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O(4) model: Twisted TBA and untwisted Y-system:



Plan

Ground-state energy
L

i γ J
e

the basic idea of TBA L

e
−H(L)R

R

L

R

e
−H(R) L

Cluster expansion: LO and NLO Lüscher corrections
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O(4) model: Twisted TBA and untwisted Y-system:

O(4) model: Asymptotic expansion of TBA vs. Lüscher corrections
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LO and NLO Lüscher corrections

Large (L) volume (cluster) expansion of the twisted partition function

Tr(e−H(R)LeiγJ) = 1 +
∑
k,α e

iγJα−e(pk)L +
∑
k>l,(α,β) e

iγJ(α,β)−(e(pk)+e(pl))L + . . .

Groundstate energy: E0(L) = − limR→∞
1
R log(Tr(e−H(R)LeiγJ))

One particle term: mom. quant.: eipkR = 1→ R
2πpk = k ∈ ZR p

Expanding the log log(1 + x) = x− x2

2 + ... change
∑
k → R

∫ dp
2π
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NLO: [Dashen,Ma,Bernstein ’69] Cluster expansion: [Dorey, Fioravanti, Rim,Tateo ’04], [Bajnok, Palla,Takacs ’05]
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O(4) model: LO and NLO Lüscher correction

Relativistic theory, one multiplet of mass m: e(θ) = m coshπθ ; p(θ) = m sinhπθ

Factorized scattering, su(2)⊗ su(2) invariance: (↑̇, ↓̇)⊗ (↑, ↓) [Alyosha & Sasha ’79]

S(θ) =
S2

0(θ)
(θ−i)2Ŝ(θ)⊗ Ŝ(θ) Ŝ(θ) = θ I− iP S0(θ) = i

Γ(1
2−

iθ
2 )Γ(iθ2 )

Γ(1
2+iθ

2 )Γ(−iθ2 )

Twist eiγJ = eiγ−J0⊗I+iγ+I⊗J0 = eiγ−J0 ⊗ eiγ+J0

= diag(q̇, q̇−1)⊗ diag(q, q−1) ; q = eiγ
L

i γ J
e
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(θ−i)2Ŝ(θ)⊗ Ŝ(θ) Ŝ(θ) = θ I− iP S0(θ) = i

Γ(1
2−

iθ
2 )Γ(iθ2 )

Γ(1
2+iθ

2 )Γ(−iθ2 )

Twist eiγJ = eiγ−J0⊗I+iγ+I⊗J0 = eiγ−J0 ⊗ eiγ+J0

= diag(q̇, q̇−1)⊗ diag(q, q−1) ; q = eiγ
L

i γ J
e
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NLO contribution: Y0 = Y0y0
(
1 + s ?

[
A1y1 +A1y−1

])
Agrees with NLO Lüscher!



Conclusion

Ground-state energy E0(L) with twisted BC (eiγJ) L
i γ J

e

LO Lüscher correction: E
(1)
0 (L) = −Tr1(eiγJ)

∫ dp
2πe
−e(p)L + ... spectrum

NLO Lüscher correction: E
(2,1)
0 (L) = 1

2Tr1(eiγJ)2 ∫ dp
2πe
−2e(p)L scattering matrix

E
(2,2)
0 (L) =

∫ dp1
2π e

−e(p1)L ∫ dp2
2π e
−e(p2)Li∂p1Tr2(eiγJ logS(p1, p2))...

Twisted TBA equation: ε→ ε+ µ

εQ(p) + µQ = eQ(p)L+
∫ dp

2πidp logSQ
′Q(p′, p) log(1 + e−ε

Q′(p
′
))
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Outlook

Double wrapping in twisted AdS/CFT, see next talk

Test NLIEs by comparing to Lüscher corrections

O(N) [Balog, Hegedus ’01] SS [Hegedus ’04]


