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1. Hairy black holes

Any stationary, asymptotically flat solution that is
not Kerr and has a nontrivial scalar-field profile
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S=— J\/——g d*x (R ~ 2(3¢)* - V(¢)>

The only suitably regular, stationary, asymptotically flat
vacuum black hole solutions are those for which the
metric is Kerr and the scalar is everywhere a constant.

[Hawking 1972; Sotiriou and Faraoni 2012]
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Scalar—Gauss—Bonnet theories

_ | — 14 B 2 2
§=— J\/_gd X (R 2(0¢)? + 1 f(¢)“§>

¢ = R"°R,,,,— 4R"R,, + R* is the Gauss-Bonnet invariant

A is a coupling constant with dimensions of length
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The scalar charge Q is read off from the asymptotic expansion

b=—<+007)

I

From dimensional analysis,

O=AXF M 3
- 1 M2

Scalar hair is of secondar Y TYPE [Coleman, Preskill and Wilczek 1992]



[Numerical solutions by Cunha, Herdeiro and Radu 2019
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M/ A too small Spontaneously M/ too large
scalarized black hole

A black hole of mass M probes a certain range of values of 4



2. Gravitational-wave constraints



Hairy black holes = scalar waves



p(A|d)



p<ﬂ|d>=Jde p(1,0]d)



p(4,01d) « p(d|4,0) n(4,0)
! ! !

Posterior Likelihood Prior



Assume detector noise is stationary, Gaussian, and uncorrelated
[Cutler and Flanagan 1994]

Signal Waveform
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Decompose the waveform into spherical harmonics

enf) = o () €¥enD

Phase: Y, =¥YON 416, f Oy = Qu(My, 54, 4)

Sy — Sm O ° 2aMf 7
cm 143361 Ml M2 m

—1PN scalar dipole radiation

[Sennett, Marsat and Buonanno 2016]

Amplitude: o, = QQY(;;R)



Log uniform
(Restricted to 1 € [1,10°] M)

p(h0)d)  p(d| A, 60) (A, 0)

? Same as in GR
9 — {Ml,Mz,)(l,)(z, }



+ Need to know spins to confidently %
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GW190814 rules out 4 ~ 2M,
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No hairy black holes

Hairy black holes

Massless scalar-tensor theories

Brans—Dicke
[Seymour and Yagi 2020]

10—2 J

104

£

22\

Damour—Esposito-Farese

[Zhao et al. 2019]
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[Lyu, Jiang and Yagi 2022]
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This work™

All objects have scalar charges

Spontaneous scalarization

*See also [Danchev, Doneva and Yazadjiev 2022] for binary pulsar constraints




