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RESEARCH INTERESTS AND PLANS

My research area is theoretical high energy physics with emphasis on such fundamen-
tal questions as the relation between string theory and quantum field theories, and
issue of stability of nonsupersymmetric string theories. Last few years I have been
mainly interested in understanding classical and quantum integrability of string theory
on AdS5 × S5, finding Bethe Ansatz for quantum strings, analyzing multi-spin soli-
tonic string solutions and using them to study some problems in nonperturbative gauge
theory via the AdS/CFT (or string theory/gauge theory) correspondence. I also have in-
terests in many-body integrable systems, quantum qroups and deformation quantization
of Poisson algebras, see refs. [22-31] in the list of my publications.

String theory at present is the only known consistent theory of quantum gravity.
Even though that has been the main motivation for studying strings, the discovery of
the AdS/CFT correspondence provides us with a new reason to study string theory.
The AdS/CFT correspondence is a remarkable conjecture because it relates a theory
of gravity, such as string theory, to a theory with no gravity at all. Additionally, the
conjecture relates highly nonperturbative problems in gauge theory to questions in clas-
sical superstring theory or supergravity. That has opened new ways to address some
problems in nonperturbative gauge theory by using string theory methods. One can
hope that a better understanding of string theory dynamics on nontrivial backgrounds
would allow us to explain such strong coupling phenomena as confinement and chiral
symmetry breaking, and to develop new efficient computational methods in QCD.

The most well-understood example of the AdS/CFT correspondence is the duality
between the superconformalN = 4 SU(N) gauge theory and type IIB superstring theory
on AdS5×S5. In the large N limit one can neglect string interactions and consider free
string theory. In the strong t’Hooft coupling limit, λ→∞, the string theory is described
by type IIB supergravity on AdS5×S5. Many results were obtained in the supergravity
approximation. It is very important to go beyond the approximation, understand the
structure of string theory on AdS5 × S5, and compute its spectrum. The spectrum of
states of the string theory determines conformal dimensions of primary operators dual
to these string states.

I plan to study the spectrum of string theory on AdS5×S5 by using various methods
and approaches. The spectrum of string states with large R-symmetry charges at strong
t’Hooft coupling can be analyzed by using semi-classical approach and new multi-spin
solutions recently found by Tseytlin and myself. The spectrum of string states with
small R-symmetry charges can be found at the strong t’Hooft coupling as an expansion
in 1/

√
λ. The low-lying string spectrum can be computed at small t’Hooft coupling λ

as a power series expansion in λ by using the string bits formalism, and numerically
by using the Lanczos algorithm. This would allow us to predict conformal dimensions
of operators of N = 4 SYM theory at strong t’Hooft coupling, and perform nontrivial
checks of the AdS/CFT correspondence.

String theory on AdS5×S5 is believed to be an exactly solvable model. I plan to use
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the integrability to derive the Bethe ansatz for quantum strings, and, eventually, prove
(or disprove) the duality between the superconformal N = 4 SU(N) gauge theory and
type IIB superstring theory on AdS5 × S5.

Another interesting example of the AdS/CFT correspondence is the duality between
type IIB string theory on the deformed AdS5 × S5 and N = 1 superconformal SU(N)
gauge theory which is a marginal deformation of N = 4 SYM. The deformed sugra
background was recently found by Lunin and Maldacena. A relative simplicity of the
Lunin-Maldacena supergravity background and the N = 1 superconformal theory makes
the conjectured duality a new promising arena for studying the AdS/CFT correspon-
dence. The su(2) subsector of the gauge and string models was recently investigated
in the paper I wrote in collaboration with Roiban and Tseytlin. I plan to extend the
analysis to the su(3) subsector, and, eventually, to the whole model. There are many
other interesting problems related to deformations of the Lunin-Maldacena type, and I
plan to analyze some of them, see my talk on Strings05, in Toronto:

http://www.fields.utoronto.ca/audio/05-06/strings/frolov/

An interesting example of the AdS/CFT correspondence is the duality between type
IIB string theory on AdS5×T 1,1 and N = 1 superconformal SU(N)×SU(N) gauge the-
ory with bifundamental matter chiral multiplets. I propose to find the Green-Schwartz
covariant κ-symmetric action for type IIB superstring on the AdS5 × T 1,1 background.
This would allow us to study this duality in more detail, and, in particular, to prove the
conjecture that the AdS5 × T 1,1 background is exact.

I also intend to study the duality recently conjectured by Klebanov and Polyakov
between the large N limit of the 3-d nonsupersymmetric field theory of N massless scalar
fields and the minimal bosonic higher spin gauge theory in four dimensions constructed
by Fradkin and Vasiliev. To check the Klebanov-Polyakov conjecture I plan to derive
the graviton cubic action in the higher spin theory in four dimensions, and compute the
3-point stress tensor correlator by using the action. If the conjecture is correct then the
result should coincide with the 3-point free field theory stress tensor correlator.

Another important example of the gauge theory/string theory duality different from
the AdS/CFT correspondence is provided by matrix string theory. The matrix string
theory is the large N limit of the N = 8 two-dimensional supersymmetric U(N) Yang-
Mills model. It was argued Dijkgraaf, Verlinde and Verlinde that the matrix string
theory describes non-perturbative dynamics of type IIA string theory. I propose to
analyze contact terms in the SNR8 supersymmetric orbifold conformal model which
describes the IR limit of the matrix string theory. I plan to determine the precise
coefficients of the terms, compute the matrix elements of the terms between string states
which describe massless particles, and use the matrix elements to derive one-loop string
scattering amplitudes from the orbifold model. This would be a new test of the matrix
string theory conjecture.
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