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The Meissner effect
I Meissner Ochsenfeld effect for superconductors

I expulsion of the magnetic field from the interior of the superconductor

for T < TC
I Meissner effect for black holes

I black hole thermodynamics: surface gravity κ ∝ T
I expulsion of the magnetic field from extremal horizons
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Observation of black holes
I gravitational wave signals of binaries

I motion of stars

I accretion disks

I gravitational lensing, shadows

⇒ additional sources of the gravitational field required

[Abbott et al. 2017]

, [Eisenhauer et al. 2005]
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Observation of black holes
I gravitational wave signals of binaries

I motion of stars

I accretion disks

I gravitational lensing, shadows

⇒ additional sources of the gravitational field required

Could deformations of black holes yield observational signatures?
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Properties of isolated and deformed black holes

I no-hair theorem→ Kerr black holes

I laws of black hole mechanics

I hidden symmetries

I Meissner effect

I . . .

Which properties are universal for black holes and which are particular
to Kerr?
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Properties of isolated and deformed black holes

X no-hair theorem→ tidal Love number vanish

X laws of black hole mechanics

× hidden symmetries

? Meissner effect

Which properties are universal for black holes and which are particular
to Kerr?
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Previous results
I electromagnetic test fields: [Wald 1974; Bičák et al. 1980; 1985; 2004;
Penna 2014, Gralla et al. 2016], . . .
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I electromagnetic test fields: [Wald 1974; Bičák et al. 1980; 1985; 2004;
Penna 2014, Gralla et al. 2016], . . .

I strong electromagnetic fields for special solutions (magnetized

Kerr-Newmann): [Karas et al. 1991; 2000; Bičák, Heijda 2015],. . .
I higher dimensions: [Chamblin et al. 1998]
I but: no Meissner effect for split monopoles, conducting matter near

the horizon [Komissarov et al. 2007, Takamori et al. 2011]
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Previous results
I electromagnetic test fields: [Wald 1974; Bičák et al. 1980; 1985; 2004;
Penna 2014, Gralla et al. 2016], . . .

I strong electromagnetic fields for special solutions (magnetized

Kerr-Newmann): [Karas et al. 1991; 2000; Bičák, Heijda 2015],. . .
I higher dimensions: [Chamblin et al. 1998]
I but: no Meissner effect for split monopoles, conducting matter near

the horizon [Komissarov et al. 2007, Takamori et al. 2011]
here:
I Arbitrarily strong electromagnetic field

I generic uncharged black hole in equilibrium (deformations allowed)
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Generic black holes: Non-Expanding Horizons
Idea: Quasi-local description of black holes [Ashtekar, Lewandowski 2002].

I Non-expanding horizonsH:
I null hypersurfaceH = R× S2

I null normal `a with vanishing expansion
I outgoing null vector na has negative expansion
I energy conditions: Tabk

b
is future pointing

I Einstein equation holds

⇒ I `a non-shearing, non-twisting
I ∃ preferred intrinsic connection
I `aDa`b = `aωa`

b

I `a not unique (no zeroth law of thermodynamics)
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Generic black holes: Weakly Isolated Horizons

I (H, [`a]) weakly isolated horizon if:
I H is non-expanding horizon
I [`a] equivalence class of null normals under rescaling
I [£`,Da] `b

·
= 0

⇒ surface gravity κ(`) = `aωa is constant
I but: depends on scaling: κ(`) = cκ(c`)
I extremal horizons: κ(`) = 0

7/16 Meissner Effect | Norman Gürlebeck



Tetrad & Bondi-like coordinates near a WIH
I `a – null generator

I v = const. ∼= S2
(`a∇av = 1)

I ma, m̄a
– basis of TS0

I Propagation by £`m
a =̇ 0

I Choose na, nana = 0, na`a = 1

I Propagation by nb∇bna = 0

n =
∂

∂r

I Propagate tetrad along na

I spherical coordinates on Sv: (2)ds2 = R(θ, ϕ)2
(
dθ2 + sin2 θdϕ2

)
[Krishnan 2012]
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The assumptions & constraints
I axial symmetry (ηa), stationarity (ξa) & electro-vacuum near the WIH
I electromagnetic field with the same symmetries

I expansion of all functions in r: f = f (0) + f (1)r + . . .

I vanishing charges: Qe + iQm = 0 =
∮
S0
φ1dS
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I λ = nam̄b∇bm̄a, π = nalb∇bm̄a

I electric and magnetic flux: φ1 = 1
2
Fab

[
lanb −mam̄b

]
I φ2 = Fabm̄

anb

I ðη =
(
ma∇a + sm̄amb∇bma

)
η
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Extremal WIH
I explicit solution in the extremal case: κ(`) = 0

π(0)(θ) =
R(θ) sin θ

cπ +
√

2
θ∫
0

R2(θ̃) sin θ̃ dθ̃

φ
(0)
1 (θ) =

cφ(
cπ +

√
2
θ∫
0

R2(θ̃) sin θ̃ dθ̃

)2 ,

I cφ, cπ integration constants
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I charge of the WIH:Qe + iQm =
2
√
2π cφ

cπ+
√
2
π∫
θ

R2(θ̃) sin θ̃ dθ̃

⇒ for uncharged WIH: cφ = 0

⇒ φ1
·

= 0

⇒ no magnetic and electric flux across any part of the horizon of an

extremal black hole

⇒ Meissner effect
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Magnetic Flux
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Electric flux

a/M = 0.5 a/M = 0.9 a/M = 1.0
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Expulsion of the magnetic field

a/M = 0.8 a/M = 0.9 a/M = 1

I Field lines of the magnetic field: Ba measured by an observer with

the four-velocity ua = (`a + na)/
√

2
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a/M

0.0
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0.4

0.6

0.8

1.0
η/
η

m
ax

η = ηmax
a/M = 0.89

a/M = 0.98η = 0.5 ηmax

a/M = 0.95η = 0.83 ηmax

a/M = 0.998η = 0.07 ηmax

Jet creation efficiency

I η = κ
4πx

2
〈

Φ2
BH (Ṁ M2)−1/2

〉
(1 + 1.38x2 − 9.2x4)

x = a/M

2(1+
√

1−(a/M)2)
[Tchekhovskoy 2010, 2011]
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Thank You!
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