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Abstract 

This work is devoted to study of D-branes and defects in two-dimensional 

conformal field theory. 

We study D-branes and defects in WZW and gauged WZW models. We 
constructed geometrical realization of the non-maximally symmetric 
parafermionic D-branes in WZW model. Non-maximally symmetric non­
factorizable D-branes in product of WZW models are found as well. 

We construct geometrical realization of the Cardy D-branes, permutation D­
branes and defects in coset models. We find also D-branes in asymmetrically 
gauged Nappi-Witten cosmological models and in Guadagnini-Martellini­
Mintchev model. 

We studied in detail the symplectic phase spaces of the WZW and gauged WZW 
models with defects and established their symplectomorphism with certain 
symplectic phase spaces of three-dimensional (double) Chem-Simons theory 
with Wilson lines. 

We study D-branes also in Gepner model. In particular we study Cardy D-branes 
in (2,2,2,2) Gepner model. 

We consider topological defects gluing various duality related backgrounds. We 
constructed duality defects implementing abelian, non-abelian and fermionic T­
duality transformations and shown that they are given by the Poincare bundle 
and its super and non-abelian generalizations. In particular we consider in detail 
defects implementing T-duality between SU(2) WZW model and lens space, and 
between axially and vectorially gauged WZW models. We found Fourier-Mukai 
transform of the Ramond-Ramond fields under non-abelian T-duality generated 
by the gauge invariant flux of the non-abelian Poincare bundle. 

We constructed also topological defects in the Liouville and Toda field theories. 
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Timeliness and relevance 

The study of two dimensional conformal invariant quantum field theory passed 
long way. Applications to important problems in the various topics of physics are 
so numerous that conformal field theory became one of the most powerful 
technique in modern physics. The first great success was the exact computation 
of critical exponents for the second order phase transition in two dimensional 

statistical models. 

The vast branch of applications of conformal field theory is String theory. String 
theory offers the most developed candidate for fundamental theory of quantum 
gravity and approach to the unification of known interactions. Conformal field 

theories appear as solutions of string equations of motion. 

The study of the boundary conditions is very important question in physics. 
Realistic systems possess boundaries and hence their full understanding requires 
control of boundary conditions. For two dimensional conformal field theories, 
study of boundaries was started by John Cardy in sequence of papers, in 
particular [1,2]. The presence of powerful infinite dimensional symmetries has 
given rise to vast number exact results on boundary critical exponents and 

correlation functions. 

Boundary conformal field theories are more directly applicable to real physical 
systems than conformal field theories on closed surfaces. Many processes in three 
space dimensions have rotational symmetry and all the relevant quantities 
depend on the time and radial coordinates. Thus, quantum field theories on the 
half plane appear naturally. Quantum impurity scattering, Kondo effect, is the 

most prominent example [3]. 

In String theory, we need two-dimensional conformal field theories to describe 

open strings. 

At the low energy limit, p-branes appear as the supergravity solitons, which 
describe stable objects whose masses are distributed along p+l-dimensional 
hypersurfaces in spacetime. Beyond the low energy regime, the supergravity 
needs to be replaced by the full-fledged String theory, and we need to 
understand how to describe branes in the String theory. For the large class of 
branes, which became known as D-branes, the answer was given by Polchinski 
in [4): D-branes are objects on which open string can end. The "D" in D branes 
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stands for the Dirichlet boundary conditions, which constrain the open string 
endpoints to stay within the brane world-volume. 

The importance of D-branes for the understanding of the String theory, and 
perhaps many other branches of the modern theoretical physics, is enormous. 
Non-complete list of the applications includes: Brane modelling of gauge theories 
[5], Braneworld scenario [6,7), Braneworld cosmology and inflation [8], 
counting of states on the black holes by the superstring theory [9], holographic 
principle: gravitational description of the quarks, known as the AdS/CFT 
correspondence [10). 

The boundary conformal field theories can be generalized to consider a situation 
in which two (or more) non-trivial conformal field theories are glued together 
along a common interface. 
Interfaces in two-dimensional theories are oriented lines separating two different 
quantum field theories. In this dissertation we consider special class of interfaces, 
for which the energy-momentum tensor is continuous across the defect. These 
interfaces are called topological defects [11 ]. 

During the last years topological defects in two-dimensional quantum field 
theories appeared in the various topics. Let us mention some of them. 
Topological defects appear in quantum Hall problem [12), quantum wires 
problem [13), in the consideration of impurities [14-16). Topological defects 
played an important role in the topologically twisted N=4 SYM approach to the 
geometric Langland program [17). Defects provide us with examples of 2-
category in physics [18-20]. Defects in the Liouville and Toda field theories 
appear as holographic counterpart of the Wilson lines in the AGT 
correspondence [21-25]. Defects appear as domain walls in the Ads/CFT 
correspondence in the presence of D-branes [26). Recently they were found to be 
useful also in study of the renormgroup flow [27-28). 

The topological defects have proved to be very useful in study of the boundary 
state transformation. Since the topological defect can be moved to the boundary 
without changing the correlator, it can be fused with the boundary producing 
new boundary condition. Remembering that in String theory boundary states 
correspond to D-branes, one arrives to the conclusion that topological defects 
induce D-brane transformation. This property was crucial for example in the 
topologically twisted N=4 SYM approach to the Langland problem [17]. On the 
other side D-branes are classified by their Ramond-Ramond or K-theory charges. 
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Therefore topological defects should induce also transformations in the 

cohomology and K-theory groups [29-31). 

Aim of the dissertation 

l. To study non-maximally symmetric D-branes in the Wess-Zumino-

Witten (WZW) models and product of the WZW models. 

2. To study D-branes and defects in vectorially gauged WZW model. 

3. To construct D-branes in asymmetrically gauged WZW model. 

4. To quantize WZW model with defects. 

5. To quantize gauged WZW model with defects. 

6. To construct topological defects in the Liouville and Toda field 

theories. 
7. To find geometrical realization of the Cardy states in (2,2,2,2) Gepner 

model. 
8. To construct defect implementing various string dualities, namely 

abelian T-duality, non-abelian T-duality, fermionic T-duality. 

9. To find Fourier-Mukai transform for the non-abelian T-duality. 

Novelty of the work 

In this work the following new result were obtained: 

l. Geometric realizations of the Cardy states, permutation branes and 

defects in coset models were o brained. The geometric meaning of the 

field identification and selection rules in coset theories was revealed. 

2. D-branes corresponding to the non-maximally symmetric Maldacena­

Moore-Seiberg states were constructed. 

3. New non-factorizable non-maximally symmetric D-branes on a 

product of WZW models were constructed. It was shown that some of 

them provide D-branes in certain asymmetrically gauged WZW 

models. 
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4. Canonical quantization of WZW and gauged WZW models with D­

branes and defects was performed. 

5. Topological defects in the Liouville and Toda field theories were 

constructed. 

6. Topological defects implementing various T-dualities were constructed. 

7. New approach to the calculation of the Ramond-Ramond fields under 

the non-abelian T-duality was developed. 

8. Geometrical realization some of the Cardy states in the (2,2,2,2) Gepner 

model was found. 

Practical value 

The results of this dissertation can have applications to condensed matter 
problems as well as to String theory. As we mentioned before defects have 
numerous applications in the condensed matter problems. In particular 
topological defects play important role also in the recently much discussed 
entropy entanglement problem. 
Our results can be useful in study of the String dualities, which played crucial 
role almost in all recent works in String theory. As it is well known dualities can 
be used to derive new background from the existing ones. In particular recently 
non-abelian T-duality was used to derive new AdS type background. Our 
findings concerning defects implementing non-abelian T-duality can be used to 
generalize this program to the superisometry non-abelian T-duality. 

Main points to defend 

l. We have shown that D-branes in coset models are geometrically 

realized as a pointwise product of conjugacy classes. 

2. We have shown that non-maximally symmetric parafermionic D­

branes have geometry of pointwise product of conjugacy class and a 

U(l) subgroup. 

3. We have shown that certain diagonal embedding of the parafermionic 

branes in a product of WZW models provides D-branes in 

asymmetrically gauged WZW models like Nappi-Witten and 

Guadagnini-Martellini-Mintchev models. 
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4. We established symplectomorphisms between the phase spaces of the 

WZW and gauged WZW models with defects and branes and phase 

spaces of the 3D Chem-Simons or double Chern-Simons theory with 

time-like Wilson lines on a manifold having the form of the product of 

the certain two-dimensional Riemann surface and the time axis. 

5. We found that defects implementing abelian T-duality, non-abelian T­

duality and fermionic T-duality are given by the various cousins of the 

Poincare bundle. 
6. In particular we studied in much detail defects implementing abelian 

T-duality between SU(2) WZW model and lens space, and between 

axially and vectorially gauged WZW models. 

7. We have shown that the transformation of the Ramond-Ramond fields 

under the non-abelian T-duality can be written as the Fourier-Mukai 

transform with a kernel given by the flux of the corresponding defect. 

8. We found that topological defects in the Liouville and Toda field 

theories are labeled by the physical and (semi-) degenerate primaries 

and thus constitute discrete and continuous families. 

Approbation of the work 

The works on which this dissertation is based on are reported in the following 

international conferences: 

1. Workshop Generalized Geometry and T-dualities: May 9-13, 2016, 

Simons Center for Geometry and Physics, Stony Brook University, 

Stony Brook, NY, USA. 
2. Workshop and School "Selected Topics in Theoretical High Energy 

Physics", 21-25 September 2015, Tbilisi. 
3. Conference on Recent Progress in Quantum Field Theory and String 

Theory, (smr 2773), 14-19 September 2015, Yerevan. 

4. IX International Symposium on Quantum Theory and Symmetries 

(QTS-9), Yerevan, Armenia, July 13-18, 2015. 

5. Second Autumn School on High Energy Physics and Quantum Field 

Theory, Yerevan, 6-10 October, 2014. 

8 

6. Frontiers in field and string theory, Yerevan Physics Institute, Yerevan 

22-26, September, 2014. 

7. The International Workshop "Supersymmetry in Integrable Systems", 

Yerevan, 27-30 August, 2012. 

8. The International Workshop "Supersymmetry in Integrable Systems", 

Yerevan, 24-28 August 2010. 

9. Workshop Geomaps Retreat, Spring 2010, University of Aarhus, 

Sandbjerg Estate, Denmark. 

10. Workshop CTQM Nielsen Retreat , 2009, University of Aarhus, 

Sandbjerg Estate, Denmark. 

and invited seminar talks in 

1. L.D.Landau Institute for Theoretical Physics, Chernogolovka, Russia, 

2016. 

2. University of Rome "Tor Vergata", Rome, Italy 2014. 

3. Arnold Sommerfeld Center, Ludwig Maximilian University, Munich, 

Germany 2014. 

4. The Abdus Salam ICTP, Trieste, Italy 2013. 

5. The Racah Institute of Physics, The Hebrew University of Jerusalem, 

Israel 2013. 

6. Tel Aviv University, TelAviv, Israel, 2012. 

7. Weizmann Institute of Science, Rehovot, Israel 2012. 

8. King's College, London, UK, 2008. 

9. Ecole Polytechnique, Paris, France 2003. 

and also on numerous seminars of the chair of theoretical physics of 

Yerevan State University and division of theoretical physics of Yerevan 

Physics Institute. 

Publications 

The dissertation is based on 20 published works listed at the end. 
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Length and structure of the dissertation 

The dissertation contains an Introduction, 8 chapters, the last chapter 

contains conclusions, 5 appendices, list of bibliography with 193 names 

and has 289 pages. 

Content of the dissertation 

The dissertation consists of 8 chapters. In chapter 1 we review the 

material necessary to present our findings. In chapters 2-7 we deliver 

our findings. The last chapter 8 contains the list of the findings. 

In chapter 1 we collect and review the necessary stuff and technique of 

two-dimensional conformal field theory. In section 1.1 we review two­

dimensional conformal field theory on closed surfaces. In section 1.2 

we collect all the necessary gadgets of conformal field theory on a 

world-sheet with a boundary. In section 1.3 we review topological 

defects. In section 1.4 we illustrate the developed technique in 

important case of free boson theory. 

In section I.5we introduce Wess-Zumino-Witten (WZW) model and 

gauged WZW model (coset models). 

In chapter 2 we study non-maximally symmetric branes on WZW 

model, preserving only part of the diagonal affine symmetry. In section 

2.I we analyze properties of WZW model on a world-sheet with a 

boundary. In section 2.2 we study so called parafermionic D-branes. 

In subsection 2.2.1 we define non-maximally symmetric D-branes, 

sometimes called also parafermionic, as pointwise product of the 

conjugacy classes and a U(l) subgroup. We construct Lagrangian with 

the boundary conditions constraining group field to take on a boundary 

values in the parafermionic D-brane world-volume. We study 

symmetries of the action and show that it is invariant under axial 

combination of the left and right U(l) currents, and vectorial 

combination of the currents belonging to the subgroup commuting 

with U(l) group. In subsection 2.2.2 we study geometry of the 

parafermionic D-branes for SU(2) group and show that generically it is 
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three-dimensional and given by an inequality constraining the values 

of the second Euler angle. In subsection 2.2.3 we review construction 

of the boundary states of the parafermionic D-branes for SU(2) group, 

called MMS (Maldacena-Moore-Seiberg) states, given in [32]. In 

subsection 2.2.4 we compute the overlap of the MMS boundary state 

with the graviton wave packet and show that in the semiclassical limit 

it gives the inequality derived in subsection 2.2.2. In section 2.3 we 

study permutation branes on a K+l-fold product of group G on a world­

sheet with a boundary, with boundary condition constraining product 

of group fields to take value again in discrete set of conjugacy classes 

defined in 2.1.2. Jn subsection 2.3.1 we describe geometry of the 

permutation branes. In subsection 2.3.2 we write the Lagrangian with 

these boundary conditions and show that it has symmetries of 

permutation branes studied in 1.2.4. In subsection 2.3.3we compute for 

SU(2) group overlap of the permutation boundary states defined in 

1.2.4 with the graviton wave packet and show that in the semiclassical 

limit they indeed have the geometry described in 2.3.1. In section 2.4 

we construct type I non-maximally symmetric non-factorizable branes 

on a product of identical groups. In subsection 2.4.1 we define new 

branes as product of permutation branes studied in 2.3 with elements of 

an U(l) subgroup. We construct Lagrangian with these boundary 

conditions and study their symmetries. In subsection 2.4.2 we study 

geometry of these branes for SU(2) x SU(2) group. In subsection 2:4.3 

we construct boundary states of the type I branes for SU(2) x SU(2) 

group, compute the overlap with the graviton wave packet and show 

that it is in agreement with the calculations in 2.4.2. We also check that 

type I boundary states satisfy the Cardy criteria. In section 2.5we study 

type II non-maximally symmetric non-factorizable branes on a product 

of identical groups. In subsection 2.5.1 we define new branes as product 

of permutation branes studied in 2.3 with elements of two U(l) 

subgroups. We construct Lagrangian with these boundary conditions 

and study their symmetries. In subsection 2.5.2 we study geometry of 

these branes for SU(2) x SU(2) group. In subsection 2.5.3 we construct 

boundary states of the type II branes for SU(2) x SU(2) group, 
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compute the overlap with the graviton wave packet and show that it is 

in agreement with the calculations in 2.5.2 We also check that type II 

boundary states satisfy the Cardy criteria. 

In chapter 3 branes and defects in gauged WZW model are constructed. 

In section 3.1 we study branes in the vectorially gauged WZW model 

G/H. Jn subsection 3.1.1 we construct D-branes in the vectorially 

gauged WZW model using the representation of the gauged WZW 

model Lagrangian via the auxiliary fields reviewed in 1.5.5. and the 

action of the WZW model with a boundary presented in 2.1.1. 

Analysing global issues mentioned in 2.1.2 we find correspondence of 

the found D-branes with the Cardy states of a coset model in the 

absence of the common center of G and H. Jn subsection 3.1.2 we 

analyze special case of a coset when G and H have common center. We 

show that found D-branes satisfy present in this case field identification 

and selection rules for the primary fields of coset models. Jn section 3.2 

we present the Lagrangian approach to defects in WZW models. Jn 

section 3.3 we construct Cardy defects and permutation branes in 

vectorially gauged WZW model. In subsection 3.3. l, using again the 

reoresentation of the gauged WZW model Lagrangian via the auxiliary 

fields presented in 1.5.5 and the Lagrangian of the WZW model with 

defects reviewed in 3.2., the geometry and action of the topological 

defects and permutation branes in GWZW are constructed. We show 

that they are in one-to-one correspondence with the primary fields of 

coset models. Jn subsection 3.3.2 we consider overlap of the 

permutation brane boundary state on product of cosets SU(2)(k)/U(l) x 

SU(2)(k)/U(l) with the graviton wave packet and show that it has the 

geometry found in 3.3.1. Jn section 3.4 we consider D-branes in 

asymmetrically gauged cosmological Nappi-Witten model and in the 

Guadagnini-Martellini-Mintchev mode. In subsection 3.4.1 we present 

D-branes in the Nappi-Witten model, construct the action with these 

boundary conditions and check gauge invariance. In subsection 3.4.2 

we study in detail D-branes in the Nappi-Witten cosmological model 

SL(2,R) x SU(2)/U(l) x U(l) and present the explicit equations of the 

12 

corresponding D-brane hypersurface. Jn subsection 3.4.3, in a similar 

way D-branes in the Guadagnini-Martellini-Mintchev model are 

considered. In subsection 3.4.4 we consider in detail D-branes in the 

SU(2) x SU(2)/U(l) GMM model. We show that D-branes are classified 

according to the Cardy theorem. 

In chapter 4 we establish symplectomorphisms between certain phase 

spaces of the three-dimensional Chern-Simons and double Chern­

Simons theories and that of WZW and gauged WZW models with 

branes and defects. Jn section 4.1 we review three-dimensional Chern­

Simons theory with sources on a product of a Riemann surface and a 

time line. In subsection 4.1.1 we elaborate phase space of the Chern­

Simons theory and show that it is given by the moduli space of flat 

connections on the Riemann surface punctured at the points where 

Wilson line hit it, with the holonomies around punctures belonging to 

the set of conjugacy classes considered in 2.1.2. In subsection 4.1.2 we 

present details on symplectic forms on moduli space of flat connections 

on two-dimensional sphere with Wilson lines and holes. In subsection 

4.1.3 we present symplectic forms on moduli space of flat connections 

on a Riemann surface of genus g with Wilson lines. In subsection 4.1.4 

we write down the symplectic form of the double Chern-Simons 

theory. In section 4.2 we establish symplectpmorphisms between 

certain phase space of the Chern-Simons theory and that of WZW 

model with branes and defects. In subsection 4.2.1 we compare the 

Hilbert space of the Chern-Simons theory with Wilson lines on certain 

spaces and that of WZW models with branes and defects and list the 

statements which we prove here. Jn subsection 4.2.2 we review bulk 

WZW model and establish that the symplectic phase space of the 

WZW model on circle coincide with that of CS theory on annulus [33]. 

In subsection 4.2.3 we recall that the symplectic phase space of the 

WZW model on a strip coincide with that of CS theory on a disc with 

two Wilson lines [34]. In subsection 4.2.4 we establish that the 

symplectic phase space of the WZW model with a defect is 

symplectomorphic to that of CS theory on an annulus with a Wilson 

line. In subsection 4.2.Swe establish that the symplectic phase space of 
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the WZW model on a strip with a defect inserted is symplectomorphic 

to that of CS theory ona disc with three Wilson lines. In subsection 

4.2.6 we establish that the symplectic phse space of the WZW model 

G x G on a strip with boundary conditions specified by permutation 

branes coincide with that of CS on an annulus with two Wilson lines. 

Jn section 4.3 we perform canonical quantization of the vectorially 

gauged WZW model GIH with defects and boundaries and establish 

symplectomorphisms between their phase spaces and certain phase 

spaces of the double Chem-Simons theories. In subsection 4.3.1 we 

present short summary of the statements proved in this section. Jn 

subsection 4.3.2 we review bulk gauged WZW model and show that its 

phase space on a cylinder coincides with that of double CS theory 

[35,36] on product of an annulus and time-line. In subsection 4.3.3 we 

show that the phase space of the gauged WZW model on a cylinder 

with a defect line coincides with that of double CS theory on a product 

of an annulus and time-line with gauge fields of groups G and H 

coupled to a Wilson line. Jn subsection 4.3.4 we show that the phase 

space of the gauged WZW model on a strip with a defect line coincides 

with that of the double CS theory on a disc times time-line with gauge 

field of groups G and H coupled to three Wilson lines. In section 4.4 we 

analyze especially interesting case of the topological coset GIG. In 

subsection 4.4.l we analyze bulk GIG coset and show that the phase 

space of a bulk GIG theory on a cylinder is symplectomorphic to that of 

a CS theory on a product of two-torus and time-line. In subsection 4.4.2 

we show that the topological coset GIG on a cylinder with a defect line 

is isomorphic with that of a CS theory on a product of two-torus and 

time-line with two Wilson lines. In subsection 4.4.3 we demonstrate 

the symplectomorphism of the phase space of GIG topological coset on 

a strip with a defect line and a CS theory on product of two-sphere and 

time-line with six Wilson lines. In section 4.5 we analyze a product of 

cosets GIH x GIH on a strip with boundary conditions specified by 

permutation branes and show that its phase space is symplectomorphic 

to the phase space of the double CS theory on an annulus times the 

time-line and with G and H gauge fields both coupled to two Wilson 

14 

lines. In section 4.6 we establish symplectomorphism of the phase space 

of product topological cosets GIG x GIG on a strip with boundary 

conditions given by the permutation branes and that of CS theory on a 

torus times the time-line with four Wilson lines. 

In chapter 5 we study topological defects implementing various 

dualities. In section 5.1 we review some basic facts concerning 

topological defects and their relation to T-duality. It is established that 

the defect implementing bosonic T-duality is given by the Poincare line 

bundle. We demonstrated in the simple example of a scalar field 

compactified on a circle how the defect equations of motion reproduce 

the appropriate duality transformations. In section 5.2 we generalize 

this to the factorized T-duality in non-linear sigma models with 

isometries. We also present a defect generating a combined action of 

the Z(k) orbifolding together with a T-duality transformation. In 

section 5.3 we explain how the T-duality transformation of the 

Ramond-Ramond charges can be written as the Fourier-Mukai 

transform with the kernel given by the exponent of the gauge invariant 

flux on the corresponding topological defect. In section 5.4 we study 

T-dualities in the special case of the SU(2) WZW model and a lens 

space. In subsection 5.4.1 we review [37] kernel of the Fourier-Mukai 

transform of the T-duality between SU(2) WZW model and lens space 

implementing the map between the corresponding twisted cohomology 

group. In subsection 5.4.2 we use the fact that defects (at least in 

rational conformal field theories) are uniquely determined y their 

action on bulk fields. We construct several families of defects by using 

T-duality and orbifolding. In subsection 5.4.3 for one such family we 

determine the geometry of the underlying bibranes. We recover 

structure familiar from the Fourier-Mukai transform studied in 5.4.1. In 

section 5.5 we construct defect between axial and vector gauging of 

G/U(l) gauged WZW models for a general group G. For the case of 

G=SU(2) the geometrical construction is translated to the algebraic 

parafermionic language. In subsection 5.5.1 we present geometry and 

flux of the defect gluing axially-vectorially gauged models. In 

subsection 5.5.2 we specialize to group SU(2) and show that for level k 
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parafermions there are k+l topological defects mapping axially gauged 

SU(2)/U(l) cosets to the vectorially gauged SU(2)/U(l) coset, labeled by 

the integrable spin j=O, ... k/2. In subsection 5.5.3 we construct them as 

the appropriate operators in the parafermion Hilbert space. We show 

that the defect corresponding to j=O implements Z(k) orbifolding 

together with T-duality. These defects project A(j,n) Cardy branes in 

SU(2)/U(l) coset to the B(j) branes constructed in [32]. Jn section 5.6 

we study the defects performing the fermionic T-duality [38]. In 

subsection 5.6.1 we review the necessary information on 

pseudodifferential {?rms integration. In subsection 5.6.2 we review 

the fermionic T-duality. In subsection 5.6.3 we show that the defect 

inducing the fermionic T-duality is given by the fermionic 

generalization of the Poincare line bundle, which we call Super­

Poincare line bundle. We demonstrate that the defect equations of 

motion reproduce the fermionic T-duality transformation rules found 

in. Jn subsection 5.6.4 using the exponent of the gauge invariant flux 

on this defect as a kernel of the Fourier-Mukai transform with a 

pushforward map given by the fiberwise integration on supermanifold, 

we derive the transformation of the Ramond-Ramond fields under the 

fermionic T-duality. In section 5.7 we construct topological defects 

producing non-abelian T-duality. Jn subsection 5.7.1 we review non­

abelian T-duality. In particular we recall the duality relations and 

demonstrate general formulas for the case of SU(2) principal chiral 

model. In subsection 5.7.2we present defect performing non-abelian T­

duality and show that the defect equations of motion reproduce the 

duality relations derived in subsection 5.7.1. In subsection 5.7.3 using 

the flux of non-abelian T-duality defect derived in subsection 5.7.2 we 

derive the Fourier-Mukai transform formula for non-abelian T-duality 

and compute the Ramond-Ramond fields transformation for SU(2) 

isometry group. We obtain that our results are in agreement with that 

of [39,40]. 

In chapter 6 we study topological defects in the Liou ville and Toda field 

theories. In section 6.1 we write down topological defects in the 

Liouville field theory. It is shown that defects are labeled by the 
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physical and degenerate primaries of Liouville field theory, and 

correspondingly compose discrete and continuous families. We also 

have shown that the well known relation [41] between the OPE 

structure constants and the fusing matrix with an intermediate entry 

set to the vacuum proved for rational conformal field theories, holds 

also for the Liouville field theory. In section 6.2 we write down 

topological defects in the Toda field theory. We have shown that 

topological defects in Toda field theory are labeled by the physical, 

semi-degenerate and fully degenerate primaries. In section 6.3 we 

analyze classical Liouville field theory with defects. In subsection 6.3.1 

we review the general solution of the Liouville equations. In 

subsection 6.3.2 we present general solution of the defect equations of 

motion. In section 6.4 we review the heavy asymptotic semiclassical 

limit. In section 6.5 we calculate the defect two-point function in the 

heavy asymptotic limit. In subsection 6.5.1 we calculate heavy 

asymptotic limit of defect two-point functions. In subsection 6.5.2 we 

show that the heavy asymptotic limit of defect two-point function 

found in the previous section is given by exponential of the action with 

defects evaluated on solution of defect equations of motion with two 

singularities. 

In chapter 7 we study Cardy states in (2,2,2,2) Gepner model. In section 

7.1 we review necessary background material on the simple current 

extensions. In section 7.2 we review Gepner model via simple current 

extension formalism. In section 7.3 we write down all the necessary 

information on the (2,2,2,2) Gepner model: orbit representatives, 

conformal weights. Using the resolved characters we compute the torus 

partition function and show that it coincides with the one computed in 

the appendix 5 as an orbifold partition function at the SU(2) x SU(2) x 

SU(2) x SU(2) point. Using the general formulae of section 7.1 we also 

derive the annulus partition functions between the various Cardy 

states, paying special attention to the peculiarities caused by the 

presence of the fixed points. In section 7.4 we study DO-branes on the 

orbifold T4/Z4. We compute all the annulus [artition functions 

between DO-branes located at points in T4/Z4 orbifold that are fully or 
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partially fixed points under the orbifold group action. Using previously 

derived formulae for the annulus partition functions between Cardy 

states of the (2,2,2,2) model we establish a partial dictionary between 

Cardy states and DO-branes. 

In chapter 8 we presented list of our main findings. 

In five appendices some technical points are collected. In appendix I 

double Gamma and Sinus functions are reviewed. In appendix 2 

asymptotic behavior of Gamma function is reviewed. In appendices 3 

and 4 some identities on Theta functions are collected. In appendix 5 

some technical points on calculation of the partition function of T4/Z4 

orbifold are delivered. 
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Conclusions 

Let us briefly summarize our findings. 

1. We constructed geometrical realization of the Cardy states in coset 

model. We found geometrical meaning of the field identification 

and selection rules for primary fields of coset model. 

2. We found geometrical realization of the parafermionic D-branes 

in WZW model. 
3. We constructed non-maximally symmetric non-factorizable D-

branes in product of WZW models. 

4. We have found geometrical realization of permutation branes and 

defects in coset models. 

5. We have shown that certain diagonal embedding of the 

parafermionic D-branes in product of WZW models provide D­

branes in the Nappi-Witten cosmological model as well as in the 

Guadagnini-Martellini-Mintchev model. 

6. We proved symplectomorphism between phase space of the WZW 

nodel with boundaries and defects and that of 3D Chern-Simons 

theory with Wilson lines on a product of a Riemann surface and 

time-line. 
7. We proved symplectomorphism between phase space of the 

gauged WZW model with boundaries and defects and that of 3D 

double Chern-Simons theory on product of a Riemann surface and 

time-line. 

8. We constructed topological defects implementing abelian, non­

abelian and fermionic T-dualities. We have shown that they are 

given by the Poincare bundle and its non-abelian and super 

generalizations correspondingly. 
9. We studied in detail defects implementing T-duality between 

SU(2) WZW model and lens space. We have paid also special 

attention to the Fourier-Mukai transform of the twisted 

cohomology groups generated by the gauge invariant flux of this 

defect. 
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10. We studied in detail defects implementing T-duality between 

axially and vectorially gauged WZW model. 

11. We calculated Fourier-Mukai transform of the Ramond-Ramond 

fields under non-abelian T-duality. 

12. We have shown that fusion matrix of the Liouville field theory 

with the intermediate state set to the vacuum gives rise to the 

DOZZ structure constants. 

13. We constructed topological defects in the Liouville and Toda field 

theories as intertwining operators using Cardy-Lewellen cluster 

equation. We have shown that in the Liouville field theory defects 

are labeled by the physical and degenerate primaries. We proved 

that in Toda field theory topological defects are labeled by the 

physical, semi-degenerate and degenerate primaries. 

14. We studied Lagrangian of the Liouville theory with defects and 

shown its agreement with the operator description in the 

semiclassical limit. 

15. We found geometrical realization of the Cardy states in (2,2,2,2) 

Gepner model, using its equivalence with T4/Z4 ordfold. 
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,ll;ll}'MepHLie KOHtPOPMHLie reopHH IIOJIJI c p;eq,eKTaMH H rpaHHD;aMH 

Pea10Me 

B sTOH pa6oTe Ml>I liS)"l:aeM KOHcpopMHI>re rpaHli'!Hhle ycJioBIDI li 

TOJIOJIOrli'!eCKHe p;ecpeKTbl B ,n;ByMepHI>IX KOH<jiopMHbIX TeopmlX JIOJI.ll. 

MI>r li3Y'!aeM ,n;ecpeKTI>I H D-6paHI>I B c!Iep;yrom;Hx Teopmix: Mo,n;eJIH Becca-

3yMHHo-BHTTeHa (B3B}, KaJIH6poBO'!HI>Ie Mo,n;emi: Becca-3yMHHo-BHTTeHa 

(KoceT Mo;i:i;e!IH}, TeopHH JlHYBliJIJIH H To;i:i;a, Mo;i:i;eJII> ferrHepa. TaIOKe MI>I 

li3Y'!aeM ;i:i;ecpeKTbI, BbIJIOJIHJ!IOm;He crpyHHbie A}'aJibHOCTH. Ilepe'!HCJIHM 

OCHOBHI>Ie pe3yJII>TaTI>I. 
1. IloKa3aHo, '!TO HeMaKCHMaJII>HO-CHMMeTPH'!HI>Ie D-6paHhl B B3B 

TeopHH, 3a,n;aHHI>Ie COCTOHHIDIMH MaJI,n;aceHI>I-Mypa-3aM:6epra 

reoMeTPH'!eCKH OJIHCbIBaIOTCJ! IIOTO'!e'!HbIM rrpoH3Be,n;eHHeM KJiacca 

corrpH)l{eHHOCTH li U(l} rro,n;rpyrrrrhl. 3TH D-6paHhl TaK)l{e HHor,n;a 

Ha3hlBaIOT rrapa<jiepMHOHHhlMH. 
2. ,n;oKa3aHO, '!TO JIOTO'!e'!HOe rrpoH3Be,n;eHHe KJiaCCOB COIIpH)l{eHHOCTH 

p;aeT reoMeTPli'!eCKYIO peaJIH3aD;HlO COCTOJ!HliH Kap,n;H B KOCeT 

TeOpliHX. 
3. IlocTPoeHI>I HeMaKCHMaJibHO-CHMMeTpH'!Hbie He<jiaKTOpH3yeMI>Ie D-

6paHI>I B npoHaBe,n;eHHH B3B Mop;e!Ieii. 
4. Halip;eHa reoMeTPH'!ecKaH peaJili3aD;HJ! ,n;e<jieKTOB H rrepecTaHOBO'!HI>IX 

D-6paH B KoceT TeopHHX. 
5. IloKa3aHo, '!TO ,n;HaroHaJibHoe BJIO)l{eHHe rrapa<jiepMHOHHI>IX D-6paH B 

rrpoH3Be,n;eHHe rpyrrrr p;aeT D-6paHI>I B accHMeTPH'!HO KaJIH6poBO'!HI>IX 

B3B TeopHHX. B '!aCTHOCTH Hali,n;eHI>I D-6paHI>I B Mo,n;eJIHX HarrrrH­

BliTTeHa li fya,n;aHbHliHli-MapTeJiliHH-MliHT'!eBa. 

6. y CTaHOBJieHI>I CHMJIJieKTOMOp<jJH3MbI Me)l{,n;y cpa30BI>IMH 

rrpocTpaHcTBaMH MOp;e!IH B3B c ,n;ecpeKTaMH c OlJ;HOH CTOpOHbl H 

cpa30BI>IM rrpocTpaHcBoM TPeXMepHoli KaJIH6poBO'!HOH Teoplili 'IepHa­

CaliMoHca c ,n;pyroli cTopoHI>I c BpeMeHonop;o6HI>IMH BHJII>COHOBCKliMH 

JIHHliJ!Mli Ha MHOroo6pa3HH, HMerom;eM Bli,D; npoli3Be,n;eHliJ! HeKOTOpoli 

pHMaHOBOH JIOBepXHOCTH H BpeMeHHOH OCH. 
7. y CTaHOBJieHI>I CHMJIJieKTOMopcpH3Mhl Me)l{p;y cpa30BhlMH 

rrpocTpaHCTBaMH KaJIH6poBO'!HOH Mop;eJili B3B c ,n;ecpeKTaMH c O,llHOH 

cTopoHI>I li cpa30BbIM rrpocTpancBOM TPeXMepHoH ,n;Bo:iiHo:ii (double) 

KaJIH6poBO'!HOH TeopHH qepna-CaiiMOHCa c ,n;pyroli CTOpOHbl c 

BpeMeHorro,n;o6HI>IMH BHJibCOHOBCKHMH JIHHHJ!MH Ha MHOroo6pa3HH, 

liMerom;eM Bli,D; rrpOH3BCp;eHHJI l!CKOTopo:ii pHMaHOBOH JIOBepXHOCTH H 

BpeMeHHOH OCH. 
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8. IloKa3aHO, 'iTO Ma'IpHn;a CJIHJIHHJI B TeopHH JlHyBHJIJIJI c BaKy)'MHbIM 

rrpoMeJKYTO'iHbIM :rneMeHTOM rrporropn;HOHaJibHa ,ll;033 (DOZZ) 

C'IJ>YKT}'PHb!M KOHCTaHTaM. 

9. Iloc'IpoeH1>I ,n;eq,eKTbI B Teopmrx JlHyBHJIJIJI H To,n;a H rroKa3aHo, 'iTO 

OHH HMelOT Te JKe HH,ZJ;eKCbI, 'iTO H BbipOJK,n;eHHble, <l:>H3H'ieCKHe H 

rroJiy-B1>IpOJK,ZJ;eHHbie rrepBH'!Hble IIOJIJI. 

10. }fay..eH JiarpaHJKliaH TeopHH JlHYBHJIJIJI c rpaHm:i;aMH H ycraHOBJieHo 

ero COOTBeCTBHe c orrepaTOpHb!M IIO,ZJ;XO,ll;OM B KBa3HKJiaCCH'ieCKOM 

rrpe,n;eJie. 

11. Iloc'IpOeHDI ,n;e<l:>eKTJ>I, B1>moJIHJ1IDII:i;He a6eJieBy, Hea6eJieBy H 

q,epMHOHHyro T-,n;yaJIJ>HOCTH. IloKa3aHo, 'iTO OHH orrHc1>rnaroTCJ1 

paCCJIOeHHeM IlyaHKape Hero o6o6rn;eHHHMH. 

12. B 'iaCTHOCTH MbI rro,n;po6Ho H3Y'fHJIH ,n;e¢eKTDr, ocyn:i;ecTBJIJIIOID;He T­

,n;yaJI1>HOCT1> MeJK,n;y SU(2) B3B Mo,n;eJIJ>IO H rrpocTpaHCTBOM JIHH3. B 
,n;eTaJIJ1x H3y'ieHo rrpeo6pa3oBaHHe <I>ypr,e-MyKaH, rropoJK,n;eHHoe 

KaJIH6poBO'iHO HHBapHaHTHbIM IIOTOKOM 3THX ,n;e¢eKTOB Ha 

rrpocTpaHCTBe KOrOMOJIOrHH. 

13. TaKJKe rro,n;po6Ho H3Y'feHa T-,n;yaJII>HOCTb Me:iK,n;y aKCHaJII>HO H 

BeKTopHo KaJIH6poBO'iHbIMH B3B Mo,n;eJIJIMH. 

14. HcrrOJII>3YH ,n;e<l:>eKTJ>I, ocyrn;ecTBJIHIOrn;He Hea6eneBy T-,n;yaJII>HOCTb, MbI 

HaIIIJIH HOBbIH crroco6 BbI'iHCJieHHH rrpeo6pa30BaHHJI 

aHTHCHMMeTpH'iHDIX rroJieli rrpH rrpeo6pasoBaHHH Hea6eJieBoii: T­

,n;yaJII>HOCTH. 

15. Mr,r HaIIIJIH reoMe'IpH'ieCKYID peaJIH3an;HIO HeKOTOpbIX COCTOHHHH 

Kap,n;H B (2,2,2,2) MO,D;eJie ferrHepa, HCIIOJII>3Yll ee 3KBHBaJieHTHOCTb 

T4/Z4 TopoH,n;aJIJ>HOMY op6Hq,on,n;y. 
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bp.lu_unP, qnb!J.>npu IJ:lll2UlP UlhUIILJ!t]IILhhb.pb qb.!J.>hqIDhhp.p h hqp.b.pp 
uinqlll]llL]!t]UlUp 

Uul}unpmu 

U]U uizJ.uuiUllllhpnu.f uh.hp mumuhtuu]lpnuf hhp qnh:jmp.u hqp.tu]ph 
UJ.WJutuhhhp.g b. qh:jihqhIDhhp.g b.p.lu_unjm1h]l qnh:jinp.u qwzID]l 

ml:iumF1mJ1b.hp.mu: 
fh.umuhwu]lp.tJ.uio hh qh!J.>hqtnb.hp.g h D-pp.whhb.p.g hhmh1w1 
mhumFJmhhhp.mu' "<{hu-Qmu]lhrr-"<l]ltnhb.p ("<{Q"<{) tfnqh1nu.f, 
tnp.tutfur~uii}l.tuquih "<{Q"<{ tfnqh1m.tf (pnuhF tnhum]!tJnLhhhp.g), l]lm.i.j]ll]:i h 
fclnIJ:UI]]l tnl::iUilLJ!t]IlLUhhp.mu, h q.l::;UJ.hhp.]1 unqh1mu: Uh.hp hurl! 
m.um.uhuru]lp.m.tf hhp qh!J.>hqtnhhp.g, np.nhp ]lp.urqtuhtughrrLtf hh ttu)ltu]]lh 

qm.w1m.F1mhhhp.g: 
fchlhhp h]ltlhtuqtuh tupqimhphhp.g: 

1. 5nqg t tnp.tJ.tuo np. n~-tfurpu}:i.tfur1 u]ltfhtnp.]lq D-pp.tuhhh11g "<{Q"<{ 
unqh1m.tf, np.nhp hurtftuUJ.tlltnUIUJ.utuhrrLtf hh Ututl}UIUhb.UI-Um.n­
Qw1php.q]:i. i.j]11S:tuqhhp.]1h, hp.lip.UI~tui}l.np.hh qwp.nri. hb. b.qur11urqp.tJ.h1 
np.UJ.hu hUitlur1momJ!tJUIU l}UIU pwqumUJ.UitnqtJ.uro U(l) hb.J.itmJ.utfpntJ.: 
U]IJ: D-pp.Uihhhp.g qn~tJ.m.tf hh hp.phtlh UJ.UIJ.l.UI:jihp.tf]1nhUI]]1b.: 

2. UUJ.mgmgtJ.uro t, np. hmtfm1momJ!tJUih qmuh11]1 mp.tnmqp.JUilf! 
mml]:iu t !?mp.q]1]1 i.j]liS:mqb.hp.]1 hp.qp.m~mi}l.mqtuh UJ.Uitnq hp.g pnuhF 

mhum.F1m.b.hh11mu: 
3. Y:mnmgtJ.mo hh n~-tfmpu}:i.um1 u}:i.uhmp.}:i.q n2_-:jimqtnnp.]1qmgtJ.nIJ. D-

pp.mhhhp. "<{Q"<{ tlnqh1hhp.]1 m11mmqp.1m1mu: 
4. q.tnb.tJ.mo hb. qh!J.>hqIDhh11]1 h tnhqmi}l.n]um.FJmhb.hp.p (permutation) 

D-pp.mhhhp.]1 hjlqp.m~mi}l.mqmh UJ.Uitnq hp.g pnuh]!t 

mhum]!tJnLhhp.mtf: 
5. 5m]g t mp.tJ.mo np. UJ.Uip.m:jihp.tf]1nhm]ph D-pp.mhhhp.]1 

mhl1JmhUiqom1]1b. hhp.qp.mtfg ]uuphp.]1 Uip.tnmqp.1mIJ:i tfh2 mml]:iu t 
D-pp.mhhhp. um]1tfhIDp.]1q tnp.mtfm~mi}l.mqmh "<{Q"<{ 
mhumJ!tJmhb.Lpmtf: UmhuhmtJ.np.mUJ.hu, qmhtJ.mo hh D-ppurhhhp.g 
1.,mi}l.]1-"<l]1tn Lu ]1 h q,mmqtub.]1h]1-Ump.]!thl]:ih]1-U]1h]!t~h]1 

tfnqh1hhp.mtf: 
6. L.mutnmtntJ.Uio !:: u]1tlunhqtnntfnp.:j>]1qtl, up. qnri.tf]1g, "<{Q"<{ unqhl]:i 

qh!J.>hqtn'ilhp.]1 mnqUI]nLJ!tJUitfp :jimqm]]1'iI murpmllm]!tJUIU h, tlimu 
qnri.UJ:i.g, npnzmY.]1 hp.hp ~wi}l.mh]l '.Jhnh-Um]tlnb.u]1 
UlJ.l.UIUUI~Uil}l.UiqUih tnhunL]!t]UIU "<l]1tunh]1 qlll.p]1 urnqUI]IllJUJU!tlp 
:jimqm]]1'iI tnmp.mlim]!t]Uib. u]12h: 
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