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FUN FACTS 
2001-2002



ULX spectra…
• Low-luminosity ULXs:  

BHs with luminosities 
around or slightly above 
Eddington  
(e.g. Middleton et al. Nat. 493, 
187–190 (2013); Liu et al. Nat. 503, 
500–503 (2013).) 

• “Extreme” ULXs —  
LX > 1040 erg/s
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Gladstone, Roberts & Done, MNRAS 397, 1836–1851 (2009).



ULXs in the 
NuSTAR 
program

• eULXs
• Chosen for distance 

and hardness





M82 X-1 
(X41.4+60)

M82 X-2 
(X42.3+59)



THE	ULXs	IN	M82

X41.4+60

X42.3+59

~10ʺ

Famous	ULXs,	showing	interesting	
spectral	and	timing	behavior:	

• M82	X-1/X41.4+60:	LX	~1041  
fQPO:	50—190	mHz	(SM03,	K
+06)	

• M82	X-2/X42.3+59:	LX	~1040 
fQPO:	3—4	mHz	(FK10)	

• Both	used	to	infer	masses	of	the	
BHs	in	the	IMBH	range	(FK07,	
FK10)

• SM03: Strohmayer, T. E. & Mushotzky, R. F., ApJ 586, L61–L64 (2003). 
• K+06: Kaaret, P., Simet, M. G. & Lang, C. C., ApJ 646, 174–183 (2006). 
• FK07: Feng, H. & Kaaret, P., ApJ 668, 941–948 (2007). 
• FK10: Feng, H., Rao, F. & Kaaret, P., ApJL 710, L137–L141 (2010).
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ii

• Pulsation	found	ubiquitously,	
around	1.37	s	

• Strong and variable spin up: 
ṗ: 0-> -2x10-10 (ḟ~-10-10 Hz/s) 

• Porb	=	2.54	d 
a	sin	i	/	c	=	23	l-sec	

• No	eclipses

INGREDIENTS:

ṗ~0

ṗ~ -2x10-10

Companion	star	  
5	M⊙	≲	MC	≲	25	M⊙



• Pulsed	flux	is	~10-20%	of	total	flux	

• ≳5x1039	erg/s	in	the	pulse	alone!



XZ



M82 X-1 
(X41.4+60)

M82 X-2 
(X42.3+59)



Magenta:  
pulse-on - pulse off 
NuSTAR image



Pulse-on spectrum

Brightman+16, ApJ 816, 60



100	X	EDDINGTON	LIMIT?

• Feeding: no problem 
Roche Lobe overflow 
(e.g. Tauris+00, ApJ 530, 93)  
 
Be-like 
(e.g. Karino & Miller, MNRAS 
ArXiv:1605.05723)

• Overcoming Local 
Eddington limit: 
+ Radiation “simply” 
escaping from sides  o  
accretion column 
Kawashima+16, PASJ. 
+ High magnetic field 
(e.g. Mushtukov+15, MNRAS 
454, 2539)  



MAGNETIC	FIELD?

• High magnetic field:  

• Dall’Osso+15, … -> B~10
13

G 

• Eksi+15, Tsygankov+15 (+Mushtukhov+15) -> magnetar 

• Low magnetic field (B~10
9
G): 

• Kluzniak & Lasota ’15, MNRAS, 448, 43 
King & Lasota ’16, MNRAS 

• “Standard” magnetic field (B~10
12

G): 

• Bachetti+14, Christodolou+14, Lyutikov+14, …
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MAGNETIC	FIELD?
three flux levels correspond to 
radiation-dominated, gas-dominated 
and quiescence

two flux levels as signature of the 
propeller regime

a new channel to form MSPs? 
progenitor of low-M BHs?





Tsygankov+16, MNRAS 457, 1101

Propeller?



Standard Accretion

Propeller
Romanova+04 
ApJ 616, L151

Romanova+14, EPJ WoC 64, 05001



Kawashima+16 PASJ



BOTTOM	LINE

• A ULX with LX > 10
40

 erg/s ->Extreme ULX range… 

• also a Pulsar —> NS!! 

• in a binary system 
- orbital modulation: likely i > 26° (90% c. l.) 
- no eclipses: i ≲ 60° 
- companion star mass: 
5 M⊙ ≲ MC ≲ 25 M⊙ (Most probably ~6, see Tauris+00, ApJ 530, 93) 

• Large luminosity variations: why?  

• Various models for magnetic field, probably >10
13

 but very uncertain  



PRELIMINARY	RESULTS	-	AO1
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PRELIMINARY	RESULTS	-	AO2

What we would expect (sim.)

What we see… 
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PULSATIONS	DISAPPEAR?	WHY?

Examples: 

• Aql X-1: 150 s over several Ms of RXTE data. (Casella+0 8, ApJ, 674, 41) 
• AO 0538-66: pulsations at 69.2 ms observed only once in the seventies.  

HMXB with Be binary companion. (e.g. Campana et al. 2002. ApJ, 580, 389) 

Possibilities: 
Change of magnetic field configuration? 
Different accretion regime (Instabilities disrupting accr. col.)? 
Partial occultation from disk,  
precession? 
Others? (Asks the audience ;) ) 
 
 
Bachetti+16 in prep.

Romanova+08,ApJ, 673,171


