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Semi-classical Black Holes and Quantum Black Holes

Semi-classical Black Holes and Quantum Black Holes

Model of low scale quantum gravity:
Formation of small black holes (BH) at elementary particle colliders

Sem-Clasical BH

o thermal object

@ decay via Hawking radiation
into many particle final state

o formation unlikely since

Mpy > Mp
@ geometrical cross section:
o=mr?
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@ non-thermal object

@ decay into only a few
particles

@ interpretation as short-lived
state

@ cross section from
semi-classical case

Quantum Black Holes



Effective Field Theory (EFT)
Lagrangian
Effective Operators Matching of Cross Sections

Effective Operators for QBHs

How to model these states in particle physics processes?
— suitable Effective Field Theory

QBH
@ e.g. spinless QBH is represented by scalar field

@ charges in accordance with gauge quantum numbers of
Standard Model

Interaction

o defined by EFT

@ matching of cross section with geometrical one

- conservation of gauge symmetries
- no equal assumption for global symmetries
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Effective Operators for QBHs

L=-S_ 0+ he
M3

@ ¢: neutral scalar field — QBH
e : fermion field

@ c: adjustable parameter to match cross section, depending on
CoM energy and relevant masses
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Matching of Cross Sections

Cross section for production of scalar field
Vs
o2 = ¢) = ;|A|2 o(s — May)

2
amplitude:  [A(2Y) — ¢) > = &° I\Eﬂ“ [s —(m + mg)z}
P

Geometrical Cross Section

o~mr? o, 4dirg = Lﬁl
AmMp
2
) i V5 [(vV5 = Mpu)* + 7]
thus: ¢© =
47 [S — (m1 + mz)z] r
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Low energy contributions

Effective Lagrangian

1 _
Legr = Z ,\—/I—P¢i(Aij + BU’YS)UWWFW

7
@ anomalous magnetic moment
— Mp > 2 x 108 GeV

@ “forbidden” lepton family number violating
processes, e.g. [i — €Y
— Mp > 7.2 x 1012 GeV

© CP violation — EDM of leptons and quarks

of S_I\/I, e.g. for neutron
— Mp > 4.5 x 1016 GeV
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Thanks

Thanks for your attention!
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