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Zt(La R) =R00 Tr(e_H(R)LD) =R—00 2un e~ En(R) L iy Jn

Large (L) volume (cluster) expansion
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Groundstate energy:
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LO and NLO Luscher corrections

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

Te(e HRLGNT) = 1+ T e Teme@l 37, ) gy e @~ (o) el g

Groundstate energy: Eg(L) = — limp_. o, = 5 log(Tr(e™ H(R)LgivJYy)

One particle term: mom. quant.: ePElt =1 — %pk =kcZ
2

Expanding the log log(1 +z) =z — %5 + ... change > . =& R [ g—g

LO Lischer correction: ‘ Eél)(L) — —Trl(ew‘]) Il g—ge_e(p)l’ -+ .. ‘

eP1S(p1p2) =1 — p1R+6(1,2) = 21k
eP2RS(po,p1) =1 —  poR—8(1,2) = 27ko
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LO and NLO Luscher corrections

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

Tr(e—H(R)Le’WJ) =14 Yha etvJa—e(pp) L | Sk (a6) oV (a,p)—(e(pr)telp)) L 4

Groundstate energy: Fg(L) = — III’nR_>OO 5 log(Tr(e™ H(R)L et7/))
One particle term: mom. quant.: ePPklt =1 — o pk =k E Z
Expanding the log log(1 +z) =z — %5 + ... change > ;. — Rf 5

LO Liischer correction: ‘ Ec()l)([,) = —Tri (") [ g—ge_e(p)L + ... ‘
ePS(p1,po) =1 — p1R+6(1,2) = 2k

Two particle term: eP2RBS(ps.p1) =1 — poR—6(1,2) = 27ks

iy R+ 010 020
Rewriting the sum:) 1.~ ; = %Zk,l 5 2_k change > p. 1, — /3 s 7 L2 [ __|;9151 R _2(925 ]

R? 4+ R(816 — 856)

NLO Liischer correction: ‘ EéQ’l)(L) — %Trl(e’i’YJ)Q | 5_26—26(19)L ‘

22 o dpy — dps — . -
‘ E(() )(L) = f—zpﬂ? e e(p1>Lf—2p7T26 6(p?)[’zc%lTrQ(ew‘]IOg S(p1,p2))... ‘
NLO: [Dashen,Ma,Bernstein '69] Cluster expansion: [Dorey, Fioravanti, Rim, Tateo '04], [Bajnok, Palla, Takacs '05]
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Dominant contribution: finite particle/hole density p, pj,: R ’
En(R) =3, E(pi) = R [ e?(p)p®(p)dp ivJn = p = R [ n%(p)p(p)dp

momentum quantization:
pPR+Y, 1109 S99 (pj,pr) = (2n+1)ir  — R+ [(—idylog S99 (p, p'))p? (p)dp = 2m(p°+p}?)
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Euclidean twisted partition function, rotated: RV

Zt(Ly R) =R00 Tr(e_H(R)LD) =R—00 2n e~ En(R) Ltivn
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Dominant contribution: finite particle/hole density p, pj,: ézg :
En(R) =32, E(pi) = R [ e?(p)p®(p)dp iy Jn = p = R [ u?(p)p?(p)dp

momentum quantization:
pP R+, H1og S%@ (pj, pr) = (2n+1)in  — R+ [(—idy 109 S99 (p, p')p? (p)dp = 27 (p2+ pf?)

Partition function: Z(L, R) = [ d[p¥, pQ]e—LE-I-M—S

entropy factor: s = [((p? + pg) In(p@ + pg) — p®In p? — ph In py Y dp

pi (p)

Saddle point for pseudo energy: ¢“(p) = In ()

Q(p) + p@ = Qp)L + [ $Lidplog SYO(p/, p) log(1 + =<7 @) ‘

Ground state energy exactly: ‘ Eo(L) = — ZQf Log(1l+ e € (p)) ‘[Alyosha '90 '91]
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O(4) model: LO and NLO Liischer correction

Relativistic theory, one multiplet of mass m: e(6) = mcosh#f ; p(6) = msinhwf

Factorized scattering, su(2) @ su(2) invariance: (1,]) @ (1,]) [Alyosha & Sasha '79]
S2(6) r(3-2)r %)
(60—i)? rG+HOr-5

Twist e?7/ = 7-Jo®l+iv1I®Jo — oiv-Jo g £7+J0

S(6) = S(0) @ S(6) S(0) =601 —iP So(6) =i

“g

= diag(¢, ¢~ 1) @ diag(g,q7 1) 1 g=¢e"
LLO Liischer correction: [n], = qq_j_l
Eél)(L) = —Tr1(e"Y) fg—ge_e(p)L = —[2]q[2]qu%cosh 7w e—mL coshmo
NLO Liischer correction: E(()Q’l)(L) = %[2]3[2]2777, Il % cosh w6 ¢—2mL coshzf
EéQ (L) = —m = 491 cosh 1, e—mL cosh oy = 492 cosh w6, e—mL COSh 02Ty, (DIogS)

TI‘2<D|OQS):T1“2(ei%](—iag) log S) = —i[2]§[2]§3@ log 58(9)—i ([2]5 + [2] ) Oy Iog 9—|—z
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O(4) model: twisted TBA and Y-system

e PN

Particle content in the thermodynamic limit: Ryl % P Ryl pow

(=
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! by oy
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0. massive particle: |1) @ | 1) ;%((09))27:;2?;?:99 Soo(0) = S%(@) 140

i

—i(y—+74)

. e1(9) =0 __0+% . _ ui .
+1. magnon: [ {) = | 1) p1(6) =0 So1(0) = 9_%’ ; S11(u) = uwti MO — 12+
en(0) =0 o+ .
+N. magnon boundstate: p]]\V[(Q) - Son(0) =11;S01 = & Snvnr(u) py = 2N~y
2
Twisted TBA equations: [Gromov, Kazakov, Vieira '08] Knm(u) = 550,109 Spm(u)

eo + po = Leg —109(1 + e7“) * Koo + D 5120 109(1 + e) x Ko
eEmM+ Uy = — Iog(l + 6_60) * Kon + ZM’;&O Iog(l -+ e_EM’) * Kp s
Groundstate energy:  Eg(L) = —7% [ df cosh w6 log(1l + Yp) Yg = e €0

Universal TBA equations and Y)/_qg = €M Y-system: %(,LLN_]_ + punt1) —puny =20

log Yn + 6,,,0Lm cosh w8 = log ((1 +Y,—1)(1+ Yn—l—l)) xs s(0) = 2coéh 70

o . M () M) () () ) () )
iMoo 109 Yay = 2iMyy —O—O—0O0—CO0—@—0O—C0O—C0C—-70
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Groundstate energy: Fo(L) = —7% [ df cosh w0 log(1 + Yp) —O0—CO0—@—0O—C0CO—
109 Yy, = —bp, gLm cosh ) 4109 (1 + Yy—1)(1 + Y1) * s ; 99 IM. s Dy
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Asymptotic expansion: Yy, = V(1 +yps) + - - —O0—0 -@-0—0—

n)? = Q4+ 1)A+Vya1) —V = MM +2]g 5 Yo = Vu(g < q)

Energy: 10g(14Yp) = Yo—4V2 — LOand NLO ESY), ES> Y 0O -@=O0—O—

LO contribution Vg = \/(1 + )1+ 1)e—mL coshmf — = [2], [2]q e—mL cosh 6
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109 Yy, = —bp, gLm cosh ) 4109 (1 + Yy—1)(1 + Y1) * s ; 99 IM. s Dy

Yy, Yo ) Y

Asymptotic expansion: Yy, = V(1 +yps) + - - —O0—0 -@-0—0—

n)? = Q4+ 1)A+Vya1) —V = MM +2]g 5 Yo = Vu(g < q)

Energy: 10g(14Yp) = Yo—4V2 — LOand NLO ESY), ES> Y 0O -@=O0—O—

LO contribution Vg = \/(1 + )14+ Y q)emLcoshmd — [2]q[2]q€_mL cosh 76

Yo Y XN Y1 Y,

NLO: lin. diff. eq.: yp. = 3*[Ak_|_1yk_|_1 + Ak—lyk—l} A = 13';]3]]“ —O0—0 -@-0—10—

Vo Y S %

S I L. Y N
Solution: g, = e~ 2 [Q]Q[k]q[kiz]q([k—l—Q]q—[k]qe wh P, —O0—0O-@~0—0—




O(4) model: TBA asymptotic expansion
Groundstate energy: Fg(L) = —7% [ df coshmf log(1 + Yp) —O0—0—@ 00—

log Yy, = —4,, oL m coshnf + log ((1 +Y,_1)(1+ Yn_|_1)> * 8 ; % — 2iy4

Yy, Yo ) Y

Asymptotic expansion: Yy = Yy (1 +ypr) + - .. —O0—0 -@-0—10C—

V)2 = Q4+Vy- 1) A+Vyg1) —Vy = [MgIM+2]g ; Y-y =Yg < q)

Energy: 109(14Yp) = Yo—3V2 — LOand NLO ESY, E{>Y) —O0—O-@~0O—O—

LO contribution Yy = \/(1 + )1+ 1)e_mL coshmf — [2](1[2](] e—mLcoshmd

Yo Y4 W Y1 Y,

NLO: lin. diff. eq.: yp. = s*[Ak+1yk+1 F -Ak:—lyk—l} A = 15';2}]‘3 —O0—0 @ 0—10C—

Vo Y S i %

s I s — Wy
Solution: 4 = e~ 2 [2]q[k]q[k—q|-2]q([k+2]q_[k]qe wh P, —O0—0-@<=0—0—

NLO contribution: Yo = Yoyo (1 + s+ [A1y1 + A1y_1]) Agrees with NLO Liischer!




Conclusion

Ground-state energy Fg(L) with twisted BC (ew‘])

“g

LO Liischer correction: ‘ E(gl)(L) = —Tri(e?)) [ g_ge—e(P)L + .. ‘ spectrum

NLO Liischer correction: ‘ Ec()z’l)(L) — %Trl (ei’YJ)Q | 3_26—26(2?)L ‘ scattering matrix

‘ E(()Q’Q)(L) — fc%}e_e(pl)Lf%e_e(pQ)LiﬁplTrg(em‘]IOg S(p1,p2))-.. ‘

Twisted TBA equation: € — € + 1

Q(p) + 19 = Qp)L + [ Lidylog SV, p) log(1 + =<7 @) |




Conclusion

Ground-state energy Eo (L) with twisted BC (e!7”) @

LO Liischer correction: ‘ Eél)(L) = —Tri(e?) [ g_ge—e(p)L + ... | spectrum

NLO Luscher correction: ‘ Eéz’l)(L) — %Trl(e’i’yJ)Q [ %6—26(1?)14 scattering matrix

2,2 - - ' '
‘ EGPA(L) = [ 91 e=e@wDL [ dp2—e(w2)Lig,, Try (77 log S(p1,p2))-- ‘

Twisted TBA equation: € — € + 1

Q(p) + 19 = Qp)L + [ Lidylog SV, p) log(1 + =<7 @) |

Outlook
Double wrapping in twisted AdS/CFT, see next talk

Test NLIEs by comparing to Liischer corrections
O(N) [Balog, Hegedus '01] SS [Hegedus '04]



