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& Null Energy Condition violation from QFT
without modified Gravity or exotic matter

· Origin : finite volume

Casimir effect
Tunnelling between degenerate vacue

· Relevance to cosmic bounce ?
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Null Energy Condition
②

N V

& it null rector-> Trun no
· satisfied classically
· assumption for singularity theorems

· ideal fluid -> C + Pyo

· continuity equation i + 3 H(e + p) = 0

↳ intuitive behaviour

· can be violated in QFT

↳ possibility for cosmic bounce



NEC violation from Casimir effect ⑤

E = Ediscrete - Econtinuouscasimir

↳ cancellation of UV divergence
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Tunnelling in Quantin Mechanics ⑪

ground state energy
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⑤

junellisinte- Sinst
↑ Sinst & (ml) )

1PI

infinite volue-> SSB

Convexity. knownsince To;
· explicit construction
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↳ ground state energy density



Semi-classical approximation ⑥

Zli)= [i#saddle
points k

· saddle points = dilute gas of instantous

· expand in j and infor background field
4 = <43 =IZ

· invert(5) j(b)
· Legendre From form-> 1PI

Seff(t) = -enz-Jid
↳ convex functional of ,



Dilute gas of instantons ⑦
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Ground state energy ⑧

Etrue = Ecasimir + Etunnelling = 1 "Vo

- (e)
Etunnelling =-me
Ecasimir depends on geometry + boundary conditions

example : 3- for us- - wh

Ecasimir - Le ulD !
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-> dominant for large boxsize



Full calculation ⑨
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resolvent method (1 + S)Gn(s ; x , j) = S
*
(x- y)

In =_(jax(Galixiy - G ix, y1]
detB D

↓ spectral decomposition of Green's functions
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↑ renormalisation
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Massless field on a frigid) 3-sphere ⑩
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s =(i +/dx 5 (20,40a + G(02=6)
· effective (mass)"= 2131R
· instanton action = TB

↳ independent of radius

-> no exponential suppression with radius

But R2 term-> modified gravity for
dynamical 3-sphere



Relevance to Cosmology ? ⑪

Assumptions · space = 3- torus

· FLRW flat metric
· adiabatic expansion
· fluid = true ground state

-> solve Friedmann equations with
-
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Cosmic bounce ⑫

all once ↑ asquptotic de Sitter
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-> dynamically induced bounce



Anisotropic Universe ⑮
· Friedmann equation in Ferms of average H
and anisotropy w= [H, - Ha)"+ (Ha-Hs)+ CH, -Hyl7
H= +

r+ i = - +3p) - 2+

->Th tende to restore NEC (w f)
· a
,
critical scale factor assume H() = 0
bounce F(t)-0) if alto)> an" &

collapse vi(to) <0) if alto) <9
·

JA , K. Cough , S .Pla 2013



Future studies ⑭
·Cosmology with R2 term ?

· Relevance to black hole singularity ?
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Moving mirror Cosmic Bounce
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Phenomenology

typical size of the Universe
· now (10meters

↳> no sign of periodicity

· Grand Unification L= 1 water




