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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 2FP)L)

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

no divergences
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AdS/CFT integrability: ¢ — q potential

quark-antiquark

potential

anti—quark

m

T

. space
time X .
extra dimension

V(L) =22+ ...

Wilson loop:
(P efCAudxH+d>ﬁ|zb|ds> o e~ T Vag M)
strong coupling

V() =R - R0+

minimal surface+fluctuations

y

Integrable system on the strip

Eo(L) = [ &

time

Iog(l — R_ (k)R+( k)e—e(k))
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R-matrix bootstrap program

Boundary asymptotic states |p1, po, . . . ,pn>m/0ut

form a representation of global symmetry:

Lorentz - E = >, E(p;)
dispersion relation F'(p) = \/m2 + p?

Reflection matrix R: |out) — |in)
commutes with sym. [R, A(Q)] =0

Higher spin concerved charge
factorization + Bdry Yang-Baxter equation
Ri1o = S12R1521 R0 = R2S21R1512

R-matrix = scalar . Matrix

-
e
i

glgigligigiigiy

(HHEHBEHHHHEHHH

s T e T s S s SR e S s SR s S s S s S s

:v\
Vv
SN
g
H A

IHHEHHHHBHBHHHSA



R-matrix bootstrap program

Boundary asymptotic states |p1, po, . . . ,pn>m/0ut
form a representation of global symmetry: > > /b0

Lorentz — E = >; E(p;) O \DH E
m
dispersion relation E(p) = \/m2 + p? AQ) IE
In
[
R :E[
Reflection matrix R: |out) — |in) ) = b,
commutes with sym. [R, A(Q)] =0 / E i
Higher spin concerved charge {A . E[
1> n>

factorization + Bdry Yang-Baxter equation
Ri2 = 512R1521R2 = R2521R1512

(HHEHHHHHHHEH

R-matrix = scalar . Matrix

Unitarity R(p)R(—p) = Id

Boundary crossing symmetry R(p) = S(p, —p) R(p) >E >E ><>@

Maximal analyticity: all poles have physical origin — boundstates, anomalous thresholds

INaalsht 00t sl



Nondiagonal scattering:

R-matrix bootstrap program: AdS

R-matrix = scalar . Matrix
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R-matrix bootstrap program: AdS

Nondiagonal scattering: | R-matrix = scalar . Matrix

R-matrix: [Correa-Maldacena-Sever, Drukker]
global symmetry PSU(2|2) 44,

by by
bo b-

=1 2

Q reps fa ® f
fa Ja

-
-
Haigigigigigigigigh|

[R,A@]=0 ™

=
\%
o
=
Vv
S
H_H



Nondiagonal scattering:

R-matrix bootstrap program: AdS

R-matrix = scalar . Matrix

R-matrix: [Correa-Maldacena-Sever,Drukker]
global symmetry PSU(2[2) 44,

b1

— bo
Q = 1 reps fs ®

fa

bi

0/ /M 0

/M

HII\I\I\I\III\_'
Y s N

/M

[R,A@]=0 ™

R%(p) = $%%(p, —p) Ro(p)

— ]

Igigigigigigigigigighi




R-matrix bootstrap program: AdS

Nondiagonal scattering: | R-matrix = scalar . Matrix

R-matrix: [Correa-Maldacena-Sever,Drukker]
global symmetry PSU(2]2) 4iq

by b
. bo bQ —
@ = 1 reps N I 8 E
Ja fa a8 — ;
- B

\plvn % fE E
RA@Q]I=0 "\ 4 ' '
S b R (0) = 572(p, ~p) Ro(p)

A(Q)/ IE
Unitarity 0

_ — oB\pP)_ boundary dressing phase

R(z).R(_Z) =1 RO(p? ¥ (p,—p) dz y1 Sinh(gQ7prg(z+z_1))
Crossing symmetry op = eix(@™)—ix(z™) x(x) = ¢ 2rz—2 2mg(z+z-1)

R(z) = S(z,—2)R(wo — 2)



R-matrix bootstrap program: AdS

Nondiagonal scattering:

R-matrix = scalar . Matrix

R-matrix: [Correa-Maldacena-Sever, Drukker]

global symmetry PSU(2|2) jiqq

[ /. /M

s T s |

R (p) = 5%4(p, —p) Ro(p)

bl bi \ _
— b bQ EE
Q = 1 reps £ le i i
fa fa / i
(]
AN T
AQ E -
[R,A(Q)] =0 Tk
A(Q)/ E
Unitarity ()
R — oB(P)_
R(z)R(—2z) =1 O(p? f(p,.—p)_
Crossing symmetry og = etx(@h)—ix(z™)

R(z) = S(z,—2)R(wo — 2)

Maximal analyticity: no boundstates

boundary dressing phase

X(QU) — fﬁ dz 1 sinh(2rg(z+z~1))

2rz—z  2mg(z+2z71)



Boundary thermodynamic Bethe Ansatz

Groundstate energy for large L from IR reflection: Eqg(L) =
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Boundary thermodynamic Bethe Ansatz

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



Boundary thermodynamic Bethe Ansatz

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)




Boundary thermodynamic Bethe Ansatz

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 thermodynamic Bethe Ansatz

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)
Bound B) = % 49 pbycad AT (—g) AT 0 LN T AN
oundary state |B) = exp ¢ /20, 714 (q) » (—0)A; (@) 10)




Boundary thermodynamic Bethe Ansatz

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

—liM R 00 % l0g(Tr(e™HP(DRY) = _limp_, o L log(Ble~H(R)L|B)
Boundary state |B) = exp{ e Z—gng(ﬁ)CadA;(—q)Aj(q)} |0) FEAN YN
] ——
u%u [ = —
— .
Folding trick: )




Boundary thermodynamic Bethe Ansatz

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

—liM 00 % 10g(Tr(e T (DIRYY = _limp_, oo £ log(Ble=HR)L|B)

o j—gRg(q—)cadAgf(—q)Aj(q)} 0) {%E%FE}%@

Boundary state |B) = exp{

HEHHH

7N\

—

N/

N N [y N | O [y [y N [y W
N Y N Y

Folding trick:

< S——

[Correa,Maldacena,Sever '12][Drukker '12]

Ground state energy exactly:

Eo(L) = — X0 J Z10g(1 + e @P))

& (p) = 5h(oq(F) + 2BqF)L) — | K (5,7) 109 (1 + e~ @) djf




Regularized g — g BTBA equations

Singular boundary fugacity: 0(0) = oo, no-obvious weak coupling expansion

shifting countours — regularization (extra source terms, ~ excited state TBA)

logYy = —2(f+ W)Q — Rég +logog + DC(iug) + log(1 + Yo ) x, K9¢
1—-Y_
+[2109(1 4 Y, 1) * s*Kyo + 2109(1 + Y, )g_1) * s — 2109 T *s * K€
— Y4
1 — > 1 1
+l0og ——*Kg + 109(1 — S-)(1 — —-)*Kyq]
I Y- Yy
— . . 01 1 +YU|1
09 Y_Y}y = 2D;s(iug) — Dg(iug) —109(1 + Yg) x, Kg + 2109(1 4 Yyp) x K% x s + 2109 TYH
Y. .
log Y—f = Dg,(iug) + 109(1 + Yp) *, Ko,
. 1-Y_
09 Y,y = —Ds(iun+1) —109(1 + Yart1) xy s + Iyn 109(1 + Yy, n) x s + dp1 109 T
— X4
1 - L1
IogYw|M = [MN|Og(1—|—Yw|N)*S+5M1|Og ] Z;s
Y
f=ilr—-9¢) , WVW=-ilr—-9¢) , R=2L

[ZB, Balog, Hegedus, Toth '13]
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q — q potential: weak coupling expansion

quark-antiquark potential

(Pe $o Apdat+Diio I p oo A,deu+q3ﬁ9>

Vog(g, #,0) = 3 T gk

r— zgzl(cos gé;]CgbOSh H)n%gn)

7%7(0) =(0) =0

152" (¢) = Lcot

QMinimal surface

Wilson loop

strong coupling

__ 4x2/2)1 1.3359
V(r) =— NOR f(l RVAY

+..)

minimal surface+fluctuations
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