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Abstract 
We	present	the	results	of	a	spectral	analysis	of	a	number	of	X	-	ray	sources	in	
Draco,	a	nearby	dwarf	spheroidal	galaxy	recently	observed	by	XMM-Newton.	
While	most	 of	 the	 sources	 exhibit	 proper@es	 consistent	with	 AGN,	 few	 of	
them	possess	 characteris@cs	 of	 LMXBs	 and	 CVs.	We	 also	 extract	 an	 upper	
limit	for	the	mass	of	a	puta@ve	central	BH	in	Draco.	 

Observations and Data Analysis  
The	87-ks	observa@on	of	Draco	(R.A.	=	17h20m12	4	and	decl.	=	+57°54ʹ55	3)	
was	 obtained	 by	 the	 European	 Space	 Agency’s	 (ESA)	 X-ray	 Mul@-Mirror	
Mission—Newton	 (XMM-	 Newton)	 between	 2009	 August	 4	 and	 28	 (PI:	 K.	
Dhuga;	see	Table	1	for	details).		
	
We	 used	 the	 3XMM-DR54	 (3XMM)	 catalog	 (Rosen	 et	 al.	 2015)	 for	 the	
automated	mul@wavelength	(MW)	classifica@on.	For	several	of	the	brighter	
X-ray	 sources,	we	performed	 spectral	 analyses	 and	 extracted	 spectra	 from	
the	 EPIC	 data.	 The	 observa@on	 data	 files	 (ODFs)	 were	 processed	 using	
standard	 procedures	 of	 the	 XMM-Newton	 Science	 Analysis	 System	 (XMM-
SAS	 version	 13.0.1).	 We	 extracted	 spectra	 using	 circular	 (r	 =	 17ʹʹ)	 regions	
centered	on	the	X-ray	sources	for	each	observa@on.	Background	subtrac@on	
was	 performed	 using	 source-free	 apertures	 located	 nearby.	 A	 standard	
event	 screening	described	 in	 the	mul@xmmselect	manual	was	applied.	 The	
spectral	analysis	of	the	X-ray	data	was	performed	using	XSPEC	version	12.7.	
The	pn	and	MOS	spectral	energy	channels	were	grouped	to	have	at	least	10	
counts	per	bin.	Each	spectrum	was	fit	in	the	0.2–10	keV	energy	range.		

Classification 
There	are	over	100	X-ray	sources	in	the	3XMM	catalog	in	the	Draco	field.	We	
visually	inspected	all	of	the	sources,	and	ager	excluding	source	duplica@ons	
(in	five	separate	observa@ons	of	Draco)	and	spurious	detec@ons	(e.g.,	edge	
of	 the	chip,	bad	CCD	columns),	we	 selected	35	bright	X-ray	 sources	with	a	
signal-to-noise	 ra@o	 (S/N)	 >	 6	 for	 further	 inves@ga@on	 (see	 Figure	 1).	 In	
Figure	 2,	 we	 show	 the	 hardness	 ra@o	 diagram	 for	 the	 sources	 in	 Draco	
compared	 to	 different	 classes	 of	 literature-verified	 sources	 used	 for	
automated	classifica@on	(see	Sonbas	et	al.	2016	for	details).	The	two	chosen	
hardness	ra@os	(HR2	=	(F1.2–2	-	F0.2–1.2)	/	(F1.2–2	+	F0.2–1.2)	and	HR4	=(F2–7	-	F0.5–
2	 )	 /	 (F2–7	 +	 F0.5–2	 ),	 where	 Fx–y	 are	 the	 observed	 fluxes	 in	 the	 respec@ve	
energy	bands)	allow	for	some	separa@on	between	AGNs	and	the	rest	of	the	
sources,	although	there	is	an	expected	overlap	between	the	AGNs,	CVs,	and	
pulsars.		

Results and Discussion 
Our	goals	are	to	iden@fy	and/or	set	constraints	on	the	number	of	XRBs	that	
may	belong	to	Draco,	to	set	a	limit	on	the	emission	from	a	possible	central	
intermediate-mass	 BH	 (IMBH).	 Here	 we	 discuss	 some	 individually	 sources	
that	 do	 not	 appear	 to	 be	AGNs	 or	 foreground	Galac@c	 stars	 based	 on	 our	
classifica@on.	For	the	brightest	of	these	sources,	we	performed	spectral	fits	
with	blackbody	radia@on	(bbodyrad),	disk	blackbody	(diskbb),	and	power-
law	(PL)	models	modified	by	interstellar	absorp@on	(phabs	model	in	XSPEC)	
(Figure	3).	 In	general,	these	models	provide	an	adequate	descrip@on	of	the	
thermal	and	non-thermal	components	of	X-ray	spectra	typically	observed	in	
the	0.2–10	keV	range	for	objects	such	as	CVs,	isolated	NSs,	and	LMXBs.	The	
best-fit	parameters	for	these	sources	are	given	in	Table	2.	

X-Ray Sources  
In	the	following,	we	highlight	the	spectral	proper@es	of	a	select	number	of	
sources.	For	a	full	list	of	sources	the	reader	is	referred	to	Sonbas	et	al	2016.	
		
Source	#10:	The	op@cal-IR	proper@es	of	this	source	exhibit	characteris@cs	of	
an	 old	 (few	 Gyr),	 evolved	 star.	 The	 X-ray	 spectrum	 is	 well	 fit	 with	 the	
bbodyrad	model	with	a	temperature	of	1.11	±	0.08	keV.	If	the	source	is	in	
Draco,	 then	 the	normaliza@on	of	 the	diskbb	model,	 ((Rin	 km)	 (D	10	kpc))2	
cosθ,	where	θ	is	the	angle	of	the	disk	(assumed	face-on),	corresponds	to	rin	=	
0.11	km,	which	seems	to	be	too	small	for	an	accre@on	disk	in	an	XRB.	The	X-
ray	luminosity,	LX	;	8	×	1034	erg	s−1,	is	too	high	for	a	redback	or	black	widow	
type	binary	unless	 it	 goes	 through	an	outburst	episode	and	switches	 to	an	
accre@on	state	(see	e.g.,	Stappers	et	al.	2014).	However,	the	X-ray	light	curve	
does	not	show	any	significant	variability	during	any	of	the	five	XMM-Newton	
observa@ons.		
	
Source	#11:	The	X-ray	spectrum	requires	two	components,	bbody	 (BB)+PL,	
as	PL	or	BB	models	alone	do	not	provide	acceptable	fits	to	the	data.	Both	the	
temperature	(kT	=	0.7	±	0.1	keV)	and	the	photon	index	(Γ	=	1.2	±	0.5)	are	not	
uncommon	for	several	object	types	(e.g.,	AGN	and	CV),	but	even	for	the	two-
component	model	the	data	show	systema@c	excess	below	0.4	keV	over	the	
best	fit,	sugges@ng	that	an	even	soger	component	is	needed.	We	found	no	
variability	between	five	XMM-Newton	exposures.		
	
Source	#16:	This	source	is	strongly	(intrinsically)	absorbed	with	an	odd	jump	
>8	 keV	 in	 the	 X-ray	 spectrum.	 The	 source’s	 op@cal/NIR	 proper@es	 are	
consistent	with	those	of	an	evolved	low-mass	single	star,	but	the	apparently	
high	 absorp@on	 in	 X-rays	 rules	 out	 an	 ac@ve	 corona	 in	 a	 nearby	 star	 as	 a	
source	of	 X-rays.	 It	 is	 possible	 that	 this	 source	 is	 a	 symbio@c	 star	 or	 CV	 in	
Draco.	The	X-ray	light	curve	does	not	exhibit	any	significant	variability.		
	
Source	 #17:	 This	 source	 has	 been	 reported	 as	 a	 candidate	 symbio@c	 star	
(Belczyński	 et	 al.	 2000).	 Aaronson	 et	 al.	 (1982)	 iden@fied	 this	 source	 as	 a	
carbon	star	with	an	unusual	SED	showing	strong	emission	lines.	The	authors	
suggest	that	the	op@cal	colors	can	be	explained	by	a	symbio@c	binary	(a	red		
giant	 with	 a	 hot	 main-sequence	 companion).	 Aaronson	 et	 al.	 (1982)	 also	
claim	that	#17	is	in	Draco	based	on	radial	velocity	measurements.	However,	
the	observed	X-ray	flux	implies	a	high	X-ray	luminosity	of	LX		=	1.2	×	1033	erg	
s−1	 at	 the	 distance	 of	 Draco,	 which	 can	 hardly	 be	 produced	 in	 a	 non-	
degenerate	 binary	 with	 a	 red	 giant	 and	 a	 late-type	 main-	 sequence	 star.	
Therefore,	we	consider	 this	 source	 to	be	a	good	candidate	 for	a	quiescent	
XRB	in	Draco.		
	
Source	 #19:	 Given	 its	 X-ray	 flux	 and	 the	 lack	 of	 an	 op@cal	 counterpart	
(arguing	against	binary	nature),	it	is	unlikely	that	this	source	would	belong	to	
Draco	(X-ray	luminosity,	LX	=	4.6	x	1035	erg	s−1,	for	d	=	80	kpc,	is	too	high	for	
isolated	NSs),	and	so	it	could	be	an	old	recycled	or	non-	recycled	pulsar	in	a	
non-accre@ng	binary	in	our	Galaxy.	The	lack	of	op@cal/IR	data	prevents	our	
algorithm	from	confidently	classifying	this	source.		
	
Source	 #23:	 This	 source	 is	 faint	with	 a	 sog	 X-ray	 spectrum,	 too	 sog	 for	 a	
typical	AGN.	There	is	some	evidence	of	even	further	hardening	beyond	5−6	
keV	 in	 pn.	 PL	 and	 bremss	 provide	 a	 reasonable	 fit	 to	 the	 data.	 Our	
automated	algorithm	does	not	provide	a	confident	classifica@on,	 likely	due	
to	incomplete	MW	parameters	(a	very	faint	counterpart	found	in	SDSS,	but	
not	in	2MASS).		

Table	2

Central IMBH  
According	to	the	3XMM	catalog,	there	are	four	X-ray	sources	with	S/N	≈	3–5	
within	∼3ʹ	of	the	center	of	Draco	(R.A.	=	17h20m13s.2	and	decl.	=	+57°54ʹ55	3;	
Rave	et	al.	2003).	The	measured	flux	for	the	source	nearest	the	center	(not	
shown)	 is	 FX	 =	 4.5	 x	 10-15	 erg	 s−1	 cm−2	 (the	 other	 three	 sources,	 also	 not	
shown,	have	similar	fluxes	and	S/N).	By	assuming	 luminosity	due	 to	Bondi-
Hoyle	accre@on,	the	measured	flux,	and	the	radia@ve	efficiency	(a	somewhat	
op@mis@c	 value	 of	 ε	 ~	 10-5)	 for	 synchrotron	 radia@on	 (Beskin	 &	 Karpov	
(2005)),	we	can	then	obtain	an	upper	limit	for	the	mass	of	the	puta@ve	IMBH	
as	the	following:	

Summary 
Our	main	results	are	as	follow:	
	
•  The	 classifica@on	 of	 X-ray	 sources	 in	 Draco	 resulted	 in	 12	 AGNs	 and	 3	

foreground	stars.	We	also	iden@fied	4	X-ray	sources	(#10,	#16,	#17,	#25,	
poten@al	quiescent	LMXBs	or	CVs)	that	could	belong	to	Draco.	For	two	of	
them	 (#16	 and	 #17)	 the	 associa@ons	 are	 supported	 by	 the	 line-of-sight	
velocity	measurements	reported	in	Walker	et	al.	(2015).		

•  The	upper	limit	on	the	mass	of	the	IMBH	that	we	obtained	from	the	X-ray	
data	analysis	is	similar	to	the	predic@ons	based	on	the	velocity	dispersion	
correla@on.	 Although	 not	 defini@vely	 ruled	 out,	 our	 current	 data	 are	
consistent	with	the	non-existence	of	a	central	IMBH.		

	

Figure	1.	Color-coded	(Blue:	u,	Green:	g,	and	Red:	r)	SDSS	image	of	Draco.	The	X-ray	sources	are	
shown	with	green	crosses	and	numbered	according	to	S/N	ra@os.	Both	 images	show	the	same	
region	of	the	sky	(north	is	up,	east	is	to	the	leg).	3ʹ	of	the	center	of	Draco	is	shown	with	white	
circle.	
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Figure	2.	HR	diagram	where	sources	from	the	Draco	field	are	shown	by	asterisks	with	numbers.	
The	popula@on	of	AGNs	 from	our	 training	data	set	are	shown	 in	gray,	 stars	 in	yellow,	YSOs	 in	
orange,	LMXBs	in	cyan,	HMXBs	in	green,	CVs	in	red,	and	pulsars	in	blue.	The	average	uncertainty	
of	the	sources	is	shown	in	the	top	leg	corner.		

Figure	3.	Best-fit	model	spectra	and	their	residuals	for	sources	#10,	#11,	#16,	#19,	#23,	and	#25	
which	are	not	classified	as	AGNs	or	foreground	galac@c	stars	by	our	automated	classifica@on	
pipeline.	MOS1,	MOS2,	and	EPIN-PN	data	points	and	their	respec@ve	best	model	fits	are	shown	
in	black,	red,	and	green.		
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