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Chapter 7

Summary and Outlook

This thesis has covered in general two separate topics: the string effective actions and
the geodesic motion of brane solutions.

The main theme of the first topic, i.e., the string effective actions, is the con-
struction of the D-brane effective action and supergravity actions. For the D-brane
effective action, in the abelian case and in the limit of constant field strengths this
action has been already known for a long time to all orders in α′: it is the Born-Infeld
action. The introductory chapter 2 gives an overview of past attempts and successes
in constructing in the general case. In the chapter 4 we proposed a new method for
constraining the four dimensional D-brane effective action and applied to the abelian
case with derivative corrections. The method is based on the electromagnetic dual-
ity invariance. We have shown that selfduality requirement can only constrain the
derivative corrections terms to the Born-Infeld theory but not determine them. It
is quite interesting to think about possible application of the α′-corrections that we
considered in chapter 2, in particular to the non-abelian Born-infeld theory. For ex-
ample it remains to be seen how the α′-corrections modify the behavior of classical
solutions of the Yang-Mills equations of motion (zeroth order equations) that are
more complicated than the flat background. One may expect for instance, that the
instanton solutions of N = 4, D = 4 Yang-Mills theory receive α′-corrections. One
can easily see from our discussion in section 2.6 that the upper limit for the field
strength Fab on a D-brane could only be obtained by using the complete infinite col-
lection of α′-corrections of the Born-Infeld action. In addition, it turns out that the
Born-Infeld action also provides a finite self-energy for the electric point particle so-
lution. In the nonabelian case, answers to these and other questions that are related
to the resolution of classical singularities by α′-corrections, will have to wait until
we have an all-order result. We have also seen in chapter 3 that string theory at
low-energy describes Einstein gravity coupled to certain matter fields, together with
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an infinite number of higher derivative corrections. Recently, study of the black hole
physics in string theory involves study of black holes in higher derivative theories of
gravity, in particular in the tree-level heterotic string theory. In chapter 3, we have
established the equivalence between the heterotic effective actions of [100] and [97]
to order α. This indicates that the result of [102] might indeed be a consequence of
supersymmetry.

The second topic of this thesis was concerned with showing that Dp-branes and
Sp-branes can be linked to lower dimensional theories whose solutions are respectively
given by instantons or S(−1)-branes if we reduce over the worldvolume of the brane.
In the lower dimensional action the gravity part decouples and can be solved indepen-
dently, while the σ- model sector, obtained after a worldvolume reduction, leads to a
geodesic motion. Then we turned to deriving the generating solution associated with
the geodesic motion traced out by the scalars carrying the brane solutions. This ap-
plies both to instantons and to S(−1)-branes. We introduced the generating geodesic
solution as a solution with the minimal number of arbitrary integration constants
so that the action of the isometry group G actually generates all other geodesics
from the generating one. This way we found the most general fluxless Sp-brane of
Einstein gravity with (deformed) worldvolume via the reduction over an Euclidean
torus. In case we reduce over a Lorentzian torus, the target space becomes a pseudo-
Riemannian G/H∗ with H∗ is a non-compact real form of H. Correspondingly, the
geodesic solutions on G/H∗ are labeled by the sign of the affine velocity ||v||2. We
derived the generating solution for cosets GL(r + s)/SO(r, s), and gave the Einstein
vacuum solutions that can be obtained from uplifting a SL(n,R)/SO(n − 1, 1) sta-
tionary (−1)-brane solution.

The generating solutions that we have considered in chapter 6 are all restricted to
theories which are based on symmetric spaces G/H or G/H∗, where G is the maxi-
mally non-compact real form (split form). The derivation of the generating solution
can be extended to Euclidean theories in which G is a non-split isometry group (G
is not a maximally non-compact real form), which typically occur in non-maximally
extended supergravities. In [G] we give the results for the half- and quarter-maximal
supergravity theories, e.g., N = 4, D = 3 symmetric Euclidean models.

We would like to conclude this final chapter with addressing some questions for
future research:

1. We have seen in chapter 2 that the abelian Born-Infeld action has a closed
expression. One would definitely like to have a closed expression for the non-
abelian D-brane effective action.

2. In principle the method of the black hole entropy calculation of [103] can be ex-
tended to corrections with any number of derivatives. Supersymmetry provides
the derivative contributions at order α′2, at α′3 only partial results are known.
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It will be interesting to extend the analysis of [102] to include the next order.

3. We have seen in chapter 4 that the addition of higher derivative corrections of
the field strength survives selfduality symmetry. Another extension would be to
add derivative corrections to the SL(2,R)-invariant extension of the Born-Infeld
thoery. This problem is currently under investigation.

4. In all the Euclidean theories that we have studied so far the scalar manifold
is a symmetric space. A natural extension is to look for the generating solu-
tions of non-symmetric supergravity models where the scalar manifold is only
homogenous.

5. In our analysis we restricted to uplifts to pure gravity. It would be nice to
extend this with a (p+1)-potential as well. This would enable us to write down
the most general p-brane with deformed worldvolume. This would apply both
to timelike and spacelike branes.






