	 stresses.	 This	 would	 produce	 a	
distor1on	of	the	field	lines	(Brown	&	Bildstein	1998,	….,	BhaSacharya	&	Mukherjee	2011,	
…….)	dependent	on	the	height	of	the	mound	and	a	decrease	of	the	field	component	along	
the	accreHon	column.	

BhaSacharya	&	Mukherjee	2011		Becker	&	Wolf	2007	



The	 mound	 may	 have	 formed	 at	 an	
early	 stage	 of	 the	 outburst,	 reaching	
in	a	short	Hme	the	maximum	size	for	
a	 stable	 structure.	 AMer	 that,	 an	
equilibrium	 was	 reached	 where	 the	
plasma	 seSling	 on	 the	 mound	 was	
balanced	 by	 the	 maSer	 leaking	 out	
from	the	mound.		

Higher	 peak	 luminosiHes,	 the	
magneHc	polar	cap	is	larger	and	the	
field	 at	 its	 border	 is	 weaker,	
prevenHng	the	gas	confinement.	
	

OR	

V0332+53	



Pspin	=	283	s	
Porb	=		8.9	d	
Lx				=	5	1036	erg	s-1	

La	Parola	et	al.	2016	

Vela	X-1	
15-day	binned	light	
curves	are	from	
http://bat.ifc.inaf.it

La	Parola	et	al.	2016	



Long	term	varia1on	in	the	CRSF	of	Vela	X-1	
	
The	 CRSF	 second	 harmonic	 energy	
decreases	 by	 ∼0.36	 keV/year	 between	 the	
first	 and	 the	 th i rd	 Hme	 interva l ,	
corresponding	to	an	apparent	decay	of	 the	
magneHc	field	of	∼3×1010	G/year.		

La	Parola	et	al.	2016	

Vela	X-1	



A	long	term	varia1on	of	the	cyclotron	energy	
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AMer	 a	 strong	 upward	 jump	 in	 the	 early	
1990s,	 the	 cyclotron	 line	 energy	 has	
gradually	decreased	by	~4.5	keV	along	the	
19	 years	 from	 1996	 to	 2015.	 This	 trend	
was	 unveiled	 by	 using	 the	 results	 from	
many	different	telescopes.					

The	 analysis	 of	 the	 archival	 SwiM/BAT	
observaHons	 from	 2005	 to	 2014	 	 confirms	
this	trend	.		

Her	X-1	



Pspin	=	272	s	
Porb	=		132.5	d	
Ecyc	~52	keV	

In	a	quiescent	state	since	1980,	the	source	resumed	
its	outburst	acHvity	aMer	2008	

GX	304-1	
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INTEGRAL	results	on	the	January	2012	outburst		(Malacaria	et	al	2015)	

Cyclotron	line	centroid	energy	as	a	funcHon	
of	the	logarithm	of	flux	in	the	3-80	keV	
range.	
	
The	slope	of	the	correlaHon	is	6.51	keV/log10	

Phase	 averaged	 spectra	 of	 four	 INTEGRAL	
observaHon.	JEM-X1	(black)	and	ISGRI	(red)	

GX	304-1	



The	analysis	of	the	BAT	spectra	
collected	during	the	major	outbursts	
observed	between	2010	and	2013	
confirm	the	posiHve	correlaHon	

GX	304-1	
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Cen	X-3	
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The	 BAT	 observaHons	 of	 Cen	 X-3	
do	 not	 reveal	 any	 clear	 evidence		
of	correlaHon	between	Ecyc	and	Lx	

PRELIM
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The	BAT	observaHons	of	GX	301-2	
do	 not	 reveal	 any	 clear	 evidence		
of	correlaHon	between	Ecyc	and	Lx	

GX	301-2	
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Conclusion	

The	BAT	survey	data	can	be	exploited	for	detailed	study	of	cyclotron	line	features	in	
several	accreHng	neutron	star.	
	
BAT	unveils	a	very	diversified	picture	of	the	cyclotron	line	behaviour	in	accreHng	NS	
•  	a	bi-modal	correlaHon	of	the	line	energy	with	the	luminosity	is	observed	in	

several	sources	
•  	some	sources	show	a	long	term	driM	of	the	cyclotron	line	energy	
•  Other	sources	do	not	show	any	significant	correlaHon	of	the	line	energy	with	Hme	

or	luminosity	

NEW	RESULTS	
	
V	0332+53	à	a	drop	in	the	cyclotron	line	energy	between	the	beginning	and	the	end	
of	the	2015	outburst,	followed	by	a	recovery	in	the	following	months:	the	first	
observaHon	of	an	hystereHc	behaviour	
	
Vela	X-1	à	a	long	Hme	evoluHon	of	the	cyclotron	line	energy	


