U.b. ULPMULSULE UL UL ULAUSPL GhSUUUL
LULNCUSNLPU
Mnnnujubt Gwppht) Oophyh
LTS UrsuzussnkesNkhuLel UNENGIUrUGShY
SrUUU2UOUSPL SEUNRESNPLLEINPU L GrAUd U1sS-
NrU, Uk TUU UGONkESNPLLECD 2ZUUUL
U..04.02-<<Shumjutt dhqhlju>>vdmutmghinm pyudp

dhqhjudwptdunhjuljuh ghumpiniuttph pEjhwsdnith ghinulju
wunhdwih huygdwt wnktiwjunumpyui

ucuuarr

Gro4duu - 2018

A.I. ALTIKHANTIAN NATIONAL SCIENCE LABORATORY
Gabriel Poghosyan
Exact expressions for a class of observables in supersymmetric gauge
theories and in 2d CFT

SYNOPSIS

of Dissertation in 01.04.02-Theoretical Physics presented for the
degree of candidate in physical and mathematical sciences

YEREVAN-2018



Unkiwnunmpyub phiwt hwunwundl) © U b Uphlowoiyuih  widub
Uqquyhtt ghnnwljui jupnpuinnphugh ghnnwljub unphpnnud:

Qhunwlui nEjudup $hquwp. ghwn. pnlunp Uwbgbub fmpkl
Nwpunnbwluh plnyhiwhinulitp’
$d.qn @ U. Uwpquuib (UZUP SHL, Iniplw, Dnruwuinuiy)
ddgnr. L. Ulpungub

Unwownwp Juquulpynipm’
b. Quuuhoyhnt wiwt Ophthuph whnwjwi hwdwjuwpuith
Uunptw Nuquudl Uwphdunhljuljut htunhnnin
Nupnywunipniup juywbuynt £ 2018 p. ywyhuh 18-ht dwdp 16-ht, WUQL-
nwl qopénn RNZ-h 024 <<dhqhluyh>> dwubwghwwlwb junphpnnid
(Gphwt-36, Ujhuwiywl tnp. th. 2)
Uwnbktwhinunipjuip juptkh £ swinpubw) UUQL-h gpupupuind :
Utinuwughpt wnwpyws £ 2018 p. wwyphih 18-hi:
Uwubwghnwlui unphpyh ghinuljuh pupuniup'

Shquwp. ghwn. gnljunp é s . [k Qupuuwiywub

The subject of the dissertation is approved by the scientific council of the
A1 Alikhanian National Science Laboratory
Scientific adviser: d .ph-math. sci. Manvelyan Ruben
Official Opponents:
d.ph-math. sci. G.A. Sarkissian (BLTP JINR, Dubna, Russia)
d.ph-math. sci. R. L. Mkrtchyan
Leading Organization:
Andrea Razmadze Mathematical Institute
of I. Javakhishvili Tbilisi State University
Defense takes place on 18th of May 2018 at 16:00 on meeting of the
special council of the Higher Attestation Commission of RA 024
“Physics”, acting in A.I. Alikhanian National Science Laboratory
(Yerevan-36, Brothers Alikhanian 2).
The Dissertation can be learnt at the ANSL library.
The synopsis is sent out on 18% 04 2018. é —
Scientific secretary of the special council
Doctor of the physical and mathematical sciences Karakhanian D.R.

2



Abstract

Instanton [1] partition function of N = 2 supersymmetric gauge theory in
Q-background admits exact investigation by localization methods [2-6].
In the case of generic Q-background instanton partition function is
directly related to the conformal blocks of a 2d CFT (AGT
correspondence) [7-11]. In this context the NS limit corresponds to the
semi-classical limit of the related CFT [12-18]. We have extended some
of the results of [18] to the case of generic Q-background corresponding
to the genuine quantum conformal blocks. For technical reasons we
restricted ourselves to the case of U(2) gauge groups. 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_; [19] we derived the analogues 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 5d theory compactified on a circle.
One simply considers a 5d geometry fibered over a circle of
circumference L so that the complex coordinates (z1,22) of the (four real
dimensional) fiber get rotated along the circle as: z —*exp(ile;),
z; =+ exp(ile;) accompanied with suitable R-symmetry and gauge
rotations [3,6]. €1,z are the Omega-background parameters. In paper [II]
it is shown that not only the partition function, but also a more refined
quantity, namely the expectation value of the Q-observable can be
computed in closed form. It was shown in [20] that the analog of Baxters
Q operator in purely gauge theory context naturally emerges in
Necrasov-Shatashvili limit (€2= 0) [21] as an entire function whose zeros
are given in terms of an array of “critical” Young diagrams, namely those,
that determine the most important instanton configuration contributing
to the partition function. In [22] an algebraic construction of a RG
domain wall for the unitary minimal CFT models was proposed 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 CFT 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 SCFT models. The 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 models. 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[I-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)
[30], 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 [34]. Nowadays gauge 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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Instantons are a more specific area of research 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 Q-operator
for SU(2) linear quiver theory.

For the N=1, 5D linear quiver theory derive the analogue of
Baxters T — Q equation and its solutions.

Calculate the field mixing coefficients for N=1 SCFT models
SM, and SM,_;.

Derive the T - Q equation and its solutions for 4D quiver out of
the 5D 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 4,4
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 4, theory with
generic parameters.

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. & 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.

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 SCFT models M, and SM,,_.

The linear quiver with U(1) in 5d 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 defend

Main points to defend are:

1.

We show that an appropriate choice of parameters in A4,.4

linear quiver theory with U(n) gauge groups is equivalent to
the insertion of the analog of Baxters Q-operator into the
partition function of a theory with one gauge node less 4,
theory with generic parameters. It is also true that only a subset

of special diagrams contribute to the partition function in 4,44,

these n-tuple of diagrams consist of a row diagram and n - 1



empty diagrams. We found that to the Nekrasov partition
functions corresponding to N = 1 SLFT conformal blocks in the
light asymptotic limit contribute only Young diagrams having
one raw and one column.

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 r we have

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
T-Q equation from NS limit to the case of generic Q-
Background.

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 SCFT models SM, and SM,_,. We

calculate the mixing coefficients for the several classes of local
fields in the case of the supersymmetric RG flow using RG
domain wall proposal. Then we compare this with the
perturbation theory results available in the literature finding a
complete agreement.

The linear quiver with U(1) in 5d 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, which can be
represented as Heine’s basic hypergeometric series. The 4d
linear quiver theory is a natural limit of the 5d theory. Analog
T-Q difference equations are deduced with their corresponding

solutions, which are Appel’s F; functions generalization for

many variables. The normalization factors for both 4d and 5d

cases are found.



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(1.1).
Here 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 are the famous t" Hooft 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 [LIII].

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 its
dimension is indicated. By a straight check the correctness of ADHM is
confirmed. At the end of this section the BPST [13] instanton is
introduced by showing that it is a special case of the ADHM
construction.

In section 1.3 the Lorentz algebra and its representations are 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 are discussed. At the end, the construction of irreducible
representation via the SU(2) @ SU(2) covering group is shown.

1.3.1 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 Weyl spinors are defined. Then by the construction of some
auxiliary operators the Majorana spinors are defined. A proof of the
contradiction of the Weyl and 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. In section 1.4.1 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
are the generators of supersymmetry.

Next in 1.4.2 the superspace is introduced as the natural upgrade of
Minkowski space with Grassmann coordinates. Necessary differential
and integral relations are given.

In the following section (1.4.3) the superfield is introduced as a field on
superspace. By expanding the superfield in Grassmann coordinates a
connection is established between superfields and usual field on
Minkowski space. The distinction of fermionic and bosonic superfields is
established. The notions superderivatives 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 Wess-Zumino field is detached.
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Chapter 2

Chapter 2 is based on paper [I] and paper [37]. Linear quiver N = 1 5D
gauge theory in Q background is considered. It is shown that under
certain restrictions on the VEV’s of the adjoint 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 are 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 Q 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(1l) quiver, Baxter’s T-Q difference equations are
established and explicit expressions for the VEV of the Q operator in
terms of generalized q-deformed 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 theory: the
Nekrasov partition function and important observables Q and y are
introduced.

In section 2.3 an extended quiver with specific parameters at the extra
nod is introduced and its relation to the Q-observable is analyzed.
Section 2.4 specializes to the case of U(1)" 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 are found. In the end
(2.7,2.8) some technical details, used in the main text, are presented.

Chapter 3

Chapter 3 is based on paper [II]. In this short chapter using AGT
correspondence we express simplest fully degenerate primary fields of
Toda field theory in terms an analogue 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.

In section 3.2 we show that an appropriate choice of parameters [29] in
Apyq 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 4, theory with generic parameters.
In the 2d CFT side such special choice corresponds to insertion of a
degenerated primary field in the conformal block [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 i [19] we derive the

analogues equation satisfied by the gauge theory partition function with
Q 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
Q-Background. Finally, we summarize our results and discuss a couple of
further directions which we think are worth pursuing.

Chapter 4

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=1 SCFT models 5M, and SM,_, related by the RG flow
initiated by the top component of the Neveu-Schwarz superfield ¥ .
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 = 1 superconformal filed
theories.

Section 4.3 is devoted to the description of the coset construction of N =
1 SCFT. 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 calculate 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]

Conclusions

In Liouville theory, starting from the second order differential
equation satisfied by the multi-points conformal blocks including a
degenerate field V_r we’ve derived the analogues equation satisfied

by the gauge theory partition function with Q operator insertion.
We explicitly calculate the mixing coefficients for N=1 SCFT models
SM, and 5M,_,.We found topological defects for N = 1 super
Liouville field theory. The linear quiver with U(1) in 5d 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.
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&ogqnhwn wpunwhwjnmpnibtkp unmybpuhdtnphly
npudwsmthuyhlt mbumpnibthpmd b kpljswth 93S-nud v quu
Ubdnipjniutbph hwdwp

Udihnthnud

Q-pnund N = 2 umybpuhdbnphl npudwswhuht wbunipuh
htunwtwnnuuwghtt [1] Yhdwjpuquijut  gnidwpp  Lupuju L
nbnujuugdwt  dbpngubpny [2-6]  &2qphnn hEknwgnudwi:
Cunhwunip Q-$nuh nhuypniud, httunwbnntughtt Jhdulpuquljui
gnudupp wiudhpwluunpbt juuydws b tplswth TS Ynudnpd
piayutph  htin  (AGT hwdwwywwnwupwbinipni) [7-11]: Ujpu
opowtiwjnid NS uwhdwip hwdwwwnwupwind £ hwpwlhg 92S-
h [12-18] Yhuwpuwuwlwt uwhdwiht: Uktup punuyut; tup [18]-
hnpny  wpmymbpbtpp  pighwinp Q-h $nth  phypmd, npp
hudwywwnwuppwind E pmt pyubnnughtt Ynudnpd pinlukpht:
Skuuhjuljutt  wwwdwnubpny Jkup uwwhdwbwihwll)  Eup
hwoquplubpp U (2) wpwdwswithughtt fadph hwdwp: Ulubng
tplypnpn Jupgh nhpkptughwy hwjuwuwpnuihg, npht pujupwpnud
E puquuyh Yhwnught Ynudnpd polubpp npnugnid tkpundb b
wjjwubpdus ¥ e [19] nuowp, uwhdwbwihwlybny Lhnihjub

wnbunipjudp, dkp pnipu  Lup phpk] tdwbwwnhy hwjuwuwpnudp,
nnp pujupupmd b npudwswthught wbunipyut Jhwljpuquju
gnidupp Q owkpwwninph wbknunpnidhg hbtwnn. Ujunithbwnb, Jkup
gnyg Eup wyk, np wyju hwjwuwpnudp  hwbghgind £ Q
owkpwwnputph juwop gduyhtt mwppkpmipniutitph-nhdtpkughuy
hwjwuwpdwb, npp T-Q hujwuwpuwt ninnuljh punhwipugnidu
NS uwhdwtthg dhtish pinhwtinip Q-$nth: 4d N = 2 mpudwymthuht
nbunmpmnibibpp nmubkt 5 swhwth plwlwt  pughwpugnod:
Eydhjuphwitin nbknuybugdwt wnkhthluh oqunipjudp
htuwnwiwnnuwght  hwyqupyh qupqugduitt  hwdwp  Q-$nunid
utpppuws N = 2 wpwdwswthughtt nbunipmniop mbbkgh] k
hhdwbwpwp odwtnulng nhp: Pwuwnnnpkl, Q-pnuth hdwuwnp wykh
hunul t opowtigsh Jpw Yndyulunugdus 5d wnbumpuib dky:
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Yupbkih E ghunwplt] 4D skpnnwydnpyws tplhpuwswthnipini, nph
hhupp hpkuhg tkipjuyugunid £ L swpwynny oppwtiwghs, wjtiytu
nn (21, Z2) pwnwswth ppwljwb okpunnh mwpwédnipniip ynwnynmd k
opowlih ZHLPQE\ z1 — exp (iLe1), z2 — exp (iLe2 ), wyb mnklgynd L
huwdwyuwwnwupwut R-uhubtwnphwp i1 npudwswthught
Aliuthnjunipjut htwn[3,6]:

e12-n Q-pnth yupudbwnpkpb t: Ukup gnyg kup nyby, np ny dhuygt
Jhfwljpuquljut gnudwpp, wy bwb Q- h uwwwudwd wpdbpp
Juphkh £ ddgqphwn hwpdby, npp wykjh pupy dbdnipnit b 8nyg k
upyl), np gqniquhbn nbkumput hwdwnbpunnd  Ukpuuny-
Cwwnwyhih vwhdwinud (e2 = 0)[21] Pwljuinkph Q owkpwwnnphl
tdwbwphy owkpuwwnnp £ wwnwewtnid, npyku wdpnne nrulghw,
npp qpnubpp wpymud Bu <Yphunhjuluwi» 8nittigh nhwqpudubtph
dwupyh wbupny, npnup npnond k. Jhdwljpuqujui gnidwpht
bywuwnny Juplnpugnyt  ptunnwbnnbughtt Ynudhgnipughwie:
[22]-nid  miuhwwp  dhthdwy; 9%S  dnghjukph hwdwp  RG
wnhpnypwjhtt ywwnh hwtpwhwoquyhtt jurnignidt wnwewplyk) b
gnyg b wpdk, nph  wppymibpubpp hwdptljund B U
Quuninnshlnyh ynnuhg Quinwpyus hunwnnpnudughn
Jtpnisnipjup[23]: [22] hnpJuwsnmd QGuyunnt  Lupwnpnud E, np
udwl Juonygp whwp b jhuh twb Judtp b wybjh pughwinip
Ynubinught  CFT  dUnphjubph  hwdwp: N = 1,  dhuhdwy,
untyipynudnpdwy, UIS[24-26] dnphjubpp, npnup [III] hnpdwsh
hhitwwt phdwbbpt &u, wnwhuh Ynubwnbbkphg bt Ukup
hpwljwbtwginud Eup Guynuinh wnwewplhp N = 1 SCFT dnpkih
ntwypnud: Oquwgnpdynn  Ubkpnyp nipnuyhnpt hhduqus L
hnuwtph hwtpwhwoyph Jpw, bt wju phdwuwnny wykih punhwunip k,
pwl dpthdwy Unpljutph phypnd Quynuinh Ynndhg b uyqpuk
gnpdwdyny  dbkpnpp:  Uwubwynpuwbu, btw  hwdwhwlh
owhwqnpét] E wytt thwuwnp, np hwonppuljwt dhthdw; Unpbkjukph
wpnwnpjuip - Yuplh b quopuwppuly,  npyku NOo= 1
umykpynudnpdw; b bPghugh Unpkjubph wpuwnpuny: Uktp
wltwnnt hwpqupyly] Gup, quowntph dh pwih nuubph hwdwp,
huwnudwb  gnpdwlhgubpp b wpynibpubpp  hwdbdwnt)  Gup
hununnpnidwitht yEpnisnipjudp unwugdws [27,28]-h wpnynitpubph
htwn, quniubng wdpnnowlju hwdwdwjunipjnii:
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ITorocau I'abpuen PyGuxosuy
To4HbIe BEIpaYKeHU IS HaGIIONaeMBIX B CyIIepCHMMETPHYHBIX
KalIuOGpOBOYHELIX TeOpUAX U B AByMepHbx KTII

Pesiome

VucrantonHas crarcymma [1] N = 2 cymepcuMMeTpUdHON
Kaau6poBOYHOil Teopuu B (2-poHe ZOIyCKaeT TOUHOE HCCIETOBAHHE
MeTozamMu JloKanmusanuu [2-6]. B ciydyae o6o6menHoit Q-doHa
MHCTAaHTOHHAs CTATCYMMa HEIIOCPEeJCTBEHHO CBA3aHA C KOH(DOPMHBIMU
6oxkamu 2d KTII (coorBercrBue AGT) [7-11]. B aTOM KOHTEKCTe Ipenes
NS cootsercTByer momykiaccuyeckomy mnpezeny cessanxHoro KTII [12-
18]. MsI pacurapuau HeKOTOpble pe3yabTaTsl u3 [18] Ha ciryuaii obuiero
Q-¢boHa, COOTBETCTBYIONIMX IIOJJIMHHBIM KBAHTOBBIM KOH(OPMHBIM
61okaM. Ilo TeXHWYeCKHMM IIPUYMHAM MBI OIPAHMYMMCA CIydaeM
kanu6popouyHsix rpynn U (2). OrpaHMYMBasgCh ClIy4aeM TeOpUHU
JluyBunng, HauumHat ¢ JuddepeHIINaIbHOTO YpaBHEHUA BTOPOTO
IOpsAZKa,  yZOBJIETBOPIEMOTO  MHOTOTOUEYHBIMU  KOH(OPMHBIMU
6I0KaMu, BKJIIOYas BEIpOXKZeHHOe mose V. [19], BEIBOAKTCS aHAaIOrOBOE

ypaBHEHUe, yAOBIETBOPAIOLIee CTaTCyMe KaauGpoBOUHOM Teopuu ¢
BCTaBKOH. 3aTeM MbI IIOKAa3ajd, UTO STO ypaBHEHME IPUBOAUT K
CMEIIaHHOMY JINHEHTHOMY Pa3HOCTHO-ZuddepeHIInaIbHOMY ypaBHEHHIO
IJIS OIIepaTopoB 2, ABJIAIONIEMYCS IIPAMBIM 00OGIIeHIeM ypaBHeHUs T-
Q ot npezena NS k ciyqaro o6meit Q-¢borna. 4d N = 2 kanuGpoBogHbIe
TEOPHH MMEIOT eCTeCTBeHHOe ITOJHATHE 10 5 nm3MepeHuii. Broxxenne N =
2 xanubpoBoYHOU Teopuu Ha (d-poHe CHITpaso BAXKHYIO POJIb BO BCEX
COOBITUAX, CBS3aHHBIX C IOACYETOM HHCTAHTOHOB C IIOMOIIBIO
OKBHUBADUAaHTHOM  TeXHUKM JIOKamu3auuu. Ha  camom  gene
reomerpudeckuil cmbpici (2-boHa Oonee Impo3paueH B Teopuu 5d,
KOMIaKTU(GUIMPOBaHHOM Ha OKpyKHOCTH. IIpocto paccmorpum 5d-
reOMEeTPHIO, PACCIOEHHYIO HaZ OKPYXKHOCTBIO OKPY>KHOCTH L, Tak uTO
KOMIUIEKCHBIE KOOPAUHATHL (Z1, Zz) (4ETHIPEXMEPHOMEPHOIO) CJIOS
BpamaTcs mo Kpyry kak: zl — exp (ile1), z2 — exp (ile2 ) c
COOTBETCTBYIOIUME R-CHMMeTpHAMY U KaTnOGPOBOYHBIMHU BPAIEHUAMHU
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[3,6]. €12 aBnsgercs mapamerpsr Q -poxa. MbI IOKa3siBaeM, YTO He TOIBKO
cTaTUCTHYeCcKas CyMMa, HO M 06ojee TOHKAas BeIWYMHA, a HMEHHO
OXHIaeMoe 3HadyeHHe Q—Ha6mogeieMHﬁ, MOXXHO BBIYHCJINUTH B
samkHyTOM Buze. B [20] mokasaHo, uTo aHasor omeparopa Bakcrepa Q B
KOHTEKCTe KaIuOPOBOYHON TEOPUM €CTECTBEHHO BO3HUKAeT B IIpeZese
Hexpacosa-Illatamsunu (e2= 0 ) [21] xax menas GyHKIUA, HyJIU KOTOPOH
3aJalOTCA B TEPMHHAX MATPHIBI ' KpUTHYeCKHX auarpamm IOmTra, a
WMEHHO Te, KOTOpble OIpeJeNsioT CaMylo BaKHYIO KOH(UIYpaIHio
WHCTAHTOHA, CIOCOOCTByIomyio craTcyMe. B [22] anreGpandeckoit
KOHCTPYKIMM JOMeHHOH creHku PI' g8 yHUTapHBIX MHUHUMAaTbHBIX
mogpeneir KTII G6biIo mpenjiokeHO M IIOKAa3aHO, YTO pe3yJIBTAaThI
COTJIACYIOTCA C Pe3yJIbTaTaMH IIepTypOAaTHBHOIO aHaju3a IepBOTO
mopsifika, BBIOTHeHHOro A. 3amosofuukoBeiM B [23]. B cratse [22]
TaifoTTo mpeposaraer, 4YTO aHAJOTMYHAA KOHCTPYKIUA HOJDKHA OBITH
IeMCTBUTENBHON U 1A Gosee oOmux cMmexkHbix mogenein KTII. N=1
MuHuManbHble cynepkonbopmusie KTII wmomemn [24-26], koTopsie
SBJIAIOTCA OJHUM M3 OCHOBHBIX IpeimeroB pa6orsl [III], orHOCATCA K
YUCIy OTHX CMEeXHBIX KiaaccoB. Msl  crenuwanusupyeMcs Ha
npemyoxenuu [aifoTTo K cryyaio MuHUManbHbIX Mogeneit N = 1 CKTII
Vicionp3yeMbIit HAMM METOJ, OCHOBAaH HEIOCPeACTBEHHO Ha IOCTPOEHUU
TOK aureGpsl M B 3TOM CMbBICIEe Gosee OOI[UI, YeM TOT, KOTOpOW
MepBOHAYAJBHO HCIIONB30BAICA ['afloTTO A Ciydas MUHUMATBHBIX
mogeneir. OH B 3HAYMTENTBHOW CTEIEHH HCIIOAB30BAT TOT (aKT, 4TO
TIpOU3BefieHUE TI0CJIeJOBATENHBIX MHHIMAIBHBIX MOZEIE MOXET GBITH
aTBTEPHATHBHO IIPe/CTaBIeHO B BHAe mpoumsBegeHus N = 1
cynepkoudopmubix u VsuHrckux Mmogesneir. MsI SBHO BBIYHCIISIEM
KO3 PUIIMEHTEI CMeIMBaHUA [JI1 HECKOJIBKMX KJIaCCOB TIONeH u
CpaBHMBAeM pe3yJbTaThl C IepTypOaTWBHBIM aHamuszoM [27,28]
HaXOXX,eHUs IIOJTHOTO COTJIACH.
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