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Extraction of	energy	and	angular	
momentum from	the	black	hole
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𝑠 Hydrogenic-like	solution

Arvanitaki	&	Dubovsky	’10
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S.Dolan,	Phys.Rev.D76:084001,2007
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Some	rough	numbers
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From	observation	
of	BH	spins
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Kinetic	mixing



• How	do	we	really	quench	supperadiance	in	this	case?
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Cannot	remove	in-medium	suppression





New	observables?

The	quenching	is	a	consequence of	the	fact that the	accelerated	electrons radiate	
synchrotron emission and	semi-Compton	scatter off	the	ambient	dark	photon.	These
processes result in	the	direct emission of	very energetic photons.



Bonus:	another	simple	mechanism	to	quench	
Dark	Photon	superradiance

Schwinger pair production	rate	if dark	fermions are	present in	the	spectrum	of	the	theory

ℒ=>/? ⊐ 𝜆𝜓CD𝛾5𝜓D𝐴′5



Summing	up:	it	is	not	true	that	interactions	are	not	
relevant	and	SR	bounds	always	apply.	One	should	be	
careful	because	there	may	be	simple	ways	to	avoid	SR	
bounds.	



Photon	Superradiance?
• Recall	that	one	needs	a	“mass”	acting	as	a	mirror	for	the	bound	states	



Photon	Superradiance?

A.C,	H.Liu,	S.	Mishra-Sharma,	J.Ruderman,	Phys.Rev.Lett. 125 (2020) 22, 221303



Many	authors	studied	the	problem,	assuming	simply	a	Proca	equation
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These are	Maxwell’s equations	together with	the	momentum	and	particle	
conservation equations,	in	covariant form.
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Make	an	Ansatz.	EOM	assume	Schrödinger-like	form	and	can	be	solved	
numerically	via	a	direct	shooting	integration	method.
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degrees	of	freedom.
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Polar	sector

The	modes	do	not reduce	to	the	
hydrogenic	Proca	spectrum



EOM	solved	in	the	slowly	rotating	framework
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Numerical	Results:	Kerr spacetime

Constant	density Bondi	accretion	profile

Axial	mode	follows	Proca



What	about	the	polar	mode?

Nonlinear effects	in	the	relevant	superradiant	regime	are	large.	A	
nonlinear	analysis	of	the	polar	sector	in	a	Kerr	spacetime	is	necessary	
to	investigate	its	spectrum	and	we	are	doing	it	at	the	moment.	



Indeed	the	question	is:	does	the	instability	
really	arise?	

Non-linear correction of the effective mass

V. Cardoso, W. d. Guo, C. F. B. Macedo and P. Pani (2021)
E. Cannizzaro, A.C, L. Sberna, P. Pani (in preparation)

Quenching Mechanism: Electrons are accelerated by electric field and become
relativistic. The electric field acceleration prevails on the coherent oscillation, quenching 
the effective mass before the instability becomes efficient.



Conclusions

• Superradiant	instabilities	provide	an	interesting	arena	to	use	black	
holes	as	particle	detectors.



Conclusions

• Superradiant	instabilities	provide	an	interesting	arena	to	use	black	
holes	as	particle	detectors.

• In	order	to	understand	the	impact	on	black	hole	physics	(in	particular	
on	spin-mass	distribution)	one	must	first	understand	the	role	of	
particle	interactions.



Conclusions

• Superradiant	instabilities	provide	an	interesting	arena	to	use	black	
holes	as	particle	detectors.

• In	order	to	understand	the	impact	on	black	hole	physics	(in	particular	
on	spin-mass	distribution)	one	must	first	understand	the	role	of	
particle	interactions.

• For	photon	superradiance Proca-like	approach	too	naive.	



Thanks	for	the	attention!


