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Periodic boundary conditions:
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o Using a cluster expansion of the partition function:
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Z and Quadratic fluctuations

@ The partition function:

Z:Ze_ n/T

@ In the thermodynamic limit:
densities po(0) pr(#) for occupied roots and holes

7= / Dpo(6)Dps(6) e Flrers]

o Saddle point contribution = TBA

o Let us calculate the quadratic fluctuations too!

F. Woynarovich, Nucl. Phys. B700 (2004) 331, arXiv:cond-mat/0402129.



Woynarovich's result

o Periodic b.c.:

(PO)O = [ S ayet0 - 070

@ Integrable boundaries:

Z = %G_F:i"/-r
det (1 - Q)

(@)= [~ 5 s (0 — 00+ 60— )0



Z:Ze_ n/T
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7/ = /Dpo(e)Dph(g) e_F[Pchph]



The Jacobian

The Bethe-Yang equations:

Qi(0r,...,0n) = piL + > 5(6k — 0;) = 2nl;
k#j



The Jacobian

The Bethe-Yang equations:
Qi(0r,...,0n) = piL + > 5(6k — 0;) = 2nl;
k#j
Define the denstiy of states as

— det 09
pN(91, . ,9N) = deta—ek

Alternatively: Gaudin-determinant, norm of state
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The Jacobian — examples

1 particle:
p1(0) = p'(O)L
2 particles:
p2(61,02) = p'(61)p'(62)L% + (61 — 02)(p'(61) + P'(62))L
In general:

o =10 ~ (1+0(7))

j=1



The thermodynamic limit

Using the methods of Korepin and others:
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The thermodynamic limit

Using the methods of Korepin and others:

N
ov = N x []2nL(po(6;) + pr(9)))

j=1

Proposal:

Z=Nx / Dpo(6)Dpn(8) & Floers



The exact g-function

The results of P. Dorey et al. reproduced!

LY RS 1

where

n
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General form of the BY equations

e Pt R gy (6)) HSBY(9k,9j) =1 feB
Py

Periodic bc:
Rey(9))=1  Sey(0k,0;) = S(0k — 0))
Integrable boundaries:
Rey(0;) = Ra(0;)Ru(0;) Sy (0k,0;) = S(0k — 0;)S(0k + 0;)

a=2 B:]R+



General form of the BY equations

eiprRBy(HJ-) H SBy(ek, 9]) =1
ki#j

Two assumptions

@ The solutions yield real rapidities
@ The Hilbert space is spanned by the solutions




The derivation

o Introduce densities po(6) and pp(0), 6 € B



The derivation

o Introduce densities po(6) and pp(0), 6 € B
o The constraint:

on(0) + pol0) = -0(0) + /B O K000l

where

0
N — S 6.6
K1(6,0) ,80 |og By( 5 )

o(0) = a%p(e) +09(0), (v =1,2)

0(0) = i~ log (Re (9)Sex (-0, -6))
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Entropy and free energy

Number of micro-canonical configurations:

LAGpo(6
Q= g[w(po(9))7 w= <LAO(po(9p) w(L 2;,,(0)))

Free energy: F=E — TS =E — T logQ2
Free energy functional:

Flpo)] = LY (e(0)po(8) - Ts(6)) 20
0

s(p(0)) = p(0) log(p(0)) — po(0) log(po(8)) — pn(6) log(pn(6)) + - .-
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The variation procedure

One introduces

po(e) — o—c(0)
pn(0)

The TBA equation:

=(0) = e(0)/T — /B
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The variation procedure

One introduces
pol0) _ <o)

p(0)

The TBA equation:

e(0) = e(0)/T — /B ‘;—Z Ki(6,0") log (1 + e (),

The free energy:

Fmin = _LT/ ﬁ U(e) |0g (1 + 6_6(0))’
B 27



The partition function

Adding the Fredholm determinants

The net result:

where

.0 .0
K1(0,0") = ~iog log Sey(6,0") K2(0,0") = 5 log Sey (6,0")

(BP, arXiv:1003.5542)
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Relativistic massles scattering

o Bethe-equations with boundaries:

Pt R, (0)Ro(0) [ [ Ste(6k — 6,)SLr(Bi + 6;) = 1
ki#j

o One extracts:
o = 2, RBy(H) = Ra(G)Rb(G)SLR(—29)7
Ssy(a, 9’) = SLL(Q — QI)SLR(G + 0’)

o Integration kernels for the Fredholm determinants:

K1(0, 9’) = (,DLL(H — 9/) + <PLR(0 + 9')
K2(9, 9/) = SOLL(H — 9/) — SOLR(H + 9/)



Relativistic massles scattering — Examples

Flow from the tricritical Ising to Ising
S =1 Sir= —tanh(9/2 — i7T/4)
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Relativistic massles scattering — Examples

Flow from the tricritical Ising to Ising
S =1 Sir= —tanh(9/2 — i7'l'/4)

1

. d
w(0) = _IESLR(G) " cosh#é

The boundary independent part:

2j—1
log go = <H / 2w 11 eE(G )) o(01 + 02)p(62 + 603) ... ©(62j—1 + 61)

P. Dorey, C. Rim, and R. Tateo, arXiv:0911.4969 [hep-th].



Relativistic massles scattering — Examples

The flow M35 + ®21 — Mz 5

St =Sy Sir = (Sy)*

where
_sinh 6 + isin(m/3)

~ sinhf — isin(r/3)

Sy (9)



Relativistic massles scattering — Examples

The flow M35 + ®21 — Mz 5

St =Sy Sir=(Siy)™*

where
sinh 6 + isin(7/3)

Sw(0) = g isin(r/3)

The boundary independent part:

| 1| det(l—kz)
o =—log——~ =
B80T 2 B et (1- Ky)

= —-Z > =11 (01 + 02)p(02 — 03) ... p(0n — 01)
s ( /27r 1+ea-(6)>
The summations run over a; = 1,2 and the pseudo-energies are given by

c1(0) =(0)  e2(0) = e(—0)



This is the end

Thank you for your attention!



	Previous results
	Density of states
	Thermodynamic Bethe Ansatz
	Results

