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KK-MODES OF D = 5 SUPERGRAVITY AT FUTURE
COLLmERS AND IN COSMIC RAYS
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The energy spectrum of cosmic rays extends to beyond 1020eV. The origin of these particles remains
unknown: neither their sources, nor the underlying physical processes of emission of them have been
identified. Many models of cosmic ray origin have been proposed.

Searches for extra dimensions remain among the most popular new directions in our quest for
physics beyond the Standard Model. High-energy collider experiments of the current decade should be able
to find an ultimate answer to the question of their existence in a variety of the models that can test low-scale
quantum gravity, including processes such as Kaluza-Klein graviton exchange, microscopic black hole
production and string resonances. One of the most popular consequences of low-scale (~ 1 TeV) quantum
gravity would be copious production of mini black holes at future accelerators and in ultra-high-energy
cosmic ray interactions. The emission of Kaluza-Klein particles would be the consequence of mini black
holes decay. We study Kaluza-Klein spectrum of D = 5 simple supergravity on S2 with the relation to N=4
superconformal field theory. The representation theory for the Lie superalgebra SU(1,1|2) is developed. All
the towers of particles are shown to fall into four infinite series of chiral primary representations—of-

SL(2,R).
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This review is devoted to the theoretical consideration of one of the fundamental problems of
quantum electrodynamics of strong fields—resonances related to a virtual intermediate particle that falls
within the mass shell in processes of the second order in the fine-structure constant in an external
electromagnetic field.

A characteristic feature of electrodynamics processes of higher orders in the fine-structure constant
in a laser field is associated with the fact that such processes may occur under resonant conditions. This may
be due to lower order processes, such as spontaneous emission or one-photon creation and annihilation of
electron-positron pairs, which may be allowed in the field of a light wave. Therefore, within a certain range
of the energy and momentum, a particle in an intermediate state may fall within the mass shell. Then, the
considered higher order process is effectively reduced to two (or more than two) sequential lower order
processes. The appearance of resonances in a laser field is one of the fundamental problems of quantum
electrodynamics of strong fields, which has attracted attention of physicists since the mid-1960s. The
problem discussed in the paper seems to be of interest as QED experiments in strong laser fields have been
actively performed by many researchers since 1996.

We will be mainly concentrated on the studies that use a general relativistic approach nonlinear

effects in the processes of interaction of electrons with the field of a wave and the nuclear field are governed

by a classical relativistic-invariant parameter rj-eFX/mc2 and a quantum parameter y-eFrJho)

(X = c/a), rz =v/a>; e, m and v are the electron charge, mass and velocity; F and a> are the strength

and the frequency of the electric field of the wave, respectively).
We consider spontaneous bremsstrahlung for a relativistic electron scattered by a nucleus in a light

field within the framework of the Born approximation in the interaction of an electron with the field of the
nucleus. We derive a general relativistic expression for the amplitude of spontaneous bremsstrahlung due to
the scattering of an electron by a nucleus in the field of an elliptically polarized wave with an arbitrary
intensity. We study in detail the poles of the spontaneous bremsstrahlung amplitude related to the Green
function of an electron that falls within the mass shell in a plane-wave field. It is demonstrated that, under
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resonant conditions, the process of resonant electron-nucleus spontaneous bremsstrahlung can be effectively
divided into two processes of the first order in the fine-structure constant: Compton scattering of the light
wave by an electron (where the multiplicity of the multiphoton process is determined by the classical
parameter r\) and scattering of a real intermediate electron (positron) by a nucleus in the field of the wave
(where the multiplicity of the multiphoton process is determined by the quantum parameter y). Note that
resonances occur only when photons (of the spontaneous and external field) propagate nonparallel to each
other.

We consider resonant photocreation of electron-positron pairs on a nucleus in a light field. We
derive a general relativistic expression for the amplitude of this process in the field of an elliptically
polarized wave with an arbitrary intensity. We analyze resonances related to the Green function of an
intermediate electron (positron) that falls within the mass shell. It is demonstrated that, in the absence of the
interference between the direct and exchange amplitudes, resonant photocreation of electron-positron pairs
on a nucleus in the field of a light wave can be effectively reduced to two sequential processes of lower
orders in the finestructure constant: creation of an electron-positron pair by an incident photon in the wave
field and scattering of a real intermediate electron (positron) by a nucleus in the field of the wave.

We consider others phenomena also. It is demonstrated that resonant cross sections may be several
orders of magnitude greater than the cross sections of the corresponding processes in the absence_o.f _the_.
external field.
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Resonant two photon annihilation of an electron-positron pair in the field of a moderately strong
circularly polarized wave is investigated theoretically. This is due to the fact that within a certain range of
energies and momenta, an intermediate-state particle may reach the mass shell. There are two pairs of diagrams
different by the type of intermediate particle. The kinematics and resonance conditions are found in the case
of electron (positron) birth. For moderately strong light wave we derive the expression for the resonant
differential cross section of the process. The resonant singularities in the expressions for the amplitude can be
eliminated with the use of the Breit-Wigner procedure
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The calculation of inelastic interaction cross-section by Laplace method is considered. The scattering
amplitude is set by Feynman diagram technique in the simple variant of multiperipheral model, when "ladder"
type diagrams appearing in the model of real scalar zero with interaction are considered.

It is shown that the integrand in integral of scattering cross-section with the production of set
number of particles has the point of conditional maximum at condition of energy-momentum conservation.
About a maximum point the integrand can be substituted for the expression of Gaussian type to a good
accuracy, and whereupon the integral can be numerically calculated.

It is shown that the virtuality of particles transporting energy-momentum across the "ladder" decreases
with the energy growth of colliding particles in c.m.s. at integration variables conditionally maximizing
integrand. It is shown also that the mechanism of virtuality decrease can be a basic mechanism responsible for
the growth of total interaction cross-section observed in the experiment. The concomitant mechanisms of cross-
section growth appearing in case of Laplace method application are considered. The differences, which have
place at Laplace method of multiperipheral cross-section calculation, in comparison with classic variant of
theory are discussed.
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