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To observer Direct Power-law  
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Reflection	from	ionized	gas	Ross+Fabian93,05;	Garcia+13	
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Reflection	in	AGN	with	NuSTAR	
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IRON	LINE	

Mkn	335			Parker+14	

COMPTON	HUMP	

Sometimes	most	emission	from	1-2rg	
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and	Galactic	sources	too	

Parker,	Tomsick+,	JMiller+13,15	



Cygnus	X-1		a>0.93	
	
Walton+16,	Parker+15	

Wind	absorption	
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V404	Cyg	Flare	NuSTAR	

Walton+16	



 Probing Black Hole Spin 

No spin 

Max spin 

Brennemann+Reynolds08 

a=Jc/GM2	



Reynolds19	



Spin		a	

Miller+Miller15	
Spin			a	

SPIN	from	ISCO	
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SwiftJ1910.2-0546
GS1124-683
M31ULX-2
A0620-00
LMCX-3
XTEJ1550-564
XTEJ1652-453
XTEJ1752-223
4U1543-475
SAXJ1711.6-3608
XTEJ1908+094
SwiftJ1753.5-0127
XTEJ1650-500
GRS1739-278
M33X-7
GROJ1655-40
MAXIJ1836-194
LMCX-1
CygnusX-1
GX339-4
GRS1915+105
GS1354-645
V404Cyg
4U1630-472

Reflection (pre-NuSTAR) Thermal NuSTAR





Brightest	objects	seen		
should	be	high	spin	

Vasudevan+16	



Vasudevan+15	

High	spin	objects	can		
dominate	XRB	





X-ray	Background	Spectrum	

Vasudevan+16,	Gandhi+07	



PPs	

To observer Direct Power-law  

“Reflection” spectrum 

Accretion disc 

Corona	

Path	difference	leads	to		
Reverberation	



Observations	of	Reverberation	complicated		
since	see	both	Direct	and	Reflection		
components	together	
	
Separate	spectrally		
(contributions	vary	with	energy)	
	
Need	Spectral	Timing	



X-ray Reverberation 

Fabian+09	

Reflection 
dominated  

 

Power-law 
dominated 

1H0707-495	



Powerlaw leads  
reflection: 
Reverberation 



High	frequency	
lag	shows	iron	
So	is	reverberation	

Low	frequency	lag	
featureless	so		
NOT	reverberation	

Akn564	
Kara+13	



Kara+16	





Microlensing confirms that  
Corona is compact 



Chartas15	

Coronal	Size	from	Microlensing:				Coronae	are	Compact	



IRAS13224-3809	–	MOST	VARIABLE	AGN	IN	X-RAYS	
													XMM	+	NuSTAR	PROGRAMME	1.5Ms	



Reverberation	using	KYNREFREV		
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HIGH	Density	Reflection	Models	appropriate	

Garcia+16	 from	Svensson	&	Zdziarski94	
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Garcia+16	
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X-ray	Binaries
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NICER		lightcurve					J	Homan	

2018	

HARD	 SOFT	

MAXI	J1820+070	



Kara+19	

Fast	Lags	

1	ms	

NICER	data	



Buisson+19	in	prep	

QPO	



Buisson+19	



Buisson+19	

Rin	doesn’t	change,	Rin=ISCO	
Spin	=0.3	



Emissivity	Profile	(D.	Wilkins)	
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Coronal	properties	

•  15<kT<150	keV,	most	50-100	keV	
•  R<10	rg	for	much	of	the	power	
•  Some	could	be	outflowing	(Beloborodov99,	
Malzac+01,	Wilkins+14)	

•  Probably	not	static!	
•  Lowest	part	of	corona	dominates	reflection,	
outflowing	upper	part	dominates	observed	
powerlaw	





WHAT	DETERMINES	CORONAL	
TEMPERATURE?	



CORONA	IS	RADIATIVELY	COMPACT	
Dimensionless	compactness	parameter,	GuilbertFabianRees83	

													For	AGN,				typically	10-1000	
Compton	cooling	time	<	light	crossing	time	
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Updated	by	Anne	Lohfink	



JAXA/NASA/ESA XRISM launch 2022 



Summary	

•  We’re	now	doing	Relativistic	Astrophysics	of	
the	immediate	region	around	rapidly	spinning	
accreting	Kerr	black	holes	–	the	central	engine	
of	quasars	–	using	X-ray	spectral	timing,	
including	relativistic	reflection	and	
reverberation.		


