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Eclipsing	Millisecond	Pulsars	

Orbital	Period	vs	Companion	Mass	

•  Periodical	Eclipses	of	the	Radio	Signal	
•  Orbital	Periods	Usually	Shorter	Than	1	Day	
•  No	Orbital	Eccentricity	à	Tidal	CircularizaCon	
•  X-ray	and	γ-ray	Counterparts	
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Eclipsing	Millisecond	Pulsars	

Orbital	Period	vs	Companion	Mass	

Black	Widows	

•  Periodical	Eclipses	of	the	Radio	Signal	
•  Orbital	Periods	Usually	Shorter	Than	1	Day	
•  No	Orbital	Eccentricity	à	Tidal	CircularizaCon	
•  X-ray	and	γ-ray	Counterparts	

Black	Widows	

	MCOM	<	0.1	MSUN	
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Eclipsing	Millisecond	Pulsars	

Orbital	Period	vs	Companion	Mass	

Black	Widows	
Redbacks	

•  Periodical	Eclipses	of	the	Radio	Signal	
•  Orbital	Periods	Usually	Shorter	Than	1	Day	
•  No	Orbital	Eccentricity	à	Tidal	CircularizaCon	
•  X-ray	and	γ-ray	Counterparts	

Black	Widows	

	MCOM	<	0.1	MSUN	

0.1	MSUN	<	MCOM	<	0.5	MSUN	

Redbacks	
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PSR	J1953+1846A	(M71A)	

Eclipses	for	about	20%	of	the	orbital	period	during	the	
PSR	superior	conjuncCon.	

Short	Orbital	Period	of		~4	hours.	No	orbital	eccentricity.			

Companion	mass	of	~0.03	Msun.	

X-ray	counterpart.	Non	thermal	emission	likely	due	to		
an	intrabinary	shock.	

We	idenMfied	the	opMcal	counterpart	by	using	deep		
observaMon	obtained	with	the	ACS@HST	

Hessels	et	al.,	07	
Elsner	et	al.,	08	
Cadelano	et	al.,	15a	
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COM-M71A	light	curve	

Cadelano	et	al.,	2015a	
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COM-M71A	light	curve	
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CMD	PosiMon	

This	is	a	region	where	no		
unperturbed	stars	are	expected!	

COM-M71A	is	likely	a		
non-degenerate	and	highly	

perturbed	star.	
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Reprocessing	efficiency	and	RL	filling	factor	

Magnitude	modulaCon	due	to	the		
reprocessing	of	the	PSR	injected	flux	

•

Erot ≅ 4.6− 5.8×10
33ergs / s

ΔFexp (i) =η
Erot

•

a2
( fRRL )

2 ε(i)
4πdPSR

2

Flux	difference	between	the	minimum	
and	the	maximum.	
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Reprocessing	efficiency	and	RL	filling	factor	

Magnitude	modulaCon	due	to	the		
reprocessing	of	the	PSR	injected	flux	

•

Erot ≅ 4.6− 5.8×10
33ergs / s

ΔFexp (i) =η
Erot

•

a2
( fRRL )

2 ε(i)
4πdPSR

2

Flux	difference	between	the	minimum	
and	the	maximum.	

η ≈15%

η ≈ 5%

η ≈ 9%

f ≈ 0.6

f ≈ 0.8

f ≈1.0
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A	Comparison	Between	M71A	and	M5C	

Cadelano	et	al.,	2015a,	ApJ,	in	press	

M71A	vs	M5C	

Pallanca	et	al.,	14	;	Cadelano	et	al.	15a	
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M71A	vs	47TucW	

IrradiaCon	not	only	on	Black	Widow	companions	but	also	in	some	Redbacks!	

Cadelano	et	al.	15b,	see	also	Edmonds	et	al.	02			



M71A	



M71A	

There	is	a	wealth	of	
exoMc	objects	inside	M71		
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The	X-ray	source	populaMon	in	M71	

M71	is	a	low-mass	(2x104	Msun)	and	low-density	GC.	
However,	it	harbors	a	very	rich	populaCon	of	X-ray	sources,	larger	than	predicted	by	its	

COLLISIONAL	PARAMETER	and	by	its	CURRENT	TOTAL	MASS.	

Elsner	et	al.,	08	;	Huang	et	al.,	10	

Collisional	Parameter	Γ	

N	N	

Normalized	Cluster	Mass	
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																											The	collisional	parameter		Γ∝ρ01.5rc2

ΓNEW ≈ 2ΓOLD

This	work	

Peterson	&	Reed,	1987	

Param.	 OLD	 NEW	

W0	 5.5	 6.2	

Rc	 38’’	 59’’	

Rh	 100’’	 174’’	

Rt	 534’’	 1280’’	

c	 1.15	 1.3	

M71	structural	parameters	

Cadelano	et	al.,	to	be	submiged	

M71	density	profile	
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The	X-ray	source	populaMon	in	M71	

M71	is	a	low-mass	(2x104	Msun)	and	low-density	GC.	
However,	it	harbors	a	very	rich	populaCon	of	X-ray	sources,	larger	than	predicted	by	its	

COLLISIONAL	PARAMETER	and	by	its	CURRENT	TOTAL	MASS.	

Elsner	et	al.,	08	;	Huang	et	al.,	10	

Collisional	Parameter	Γ	

N	N	

Normalized	Cluster	Mass	

Not	enough	to	explain	the	
X-ray	source	overabundance!	
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The	Cluster	Absolute	Proper	MoMon	

We	used	two	ACS	datasets,	separated	by	a	
temporal	baseline	of	7	years	to	derive	the	stellar	
proper	moCons.	
	
Then	we	used	background	galaxies	to	determine	
the	cluster	absolute	proper	moCon:	
	
	
	
	
In	a	Cartesian	Galactocentric	frame	rest,	this	
corresponds	to:	

(µα cosδ,µδ ) = (−2.8± 0.5,−2.3± 0.4)

(VX,VY ,VZ ) = (54±10,203± 6,32±12)

Cadelano	et	al.,	to	be	submiged	

mas	yr-1	

km	s-1	

ABSOLUTE PROPER MOTIONS
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The	Cluster	Orbit	
StarCng	from	the	current	M71	posiCon	and	3D,	we	used	a	three-component	GalacCc	potenCal	

to	reconstruct	the	cluster	orbit	within	the	Galaxy.	
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The	Cluster	Orbit	

Cadelano	et	al.,	to	be	submiged	
Current	PosiCon	

StarCng	from	the	current	M71	posiCon	and	3D,	we	used	a	three-component	GalacCc	potenCal	
to	reconstruct	the	cluster	orbit	within	the	Galaxy.	
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The	Cluster	Orbit	

Cadelano	et	al.,	to	be	submiged	
Disk-Like	Orbit	Inside	the	GalacMc	Disk!	Current	PosiCon	

StarCng	from	the	current	M71	posiCon	and	3D,	we	used	a	three-component	GalacCc	potenCal	
to	reconstruct	the	cluster	orbit	within	the	Galaxy.	
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The	Cluster	IniMal	Mass	

Mini ~10
5MSUN

Cadelano	et	al.,	to	be	submiged	

Following	Lamers	et	al.,	15,	we	
esCmated	the	cluster	iniCal	mass.		
	
For	every	reasonable	value	of	t0,	
the	cluster	iniCal	mass	is	at	least:	
	
	
	
	
which	is	the	typical	mass	value	
measured	for	halo	GCs.	
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The	X-ray	source	populaMon	in	M71	

M71	is	a	low-mass	(2x104	Msun)	and	low-density	GC.	
However,	it	harbors	a	very	rich	populaCon	of	X-ray	sources,	larger	than	predicted	by	its	

COLLISIONAL	PARAMETER	and	by	its	CURRENT	TOTAL	MASS.	

Elsner	et	al.,	08	;	Huang	et	al.,	10	

Collisional	Parameter	Γ	

N	N	

Normalized	Cluster	Mass	

The	X-ray	source	overabundance	can	be	explained	
accounCng	for	the	cluster	INITIAL	MASS!	
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Thanks	for	your	kind	afenMon!	


