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The No-Hair Theorem

The Kerr solution Is the only possible stationary axisymmetric
metric in vacuum that has no naked singularities and no closed
time-like loops.

> Black holes have only 2 parameters: mass and spin
> Any other signature radiated away by gravitational waves

> Expectation: All astrophysical black holes are Kerr black holes

However...

= Non-spherical collapse: naked singularities possible
Shapiro & Teukolsky 1992, PRD, 45, 44

= Kerr solution not unigue to GR
Psaltis et al. 2008, PRL, 100, 091101



Testing the No-Hair Theorem Obsenvationally

N

Kerr black hole? Something else?

> Expand spacetime in multipele moments (mass M, spin a, ...)
> Parameterize guadrupele mement: (= —(a2 +&)

»> Use observations to measure (at least) 3 moements

> Check whether: (= —a’ ie. €=0
Ryan 1995, 1997a,b Li & Lovelace 2008
Barack & Cutler 2004, 2007 Will 2008
Collins & Hughes 2004 Vigeland & Hughes 2010
Glampedakis & Babak 2006 Johannsen & Psaltis 2010a, 2011b
Brink 2008, 2009 Vigeland et al. 2011

Gair et al. 2008



A New Metric for Rapidly Spinning Black Holes

ds? = {1-%}(“ h(r,8))dt? - 4aM;Si” O (W+h(r,0))dtdg

N >(1+h(r,0))
A+a’h(r,8)sin’ 6

2 . 2 2 . 4
_I_{Sinz 9(r2+a2+23 M;sm 9j+h(r,6’)a (Z+2Mr)sin” 6 dg?

dr? +X>d@?

>

where

M 3
h(r’ 0) = &3 r3 Johannsen & Psaltis 2011b, PRD, 83, 124015



O

(1) location of the ISC
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(IN) gravitational lensing
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1. Diskoseismology Model
Consiaer Or‘f[LJfOCIEJOfJL on thin accretion disk:

Continuity eq.
Energy eq. dispersion relation

EQS. of motion
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Perez et al. 1997, ApJ;, 476, 589
Siibergleit et al. 2001, ApJ, 548, 33

J-moades

C-Modes

fundamental g-moae:
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Kerr black hole

GRO J1655—-40

, 999, L25
2003: RQ

pJ

\
A

2001, /

ﬁ L
1
Al .

I et
Itis 1n X-I

(S

JOn

(0

er Wa

Al

NG

Beyor

: RossI and

,
O

2
R

ay riminc

ﬂ
(e,

»
R

also Psa

.,
(e,



Kerr black hole
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Kerr-like black hole

GRO J1655—-40

altis, & Wagoner 2011
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Kerr-like black hole

JQrOs + mas
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2. Resonance Model Abramowic
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alr theorem with 2 QPOsS + mass + spin measurement



Summary and Outlook

v' No-hair theorem characterizes nature of black holes

v' Can be tested by measuring 3 multipole moments

v' Observational tests: Imaging, Iron Lines, QPOs

v Diskoseismology model: 2 QPOs + mass measurement

v' Resonance model: 2 QPOs + mass + spin measurement

Need Timing Mission to detect higher erder harmonics and
resolve model degeneracy

e.g., LOFT, arXiv:1107.0436
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