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Dynamics of Revolving D—branes
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As widely known, superstring theory is thé promising candidate for the quantuﬁ
gravity. In the history of the theory, there are some "revolutions". Even among them,
the discovery of the D-brane is remarkably significant.

D-brgne is the key subject to understanding the non-pertui‘bative nature of strihg
theory along with the various dualities. Since it was found in 1995, a variety of works
that investigate or make use of the D-branes have been published.

The importanf feature of D-brane is that open strings can have the end on it. The low
energy effective thed'ry of these open strings gives the field theory on the Dp-brane '
world volume. Considering the various configﬁratiqns of D-branes, many attempts
that gives the geomeétrical understanding of supersymmetric gauge theories or realize
our four- dimensional universe on it have been done. _

In spite of the elaborate investigations over the last 30 years, we hardly know the
dyﬂamics of D-brane yet. For simple configurations, like static parallel case, tiited
case or moving with a constant velocity case, we know how to calculate the effective
potential which arises between D-branes. It is given as the one-loop effective
potential of open strings stretched between D-branes or the amplitude for the A
exchange of massless fields between them. For the D-branes with acceleration,
however, it had not known how to calculate the effective potential.

Many of the models so far is based on the static D-branes that preserves the
supersymmetry. For the static D-branes, the system which violate the supersymmetry
becomes uns‘table’ unless performing special manipulétions like the orientifolding.
Considering the moving D-branes, we can innovate a new mechanism to stabilize D-
brane systems and afford the possibility that spreads the directioﬁs'to describe the
open questions of our foui'-dimensional universe, like the hierarchy problem, the

‘cosmological eonstant problem and so on, %from the string theoretical perspective.

In this thesis, as a first step to fully understand the D-brane dynamics and describe
the four-dimensional theories on which,' we concentrate on a pair of D-branes which
revolving around each o-ther in a flat spacetime.

For static parallel D-branes, which is a BPS state, there is no potential because of
the supersynﬁmetry., By rotating them, the supersymmetry is broken and an
attractive force arises.

Naively, we can guess that these revolving D-branes compose a bound state due to



balancing the attractive force arises from strings stretched between them and the
centrifugal force. . , ' |

If the distance between both of D-branes, which gives the vacuum expeététion value
of a scalar field of the D-brane worldvolume theory, is sufficiently smaller than the
Planck secale or the string scale, it follows that this model describes the origin of the
electroweak scale from the string theoretlcal perspective, . l
Therefore, it is requ1red to calculate the effective potential for these revolvmg D-
branes for investigating whether a bound state exist.

As I mentioned above, however, the method to calculate the D-brane effective
potential is not sufficiently known yet. A main obstacle to calculate it is the dlfflculty
of quantization of open strings between D-branes for general configurations. For open
strings attached on accelerating D-branes, boundary conditions to become
complicated as explained in the following chapters. To avoid this difficulty, we can
‘employ two kinds of method.

One of them is performing the perturbative calculatlon in the rotating coordmate By
employing the rotating coordinate, boundary conditions for open strings become
negative in.éxchange for simplicity of the equation of motions. Then we can perform
the mode expansion of operators and calculate the effective potential perturbatively.
For perturbative calculation ih the Heisenberg picture, however, there are secular
terms that are monotonic increasing function of the time and v1olate the validity of
perturbation in operators and the Dyson series. Therefore, we developed the
improved perturbation method by which secular terms is systematically removed and
we.can get the appropriate result. Using this method, we calculate the effective

- . potential for revolving D-branes and see that it is governed by the distance and the’
angular frequency. | o '

The other method is the partial modular transformation. In general, string
amplitudes have the modular invariance and interpreted in both of the open and
closed channel. The partial modular transformation is performing the modular
transformation in a part of the modular integral. Using this method, we can
approximate the amplitude which gives the effective potential for D-branes with the
sum of the contributions from the open massless, modes and closed massless modes
with a good accuracy. Each contribution can be calculated in the low energy
descriptions, namely, the super Yang-Mills theory for open strings and the

' supergravity for the Iclosed strings. Therefor‘e, we can obtain the effective potential
without quantize the open strings between D-branes exactly. Furthermore, we can
investigate the short distance behavior of the effective potential which is significant
to consider the possibility of bound states. ‘

Besides, from the worldvolume theory point of view, the contribution of closed
massless modes is interpreted as the threshold correction of all of massive open

modes. We can see that the leading term of this correction is the fourth term of the



relative velocity of D-branes which decide the SUSY breaking scale for general
trajéctories. This fact also might be the key to understand the origin of the

electroweak scale and its Jstability against the physics at the high energy scale.



Results of the doctoral thesis screening
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