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Properties of the Fulling-Rindler vacuum




Importance of QFT In Rindler spacetime

B Observer dependence of the vacuum and particle notions is among the important
lessons from quantum field theory on curved spacetimes

B Classical example of two inequivalent vacuum states in the Minkowski spacetime
are the Minkowski and Fulling-Rindler vacua m) Vacuum states for inertial and
uniformly accelerating observers, respectively

B Interest to QFT in Rindler spacetime is motivated by several reasons:

 Principal questions of quantization of fields in geometries having horizons

1 Rindler geometry is simple enough to find exact solutions in different problems
of quantum field theory

 Rindler metric approximates the black hole geometry in the near horizon limit
and the roots of a number of quantum field theoretical phenomena around
black holes can be found in the Rindler physics (example is the relation between
the Unruh effect and Hawking radiation)

d Being a background with horizons, the Rindler geometry is an interesting arena
to investigate the phenomena of quantum entanglement



Problems considered

B Polarization of the fermionic Fulling-Rindler (FR) vacuum
Rindler line element dsi = g, da"dx” = p*dr* — dp® — dx*, x = (LITQ, 3, :J:D)j

F

P

B The fermionic Casimir effect for a mirror
uniformly accelerated through the FR

vacuum

X

1

™ Tranfsormation to Minkowskian coordinates
t = psinh 7. ' = pcoshr, dSQI\--I = dt* — dz*, z = (v!,x)
W Dirac field (iv"*V, —m)¢ =0,

B Quantum effects of nontrivial topology in Rindler

spacetime with compact dimensions (scalar and
Dirac fields)

A part of dimensions x = (22, 23,...,27), R* =
is compactified to a torus

Planar boundary moving
with constant acceleration




Polarization of the fermionic FR vacuum: Fermion condensate

B Renormalized fermionic condensate
& Spatial dimension

_ INmP [ wsinh u - _
b — ' — | 2O v — ]/KL/
(Pihen == S [ du p i o (mpeosha) £ (3 =5 K (2

B Fermionic condensate is negative for a
massive field, vanishes for a massless

field

1/ p ® Proper acceleration of an
observer

10° 0@ @Yrr
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Polarization of the fermionic FR vacuum: Energy-momentum

B Vacuum expectation value of the energy-momentum tensor (7),,)

B Vacuum energy density

IN 7 D+1 o0 2 2 4
(T pr = mD+3 / du (u? 7;//4)2 fps1 (2mpcoshu) coshu
(2m) 2 Jo us +m 2

Vacuum energy density is negative
B Vacuum stresses (= - vacuum pressure)

INmP+L oo wsinh u
T! — : du
< l>FR (QW)% /0 02 +7T2/4

Vacuum pressures are isotropic (not the case for a scalar field)

fos1 (2mpcosh u)
2



Vacuum energy density and pressures
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Vacuum energy-momentum tensor for a massless field

B For a massless field

A(ferm) 1 1 . 9—D 50 LUDBD (w)
(TR = diag ( 1, —,.... —) : Alferm) _ / dew

Bn(w)=]] [1 + (Z — {;/2}) ] Cly=n/2—14{n/2}

[=1
Radiation type equation of state Pressure=Energy density/D with negative energy density

e2mw + 1 377773
In terms of the proper energy measured by an observer with acceleration 1/ p
(e*mPer + 1)_1« thermal nature with the Unruh temperature 7' = 1/(27p)

1 > W =+ 3 1 1
B Special case D=3 (1}))rr = 7T2—/04 / dw ( )dl&g ( 1,—,.... —)
0

M In even number of spatial dimensions the thermal factor for Dirac field is of
bosonic type (e*™er — 1)1



Quantum effects of nontrivial topology
D

W Rindler spacetime with compact dimensions  ds* = £%dt* —d&* — ) (dxi)z
=1.x! =£.x,,%;) @topology #R? x (s)? _R___"=
4

B Quantum scalar field (g'u'vD,u D, + mz) ¢ =0, D, =V, + ieA§T External gauge field
We take Aﬂ = const (interpreted in terms of the magnetic flux)

b

xt = (x

B Quasiperiodicity conditions along
compact dimensions

[y

(,O(rsgsxpsxq—'_LIel):e (P(tsgaxpaxq)

Momentum along |-th compact dimension k; = Qmn; +a;) /L;

B Physical characteristics of the FR vacuum state

**Vacuum expectation value (VEV) of the field squared
*VEV of the energy-momentum tensor
*sVacuum current density



Vacuum current density

M Results will be described for the current density in the model with a single compact
dimension

B Current density along the compact dimension (length L)

o0

demPT1L 4£2 h2 272
Dy _ (D) em ZHSIH(HCXD)/ f(p+1)/2(mv/4E2cosh® x +n2L2)

Mf_ (27)DHD/2 2+ 72/4 Rl

Current in Minkowski vacuum ap=uo; +eA;L;
‘ D+1 >0

.p, _ dem”TL - I

(J7 M = ISRV Z;nSlﬂ(i’wmr_))fDT+l (nmL.)
n=

00 2 2 272y 2L
B Massless ,.p, _ ,.D I'((D+1)/2) L (4€% cosh” x 4+ n?L?)
ol (7)Y =" )m — 2eL — D)2 E nsin(nap) | dx ey

n=I

Current in Minkowski (D) = 2eI'((D +1)/2) Z SIH(H(XD)
vacuum S IM= T D )2 D

n=I1



Vacuum current density

1 The current density along compact

1 dimensions is a periodic function of the
magnetic flux enclosed by those
dimensions

Vanishes on the Rindler horizon

mTP<jP>le

Obtained results describe the vacuum
currents near the horizon of cylindrical
black holes
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Vacuum current density
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Fermionic Casimir effect in the FR vacuum

B Casimir effect:

Imposition of boundary conditions on the field operator leads to
the change of the spectrum for vacuum (zero-point) fluctuations

As a result the vacuum expectation values of physical
observables are changed » Casimir effect

Parallel metallic
plates

Casimir force -c __9 Ec __ nhex
S dasS  240a*

5

Casimir _
Vacuum H. B. G. Casimir, Proc. K. Ned. Akad. Wet. 51, 793 (1948)

lat ;
plates fluctuations



http://en.wikipedia.org/wiki/Image:Casimir_plates.svg

Fermionic Casimir effect in the FR vacuum

B Dynamical Casimir effect: Boundaries moving with acceleration in the Minkowski
vacuum create radiation

B We consider the influence of a planar boundary moving with constant acceleration
on the properties of the FR vacuum for the Dirac field (spin 1/2)

; @Dirac field (iv"V, —m)y =0.V, =0,+1T,,

o 2>
L iy
d\e‘ vo‘
i\

@Bag boundary condition (1 + in,7*)¥ =0, p = po

= vegion RRreg,on @ Physical characteristics of the FR vacuum
' & «Fermion condensate

\ *VEV of the energy-momentum tensor

() = (BN + (),
(T} Jren = <T“>ren <Tﬁ>b

Lt




Boundary-induced contributions

B Fermion condensate in RR-region

_ 21—D j\/?’ o0 i ~. D=3 o0 Iy /\ ; ‘
(P), = —m T ) / AN (N —m?) 2 /1 gy LrAo) K2 (\p) — K2, (\p)]

T2 F(% ) /2 I(;/()\PU) t

Notations: K, (X) =K, (¥)+ K, (x), 1,(x)=1,(x)—1,_,(x) @Modified Bessel functions

B Energy-momentum tensor in RR-region

D—-3

21—]__)]\/?' o0 i . D-3 o0 I_U A\
Cppp— [ aae-mt) = [ L) (1, ()
T 2 [ (Df)_l) m 1/2 ]{:/()\PO)

. . CZA 1

Fo |G (Ap)] = OG? (b’ - 5) G, (Ap) G,—1(Ap)

FiL[G, (Ap)] = 6N [Gl (Ap) Gyt (Ap) — Gy (Ap) Gl g (Ap)]
_ : A2 —m? 5 5

FZ _GV ()\p) — D_1 [Gu—l ()‘)0) o Gr/ (Ap)] ’

B Fermion condensate and energy-momentum tensor in RL-region is obtained by
the replacements | ,(x) 2 K, (X)
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Boundary-induced contributions
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