
 

 

 University of Groningen

String theory limits and dualities
Schaar, Jan Pieter van der

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2000

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Schaar, J. P. V. D. (2000). String theory limits and dualities. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/16c66521-016e-498e-8f61-2a5abc3e50f3


Chapter 6

Emerging structure and discussion

To conclude it is useful to summarize and discuss the results presented in chapter
4 and 5 and, if possible, try to establish a common understanding. One of the
goals of this thesis was to try to convey the idea that string theory, regarded as a
natural extension of point particle theories, can be used as a tool to find interest-
ing relationships between point particle theories which were previously thought
to be very distinct. The correspondence between supergravities and large N su-
persymmetric gauge theories was the example we concentrated on in this thesis.
In chapter 4 we introduced Matrix theory as an example of a large N quantum
mechanics model capable of describing (certain aspects of) M–theory and, in a
low energy limit, D = 11 supergravity. In chapter 5 we discussed a limit which
incorporated the p–brane geometries in an important way and which led to the
conjectured DW/QFT correspondence.

First of all let us summarize our contributions. In the context of Matrix theory
we constructed additional (kinematical) evidence in favor of the conjecture. We
constructed intersecting BPS states in the Matrix model and concluded that all of
these BPS states can be mapped to corresponding intersecting BPS states in M–
theory. We also presented some arguments as to why some BPS states are missing
in Matrix theory, which is perhaps a consequence of the light–cone frame. Be-
sides the additional evidence in favor of the Matrix theory conjecture, the method
of constructing intersecting BPS states is interesting by itself and can be applied
to other cases as well (e.g. higher dimensional supersymmetric Yang–Mills theo-
ries).

In the chapter on string solitons and the field theory limit we showed that
dualities between field theories on the one hand and domain–wall superstring the-
ories on the other hand can be derived systematically. This involved introduc-
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ing the dual frame metric and also the restriction to D–branes and their intersec-
tions (reduced over all relative transverse directions) when a non–trivial dilaton
background was involved. This led to new conjectures of DW/QFT correspon-
dences in 6 uncompactified spacetime dimensions, which are very similar to the
10–dimensional cases. We also presented some results of the correspondence
when considering D� 2–branes. We argued that the situation in those cases not
necessarily leads to contradictions because we explicitly have to take N ! ∞ in
that case. In the case of the AdS/CFT correspondences many tests have been
performed which are all in support of the conjecture and in some cases one can
even go beyond the supergravity approximation, considering string theory on AdS
spacetimes1.

We have to say that explicit tests of these DW/QFT correspondences (with
non–trivial dilaton) have not (yet) been made, mainly because generically the dual
descriptions are supposed to be valid in different regimes. We should also point
out that the DW/QFT correspondence is not well understood when the dual field
theory is a supersymmetric (conformal) quantum mechanics model. Although we
did describe flat near–horizon geometries, we did not discuss a limit taking us into
the flat near–horizon region and leading to non–trivial worldvolume dynamics.
These limits are described in [108, 109] and a more thorough investigation on (the
meaning of) the correspondence in those cases can be found in [122].

We noticed that the Matrix theory conjecture can be understood as embed-
ded in the more general DW/QFT correspondence. This has some consequences
for the Matrix theory conjecture(s). Although we introduced the Matrix theory
conjecture as a limit of IIA superstring theory, in retrospect we have to conclude
that we neglected the effect of the limit on the (non–trivial) background of the N
units of momentum in DLCQ M–theory (or D0–branes in Type IIA superstring
theory). If we would not have neglected the background we could have observed
that the radius of the compact (light–like) direction is not a constant, but instead
depends on the radial parameter of the background solution. In the context of the
DW/QFT correspondence this then led to the understanding that Matrix theory, or
the quantum mechanics of N D0–branes, is only describing DLCQ M–theory in
the far IR, where the quantum mechanics model is strongly coupled. Remember
that we do seem to understand how to construct DLCQ M–theory supergravi-
ton states in the Matrix theory, whereas we do not know the explicit map in the

1In general this is very hard because the background involves non–trivial Ramond–Ramond
flux, which is hard to treat in a quantized closed string σ–model approach. Progress has been
made in the case of AdS3�S3 in which case the R–R rank 2 potential can be replaced by a NS–NS
rank 2 potential [146, 147, 148].
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DW2/QM correspondence. Perhaps the Matrix theory conjecture can teach us how
we should construct the DW2/QM map. Presumably similar considerations hold
for the tori compactified Matrix theory conjectures. We note that in the DW/QFT
correspondence we did not consider wrapping the string solitons on tori, so we
can not immediately compare with the Matrix theory conjectures.

The overall topic in this thesis were the relations between supersymmetric
(large N Yang–Mills) field theories and closed superstring theories, containing
gravity, on a particular BPS background. Although string theory was used to es-
tablish these relations, it is not impossible that these relations could have been
discovered without string theory. After all, in a large N limit where string loop
corrections can be neglected, we are left with two particle theories on both sides.
In that case one would not have had any understanding as to the origin of these
relations between gravity and field theory. In that sense string theory naturally ex-
plains the appearance of these relations, understood by the covariance property of
the (stretched) string worldsheet relating closed and open strings in the presence
of D–brane solitons. This could be another strong theoretical argument in favor
of string theory, assuming these dualities and/or correspondences are actually cor-
rect.

Perhaps these relations are very dependent on supersymmetry. In fact a lot
of results and techniques were based on the fact that we were dealing with BPS
states. Recently there has been a lot of activity in trying to get results beyond the
BPS states. Also in the context of the AdS/CFT correspondence one is trying to
make contact with our real (non–supersymmetric) world, for example trying to
understand confinement in QCD from a dual string theory on a particular back-
ground [149, 150]. Another interesting approach is making use of the idea that
the DW/QFT correspondence tells us that one can think of the renormalization
group scale in field theories as a (special) coordinate in a background solution of
a gravitational theory living in one dimension higher (the renormalization group
flow equations can then be deduced from the classical gravitational equations of
motion). In a cosmological context this can perhaps explain the smallness of the
cosmological constant in our D= 4 world [151, 152, 153]. It is satisfying to notice
that these new techniques and ideas in string theory can be more directly applied
to D = 4 (theoretical) physics problems.

From our point of view string theory is an interesting theoretical structure in
which new ideas about space, time and quantum mechanics seem to be realized
in a very concrete and tractable way. The concepts of dualities, non–commutative
geometry and the holographic principle were all mentioned somewhere in this
thesis. This is just one among many other motivations to continue to investigate
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string theory and its consequences.
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