Casimir force between planes as a boundary finite size effect

Zoltan Bajnok, L. P., Gabor Takacs
Eo6tvos University, Budapest

(Phys. Rev. D73 065001 (2006) hep-th/0506089)

Ae Ce Ee
1
B o kX D& F e K
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Boundary state formalism
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Applications
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Conclusions
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aim: dependence on boundary conditions in  planar geometry

finite size effects (FSE) in boundary QFT
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R from “one boundary” geometry



Boundary state formalism
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®(x,7,t) inD+1dim.  £=21(6P)? -1 (6:9)% -1 (acb) —V(®)

restrictedto <0 by Vig(®(0,7y,t)) at x=20

thereare TWO Hamiltonian descriptions
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boundary reduction formulae  (Bajnok, Bohm, Takacs) R, R, < corr. fns.

Hp = [°_dz [dF[iN? 4+ 1(0,9)% + L(5P)2 + V(®) + 5(x)Vi(P)]
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can be summed up for free bulk and elastic reflection
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X
folding trick  (Bajnok, George) maps to boundary theory R* reflections 7T+ transmissions

defect operator 9= %T — m = meff(EH)
D =1 Rty AT (—0, R AL (6, R
+ (2 )D B0, M)A (=0, =k DAL (0, k) +
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can be summed up for free bulkand elastic reflections/transmissions
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the result
D 17,

k
B(L) = —[%. & Costh(Q ryprmer()DRy (5 + 0.mer(RDIRF (5 -

0, mefr(kH))e—Qmeff(kH) cosh 6L 4 O(e_3mL)

e multi particle terms  suppressed e~ mLN

e bulk, boundary interactions in RfQ (BYBE for 2d IBQFT)
e “Iinfrared” viewpoint large volume expression

e universality can be summed up for free bulk and elastic reflection TBA like

gD-1%
E(L) = foo 4 COSth(Q D ||1meff(k||)|og[1:|:R1 (m‘|‘9 meff(kH))Rél_(mr—

97 meﬂ:(kH))e—Qmeff(kH) cosh QL]

upper/lower boson/fermion for L > m 1 gives back large volume expr.
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massive scalar field V(d) = mTCDQ with Robin boundary conditions
0z P — c1P|z=0 = 0; 0: P + coP|,=1, = 0; c1,c2 > 0,
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continuing 6 — ¢ +45  and introducing meﬂ:(EH) coshd = \/m2 + ¢°

E(L) = 1 /dqullog 1_ \/777/2—4‘(]2—61 \/ﬂ??——I—QQ—Cge_QL\/m
(47T)D/2|_(D/2) ) \/m2—‘|-(12-|—61\/m2——|—qQ—|—cz
c; — 0 Neumann c¢; — oo Dirichlet ——  Ambjorn-Wolfram

m — 0O limit —— Albuquerque-Cavalcanti



parallel dielectric slabs

€1

11



parallel dielectric slabs

€1

x=0

sz(z’g + 0) reflection amplitudes of electromagnetic waves (Jackson)



parallel dielectric slabs

€1

sz(z’g + 0) reflection amplitudes of electromagnetic waves (Jackson)

ki~ = k2sin?a . _
| E can be parallel and perpendicular




parallel dielectric slabs

€1

sz(ig + 0) reflection amplitudes of electromagnetic waves (Jackson)

ki~ = k2sin?a . _
| E can be parallel and perpendicular

Ré (W, sz)_ kﬁ R(Z)rp( kH)_ kﬁ e = € (w)
e (o= s



parallel dielectric slabs

€1

x=0
sz(ig + 0) reflection amplitudes of electromagnetic waves (Jackson)

—

k)~ = k?sin?a E can be parallel and perpendicular

€ wQ—EQ—«/e-wQ—IZQ A/ W — k2 — N 2 _ k2
i > ‘ I ! | i = I H € = €W
Rp()a)r(w k||) = ~ Rée)rp(wakH) — 2 . ( )
, 2 i — K [e;
| H

2 means w — imerr(k)) sinh 6 = i¢

B =5 [ [ 3 toa (1~ RV (e, )R (i, e V)
0

0 j=perp,par



parallel dielectric slabs

€1

x=0
sz(ig + 0) reflection amplitudes of electromagnetic waves (Jackson)

—

k|- = k2sin®a E can be parallel and perpendicular

I & = €(w)

j=perp,par

2
(L) = = / i / &l Y g (1- RV, ) RP (ic, q)e V)
0

Casimir force F = —57 agrees with  Lifshitz et al.
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Conclusions
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e universal large volume expression
D 1k . '
B(L) = —[%, 47 coshé | DL —prmer (k) ) RT (3 + 0, meer (k) RT (F —
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e checked on several examples

e can be derived from mode summation



