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How	to	constrain	geometry	of	corona	
•  Variability	
•  Reflection	
•  Reverberation	
•  Emissivity	profiles	
•  Gravitational	microlensing	
•  Occultations	

•  Brightest	parts	of	the	Universe	
immediately	next	to	the	darkest	parts	
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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?	



WHAT	DETERMINES	CORONAL	
TEMPERATURE?	

																						ITS	COMPACTNESS	



Concept	of	Compactness	introduced	in	1980	

Photon	number	density	proportional	to	L/R2	so	
L/R	is	proportional	to	the	column	density	of	photons	

	in	the	source	



CORONA	IS	RADIATIVELY	COMPACT	
Dimensionless	compactness	parameter,	GuilbertFabianRees83	

													For	AGN,				typically	10-1000	
Compton	cooling	time	<	light	crossing	time	
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NuSTAR	results	

Blue	AGN,	Red	BHB	

R=10rg	unless	indications	otherwise				Fabian+15	
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Effect	of	addition	of	nonthermal	particles	
-	Hybrid	Plasma	

Fabian,	Lohfink,	Belmont,	Malzac,	Coppi	17	
See	Zdziarski+93,	Ghisellini+93,	Coppi99…	

Uses	BELM,	similar	results	for	EQPAIR	

lh/ls=1	 lh/ls=0.1	
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With	GR	corrections	



Ecut	=	200	keV	in	Gilli+07	models.		
XRB	exceeded	if	much	higher											average	kT<100	keV.	

X-ray	Background	



NuSTAR	AGN	updated	with	all	published	results	
Rough	agreement	with	Integral	(Lubinski+16)	



Cyg	X-1	 2015	

NUSTAR	+	SUZAKU	

also	Gilfanov+00,	Wilms+06,	Novak+11	

REMINDER	



Lubinski+10							see	alsoKeck+15,	Beuchert+17			

INTEGRAL	 OSSE,	Comptel	
INTEGRAL/PICsIT		SPI	

NGC4151	



V404	Cyg	NuSTAR	
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V404	Cyg		(GR	corrections	included)	

D	Walton	



INTEGRAL			Siegert+16	
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Cautionary	Notes	
	

•  Most	hard	X-ray	spectra	cover	many	
dynamical	times	and	many	many	cooling	
times	

•  Characterizing	a	corona	by	a	single	T,	tau	etc	
could	be	misleading	

•  Measured	compactness	values	are	probably	
underestimates	

•  Converting	Ecut	(exponential	cutoff)	to	kT	
unreliable	



The	AGN	Corona	is	
•  Compact	
•  Highly	magnetized	
•  Close	to	the	black	hole	along	spin	axis	
•  Probably	dynamic,	possibly	containing	outflowing	
plasma		

•  Probably	contains	a	significant	fraction	of	
electron-positron	pairs	+	nonthermal	particles	

•  Annihilation	line	expected	(broad)	
•  Corona	controls	~10-50%	of	the	power	
•  Related	to	jets?	
•  All	probably	true	also	of	BHB	coronae	



HEX-P	Area	
The	Future?	

HEX-P	



HEX-P	Performance	

HEX-P	
















