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The Relativistic Synchrotron Radiation in the Frame of the Moving Particle

Abstract

In the current paper we tackle the task of determining the formula for the synchrotron radiation as
measured from a frame co-moving with the particle. This task has never been attempted before owing to
the difficulty of dealing with rotating frames. Our paper is divided into two main sections, the first section
deals with synchrotron radiation measured in the frame of the lab, the second section deals with
synchrotron radiation as measured in a frame co-rotating with the particle.
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1. Introduction - Bremsstrahlung

Bremsstrahlung is the electromagnetic radiation produced by the deceleration of a charged particle.
The moving particle loses kinetic energy, which is converted into a photon, it is the process of producing
the energy radiation. Bremsstrahlung has a continuous spectrum, which becomes more intense and whose
peak intensity shifts toward higher frequencies as the change of the energy of the decelerated particles
increases. The term is frequently used in the more narrow sense of radiation from electrons (from whatever
source) slowing in matter. In astrophysics, Bremsstrahlung refers to radiation emitted from zones of the
universe characterized by a high concentration of plasma. The radiation in this case is created by charged
particles that are free; i.e., not part of an ion, atom or molecule, both before and after the deflection
(acceleration) that caused the emission. In any case, the total radiated power is given by [1]
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In the case where velocity is parallel to acceleration (for example, linear motion), the formula simplifies to:
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For the case of acceleration perpendicular to the velocity (as in the case of synchrotrons), the formula
simplifies to:
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In both cases P is the power measured in the frame of the lab. In the current paper we will make the

attempt of finding the power as expressed in the frame co-moving with the particle, to our best knowledge,
this has never been attempted before.
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2. Kinematics in Uniform Angular Velocity Rotation

In this section we introduce all the fundamental notions that will help discussing the case of the
particle moving in an arbitrary plane, with the normal given by the constant angular velocity ®(a,b,c),
as in the case of a charged particle in circular motion in a synchrotron. According to Moller [2], the simpler
case when @ is aligned with the z-axis produces the transformation between the rotating frame S '(7)

attached to the particle and an inertial, non-rotating frame § attached to the center of rotation [2-7]:
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3. Bremsstrahlung in a Uniformly Rotating Frame

Assume that we have a particle of charge ¢ and mass m moving in the x-y plane under the

influence of a magnetic field B aligned with the z axis. We know that in the frame of the lab, the
expression of the Lorentz force acting on the particle is [8]:
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We would like to find out the expression of the force in the frame co-rotating with the charged particle. For
this purpose we will resort to the fact [9] that four-force transforms like four-coordinate (2.1)
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The term ¥(u)—— represents the power imparted by the magnetic field to the particle measured in the lab
C

frame (divided by c) while the term ¥'(u")

represents the power imparted by the magnetic field to

the particle measured in the frame commoving with the particle (divided by c). Transformation (3.2) gives
the general formulas for transforming four-force (proper force) in rotating frames.

We know from [8] that:
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Substituting (3.4),(3.5) into (3.2) we obtain:
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The final formula for the power imparted by the magnetic field to the particle measured in the frame
commoving with the particle is:
P'=2gBy’ (u,)u; (3.8)
Expression (3.7) provides us with the expression of the Lorentz force as measured in the frame of the
particle (proper force). For example:
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We are now ready to derive the radiated power. From [4] we know that:
B
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Substituting (3.4),(3.10) into (1.3) we obtain:
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(3.11)

The radiated power in this case is a constant that depends on the mass of the particle, m , its charge, ¢, its

initial speed of injection into the synchrotron, 1, and the magnitude of the magnetic field B . The

constancy is due to the fact that ¥@ = u,, . The braking force due to radiation acts in direct opposition to the

Lorentz force:
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From (3.14) we get the radiated power measured in the frame co-moving with the particle:
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This should come as no surprise since the particle is not accelerating in its own frame of reference. We also
get the braking force due to radiation:
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4. A quick verification of the formalism

Four-velocity transforms the same way as four-dimensions (2.1):
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The proper speed of the particle in the frame co-moving with it has been confirmed to be as expected, zero.
The verification of the formalism is complete.

4. Conclusions

We derived the Bremsstrahlung formula for the synchrotron radiation as measured from the point
of view of a frame co-rotating with the charged particle. The formula is of great interest to particle
physicists.
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