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Partition function: Z(L,B) = Tr(T(L)P) = Tr(e PH(L))

Rotation: T(8) = e~ H(9) — 2(L,8) = Tr(T(8)F) = Tr(eLH®)

"Thermodynamic’ limit 5 — oo

Saddle point calculation of Z(L, 8) = Ypen e En(B)L _, o—F(L,5)

Ground state energy for all L, Z(L,8) — e £o(L)6 4 . — E, (L)
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Hamiltonian H = [§ {%(I‘I)2 + 5(0:9)? + Mcosh(bCD)} dz

Spectrum is known exactly only for L. = oc:

Particle of mass m
momentum p = mv = msSinh
energy E = \/m2 4+ p2 = mcosh @

Multiparticle states with energy: E(61,...,0,) = m}_,; cosh 6,

Scattering B(01)B(6>) — B(6>)B(01)

. . 5(01—0-) _  tan(w/2X—i(61—62)/2)
with amplitude ¢?0(01-02) = _tan(w/2>\—|—z(911—9§)/2)
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'Very’ large volume spectrum O (e~ L)
0

One particle states =

Momentum quantization: e!ms"h0L — 1 F = mcosh8(n, L)

Two particle states

Momentum quantization e Sinh01Lci6(01-62) — 1

Multiparticle states

Momentum quantization m sinh(0;)L + >-,(0; — 0;) = 2mn;
Energy: E = m Y ;. cosh8,(n, L)

Partition function Z (L, 8) = ¥1p.} e—Bm )_;cosh o,
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Dominant contribution: finite particle density states Al. B. Zamolodchikov:

, . hep-th/0005181
Introduce particle and hole densities: p, py, P

E = mY cosh(8;) — m [ cosh(8)p(6)do’
Constraint: mL cosh(8) + [ & (6 — 6)p(6)do = 27(p + pp,)
Z(L,B) = [d[p, ph]e—ﬁE—f((p+ph) In(p4pp)—p N p—pp In pp,)do

Saddle point particle density by changing | 8 < L

e(8) = mLcosh(8) + [6' (0 —0)(1 +e@))dd (6) = —In 275

Partition function Z (L, 3) at the saddle point

Z =P ' LF = [cosh(0)(1+ e <9))dp

Ground state energy exactly:

LEo(L) = [cosh(0)(1 + e <())qp
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Spectrum is known exactly only for L. = oc:

Soliton and antisoliton with mass M

Breathers B™ with mass m,, = 2M Siﬂ(g—ﬁ

Scattering B"(61)B™(65) — B™(65)B™(61) with amplitude e?0nm(01—62)

(1 0 0 0
0 — Sin )\71'. _—sinz'AQ
Scattering of the soliton antisoliton doublet X e SN0
sin A\(r+1i0) sin X(m+10)
\ O 0 0 1

Scattering B (61)B1(65) — B1(6,)B1(671)
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Partition function Z(L, 8) = Try, e HB =5 e Fnll)B

Multiparticle eigenstates with rapidities :
Al(el)a R An(en)

Rapidities are determined by

e'Pil T1; 8;;(6; — 6;) = 1 — Diagonalization: XXZ
Saddle point approximation

Coupled real integral equations

By summing up: one complex integral equations C. Destri, H. de Vega
Nucl. Phys. B 358 (1991) 251.
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Numerical spectrum of ... + Mg cosh (2(®(0) — vo)): Nucl. Phys. B 622 (2002) 565.
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Ground state E,(L) = M2 (... + epuna(Mo, ©0)) + . ..GaP mbound(Mo, ©0)

Variation as a function of My = 0, 10 -2 =0,7
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Transfer matrix 7B (N) = e=H" (V)

Partition function: Z(N, M) = Tr(TB(N)YM) = Tr(e-MH"(N))
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Analitically continue the sinh-Gordon results
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