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The usual Black Hole picture

Foundations

• BH descricption within GR: rg = 2GNM, J, Q
→ no hair theorem

• Hawking's semiclassical treatment
(MPl → ∞, LPl → 0, rg �nite, h̄ �nite)
→Hawking radiation T ∝

1

rg

→Bekenstein entropy S ∝ A

Consequences

• Information paradox

• negative heat capacity...
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Dvali / Gomez: the above treatment is not appropriate;
quantum e�ects cannot be neglected

Quantum N-Portrait of Black Holes

• graviton interaction strength momentum dependent:
αgr = h̄GN

λ2

• BEC: universal coupling of N gravitons with λ ∼ rg
→ αgr = 1

N
, λ =

√
NLP , M =

√
N

h̄
LP

(no-hair)

• at quantum phase transition (leakiness) →depletion

evaporation rate dM
dt

=−T 2

h̄
(T := h̄√

NLP
)

half life-time τ = h̄2

T 3GN

...IF N → ∞, LP → 0, rg �nite, h̄ �nite (semiclassical limit)
leading corrections of order O( 1

N
) NOT O(exp(−N))
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1

N
-corrections become important at the phase transition

⇓

• 1

N
-corrections account for the information paradox

• Black Holes carry 1

N
-hair
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Toy Model I: 1D Bose-Einstein condensate with

attractive interactions (Flassig, Pritzel, Wintergerst)

Ĥ =
h̄
2

2m

V∫
0

dx
(
∂x ψ̂

†)(∂x ψ̂)− U

2

V∫
0

dxψ̂
†
ψ̂

†
ψ̂ψ̂

ground state:
U < Uc homogeneous condensate
U > Uc inhomogeneous condensate / soliton

Bogoliubov approximation: ψ̂ = ψ0 + δψ̂

Energy spectrum of the Bogoliubov excitations:

ε(k) =
(
h̄2δk2

2m

)[(
V
2π

)2
δk2− U

Uc

]1/2
(δk = n 2π

V
)
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Toy Model II: 1D Bose-Einstein condensate with

derivatively coupled interaction terms

Ĥ =
h̄
2

2m

V∫
0

dx :
(
∂x ψ̂

†)(∂x ψ̂) :

+λ

V∫
0

dx :
((

∂x ψ̂
†)(∂x ψ̂)

)2
: +κ

V∫
0

dx :
((

∂x ψ̂
†)(∂x ψ̂)

)3
:
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Toy Model II: 1D Bose-Einstein condensate with

derivatively coupled interaction terms

Bogoliubov approximation: ψ̂ = ψ0 + δψ̂

Energy spectrum of quasi Bogoliubov excitations:

ε(δk) =

{
8P0k0δk for δk > 0

0 for δk < 0

Number of depleted real particles v2(δk) = 1

2

(
k2
0

+δk2

2k0|δk| −1
)

high for δk � k0

→ Breakdown of Bogoliubov approximation / point of
quantum phase transition
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Toy Model II: 1D Bose-Einstein condensate with

derivatively coupled interaction terms

Energy gap closing
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Toy Model II: 1D Bose-Einstein condensate with

derivatively coupled interaction terms

Future work:

• numerical analysis for a modi�ed Hamiltonian

(e.g. adding
V∫
0

dx :
((

∂ 2
x ψ†

)(
∂ 2
x ψ
))2

:)

• higher spin models →spin 2

• relativistic models
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