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SUMMARY OF RESEARCH INTERESTS :
STRING THEORY AND MATHEMATICS

For a long time it has been known, that it is possible to compactify superstring
theory on a warped geometry. This is a geometry, that is not a direct product of
four-dimensional Minkowski space and an internal manifold. If the heterotic string
is compactified on such a warped geometry, the resulting models in four dimensions
have torsion. In [19] such an analysis was carried out for the first time for M-theory
compactified on eight-manifolds. In this paper we worked out the consistency con-
ditions following from supersymmetry and showed, that tensor fields of M-theory
can have non-vanishing expectation values, while N' = 2 supersymmetry is pre-
served. Such an analysis has an easy generalization to F-theory compactifications
on eight-manifolds and this has been done later on in the literature. The resulting
low energy theory is then four dimensional, which makes it attractive from the

phenomenological point of view.

Gukov, Vafa and Witten have subsequently shown, that the constraints derived
in [19], can be obtained from two superpotentials appearing in three dimensions. As
noticed by Giddings, Kachru and Polchinski, N' = 2 supersymmetry implies, that
these superpotentials, together with the corresponding Kahler potentials combine
into a scalar potential for the moduli fields. This is rather interesting, as it leads
to non-vanishing expectation values for these fields. These expectation values have
a one to one correspondence with the coupling constants of the standard model, so
that compactifications of M-theory with non-vanishing fluxes may ultimately solve
the ‘moduli space’ problem, which is one of the most important open problems in
string theory. String theory will then be able to make definite predictions for the

coupling constants of the standard model.

However, the compactifications considered in [19] are not the whole story. To
obtain more realistic models, one should consider compactifications of the heterotic
string on a non-Kéhler, complex manifold with non-vanishing torsion (which is not

Calabi-Yau). Such string theory compactification have never been considered in



the physics literature in much detail. Not much is known about the mathemat-
ical properties of these manifolds either, so that this is an exciting territory for
mathematics, as well as physics. String theorists need to understand these math-
ematical properties, in order to ultimately compute the coupling constants of the
standard model, describing our four-dimensional world. This subject is one of my
main current research areas. Together with K. Becker (an assistant professor at
the University of Utah), K. Dasgupta (a postdoc at Stanford) and P. Green (a
professor in the math. department at UMD) I have recently finished a paper on
the subject [7] and our work will be significantly expanded in a future publication
[2].

In one of my latest papers [6], we have explored the properties of the superpo-
tential describing heterotic string theory compactifications on non-Kéhler complex
manifolds with torsion obtained in [7] and we have been able to show, that most
of the moduli fields appearing in these more realistic models can be frozen, once
non-vanishing expectation values for fluxes are taken into account. This is a rather
interesting result from the phenomenological point of view and my present re-
search will continue along this very promising direction. Several other aspects of

compactifications with non-vanishing fluxes are being explored in [1,4,5].

There is a close connection between Riemannian manifolds of reduced holon-
omy and an area of mathematics known as calibrated geometry. This in fact
became evident from our work [21], in which we found, that certain submanifolds,
that we called ‘supersymmetric cycles’ are of vital importance in order to compute
non-perturbative effects in the string coupling constant. These cycles correspond
to, what mathematicians had known as ‘calibrated submanifolds’. It became im-
mediately clear, that in [21] we had discovered the role, that calibrated geometry
is playing in the recent exciting developments of non-perturbative string theory.
It may very well be, that the non-perturbative effects described in [21] play a role
in solving the moduli space problem of string theory, as in certain type of com-
pactifications non-perturbative corrections to the superpotential are expected to

be present.



As was noticed by Gukov, Vafa and Witten and more generally conjectured
by Gukov, the superpotential appearing in string theory and M-theory compactifi-
cations with non-vanishing fluxes is formulated in terms of calibrations. Together
with my graduate student Dragos Constantin [8] I have proven Gukov’s conjecture

for certain string theory compactifications.

There are many other aspects of string theory and quantum gravity, that I am
interested in and that I am working on. I will not be able to describe these here
in detail. The subjects, that I find fascinating and in which I will be working on

in the future are:

> Since string theory compactifications with fluxes are very promising candi-
dates to solve the moduli space problem in string theory, it is time to consider

realistic models for string theory phenomenology.

> Once the moduli space problem of string theory and the properties of the
vacuum have been understood, we should be in the position to address one
of the most important open problems in modern theoretical physics: the
cosmological constant problem. Stabilizing the radial modulus of heterotic
string compactifications, as we have recently done in [7], will be a crucial

ingredient.

> I will continue working in the dual description of strongly coupled gauge the-
ories in terms of weakly coupled supergravity theories. In this issue warped
compactifications will be again the crucial ingredient. Confining gauge the-
ories, which in principle can only be understood with complicated computer
simulations, can be addressed in this way with a paper and pencil calcula-
tion. This is the direction, that we followed in [1]. Certainly, it should be

interesting to see, if asymptotic freedom can be understood in this framework.

> Certainly along the way, I will return to calculations in Matrix theory, as this
is the only renormalizable theory, known to describe M-theory. This theory
is still in it’s infancy and there are more open questions, than answers at this

point.



Finally, I would like to present a short summary of my most relevant contri-

butions to Superstring Theory and M-theory in the past

(1)In [17,16] we carried out the first calculation in M(atrix) theory at two loops
and showed, that there is complete agreement between the super Yang-Mills theory
and supergravity. This result strongly supported the M(atrix) model conjecture of

Banks, Fischler, Shenker and Susskind.

(2) In [21,18] we evaluated non-perturbative corrections to the low energy effec-
tive action of Type II theories and showed, that these corrections can be described
in terms of so called supersymmetric cycles. These supersymmetric cycles are

known in the mathematics literature as calibrated submanifolds.

(3) In [19] we considered for the first time warped compactifications of M-theory
on an eight manifold and derived the constraints imposed by supersymmetry on
the fields of the theory. These compactifications are an active area of research
for both physics and mathematics at this point, as it has been realized, that in
many particular models they provide the solution to the moduli space problem of
string theory. The coupling constants of the standard model can then ultimately

be computed from string theory.
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