


























Bytsko,J.T.
⇒Fullcharacterizationofthespectrum:

Afunctiont(u)iseigenvalueofthetransfer–matrixT(u)ifandonlyifthereexistsa

functionqt(u)whichsatisfies
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
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(i)t(u)qt(u)=
(

a(u)
)

N
qt(u−ib)+

(

d(u)
)

N
qt(u+ib),

whered(u)=a(−u)=1+(
m∆
4)

2
e−πb(2u+ib)

,

(ii)qt(u)ismeromorphicinC,withpolesin±Υ−s,

(iii)qt(u)∼











e
+iπNσu−i

π
2Nu2

for|u|→∞,|arg(u)|<
π
2,

e−iπNσu−i
π
2Nu2

for|u|→∞,|arg(u)|>
π
2.
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



Task:ClassifysetQofsolutionstotheBaxterequation(i)
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LetYMbethesetofallfunctionsY(ϑ)whichsatisfytheintegralequation

(I)L

logY(ϑ)=

∫

C

dϑ′

4π
σ(ϑ−ϑ′)log(W(ϑ′)+Y(ϑ′))

−Narctan

(

cosh(ϑ+iτ)

sinhσ

)

−Narctan

(

cosh(ϑ−iτ)

sinhσ

)

+
M∑

a=1

logS(ϑ−ϑa−i
π
2)+

1

2

M∑

a=M′+1

logS(ϑ−ϑa−i
π
2).

andwhichhavetheproperties















(Y1)LlogY(ϑ)∼−iδN((ϑ∓σ∓i
π
2)

2
−τ

2
)for|u|→∞,|arg(±u)|<

π
2,

(Y2)LY(ϑ)ismeromorphicwithpolesofmaximalorderNin±Υ−s±iτ,

(Y3)LThereexistcomplexnumbersϑa∈S,a=1,...,M,suchthat

W(ϑ)+Y(ϑ)=0ifϑ=ϑa±i
π
2.















(

σ(ϑ)≡
4sinϑ0coshϑ

cosh2ϑ−cos2ϑ0
,ϑ0≡

π

2

b

δ
,σ≡

π

2

s

δ
,τ≡

π

2

δ′

δ
.

)
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Theorem1.Thereisaone-to-onecorrespondencebetweenthesolutionsY(ϑ)∈YM

oftheintegralequations(I)LandtheelementsQ∈QM.

•GivenQ∈QM,getY(ϑ):

W(ϑ)+Y(ϑ)=Q(ϑ+i
π
2)Q(ϑ−i

π
2).

Z={ϑ1,...,ϑM}:setofzerosofQ(ϑ)withinS.

•GivenY(ϑ)∈YM(zeros:ϑa∈S\∂S,ϑ′
b∈∂S)getQ∈QMas

(Q)L

logQ(ϑ)=

∫

C

dϑ′

4π

log(W(ϑ′)+Y(ϑ′))

cosh(ϑ−ϑ′)−Narctan

(

coshϑ

sinhσ

)

+

M′
∑

a=1

∫

ϑ

Ca

dϑ′1

sinh(ϑ′−ϑa)
+

1

2

M−M′
∑

b=1

∫

ϑ

Ca

dϑ′1

sinh(ϑ′−ϑ′
b)

.
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Continuumlimit:Easy!

Continuumlimit:

N→∞,s→∞suchthat

mR

2sinπ
b
2δ

≡2Nexp
(

−
π

2δ
s
)

iskeptconstant.

⇒···⇒···⇒

Mainclaim:
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Mainclaim:

TheHilbertspaceoftheSinh-Gordonmodelcontains(isequalto!?)HTBA= ⊕

∞
M=0HM.ThespacesHMhaveONBeklabelledbyk=(k1,...,kM)∈Z

M
,,

k1>···>kM,ek:eigenvect.totheconservedquantitiesofthemodel.

ThecorrespondingfunctionQk(ϑ)canberepresentedas

(Q)logQk(ϑ)=

∫

R

dϑ′

2π

log(W(ϑ′)+YTk(ϑ′))

cosh(ϑ−ϑ′)−mR
coshϑ

2sinϑ0

+
M∑

a=1

∫

ϑ

Ca

dϑ′1

sinh(ϑ′−ϑa)
.

whereTk=[ϑ1,...,ϑM]istheuniquesolutionof

(B)2πka+mRsinhϑa+
M∑

b=1
b6=a

argS(ϑa−ϑb)+i

∫

R

dϑ

2π
σ(ϑa−ϑ+i

π
2)log(1+YTk(ϑ))=0,

withYT(u)beingdefinedastheuniquesolutionto

(A)logYT(ϑ)−
∫

R

dϑ′

2π
σ(ϑ−ϑ′)log(1+YT(ϑ′))+mRcoshϑ+

M∑

a=1

logS(ϑ−ϑa−i
π
2)=0.
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TheenergiesarecalculatedfromYT(ϑ)asfollows:

Ek=
M∑

a=1

mcoshϑa−m

∫

R

dϑ

2π
coshϑlog(1+YT(ϑ))

ExcitedstateTBA!

(GeneralizesworkofAl.B.Zamolodchikov,S.Lukyanovforthegroundstate)
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TheIRlimitR→∞

ConsideringIRlimitR→∞,noticethatYT(ϑ)=O(e−mR
).

⇒

Particlepicture:

•M:numberofparticles,

•ϑa:Rapidityofparticlea,

Ea=mcoshϑa,pa=msinhϑa,

•ϑaquantizedby“asymptoticBetheansatzequations”.

e−iRpa
=

M∏

b=1
b6=a

S(ϑa−ϑb)
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ForfiniteR:

e−iR(pa+Φa)
=

M∏

b=1
b6=a

S(ϑa−ϑb),

where

Φa≡
∫

R

dϑ

2πR
σ(ϑa−ϑ+i

π
2)log(1+YT(ϑ)=O(e−mR

).

Φa:Effectsofvacuumpolarization!

TheUVlimitR→0:

—ConnectionwithLiouvilletheory!
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Comparewith“StringBetheAnsatz”:

•ValidforJ→∞,J:angularmomentumonS5

∼Radiusofworld-sheetcylinderingauge-fixedaction.

•ForfiniteJ:correctionsO
(

e−2πJ/
√

λ
)

toStringBetheAnsatz

(Schäfer-Nameki,Zamaklar,Zarembo)

≡counterpartsofe−mR
-correctionsinSinh-Gordon

•Gaugetheoryside:“Wrappinginteractions”:

(seeKotikov,Lipatov,Rej,Staudacher,Velizhanin)

Prediction:BetheansatzwillfailforAdS5sigmamodel,finiteJ.

Butdon’tforget:

Thereissthg.betterthanBetheansatz!
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