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T (µ) = P exp
∮
A(x)µdxµ
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Correlators=
∑
loops Feynmandiagrams

Asymptotic states E(p) =
√
p2 +m2

S-matrix↔correlators LSZ
unitarity, crossing symmetry, analyticity

Bootstrap scheme



Quantum integrability: sine-Gordon L = 1
2(∂φ)2 − m2

β2 (1− cosβφ)

Perturbed Conformal Field Theory Lagrangian perturbation theory

LCFT + λLpert = 1
2(∂φ)2 + λ(Vβ + V−β) L0 + Vpert = 1

2(∂φ)2 − m2

2 φ2 − β2U

hβ = β2 definite scaling Vβ =: eiβφ : semiclassical=free

Quantum conservation laws [Zamolodchikov]

∂−Λ4 = 0→ ∂−Λ4 = λ∂+Θ2
[λ] = 2− hβ, [Λ4] = 4,

Nonlocal symmetries Uq(ŝl2)
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Quantum integrability: AdS no proof !

Perturbative integrability see [Zarembo]s talk and also

[Lipatov, Zarembo, Minahan, Staudacher, Beisert, Kristjansen, Bena, Polchinski, Roiban]
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)
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3 otherwise Lee-Yang
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all poles have physical origin

→sine-Gordon solitons
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S

ipπ/2
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12
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θ
ιπ
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anomalous thresholds
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cot p
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[Beisert,Eden,Staudacher]
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Nondiagonal scattering: S-matrix = scalar . Matrix

Matrix: [Beisert]

global symmetry PSU(2|2)2
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⊗
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f4̇
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Unitarity

S(z1, z2)S(z2, z1) = 1
Crossing symmetry [Janik] [Volin]

S(z1, z2) = Sc1(z2, z1 + ω2)

S11
11 = u1−u2−i

u1−u2+ie
i2θ(z1,z2)

u = 1
2

cot p
2
E(p)

[Beisert,Eden,Staudacher]

p = 2 am(z)

Maximal analyticity:

boundstates atyp symrep: Q ∈ N

anomalous thresholds Physical domain?

[N.Dorey,Maldacena,Hofman,Okamura] [Frolov]
1 Q

Q   1

1Q ω  /2

−ω  /2 ω  /2

ω2

2

1 1
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+(−)
4 Q+

1

]
[Beisert,Staudacher]

Qj(u) = −Rj(u)Bj(u) andR(±)
j =

∏
k

x(u)−x∓j,k√
x∓j,k

B(±)
j =

∏
k

1

x(u)
−x∓j,k√
x∓j,k

[Kazakov,Gromov]

Bethe Ansatz:
Q+

2 B
(−)
4

Q−2B
(+)
4

|1 = 1
Q−−2 Q+

1 Q
+
3

Q++
2 Q−1Q

−
3

|2 = −1
Q+

2 R
(−)
4

Q−2R
(+)
4

|3 = 1 [Frolov]
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′
(p̃0)

)
(−iResp̃=p̃0

∑
b S)e−Ẽ(p̃)L
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b S)e−Ẽ(p̃)L

-
∑
b
∫∞
−∞

dp̃
2π

(
1− E′(p)Ẽ
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Lüscher corrections: differ by µ term

S(θ − iπ
3 )S(θ + iπ

3 ) = S(θ)→ Y (θ + iπ
3 )Y (θ − iπ

3 ) = 1 + Y (θ)
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Z(θ) = ML sinh θ+source(θ|{θk})+2=m
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dxG(θ−x−iε) log
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1− (−1)δeiZ(x+iε)

]
source(θ|{θk}) =

∑
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++(θ−θk) kernel: G(θ) = −i∂θ logS++
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Bethe-Yang eiZ(θk) = −1
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i

no periodicity 

Ya,s(θ+ i
2)Ya,s(θ− i

2)
Ya+1,sYa−1,s

=
(1+Ya,s−1)(1+Ya,s+1)
(1+Ya+1,s)(1+Ya−1,s)

Excited states: analyticity from Lüscher [Gromov,Kazakov]

Assumption on analytical structure→excited state TBA [Gromov,Kazakov,Kozak,Viera]

NO µ terms!

NEEDs ANALYTICAL CHECKS: 5 loop Konishi

Cannot be the final answer→ Lattice regularization: ?
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