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AGN a Wika q1 Fe /solar £ log M Lo/ Lgaq Host WA
MCG-6-30-15° > 098 305750 44703 19755 68T 6657010 040701 E/SO yes
Fairall 9° 0.65790  130H10 50709 0872 3751 8410l 005+ Sc no
SWIFT J2127.445654°  0.6173 220%20 53710 155 400D 7TA8THRL 0484003 — yes
1HO707-4954 > 098 177572 6.6719 >7 500 6.70100  ~ 1.0_gg — no

Mrk 79° 07801 37747 3 33557 1.2« 1778 7720 0.05500 SBh yes

Mrk 335/ 0.707982 146730 66720 10751 207 7a5F0L 0250000 S0a no

NGC 7469/ 0.69700 9173 >30 <04 <24 7007508 1.12°013 SAB(rs)a mno
NGC 37839 > 008 26372 52707 37700 <8  747°0% 00609 SB(r)ab  yes

Brenneman et al, ApJ736, 103 (2011)




Fission through BH superradiance?
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Black hole bombs

Zel'dovich “71; Press and Teukolsky "72; Cardoso et al ‘04
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Nature may provide its own mirrors:

AdS boundaries (“covariant box”) Cardoso & Dias '04; Jorge & Oscar’s talk

Massive scalars Detweiler ‘8o: Cardoso & Yoshida ‘o5; Dolan ‘07

Interesting as effective description
Proxy for more complex interactions

Arise as interesting extensions of GR

(Brans-Dicke or generic scalar-tensor theories; quadratic f(R))

Axiverse scenarios (moduli and coupling constants in string theory,

Peccei-Quinn mechanism in QCD, etc) Arvanitaki et al ‘10
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Massive scalar fields around Kerr are unstable

Damour et al 76; Detweiler ‘80; Cardoso & Yoshida ‘'05; Dolan ‘07
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Beatings
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Does this explain previous results, claiming smaller timescales?



Bosenova collapse of axion cloud

Bosenova???
amplitude

I

Saturation???

(A)
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Yoshino and Kodama ‘12



Other fields

For rotating black holes, separability of massless fields is a miracle

Important: most objects spin! Non-separable problems

» Massive vectors (Proca fields) on a Kerr background

» Gravito-EM perturbations of KN BHs

» Rotating objects in alternative theories

» Rotating stars (r-mode, etc)

» Myers-Perry BHs with generic spin, other rotating solutions

» Stability, greybody factors, quasinormal modes?



Proca fields

Ve F7V — i?AY =0
— V., A =0 = OAY — u2AY =0

Massive hidden U(1) fields are quite generic features of extensions of GR
Goodsel et al ‘09; Jaekel et al ‘09; Goldhaber &Nieto ‘08

Current bound on photon mass u<10~18eV [PDG]

(Apparently) non-separable in Kerr background perturbations

Massless EM in Kerr-(A)dS are separable

Vo F7 =0 = OAY — VY(V,A%) + AAY =0

However, gauge freedom gives 2 dofs for massless. Proca implies Lorenz

condition. No more freedom, 3dofs.



Perturbations of slowly rotating objects: first order

» Slowly rotating background

dsi = —F(r)dt* + B(r) " 'dr® + r*d*Q—2w(r) sin® vdpdt

» Expand any equation in spherical harmonics

5 X, (L7 0, ) = 6X D (r) Yl (Dg—iwt

‘fm [ ..

» For any metric, any theory: at first order, system of radial ODEs

AE’m +a "n?-A.(f-m (I ( Q( m /P( —1m + Q( +1m 7)[ +1m ) —

0
PE m + ar 77-'75(5' m + a ( Q(f m A(f’ —1m + Q.£f+ 1m A( +1m ) 0

» Zeeman splitting, Laporte-like selection rule and propensity rule:

0, — \/ (£ —m)(l +m)

20— )20+ 1)

Kojima '93; Pani et al, to appear



Perturbations of slowly rotating objects: higher order

Change in horizon location, ergosphere appears, etc

0=A Oth order
+am.A; + &(Ql?sf_l + Qg+175g+1) 1st order
+a° (Aﬁm +Q011Q1A_o + Quin Q€+1¢é\(f'+2) 2nd order
0="P I
+amP; + a(Qr A1 + Qi1 Ariq)

+a” (ﬁfm + Q1 QPr_s+ Quin Q£+1751/5+2) I



~ ¢
Daugyy —

. £ £
].T'W'u-(l) + F ('1[-(2)

, 2F((E+1)

2U 7tz T

a ¢
Daug) —

(3) T

6ilaM2Fw
{0+ 1)

4aM?*mw ¢
3 @ T T

Proca fields

0 [ (L)Y w
5AH (t r '19, (,0) 0 . + Z ugg (t’ T)Y&'n
Lom “(4) 5(tr)S, Lm [u(gﬁ(t,r)ij J

£

r

— “53) T T (g
2aM?m
4

2F 3M ¢ I 2(1./51[2?7? ; ¢ . ¢ . ¢
= (1 — —) [“-(2) — -u(g)] — a1 [E‘(f’ + 1) (2rwugy — 3iFugyy) — .3-r'wF-u.(3)]

6>

[(f +1)Qemuly)!

Yaﬂm _ (aﬁyﬂmjagpyﬁn)

Sim — (sull S0,Y, —sin ﬁaﬁy&'n)

[(f +1)Qpm (F-ufl — nwu(Q — Frd (1) ) +(Qpi1m (i rw u(Q

2aM?m /. ¢ W 2iaM3w
) - = (iufy + uly) = =5

A
[7‘w(3-uf2) — Q-ttfs)) + 3iF (-u.fl) — -ru"fl))] =0,

(04 1)

- EQE—I—lm'U'fI)l]

=d*/dr? +w? - F [0(0 + 1)/r* + uz]

Fue+ + F'r £’£+1)] .

) £— j £
[(f + ].)ng'li-(4)1 - EQE-FI-mU'(i;l] 3



A [%]

Integration of ODEs: Direct integration, continued fraction, “Breit-Wigner”

> 3

Check: massless (vector) perturbations Check II: massive scalars
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Pani et al, to appear
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Proca instability
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Proca instability
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Depend very mildly on the fit coefficient and on the threshold
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Tsalpeter — timescale for accretion at the Eddington limit



Superradiance leads to interesting phenomena and can be instrumental to
constrain or prove existence of massive scalars coupled to matter... Still a lot to

do at the perturbative level.

» 3rd order and higher in rotation, under way

» Gravito-EM perturbations of Kerr-Newman, under way
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» Higher dimensions: bar-modes, greybody factors, singly spinning?
» Alternative theories?

» Time-evolutions: purify the initial state, or wait!



» Astrophysics: coupling to matter, can it deffuse the instability?



Floating orbits

Cardoso et al, PRL107:241101, 2011

Yunes et al PRD81, 084052, 2012
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Rotational energy: tidal acceleration

Earth-moon: 0.002s/cent

4cm/yr

@ = (QH — Q)T
R5
Eorbital — SGhnlg—GQ(QH — Q)T



Tidal acceleration is in general impossible for BHs!
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Press & Teukolsky, Nature (1973)
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Tidal acceleration in higher dimensions
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D>5 particles do not merge, tidal effects are too large?

Circular orbits are unstable, on much smaller timescale...what happens?!

Brito, Cardoso & Pani ‘12



Tidal acceleration is equivalent to superradiance in BH physics

In absence of other dissipative effects leads to floating

* W W

... still a lot to do:

» Equal-mass case, what happens to floating?

» Eccentricity OK, what about other sources of noise? Higher multipoles?
» Spinning companion, is floating enhanced? Does is still require massive fields?

» Tidal acceleration requires dissipation (EH). Can it occur for spinning objects without

horizon? In principle no, but Blandford-Zjanek seems to, or does it? (see Ruiz et al,

arXiv:1203.4125)

» Higher dimensional spacetime: tidal dissipation is dominant mechanism.

Consequence for mergers?



Thank you
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