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~bstract 

[nstanton.[1] partition functi~n ofN · 2 supersymmcl.ric gauge theory iii 
Q--background admits exact investiga,tl.on by 1~caihai:,lon~ii:"cthods [2 6i. 
ln the case of generic Q-backgrou~d ·insta~t~n' partition function is 
directly related to the conformal bl~~k~ ·~if' a 2d CFT (AGT 

correspo~dence) '(7-11]. In. this context the NS'lfmit corresponds to the 
semi--cla~sic~l limit of the related en r12-18J. we have extended some 
of the results of[18i to the case of generk Q··background corresponding 
to the genuine q~aiitum conformal blocks .. For 

0

techni~al reasons we 
restricted oi:irselv'es to the case of U(2) ga~ge g~o~ps. Restricting to the 
qlSe of i.io~ville .theory, starting fr~m 't:h~' se~oi;ld order differential 
equa~9ii' 'sati~fl~d 'by the multi-points c~nformai'blocks including a 
degenerate :field· V ,, [19) we deri~ed the analoglies' equation satisfied by 

, ... ' .. -~;· '. . . ; . . 

the gauge theory partition function with Q operator insertion. Then we 
showed that this equation leads to a mixed linear difference differential 
equation for Q operators which is a direct generalization of the T Q. 
equation from NS limit to the case of generic Q-Background. 
The 4d N = 2 gauge theories have natural uplift to 5 ·dimensions. 
Embedding N = 2 gauge theory in Q-background was instrumental in all 
developments related to the instanton counting with the help of 
equivariant localization technics. In fact, the geometric meaning of Q · 

background is more transparent in Sd theory compactified on a circle. 
One simply con.~iders a 5d geometry fibered over .a drcle of 
circumference L so that the complex coordinates (z1 , z7.) of the (four real 
dimensional) fiber get rotated along the circle as: z1 -~ exp(il.c1), z7. ) 
exp(iM7.) accompanied with suitable R·syrnmetry and gauge rotations 
[3,6]. E1;2• are the Omega-background parameters. In paper rrr1 it is 
shown that not only the partition function, but also a more refined 
.quantity, :namely the expectation value of the ,Ctobscrvablc. can be 
computed in closed form. It was shown in [20] that the analog ofBaxters 
Q -Operator ·tin purely gauge theory context naturally emerges, in 
Nectasov·Shatashvili limit (Er 0) [21] as an entire function who~e zeros 
arc given in terms of an array of'/ critical" Young diagrams, namely those, 
that determine the most important instanton .configuration contributing 
to the partition function. ln {22j an algebraic construction of a RG 
domain wall for the unitary minimal CFT :models was propo·sed and was 
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shown that the results agree with those of the leading order perturbative 
analysis performed by A. Zamolodchikov in (23]. In the paper [22] 
Gaiotto suggests that a similar construction should be valid also for more 
general coset C1''T models. The N = 1 minimal superconformal CFT 
models [24-26], which are the main subject of paper [III], are among 
these cosets. We specialize Gaiotto's proposal to the case of the minimal 
N=--1 SCF"f models. 1be method we use is based directly on the current 
algebra construction and, in this sense, is_ more general than the one 
originally employed by Gaiotto for the case of minimal modeJ~. Namely 
he heavily exploited the fact that the product -of successive. minimal 
models can be alternatively represented as a product of N ,= 1 
superconformal and Ising models. We explicitly calculated the mixing 
coefficients for several classes of fields and compare the results with the 
perturbative analysis of [27,28] finding a complete agreement. 

Timeliness and relevance 

All papers[l-III] that form the basis of this thesis are located on a 
crossroad between the fields of Supersymmetric field theories, gauge 
field theories and instanton calculus. Supersymmetry is a space-time 
symmetry discovered (rediscovered) in the 1970's independently by 
Gervais and B. Sakita (in 1971) [29], Golfand and Likhtman (also in 1971) 
130J, and Volkov and Akulov (1972) [31]. Although its existence in 
nature is not proved or disproved it plays a major role in theoretical 
physics. One of the reasons of its popularity is the Coleman -Mandula 
theorem [32] which elevates supersymmetry to the status of the single 
possible extension of the Poincare group, assuming some natural 
constraints. The existence of the conformal symmetry is a loophole in 
this theorem, where all particles are massless. 
Gauge symmetry was first present in Maxwell's famous work on 

electrodynamics" A Dynamical Theory of the Electromagnetic field" in 
1864-65 [33), the more modern formulation was popularized by Pauli in 
1941 [34fNo~ad~y~ gau'ge fields are used to describe three of the four 
fundamental forces, and one hardly needs any other reasons to study 
them, furthermore they are present in broad areas of pure mathematics 
and theoretical physics such as differential geometrie and Gravity. 
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Ip.stantons are a more specific area of researcJ.i and occur in various 
situations and contexts like in the calculation of tunneling effects of 
vacuum states in quantum field theories or in calculations of path 
integrals in the semiclassical limit [35]. 

Aim of the dissertation 

• Derive a mixed difference-differential relation for (~-operator 
for SU(2) linear quiver theory. 

• }'or the N==l, SD linear quiver theory derive the analogue of 
Ba~:ters T - Qequation and its solutions. 

• Calculate the field mixing coefficients for N~l SCFT models 
SMp andSMp 2 • 

• Derive the T - Q equation and its solutions for 4D quiver out 
of the SD linear quiver theory. 

Novelty of the work 

In this work the following new results were obtained: 
1. We show that an appropriate choice of parameters in A,-+1 

linear quiver theory with U(n) gauge groups is equivalent to 

insertion of the analog of Baxters Q-operator into the partition 

function of a theory with one gauge node less A,- theory with 

generic parameters. 

2. Restricting to the case of I.iouville theory, starting from the 

second order differential equation satisfied by the multi--points 

conformal blocks including a degenerate field v_!! we've , 
derived the analogues equation satisfied by the gauge theory 

partition function with Q operator insertion. We also showed 

that this equation leads to a mixed linear difference -differential 

equation for Q operators which is a direct generalization of the 
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T-Q equation from NS limit to the . case of generic Q­

Background. 

3. By exploiting the fact that the produ-ct of successive minimal 

models can be alternatively represented as· a product of N = I 

superconformal and Ising models. We explicitly calculate the 

mixing coefficients for N=l SCFI' models SMp and SMp_2 • 

4. The linear quiver with U(l) in Sd setting is analyzed. The 

corresponding T --Q difference equations as well as their 

solutions in closed form are found. The solution is expressed in 

terms of generalized Appel's function. As a 'limit the same is 

found for 4d. 

Practical value 

Supersymmetric gauge theories and superconformal field theories play 
important role for the various problems in condensed matter, String 
theory, Ads/CFT and AGT correspondences. Our findings can find an 
application or extension in all these topics. 

Main points to defeiid 

Ma.in points to defend are: 

1. We show that an ap]i>ropriate choke of _parameters in Ar+l 

linear quiver th~ory with. U(n) gauge. groups is equivalent to 

the .insertion of the analog o.f. Baxters O:operator into the 

partition function of a theory with one gauge node less Ar 

theory. with generic parametefs. It is a1so true that only a subset 

of special diagrams contribute to the partition function in Ar+t • 

these n· tuple of diagrams consist of a row diagram and n ·- I 

empty diagrams. We found that to· the Nekrasov partition 
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functions corresponding to N . l SI.Fr conformal blocks in the 

light asymptotic limit contribute only Young diagrams having 
.. :". • 1·. ···r_i!~I ·-:-~1-: ! .' ·n.< · 

one raw and one column. 

2. Restricting to the case of l.iouville tl;i,eo.ry, starting from the 

second order differential equation satisf'i,ed .by the multi· poims 

conformal blocks including a degenerate field V 12 we have 
:~ 

derived the analogues equation satisfied hy the gauge theory 

partition function with Q operator insertion. We also showed 

that this equation leads to a mixed linear difforence differential 

equation for Q operators which is a dl~e~t·g~;;:~;~n:Za'.ti~}i{ of the 

J-q, ,equation from NS limit to the case .of gene.tic '2 
Background. 

3. By exploiting the-fact that the product of successive minimal 

models can be alternatively represented as a product of N . 1 

superconformal and Ising models. We explicitly calculate the 

mixing coefficients for N°,1 SCFr models SMP and SMP. 2 • We 

calculate the mixing coefficients for the several classes of local 

fields in the case of the supersymmetric RG Ilow using Re; 

domain wall proposal. Then we compare this with the 

perturbation theory results available in the literature finding a 

complete agreement. 

4. The linear quiver with U(1) in Sd setting is analyzed. The 

corresi)onding T Q difference equations as well as their 

solutions in closed form arc found. The solution is expressed in 

terms of generalized /\ppel's function, which can he 

represented as Heine's basic hypergeornetric series. The 4d 

linear quiver theory is a natural limit of the Sd theory. Analog 

T-Qdifference equations ate deduced with their corresponding 

solutions, which are Appel's F1 fonctions generalization for 

many var.iables. The normalization factors for hoth 4d and Sd 

cases are found. 
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Length and structure of the dissertation 

The thesis is divided into five parts. The first part is dedicated to some 
prerequisites on which we draw on later. The following three chapters. 
describe our works, which are followed by the bibliography. 

Content of the dissertation 

The thesis starts with a short introduction. The first chapter explores a 
variety of topics such as conformal symmetry, ADHM construction and 
supersymmetry. In the next chapters we describe the original works. 

Chapter 1 

Chapter 1 starts with a short introduction of conformal symmetry(l.1). 
llere the importance of the symmetry are highlighted, continued by the 
geometric and formal definitions. Followed by the derivation of the the 
algebra generators with space·-time dimensions bigger than two. The 
generators are explained and paired with the corresponding group 
members. Afterwards the Witt and Virasoro algebras are introduced. 
Then a quick outline of the differences between different space time 
dimensions is given, followed by the necessary references for this part. 

Because our main interest is in the application of instantons in gauge 
theories at the beginning of section 1.2 a short overview of path integrals 
and their connection with Feynman diagrams and non-perturbative 
effects is given. Further the definition of instanton is mentioned, with 
the deliberate choice of Euclidean metrics. The process of changing to 
Euclidean metric is also explained. In section 1.2.1 the system of a double 
well potential is discussed. The main goal here is to illustrate a situation 
where instantons arise in a well-known system. Then, it is argued that 
the shift in vacuum states is described by instantons, also by explicit 
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calculations this effect is clarified. In the end the tunneling amplitude is 
written which operates as expected. 

In section 1.2.2 an introduction of instantons in Yang-Mills theories is 
given, by presenting the action, equations of motion and the Bianchi 
identities, which makes possible to properly define instantons and anti·· 
instantons. Also a discus of the benefits of Wick rotation and its 
practicality and the differences between Euclidean space·time over 
Minkowski space-time in this setting is given, which in itself is a 
reacquiring theme in supersymmetry. Then the instanton number and 
the Chern character are defined, it is also indicated that instanton 
solutions are an essential part in approximations of path integrals and 
non-perturbative effects. 

The section 1.2.3 is devoted to the Clifford algebra and its 
representations. The definition of Clifford algebra in Euclidean and 
Minkowski spaces are given continued by representations of the algebra 
for . two dimensions, four dimensions (which are the Dirac gamma 
matrices) and in six dimensions (these arc the famous t' Tlooft symbols 
[11]), the representations are given in both Minkowski and Euclidean 
spaces. At the end a scheme for construction of arbitrary dimensional 
representations in Euclidean space is illustrated. 

In 1.2.4 the connection between Young diagrams to partitions is given. 
Euler's famous equation is also mentioned, with a hint on how to prove 
it. This section is a tribute to actual calculations done in [I.Ill]. 

Next, in section 1.2.5, the ADHM construction [12] is introduced, 
which is a method for constructing a self-dual field strength. Also, the 
moduli space for instantons with instanton number k is defined, and it'> 
dimension is indicated. By a straight check the correctness of ADHM is 
confirmed. At the end of this section the BPST fl3J instanton is 
introduced by showing that it is a ·special case of the ADIIM 
construction. 

In section 1.3 the torentz algebra and its representations arc discussed. 
The algebra of Lorentz transformations is given, the more familiar space 
rotations and boosts are also defined. The definitions of representations 
and equivalent representations are given. Also the notion of irreducible 
representations is highlighted. Then the direct sum and direct product, 
as methods to construct higher dimensional representations, are 
reviewed. As an example the 4 ® 4 representation and its reduction to a 
direct sum of irreducible representations is illustrated. In a simplistic 
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fashion the notions of Hodge dual, tensor representations and spinor 
representation arc discussed. At the end, the construction of irreducible 
representation via the SU(2) ® SU(2) covering group is shown. 

l .3.1 is devoted to Majorana spinors. This review is meaningfully 
divided into two, first the simple connection between the Dirac equation 
and Majorana spinors is described. The second part is devoted to the 
formally correct illustration of Majorana spinors. A basis for 4 x 4 
matrices is constructed out of the gamma matrices. The y 5 matrix and 
with it the Wcyl spinors arc defined. Then by the construction of some 
aux'i1iary operators the Majorana spinors are defined. A proof of the 
contradiction of the Weyland Majorana conditions is derived. 

Supersymmetry has a central role in theoretical physics. ·one way to 
see its importance and give a introduction to it is to look at the Coleman­
Mandula theorem. ln section L4.1 the Coleman-Mandula theorem is 
given and 'its implications are explored by a simple thought experiment. 
Then in a toy theory of two scalar fields it is argued that additional 
generators of internal symmetries must be Lorentz scalars. Then by 
adding· a fermion field with interaction it is argued that the only 
extension of Poincar algebra is a spin one half conserved current, which 
arc the generators of supersymmetry. 

Next in 1 .4.2 the supcrspacc is introduced as the natural upgrade of 
Minkowski space with Grassmann coordinates. Necessary· differential 
and inLegral relations are given. 

Tn the following section (1.4.3) the superfield is ii:i.troduced as a field on 
superspace. By expanding the superfield in GraSsmann coordinates a 
con'ncctftin' is established between superfields and usual field on 
Mihkowski space. The distinction of fermionic and bosonic superfields is 
established. 'lbe notions superderivarives and supercharges is also 
reviewed· with their· corresponding anticommutative and commutation 
rules. Then the chiral and vector superfields are introduced, the gauge 
superfield is illustrated as a natural sub case of the vector superfield. By 
gauge fixing the \Vcss··Zumino field is detached. 
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Chapter2 

Chapter 2 is based on paper [I] and paper p7]. Linear quiver N . · 1 5D 
gauge theory in n background is considered. It is shown that under 
certain restrictions on the VEV's of the <idjoint scalar field corresponding 
to the first node, only the array of Young diagrams, such that the first 
diagram has a single column only the others arc empty, contribute to the 
partition function. Furthermore, it is proved that this partition function 
in a simple way is related to the expectation values of Baxter's Cl operator 
(at specific discrete values of the spectral parameter) in the gauge theory 
with the special node removed. Using known expression of the partition 
function in the U(l) quiver, Baxter's T-Q difference equations arc 
established and explicit expressions for the VEY of the Cl operator in 
terms of generalized q-dcformed Appel's functions is fond. Finally, the 
corresponding expressions for the 4D limit are derived. 
The chapter is organized as follows. 
Section 2.1 is introductory. 
In section 2.2 is a short review of 5d linear quiver• gauge thc()ry·:· the 
Nckrasov partition function and important observables Cl and y arc 

introduced. 
In section 2.3 an extended quiver with specific parameters at the extra 
nod is introduced and its relation to the Cl-observable is analyzed. 
Section 2.4 speciafo:es to the case of U(lY theory. Difference equations 
Q-observable are derived. Explicit expressions for the Q observable in 
terms of generalized Appel and hypergeometric functions are found. 
In section 2.5 through dimensional reduction, corresponding difference 

equations and their solutions for the 4d theory arc found. ln the end 
(2.7,2.8) some technical details, used in the main text, arc presented. 

Chapter3 

Chapter 3 is based on paper [II]. ln this short chapter using AG'.I' 
correspondence we express simplest fully degenerate primary fields of 
'foda field theory in terms an anafogue of Baxter's Q·operator naturally 
emerging in N ·= 2 gauge theory side. This quantity can be considered as a 
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generating function of simple trace chiral operators constructed from the 
scalars of the N 2 vector multiplets. In the special case of Liouville 
theory, exploring the second order differential equation satisfied by 
conformal blocks including a degenerate at the second level primary 
field (BPZ equation) we derive a mixed difference-differential relation 
for Q·operator. Thus we generalize the T-Q difference equation known 
in Nekrasov-Shatashvili limit of the .Q-background to the generic case. 
Section 3.1 is introductory. 
Jn section 3.2 we show that an appropriate choice of parameters [29] in 
Ar·•i linear quiver theory with U(n) gauge groups is equivalent to 
insertion of the analog of Baxters Q-operator into the partition function 
of a theory with one gauge node less Ar theory with generic parameters. 
In the· 2d CFT side such special choice corresponds to insertion of a 
degenerated primary field in the conformal blo"ck [29]. 
In section 3.3 restricting to the case of Liouville theory, starting from 

the second order differential equation satisfied by the multi-points 
conformal blocks including a degenerate field V:..E. [19] we derive the 

z 
analogues equation satisfied by- the gauge theory partition function with 
Cl operator insertion. Then we show that this equation leads to a mixed 
linear difference-differential equation for Q operators which is a direct 
generalization of the T-Q equation from NS limit to the case of generic 
n Background. Finally, we summarize our results and discuss a couple of 
further directions which we think are worth pursuing. 

Chapter4 

Chapter 4 is based on paper [III]. We specify Gaiotto's proposal for the 
RG domain wall between some coset CFT models to the case of two 
minimal N ·l SCFT models SMp and SMp_ 2 related by the RG flow 
initiated by the top component of the Neveu··Schwarz superfield c/>1•3 . 

We explicitly calculate the mixing coefficients for several classes of fields 
and compare the results with the already known in literature results 
obtained through perturbative analysis. Our results exactly match with 
both leading and next to leading order perturbative calculations. The 
chapter is organized as follows: 
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Section 4.1 is introductory. 
Section 4.2 is a brief review of the 2d N l imperconfot.mal filed 
theories. 
Section 4.3 is devoted to the description of the coset construction of N 
1 SCFI'. Of course everything here is well known, our purpose here is to 

fix notations and list the relevant formulae in a form, most convenient 
for the further calculations. 
In section 4.4 we formulate Gaiotto's general proposal for a class of coset 

CFT models. 
Section 4.5 is the main part of our paper. We explicitly calcufate the 
mixing coefficients for the several classes of local fields in the case of the 
supersymmetric RG flow discussed above using RG domain wall 
proposal. Then we compare this with the perturbation theory results 
available in the literature finding a complete agreement. [7] 

C:OnclusioDS 

In Liouville theory, starting from the second order differential 
equation satisfied by the multi-points conformal blocks including a 
degenerate field v .. !>. we've derived the analogues equation satisfied 

2 

by the gauge theory partition function with Q. operator insertion. 
We explicitly calculate the mixing coefficients for N 1 SCFT models 
SMP and SMp_2 .We found topological defects for N -~ l super 
I.iouville field theory. The linear quiver with U(l) in Sd setting is 
analyzed. The corresponding T-Q difference equations as well as 
their solutions in closed form are found. The solution is expressed in 
terms of generalized Appel's function. As a limit the same is found 
for 4d. 

References 
1. A. A. Belavin, A. M. Polyakov, A. S. Schwartz, and Yu. S. 

Tyupkin, "Pscudoparticle Solutions of the Yang Mills 
Equations," Phys. Lett., vol. B59, pp. 85 87, 1975. 

2. A. Lossev, N. Nekrasov, and S. I.. Shatashvili, "Testing Sciberg 
Witten solution," in Strings, branes and dualities. Proceedings, 

13 



NA TO Aqvanced Study . Institute,. Cargese, France, May 26-

June 14, 1997, pp. 359-·372, 1997. 
3. N. A. Nclm1sqv, ''.Sct[>erg~~itten prepotential from instanton 

counting," Adv. Theo:i;-. M~ih .. Phys~, vol. 7, no. 5, pp. 831-~864, 
2003. 

4. R. Flume and R. Poghossian, "An Algorithm for the microscopic 
evaluation of . the coef'ficients of the Seiberg··Witten 

prepotential,'' Int. J. Mod. Phys., vol. Al8, p. 2S41, ioo3. 
5. U. Bruz:w. F. Fu<;itp, . J. F,. Morales, and A. Tanzini, 

"Multiinst~nton cakUIU:s' an~, equivariant cohomology,'' JHEP, 

vol. 05, p. 05~, 2003. , . . . . . 
6. N. Nek,r~ov and A. okO,ufik.o~: "'Sei[>E!rg-Witten theory and 

random partitions," pr9g, Math., vol'. 2 ~. ,PP· 525-596, 2006. 
7. L. F. Alday, D. Gaietto, and Y. Tachikawa, ;'Liouville Correlation 

}'unctions from Four-dimensional Gauge Theories," Lett. Math. 

Phys., vol. 91, pp. 167-·197, 2010. 
8. N. Wyllard, "A(N·l) conformal Toda field theory correlation 

functions from conformal N=2 SU(N) quiver gauge theories," 

)HEP, vol. 11, p. 002, 2009. 
9. R. Poghossian, "Recursion rel'li.tions in CFT and N=2 SYM 

theory," JHEP, vol. 12; p. 038', 2009. 12 
10. V. A. Alba, V. A. Fateev, A. V. I.itvinov, and G. M. 

Tarnopolsk.iy, '~On combinatorial expansion of the conformal 
blpcks arising from AG'.f .conjecture," Lett. Math. Phys., vol. 98, 

pp. 33---64, 2011. 
11. V. A. Fateev· and A. V. Litvinov, "Integrable structure, W-

symmetry and AGT relation," JHEP, vol. 01, p. 051, 2012,. 

12. L. F. Alday, D. Gaiotto, S. Gukov, Y. Tachikawa, and H. 
Verlinde, "Loop a:p.d surface operators in N=2 gauge theory and 
I.iouville modular geometry," JHEP, vol. 01, p. 113, 2010. 

13. K. Maruyoshi and M. Taki, "Deformed Prepotential, Quantum 
Integrable System and Liouville Field Theory," Nucl. Phys., vol. 

B841, pp. 388--425, 2010. 
14. M. Piatek, "Classical conformal.blocks from TBA for the elliptic 

Calogero-Moser system," JHEP, vol. 06, p. 050, 2011. 
15. N. Nekrasov, V. Pestun, and S. Shatashvili, "Quantum geometry 

and quiver gauge theories,'' 2013. 
16. M. Piatek, "Classical torus conformal block, N = 2 * twisted 

14 

superpotential and the accessory parameter of I .am equation," 
JHEP, vol. 03, p. 124, 2014. 

17. S. K. Ashok, M. Bill, K Dell' Aquila, M . .Frau, R. R. John, and /\. 
J.erda, "Non .. perturbative studies of N· 2 conformal quiver 
gauge theories," fortsch. Phys., vol. 63, pp. 259· 293, 2015. 

18. R. Poghossian, "Deformed SW curve and the null vector 
decoupling equation in Toda field theory,'' JIIEP. vol. 04, p. 
070, 2016. 

19. A. A. Belavin, A. M. Polyakov, and A. B. Zamolodchi.kov, 
"Infinite Conformal Symmetry in Two Dimensional Quantum 
llield Theory,'' Nucl. Phys.;'\l"ot. B241, pp. :133 380, 1984. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

R. Poghossian, "Deforming SW curve,'' JIIEP, vol. 04, p. 033, 
2011.13 
N. A. Nekrasov and S. L.. Shatashvili, "Q.uantization of 

Integrable Systems and JloU{ Dimensional Gauge 'lbeories,'' in 
Proceedings, 16th International Congress on Mathematical 
Physics (ICMP09): Prague, Czech Republic, August 3 8, 2009, 
pp. 265-.. 289, 2009. 
D. Gaiotto, "Domain walls for two .. dimensional 
renormalization group flows," ).HEP, vol. 1212, 2012. 
A. B. Zamolodchikov, R. Group, and P. Theory, "Near fixed 
points in two-dimensional field theory, sov. j. nucl. phys. 46, 
1090 (1987),'' J!iz., vol. 46, 1987. 
If. Eichenh.err, "Minimal operator algebras in supcrconformal 
quantum field theory, phys," Lett. B, vol. 151, p. 26, 1985. 
M. A. Bershadsky, V. G. Knizhnik, and M. G. 'l'eitelman, 
"Superconformal symmetry in two ·dimensions, phys,'' 1.ett. B, 
vol. 151, p. :n, 1985. 
D. Friedan, Z. Qju, and S. IL Shenker, "Superconforrnal 
invariance in two .. dimensions and the tricritical ising model, 
phys," Lett. B, vol. 151, p. 37, 1985. 
R. Poghossian, "Study of the vicinities of superconformal fixed 
points in two-·dimensional field theory, sov. j. nucl. phys. 48, 

763 (1988)," Fiz., vol. 48, 1988. 
C. Ahn and M. Stanishkov, "On the renormalization group flow 

in two dimensional supcrconfbrmal models, nucl," Phys. B. vol. 
885, 2014. 

29. J.-I.. Gervais and H. Saki.ta, "Field theory interpretation of 

15 



supcrgauges in dual models," Nuclear Physics B, vol. 34, pp. 
632--{)39, Nov. 1971. 

30. Y. A. Golfand and E. P. Likhtman, "On the Extensions of the 
Algebra of the Generators of the Poincar Group and thee 
violation of P-invariance," JETP Lett., vol. 13, p. 452, 1971. 

31. D. V. Volkov and V. P. Akulov, "On the possible universal 
interaction of neutrinos," JETP Lett., vol. 13, p. 452, 1971. 

32. S. Coleman and J. Mandula, "All possible symmetries of the s 
matrix," vol. 159, pp. 1251-1256, 071967. 

33. J. C. Maxwell, "A dynamical theory of the electromagnetic 
field," Philosophical Transactions of the Royal Society of 
London, vol. 155, pp. 459-512, 1865. 

34. W. Pauli, "Relativistic Field Theories of Elementary Particles," 
Reviews of Modern Physics, vol. 13, pp. 203-232, July 1941. 

:·fi. N. Dorey, T. J. Hollowood, V. V. Khoze, and M. P. Mattis, 
"The Calculus of many instantons," Phys. Rcpt., vol. 371, pp. 
231- 459, 2002. 

36. F. Fucito, J. F. Morales, R. Poghossian, and D. Ricci Pacifici, 
"Exact results in N = 2 gauge theories," JHEP, vol 10, p. 178, 
2013. -

37. G. Poghosyan, VEV ofQ-operator in U(l) linear quiver Sd 

gauge theories. arXiv:1801.04303. 

16 

..:>: 

Publications list 

I. 

II. 

III. 

G. Poghosyan, V:EV of (~-operator in U(l) linear quiver 4d 

gauge theories. Armenian Journal of Physics, 11 (1 ). pp. 34 -38. 

ISSN 1829·1171 

G. Poghosyan, R. Poghossian, "VEV of Baxter's Q. operator in 

N~2 gauge theory and the BPZ differential equation" · JIIEP 

1611 (2016) 058 . 

G. Poghosyan, II. Poghossian,"RG domain wall for the N-1 

minimal superconformal models" JHEP 05(2015)043 _ 

17 



0
0

 
....... 



Iloroom fa6p:een: Pyt5HICOBH'I 

To"llU>re BWpuceHHJl 1ViJI Hll6.lri<.wieMT>IX B cynepcmDIE!'IPll'ill&IX 
KSJIH6poBO'll:lI>lX TeOpHSX H B p;&y111epHWX KTil 

PeaIOMe 

l1ucra1rro1rnaH cTaTCYMMa [ l] N = 2 cyuepcHMMeTpH''IHOH 

KaJrn6poBO'IHOH TCOpHH B Q-cj:>oue p;orrycxaeT TO'IHOe HCCJIC,ll,OBamre 

MCTOJlaMH JIOKallH3aJIHH (2-6]. B cJiyqae o6o6:cn;eHHOH n-cj:>ona 

H.HCTaHTOHHal! C'faTCYMMa nenocpe,ll,CTBCHHO CBH3aHa c KOHcj:>OpMHbIMH 

6JioKaMR 2d KTH (cooTBeTCTBHe AGT) (7-11]. B STOM KOHTCKCTC npe,ll,eJI 

NS cooTBercTByeT noJIYKJraco1•recKOMY npe,11,eJJy CBJl'.3aHHOro KTII [12-
18]. M1>1 pacmapHJIH 11eKoTOp1>1e pe3yJil>TaThI m (18] ua CJCY'IaH o6:cn;ero 

Q .. cj:>oHa, COOTBCTCTB}"lOlll;HX lI0,11,JIHHHbIM KBaHTOBblM KOHcj:>opMHbIM 

6JIOI<aM. no TCXHH'JeCKHM npH'!HHaM MhI orpaHH'IKMCH cny-qaeM 

KaJrn6poBO'IHhIX rpyrm U (2). OrpaHH'l:HBWICh cJ!}"'IaeM TeOpHH 

JlHyBHJIJIII, Ha'l:HHlUI c ,ll,Hcj:>cj:>epeHJIHallhHOI'O ypaBHCHHH BToporo 

llOPllJ\Ka. yp;oBJJC'fBOpll'.eMO!'O MHOI'Ol"O'ie'l:HbIMH KOHcj:>OpMHDIMH 

61roKaMK, BKJIJO'fall BbipO}!(,ll,CHHOC IIOJIC V_!!, (19), BbIB0,11,MTCJI aHaJIOrDBOe 
2 

ypaBHC!n1C, yp;OBJICTBOpHIOll\Ce CTaTcyMe KaJIK6pOBO'iHOH 1'COpHH C Q 

l!CTallKOH. 3aTeM MbI rroKa3aJIH, '!:TO 3TO ypaBHeHHC rrpHBO,ll,MT K 

CMelliaHHOM)I JlHHCHHOMY pa3HOCTH0-,1l,Hcj:>cj:>epeHn;HaJibHOM}" ypaBHeHHlO 

/~l!H onepaTopoB n. HBJIJl'.!Oil\CMYCJI'. rrpll'.MbIM o6o6m;cHMeM ypaBHeHHJI'. T­
Q OT npe11eJia NS K CJCY'Ia:io o6:cn;ei1: Q-cj:>oHa. 4d N = 2 KaJCH6poB0'1Hbie 

TeopHH HMClOT ecTeCTBettuoe no,ll,HHTHe 140 5 H3MepeHRH. BJib}!(eHHe N = 

2 KaJIH6poBO'ilIOH TeOpHH Ha Q-cpoHe CbII'pa.JIO Ba}!(H}"lO pOJib BO BCCX 

co6hlTHJlX, CBJl'.3aHHh!X c II0,1J,C'l:eTOM HHCTaHTOHOB c IIOMOlll;hlO 

sKBRBap11:aHTuo:i1 TeXHHKH JIOKaJIH3aJIHH. Ha caMOM ,zi;eire 

l'COMCTPH'!CCKHH CMbICJI n-cj:>oua 6011ee rrp03pa'l:eH B TeopHH Sd, 
KOMIIaKTKcj:>HI1HposauHoli Ha oxpy}!(HOCTH. 11pocm paccMoTpHM Sd-­
reoMeTpHro, paccJioeHHYJO Ha/~ oKpy}!(HoCThID oKpy}!(HOCTH L, TaK '!:TO 

KOMlIJlCKCIIbIC KOOp,ll,RHaTbI (z1, Z2) ('ICTbrpeXMepHOMepuoro) CJIOJI'. 

11pan\a!OTCll [10 Kpyry KaK: zl -? exp (iLE1), z2 -> exp (iLE2 ) c 

cour11eTcTI! yro111 uM11 R-cHMMC'I'PllilMH H KaJIH6poBo'!HhIMH Bpam;eHIDIMH 

: 3,6'.. f.l./ ll!!Jll!CTCH uapaMCTpl>l n ·-<lJoHa. MbI IIOKa3l>lBaCM, 'ITO RC TOJibKO 
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CTaTHCTlf'IeCKaH cyMMa, HO :a 6o;iec TOHKaJ! BCJJH'-U11la, a HMCHHO 

())KH74aeMOe 3Ha'ICIIliC Q na6mo;ri;acM.bJW, MO}!(JI() llhI'l.MCJTHTh H 

3aMKuyTOM Bli,ll,C. B [20] rroKa3auo, 'ITO auaJior orrcpaTopa liaKcTcpa Q 11 

I<OH'l'eKCTe xa1rn6poBO'fHOH TeOpHH ecreCTBeHIIO B03.HHKaeT Jl upe;4c11e 

HeKpaco11a-lllaTam1mJJH (E2°" 0) (21] KaK 1~e11al! cpyRK1vu1, uy1m Ko'I'opoii 

3a,1l,aIOTCJI B TepMHHIDC Ma1'pHIJ;bI " .Kpwrlf'IeCKHX ,11,HarpaMM IQura, a 

HMeHHO Te, KOTOpDie onpe;\eJllilOT CaMylO Ba)KII)'lO Komp.11.rypan,H10 

MHCTaHTOHa, cnoco6cTBYlOII\YlO CTaTCYMC. B [221 aJirc!6paH'!CCKOH 

KoncrpyKI4HH ,a;oMcuuoft C'I'CHKH Pf 1vm yuwrapm.1x MmrnMam.rrr.rx 

M0,11,eJre:H K'l11 6b!JCO npc;ri;11mKeHo H UOKa3aHo, 'ITO pmy1mTaT.1>1 

cornacyroTCH c pc3y11J>1'a'l'aMH ucpTyp6anrnnoro a11aJ111.3a ncp1101·0 

uop.11;u;Ka, B1>mo1mcm10ro A. 3aMOJIOJ\"[HK0111>rM I! i23]. B cTaThC [22J 

ra:iio'l"l'O upep;llOJta!'aC'I', '!:TO auaJIOl'lf'lHaJi KOHCTPYl<l\U.!1 /\OJJ}!(Ha 6hi'l'b 

11e.ikTBHTe111>uo:H H lVIH 6011ec 0611111x CMC)f(Hhrx MO/\CJWH KTII. N 1 
MHHHMaJihHhic cyr1cpKompopM11nre KTIT MO,ll,CJI!i [24· 26j, KOTopb1c 

HBJIHlOTCJI'. OAUHM H3 ocuoBHhIX npc/\MC'l'OB pa6on1 I f.llj, oTHOCl!TCH K 

'IHCJIY STHX CMC}!(IlblX KJraccon. Mnr CTICI\HaJIH3HpycMCH na 

upcAJIO}!(eHmr I'aliOTTO K c11y-qaro MHHHMaJibHhIX Mo11,e1wi1: N - 1 CKTH. 

HcrrOJib3YeMhIH HaMH: MC'l'Ol\ OCHOBan neuocpe11cTBem10 na UOCTpocrrnH 

TOK aJire6pbI H B :JTOM CMhICJ!C 60JICC o6JTWH, 'fCM TOT, KOTopoii 

11epBOHa'iaJihHO HC!IOJib30BaJ1Cli l'aHO'l"l'O l~!IH CJIY<JaJi MHHHMaJlhUb:IX 

MO/\CJICH. On B 31fa'IHTCJ!bllOH C'l'CllCIU1 HCllOJJh:IOl!aJ! TOT cj>aKT, '!TO 

rq>OH3BCl\CHHC IIOCJ!C/\OBaTCJIJ.llb!X MM!lll:MaJU.Il.J.JX MO/\CJlCH MO)J{CT 6hITf, 

aJih'repHaTHBHO upe1wra1v1cHo B Bl1/4e upoH3Bc11cmu1 N 1 
cyuepKoH<j>opMH&I.X 11 lfa.11.nrcK0x Mo;1e1ie·H-. M.&1. HllHO 11&1<t11c1rncM 

Koscj:>cpHI\HCHTbI CMCI!l.HBaJIHH /\!IH HCCKOJlhKHX KJlaCCOB UOJICH 11 

cpaBHHBaeM pe3yJ!h'fa'fbI c uep'1yp6aTiiBHbIM a!laJIH30M [27,28] 
I!aJCO)l<ll,CHfUI HOJll!Ol'O corJiaCIUl. 
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