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Introdution

The (1+1)-dimensionalO(N) sigmamodels are asymp-

totially free in perturbation theory and their lassi-

al onformal invariane is broken by a dynamially

generated mass sale therefore these models are use-

ful toy examples of quantum hromodynamis. Some

speial sigma models are integrable quantum �eld the-

ories whih implies that some physial quantities are

exatly alulable. These models inlude the prinipal

hiral models and the O(N) sigma models. These are

also relevant for AdS/CFT.

In this thesis, the priniple hiral models and the

O(N) sigma models with boundaries are investigated.

Classially, the integrability of �eld theories an be

de�ned in di�erent ways. One option is that the in-

tegrable theories are those that have zero urvature

desriptions, i.e., their equation of motion an be writ-

ten as the �atness ondition of the so-alled Lax on-

netion. This representation an be used to onstrut

in�nitely many onserved harges. The zero urva-

ture representation an be generalized to theories with

boundaries whih implies that the boundary ondi-

tion an be written as the boundary �atness ondition

whih ontains the so-alled lassial re�etion matrix.

At quantum level, the theory is integrable if there

is no partile reation/annihilation at sattering pro-

esses and the n-partile satterings fatorize into 2-

parile satterings uniquely whih implies that the 2-
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partile S-matries satisfy the famous Yang-Baxter equa-

tion. Integrability an be generalized to theories with

boundaries: a theory on the half line is integrable if

there is no partile reation/annihilation at boundary

sattering proesses and the n-partile re�etion fa-

torizes into 2-partile bulk satterings and 1-partile

re�etions uniquely whih implies that the 1-parile

re�etion matries satisfy the boundary Yang-Baxter

equation.

Integrability allows to alulate physial quantities

(for example the energy spetrum) at �nite volume. At

asymptotialy large volume we may regard the system

as a free gas with point like interations. The energy of

the system is the sum of the one-partile energies there-

fore we an alulate the energy spetrum if we know

the possible momenta of the partiles. The quantiza-

tion onditions of the momentas are the Bethe-Yang

equations. The solution of these an be redued to

the diagonalization of the quantum transfer matrix.

There are several methods for determining eigenvalues,

e.g. oordinate-, algebrai-, analytial Bethe Ansatz.

Among them, the oordinates- and the algebrai Bethe

Ansatz an be used to obtain the eigenvetors, too.

In this thesis I investigated lassial boundary on-

ditions of prinipal hiral model andO(N) sigmamodel,

I lassi�ed the rational solutions of the boundary Yang-

Baxter equation and I applied the algebrai Bethe Ansatz

for the SO(2N) sigma model on the �nite strip.
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Thesis statements

1. Spetral parameter dependent lassi-

al re�etion matries

In prinipal hiral models, I found new lassial re�e-

tion matries whih depend non-trivially on the spe-

tral parameter. I showed that these are onsistent solu-

tions of the boundary zero urvature ondition. Using

the loal isometry SO(4) ∼= SU(2) × SU(2), the new

re�etion matrix of the SU(2) prinipal hiral model

implies a new re�etion matrix for O(4) sigma model

whih an be generalized to O(2N) sigma models. Fur-

thermore, I have shown that these new solutions satisfy

the lassial boundary Yang-Baxter equation [3℄.

2. Classi�ation of the lassial bound-

ary Yang-Baxter equation

I developed the Poisson algebra of the double row mon-

odromy matries inluding general �eld dependent κ-
matries. I showed that the existene of in�nitely

many onserved harges in involution implies that the

κ-matrix satis�es the boundary Yang-Baxter equation.

I systematially looked for solutions of this equation.

The result of it suggested that a κ-matrix is a solu-

tions of the boundary Yang-Baxter equation if and

only if it is a onsistent solution of the boundary �at-

ness equation, too. In addition, I have determined a
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neessary ondition for κ-matries whih are solutions

of the boundary Yang-Baxter equation. Comparing

this neessary ondition and the expliitly onstruted

solutions, we an see that we have found all the solu-

tions [3, 4℄.

3. Classi�ation of the residual symme-

try of the rational K-matries

I proved a theorem whih says that if the boundary

breaks the bulk symmetry G to H then G/H has to

be a symmetri spae. This theorem allows us a sys-

temati searh of K-matries, sine the possible sub-

groups H are signi�antly narrowed down, whih �xes

the struture of the K-matrix.

4. Appliation of the algebrai Bethe

Ansatz to O(2N) sigma models with bound-

aries

I applied the algebrai Bethe Ansatz (ABA) to the

SO(2N) sigma model on the �nite strip in two di�erent

ways. In the �rst method [1℄, the reursion is

SO(2N) → SU(N) → SU(N − 1) → . . . → SU(2)

Unfortunately, this method annot be applied to SO(2M+
1) × SO(2N − 2M − 1) symmetri boundaries. That
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is why I implemented another method [3℄, where the

reursion is

SO(2N) → SO(2N−2) → SO(2N−4) → . . . → SO(4)

I obtained that the SO(2M + 1) × SO(2N − 2M −

1) symmetri boundaries lead to non-standard Bethe

Ansatz equation. The reason was that the boundary

dereased the rank of the symmetry algebra therefore

there were less Bethe roots than in the periodi ase.
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