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Equation defining the spheroi;ciat
harmonics functions
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An analogous equation ﬁrst arose 1n the study of the electronic spectrum of the hydrogen molecule

W. G. Baber and H. R. Hassé, Proc. Camb. Phil. Soc. 25 (1935), 564; G. Jafté, Z. Phys. A87 (1934)
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WH: uni~Wheeler (1 97 1)

Caitapse leads ko @.quitibrmw\ blacke

holes uniquely determined by M, 3 @

asvmp%&cau measured qu&h&&%
subject to a Gauss law

and no obher imdepemden&
characteristics (“hair”)

The no-hair
Co mj ecture




Beleensteiin (1 97 Z)

Assum[p%mm 1:

Canonical scalar field,
minimally coupled to
Elnstein gravity



Assum[p%mm 2

The scalar field inherits
Fhe sy&aewﬁme svmm&rms
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1k seems nakural to assume that the
scalar field has the same symmekbries
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valid for the energy-momentum
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Superradiance 1s by no means exclusive to black hole physics, but it can occur in the

scattering of bosonic fields by rotating (and also charged) black holes.
For a review:

R. Brito, V. Cardoso and P. Pani, “Superradiance”,

Lect. Notes Phys. 906 (2015) pp.1, [arXiv:1501.06570 [gr-qc]]

In black hole physics, superradiant amplification, leading to energy and angular momentum
(or charge) extraction from the black hole, was first discussed:

- from a thermodynamic viewpoint J. Bekenstein, Phys. Rev. D7 (1973) 949-953;
- 1n the scattering of scalar J. M. Bardeen, W. H. Press and S. A. Teukolsky, Astrophys. J.
178 (1972) 347; A. Starobinski, Zh. Eksp. Teor. Fiz. 64 (1973) 48. (Sov. Phys. - JETP, 37, 28,

1973), electromagnetic and gravitational waves by a rotating black hole A. Starobinski and S.
M. Churilov, Zh. Eksp. Teor. Fiz. 65 (1973) 3. (Sov. Phys. - JETP, 38, 1, 1973)

Superradiance
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The “gravitational atom”
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The “gravitational atom”

(I)(t, r,0, ¢) = Z eimqbslm(e)e_thRln (T)
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The “gravitational atom”

0,£1
0,+1,+2
0
0,+1
0,+1,+2
0,+£1,12,13

Extreme Kerr BH |
1_ =m =2

\
\
- Quasi-bound |
L states | Superradiant S — .
I ‘ instability C. A. R. Herdeiro and E. Raduy,
0 02 04 06 08 1.0 EEVEGSAISAIVAINEIRYIRINE

|

Qp/p Qg E&/2MI'+] B [arXiv:1403.2757 [gr-qc]].

O w oo~ o3| |
RN OO OO e~

coles ] ] ool wof woldo| o

0.0
0




The “gravitational atom”
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1) We start with a maximally rotating BH. The
BH Lloses its spin favoring the formation of
the 2p scalar field configuration.
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2) The spin-down of the BH continues until it
reaches the critical threshold, We said thak, at
this point, the 2p state is stable.

However, this is nok @.v\%iretv true...
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3) ...the 2p scalar field configuration loses its
energy (annihilation into gravitons and self-
interactions are the main effects).
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3) ...the 2p scalar field configuration loses its
energy (annihilation into gravitons and self-
interactions are the main effects).
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Black hole 4 and mass measurements from X—-‘rav binaries

Arvanibaled, Ba\rjadfh&a\r, Huawng, ?’hvsﬁe\/« D91 (2018) no.¥,
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Axions and

Black hole spiin and mass measurements from erav binaries
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“No duby is more urgent than that of
returiing thanks!
James Alle,




