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There are four fundamental forces in nature. String theory has been developed as a candidate
for quantum gravity which unifies the all four forces. String theory predicts higher dimensional
spacetime than the four—-dimensional spacetime we live, and extra dimensions are considered to be
compactified (by an orbifold as an idealized example), not being observed at the low—energy scale.
There are few articles which are dedicated to calculate explicitly one—loop amplitudes with more
than one external line on orbifolds.

In this thesis, we derive genus one super—Green functions under the general boundary condition
in o andrt directions twisted by an arbitrary respective angle. Using these Green functions, we
calculate one—loop amplitudes on the Z2 orbifold as a prototypical example in the case of non—maximal
supersymmetry.

In order to derive these super—Green functions on torus, we start from the eigenmode expansion.
Exploiting partial fractions, we find out that the bosonic part is given by an infinite series
consisting of a hypergeometric function. This structure is consistent with the calculations of
tree amplitudes under a constant B field. Using Ramanujan’ s formula in analytic number theory,
we reveal that the fermionic part can be written in terms of the Jacobi theta functions.

As an application of the super—-Green function, we calculate one, two and three point one—loop
amplitudes on the Z2 orbifold, and obtain the non—vanishing result for the three point amplitude.
In the case of maximal supersymmetry where one, two and three point one—loop amplitudes vanish
due to the non—renormalization theorem in QFT, non-vanishing amplitudes start from four. Our
string theory computation confirms that the theorem of this type in QFT does not hold in the case
of non—maximal supersymmetry. Uses of the Riemann identity have simplified our final results
greatly.
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