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No hair theorems

Spherical symmetry

Asymptotically flat 
spacetime

Stationarity

Schwarzschild 
metric

Constant scalar field

NO HAIR THEOREMS

No new physics !!!!!

  Herdeiro +: Int.J.Mod.Phys.D 24 (2015) 09



Spherical symmetry

Asymptotically flat 
spacetime

Stationarity

Scalar wigs solution



Spherical symmetry

Asymptotically flat 
spacetime

Stationarity

Scalar wigs solution



Spherical symmetry

Asymptotically flat 
spacetime

Stationarity

We can avoid the 
Birkhoff theorem: the 
metric can be time-
dependent as well as 
the scalar field

Scalar wigs solution
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Given generic initial conditions 
at the horizon, the solution can 
be written as a some of quasi 
bound states at late time

Scalar wigs solution: quasi bound states

ψ ∝ Heun function Barranco +: Phys.Rev.Lett.109.081102 (2012)

ψ ∼ e−iω(t+r*) r* → rH
ψ ∼ e−iωteikr*rμ2M/χ k = ω2 − μ2 r* → ∞



•Super Massive Black Holes 

•Stellar Mass Compact Object

Extreme mass ratio inspirals

M ∈ (104,109) M⊙

mp ∈ (1,10) M⊙

https://drive.google.com/file/d/1pb1adeqr-Ko-TyMKzl867vqF0qLA3Jpb/view?usp=sharing
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Testing black holes with EMRIs

105 Cycles in the Lisa sensitivity band
Undetectable gets detectable !

A.Maselli+: Nature Astron. 6 (2022) 4, 464-470 
Robson+: Class.Quant.Grav. 36 (2019)
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Theoretical framework

g0
μν = Kerr Metric

The scalar cloud forms 
around the stellar mass 
compact object

Barranco +: Phys.Rev.Lett.109.081102 (2012)

Superrandiance 
is efficient when 

Mμ ∼ 1
μ ∼ 10−14 ÷ 10−12 eV
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Scalar charge definition

Stationary SC
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φ(r̃) = φ0 +
eik0r̃mp

r̃
d0e−iω0t̃ + 𝒪 (( mp

r̃ )
2

) + 𝒪 ( r̃
D )

Scalar charge definition

Massless SC

T Damour and G Esposito-Farese 
1992 Class. Quantum Grav. 9 2093 

L.Speri+: arXiv: 2406.07607 M.D.R. +: Phys.Rev.D 109 (2024)
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Time scale separation

τ ∼ 0.4(μsmp)−6mp

Υ = 2πγ/ωR
0 ≃ 2π/μs

P ∼ 10M

Four typical time-scales 
•Oscillation period of 
the scalar field    

•Decay time of the 
scalar cloud  

•Orbital period 
•Plunge time tplunge ∼ M2/mp

S. Detweiler: Phys. Rev. D 22, 2323 (1980)
J. Barranco +: Phys. Rev. D 84, 083008 (2011) 



Time scale separation S. Detweiler: Phys. Rev. D 22, 2323 (1980)
J. Barranco +: Phys. Rev. D 84, 083008 (2011) 

Υ ≪ τ



Time scale separation S. Detweiler: Phys. Rev. D 22, 2323 (1980)
J. Barranco +: Phys. Rev. D 84, 083008 (2011) 

Υ ≪ P

Υ ≪ τ



Time scale separation S. Detweiler: Phys. Rev. D 22, 2323 (1980)
J. Barranco +: Phys. Rev. D 84, 083008 (2011) 

Υ ≪ P
Scalar radiation is dominated by the 
oscillation frequency of the scalar field

Υ ≪ τ
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Phenomenology of time - dependent scalar charge

•The scalar cloud lasts 
more than an orbital 
period 

•Scalar radiation affects 
the whole inspiral  

•The scalar charge decays 
during the inspiral 

•The scalar cloud fades 
away in an orbital period 

•Scalar radiation may 
appear as a glitch in 
data stream 

τ ≫ P τ ≪ P



Phenomenology of time - dependent scalar charge

τ ≫ P τ ≪ P

·C = ·Ctens + d2 ·Cscal

Adiabatic regime:



Phenomenology of time - dependent scalar charge

τ ≫ P τ ≪ P

·C = ·Ctens + d2 ·Cscal

Adiabatic regime:



Phenomenology of time - dependent scalar charge

τ ≫ P τ ≪ P

·C = ·Ctens + d2 ·Cscal
·d = − 1

γτ d

Adiabatic regime:



Phenomenology of time - dependent scalar charge

τ ≫ P τ ≪ P

·C = ·Ctens + d2 ·Cscal
·d = − 1

γτ d

Adiabatic regime:

 can be assumed 
constant if 
d

τ ≫ tplunge



Phenomenology of time - dependent scalar charge

τ ≫ P τ ≪ P
d(ω) =

1
2π

d0γτ
1 − i(ω − ωR

0 − mΩϕ)γτ

The scalar charge 
has a non trivial 
Fourier transform
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We generalised the matching procedure to time 
dependent scalar fields 

We exploited time-scale separation to get close 
formulae for the scalar flux 

We need to evaluate radial Regge-Wheeler function for 
values of  

How much is scalar flux different from those in the 
literature for stationary-massive scale? 

Generalise this formalism to rotating central black holes

ω ≫ 1/M

Results and open problems

Thank you for the attention
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(gσρ ∇σ ∇ρ − μ2) Φ = 0

S[g, Φ] = SEH[g] + SΦ[g, Φ]
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(gσρ ∇σ ∇ρ − μ2) Φ = 0

ds2 = α(t, r)2dt2 + γ(t, r)2dr2 + r2dΩ2 Φ = Φ(t, r)

S[g, Φ] = SEH[g] + SΦ[g, Φ]

spherically symmetric solution

m(t, r) =
r
2 (1 −

1
γ2 ) Barranco +: PhysRevD.96.024049 (2017)

Theoretical Setup
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scalar wigs go to zero exponentially at infinity

Is there a variation of the mass? Mädler+:Scholarpedia 11 (2016) 33528
Bondi: Nature 186, 535 (1960)

dm(u)
du

= −
1

4π ∫ dθdϕ sin θ |N |2

Bondi News 
function

ds2 = −
V
r

e2βdu2 − 2e2βdudr + r2hAB (dxA − UAdu) (dxB − UBdu)

No energy flux

No variation of the mass

N ∝ qAqB∂ucAB
cAB = lim

r→∞
r(hAB − qAB)

dyad 
element

Flat space 
time


