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General Introduction

Based on
Bellucci, Saharian, V. V., JHEP 1511 (2015) 092

See also

@ Bellucci, Saharian, V. V., Phys. Rev. D 93, 084011 (2016)
@ Bezerra de Mello, Saharian, V. V., Phys.Lett. B741 (2015) 155-162

@ We aim to consider combined effects of topology and gravity on the
properties of quantum vacuum,

o Gravitational field is considered as a classical curved background,

@ Back-reaction of quantum effects is described by Einstein equations with
the expectation value of the energy-momentum tensor for quantum fields
on the right-hand side,
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General Introduction

@ This hybrid but very useful scheme is an important intermediate step to
the development of quantum gravity,

@ We are interested in the effects of non-trivial topology and gravity on the
vacuum expectation value (VEV) of the current:
julx) = ie[@™ (x)Dpelx) — (Dpe™ (x))¢(x)]

@ Although the corresponding operator is local, due to the global nature of
the vacuum, the VEV carries important information about the global
properties of the background space-time

@ As a background geometry we consider AdS spacetime.
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Randall-Sundrum
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bulk
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Randall-Sundrum

@ Original Randall-Sundrum model (RS1) offers a solution to the hierarchy
problem by postulating 5D AdS spacetime bounded by two
(3+1)-dimensional branes

o Hierarchy problem between the gravitational and electroweak scales is
solved for k x distance between branes = 40
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The Geometry and Topology

D + 1-dimensional AdS Spacetime

ds® = (a/z)*(qipdx'dx® — dz?)
0<z< o
nir = diag(1, -1, ..., —1)

The Topology

RP x (S1), w/q+p=D -1
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Topological Casimir Effect and Aharonov-Bohm
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Topological Casimir Effect and Aharonov-Bohm effect

@ Periodic bnd conditions change the spectrum of the fields.

@ Aharonov-Bohm like effect from the flux of the gauge field through the
compact dim.
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Field Content

Charged scalar field with general curvature coupling

v

Periodicity Conditions

(P(t, Xp, Xq + Llel) = eial(P(tl Xprxq)

V

Special Cases

o untwisted fields: a; = 0

o twisted fields: a; = 71

Classical Gauge Field

A, = const
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Sketch of the Strategy

We first evaluate the Hadamard function:

Hadamard Function

GW(x,x') = (Olglx)g™ (x') + @™ (x')ep(x)|0)

Then:

Currents Density

(01111 x)|0) = < ) = thmx —>x(6;1 - alp)G(i)(xrxl)

Sum over modes:

G(x,x) = Yo T 05 ()0 (x)

W/ {(p((;r) (x), (pgﬁ) (x! } being the complete set of normalized positive- and

negative-energy solutions to the field equation obeying the periodicity
conditions.
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Sketch of the Strategy

(pg+/—)(x) _ ZD/QZv()LZ)eier”¢—iwt J

r=1,...D-1

v=1/22 — D(D + 1)& + m2a2

v= VAT B K = YO R

Q1v>0
@ v = 1/2: Conformal Coupling
@ v = D/2: Minimal Coupling

@ (') = 0 for I #compact
@ (j') # 0 for I =compact
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Bnd condition on brane

@ Brane atz = zg
@ Robin bnd condition: (1 + Bn*Dy,)¢(x) =0, at z = zg
@ Special cases: Dirichlet (8 = 0) and Neumann (8 = c0)
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Presence of the Brane

L-region R-region

Brane
AdS boundary

@ Properties of the vacuum are different in L- and R-regions

@ For both L- and R-regions the Hadamard function is decomposed into
pure AdS and brane-induced contributions.

o Current density along the 1-th compact

dimension: (j') = (j'% + (i, l=p +1,....D -1
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A representative result: Right region
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Region of unstable vacuum. Robin bnd conditions.

The numbers on the curves are B/a. J
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Dirichlet bnd condition.
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A representative result: Right region
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Neumann bnd condition.

The numbers on the curves represent zg/L.
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A representative result: Left region
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A representative result: Left region

1.2+ B

0.8 ]

0.6 1 B

0.2r 1

0.0 1

0.0 0.2 0.4 0.6 0.8 1.0
2/zy

Neumann bnd condition.

The numbers on the curves represent zo/L.
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@ a) VEV of the current density for a massive scalar field is investigated in
the background of AdS spacetime with spatial topology RP x (S1)9,

@ b) Charge density and the components along the uncompactified
dimensions vanish,

@ c) Current density along compactified dimensions is a periodic function
of the magnetic flux with the period of the flux quantum,

@ d) Current density vanishes on the AdS boundary,

@ e) Near the horizon the effects induced by the background curvature are
small,

o f) In Kaluza-Klein-type models the current with the components along
compact dimensions is a source of cosmological magnetic fields.
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Extra Slides: Vacuum Currents Without Branes

(j!) for I =compact

_ 4ea P, (D+1)/2 1
= (o DIR an 1 usin(agn Zn cos(@q—1Ng-1)qy_4/9 (1+gnq_2)

where

By _ e HQh(x)

Q qalx) = 2= 1)71/2
2 _ D=1 _o72v1/2

9 gnq - (Zz p+1n L)

@ ng_1 = (Np4t,..., M1, N41, ..., ND1)
~ D—1 ~

Q aq-1:ng1 = Zi=1,~’7=laini

(j'y = 0 for I #compact
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Extra Slides: Vacuum Currents - Brane Induced Part

Brane Induced Contribution to (j'): right region

. C. zD+2 p=1 T,
0 = — gesery Ying B e, i xlx” — k2) 5" B89 K2

where
—(p+1)/2

0 Cp = Fipror

Brane Induced Contribution to (j'): left region

g CpzP*2 00 p=1 Ko (
i = _m an k; fk(q) dx x(x? — k(2 )) 2 I(zox)lz( x)
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