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Planar Casimir energy Fg(L)= A, ()\) anomalous dimensions of determinant type operators:

from finite size effects in (integrable) boundary QFT
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integrability helps to solve the problem even exactly — large volume expansion in any D
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Boundary Liischer correction

Groundstate energy for large L from IR reflection: Eq(L) =

—liMmp_ o }% log (Tr(e_HB(L)R)) = —limp_yo }% log(e—Eo(L)R)
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U

—
\




Boundary Liischer correction

Groundstate energy for large L from IR reflection: Eq(L) =
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Boundary Liischer correction

Groundstate energy for large L from IR reflection: Eq(L) =

—liM g0 % 10g(Tr(e T (DIRYY = _limp_, L log(Ble~H(R)L|B)
Boundary state | B) = exp{ > d—eR(%7T - 9)A+(—9)A+(9)} |0)

—Oo0 477

Dominant contribution for large L: two particle term

(Blem LBy = 1 4+ 53, R(‘Z — 0)R('T 4 9)e—2mCoshbpl 4 .

U

1+/\R+A(\




Boundary Liischer correction

Groundstate energy for large L from IR reflection: FEg(L) =

—liM 00 % 10g(Tr(e A (DIRYY = _limp_, o & log(Ble=HER)L|B)
Boundary state |B) = exp {ffooo %R(% — 9)A+(—9)A+(9)} [¢) FE AN YN

Dominant contribution for large L: two particle term

(BlemH(RLBY = 1 4 5, R("Z — 0)R('Z 4 0)e=2mCosh bkl 4

quantization condition: m Sinh 8;, = % S — ﬁ—?’fd@ cosh 6 + N/ oo

Eo(L) = — [N R _ 9)R('T 4 9) e=2mLCOSN0, 7B, . Palla, G. Takacs '04-'08



Groundstate energy for large L from IR reflection: Eq(L) = U

Boundary Liischer correction

—liMp_ o0 % log (Tr(e_HB(L)R)) = —limp_, % log(Ble~H (L)

Boundary state |B) = exp {ffooo %R(% - 9)A+(—9)A+(9)} |0)

Dominant contribution for large L: two particle term

(Ble HBL| By =1 4+ Y, R(Z — 0)R('F + 0)e=2mcoshbpl 4 \—

quantization condition: m sinh 6, = 2% Yo — ﬁ—?fd@ cosh 6 )

Eo(L) = — [MCBNOB R _ 9)R('T 4 9) e=2mLCOSN0, 7B, L. Palla, G. Takacs '04-08

Ground state energy exactly:

e(9) = 2mL cosh 6 — log(R(’Z — O)R('ZT + 0))
—f g—i’gol(e — 60" 1og(1 + 6_6(0/)) LeClair, Mussardo, Saleur, Skorik

S —

+

\/+I

I

Eo(L) = —mf%cosh(e) log(1 + e—€())




Casimir effect: Boundary finite size effect
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Casimir effect: Boundary finite size effect

7
L1

Extension to higher dimensions: EH label dHIH
I i — 2 1.2 2 2 2 ‘// U T I
DISperSIon W = \/m _I_ k” + kJ_ — \/meﬂ; _|_ kJ_ //////:/II

rapidity w = meff(kH) coshd, k| = meﬂ:(kn) sinh 6 U U

Reflection R(6, meff(kH ) H
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Casimir effect: Boundary finite size effect

Extension to higher dimensions: EH label dAIH AT

: : _ 2 | 2 2 __ 2 2 HIHN « A THTTH

Dispersion w = \/m + kH + k1 = \/meff + k9 ,//////:/n ///////

rapidity w = mg(k;) cosh @, k; = m.g(k;)sinh 6 Ml hIH

PIAItY eff\ ™| L eff\ ™| eld U4

. j // L ] /"'/ ~
Reflection R(60, meff(kH)) iz phs

dD_lk . - —
Bstate: | ) = {1 + | Grypran B(E = 8, me(RD) AT (=6, —F AT (6, F)) + } 0)

Ground state energy (for free bulk):

d” 1k ~ ' _9 hoL
Eo(L) = [ 5yp-t by 109(1 + BT + 0, meg) R2(5 — 0, megp)e ~"eff5170)




Casimir effect: Boundary finite size effect

Extension to higher dimensions: EH label : ////f’ ////:/:
Demesion @ = \/m2 + R+ k3 =\ fmZ+ k3 P i
rapidity w = mege(ky) cosh 0, k. = meg(kpsinno (I [
Reflection R(0, mqg(k)) '/:/ L /’-/”/ g

dP—1k . - -
Bstate: |B) = {1 + f (QW)D_”l P R(G — 0, megg(k))AT (=0, -k AT (0, k) + } 0)

Ground state energy (for free bulk):

En(L) = dD_lkH d0| 1 17w 0 2T 0 —2m ﬂ:COSh 6L
o(L) = | mryp=187109(1 + B (5 + 0, me) R7(5 — 0, megr)e =€ )

QED: Parallel dielectric slabs (€1, 1,¢€5)

reflections E||,La B||,l — R||,L look it up in Jackson:

5> 7> Vw2—g2 2_GE
R (w by =q) = Y@V =g® p o, L =q) = V=’ Vew—g
J‘(w’ | a) Vw?—g?+Vew?—q? | (w, | 2 evVw?—g?+v ew?—q?




Casimir effect: Boundary finite size effect

Extension to higher dimensions: EH label dAIH AT
1 1 —_— 2 _)2 2 — 2 2 // // [ k A1 // //
Dispersion w = \/m + kH + k1 = \/meff + k9 ,//////:/n ///////
rapidity w = m ¢(k; ) cosh 8, k| = m_g(ky)sinh @ Mt HIH
pidity eff (K| - k1= megr(k Tk 1

. j // L ] /"'/ ~
Reflection R(60, meff(kH)) g phs

dD_lk . - —
Bstate: | ) = {1 + | Grypran B(E = 8, me(RD) AT (=6, —F AT (6, F)) + } 0)

Ground state energy (for free bulk):

By — (- R d \oq(1 4 RI(IT 4 g R2(iT _ g —2mgccosh 0L
o )—f(%)p_um og(1 + R*("F + 0, mp) R°(F — 0, mgp)e ~ e )

QED: Parallel dielectric slabs (€1, 1, ¢5)

Lifshitz

reflections E||,L7 B||,L — R||,L look it up in Jackson: sl
ZamZ N N> 02— 02—/ ew2—g2
Ry (w k) =q) = YOVt p (o ky = q) & <Y Vew g
LR V= ter—g I B 2= 2y e



Conclusion about Casimir

12



Conclusion about Casimir

Usual derivation:

summing up zero fregencies

Bo(L) = & Sa(zy w(k(L)) o€ o0
Complicated finite volume problem

+ divergencies




Conclusion about Casimir

Usual derivation:

summing up zero fregencies

Eo(L) = %Zk(L) w(k(L)) o< 0o
Complicated finite volume problem

+ divergencies

as a boundary finite size effect

Eo(L) = — [ Z10g(1 4+ R(—p)R(p)e 2E@L)

Reflection factor of the IR degrees of freedom:
semi infinite settings,
easier to calculate,

no divergences




AdS/CFT correspondence (Maldacena 1997)

The Illusion of Gravity - Juan Maldacena, Scientific American (2005)
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AdS/CFT correspondence (Maldacena 1997)

I1 5 superstring on AdSs x S°

/B°
<@ gravitation

o—

./> string
YM AdS s

L

SIY2=R? —++4++-=-R2

2
i

Tdo
A4

(0. XM X pr + 0, YM0Yay) + ...

N =4 D=4 SU(N) SYM
V12534

/! e
Ay P123456
N J
V1234
giQM J d*xTr [_%FQ — %(DCD)2 + W PW + V}
V(®, W) = 2[®, D)2 4+ W[D, W]
8 = 0O superconformal S()P(§§]>5§*7(%|(?4)

gaugeinvariants:©O = Tr(P2), det( )
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AdS/CFT correspondence (Maldacena 1997)

I1 5 superstring on AdSs x S° N =4 D=4 SU(N) SYM
S V12534
A@ - J \
o gravitation Au ¢1,2,3,4,5,6
./> string N Va
YM AdS s = V1234 B
7 [ d*aTr [ 3F? = 5(D®)? + iV + V]
% V(®, W) = 1o, d]2 + W[, v]
B = 0 superconformal e
SeY2=R2 _— 444 +4—=_R? — P SO(5)xS0(1,4)
! [ drdo (g XMa Xy 4+ 8,YMOYay) + . .. gaugeinvariants:©O = Tr(P2), det( )
Dictionary
Couplings: VA = R_/Z gs = % 0 A= g%MN , N — oo planar limit
(8 —_— 5nm
oD QFT strong<>weak (On(x)O0Om(0)) = Z2AnT)
String energy levels: E()\) Y Anomalous dim A ()
E(A):E(oo)+%+%+... AN) = A0) +AA1+ X200 + ...




AdS/CFT correspondence (Maldacena 1997)

I1 5 superstring on AdSs x S°

/B°
<@ gravitation

./> string
YM AdS s
/M4
SIYP=R> —4++++-=-R

B[40 (0, XM09 Xy 4+ 0. Y MY ) + ...

2

R~ A

Couplings: V) = £, g5 = 5 — 0

2D QFT
String energy levels: ()
E(\) =E(c0) + A+ 2+ ...

N =4 D=4 SU(N) SYM
V12534

/ \
Ay P123456
N f
V1234
2 [ d*aTr [-1F2 — 1J(D®)? + iV PW + V]
V(W) = 2[®, P]? + W[, V]
PSU (2,24
8 = 0O superconformal 50(5)>SSO|(1)4)

gaugeinvariants:©O = Tr(P2), det( )

Y M

Dictionary
A= gYMN N — oo planar limit
strong<—+>weak (On(x)Om(0)) = P |§Znﬁ(>\)
Y Anomalous dim A(\)
AN) = A0) +AA1 + A+

2D integrable QFT



AdS/CFT correspondence: confirmation

two particle states Konishi anomalous dimension

Z =P 4+ 1Py, X = P34+ 1Py
supersymmetric BPS operators
Opps =Tr(Z') < | 11... 1)

nonsupersymmetric operator: Konishi
O =T (ZXZX + ...) < | I +.
operator mixing

Ex(A) =2E(p,\) T e iy
dispersion relation e — 8 0

E(p,\) = \/1 + %(sin g)z = integrable spinchain(sn
elastic scattering S(p, —p) (0i(2)0;(0)) = ngi()\)
Bethe Ansatz: €ZpJS(p> —p) =1 Bethe Ansatz + wrapping
finite size corrections AN = A0)+AAL + ...+ MA+

& db @

perturbatively oc 10° diagrams

Es = Agq = —2496 + 576(3 — 1440(5 184, = n = =2 L0 5- D06y — La4UE
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AdS/CFT correspondence: boundary

/=0 brane: boundary vacuum

Er(A) = 2ERgry (M)
dispersion relation

B(p,)) = /1 + 2(sin §)?
elastic reflection R(p)
Bethe Ansatz: e'?P/ R(p)R(—p) = 1

finite size corrections

— [ R(—p)R(p)e2E @)L

det operator anomalous dimension
Z = P54+ 1Pg, Y = P34 1Py
“/=0 vacuum”

_ Im.nqg i~ k Jv\P
O =c¢ €54, kop Zl"Zm..Zn(YZ Y)q

RN

“Y=0 vacuum”

O = &I YR 27 ),
1 )

operator mixing
— e T3 @
o — O o

integrable open spinchain
5
(0i(2)0;(0)) = W

/=0: Bethe Ansatz + wrapping
AN) = A0) + A1+ ...+ XA+
Y=0: Bethe Ansatz (Correa Young '09)
direct test from BA!
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