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Abstract

The bunch length of an electron beam derived from the UCLA Saturnus photoinjector has been measured using a 45°
CTR foil. The sudden change of electrons boundary conditions cause them to radiate (transition radiation) with the
spectral power entirely dependent upon the degree of coherency, which strongly relates to the beam size. A polarizing
Michelson interferometer allowed measurement of the auto-correlation of the coherent transition radiation signal. An
analysis method was developed to compensate for undetected low-frequency radiation and systematically extract the
bunch length information for a specific beam model. This analysis allowed observation of pulse lengthening due to the
space charge, as well as compression with the variation of the RF injection phase. The hypothesis of a satellite beam has
been also tested using this analysis. « 1998 Published by Elsevier Science B.V. All rights reserved.

1. Introduction

Coherent transition radiation (CTR) is one of the
most promising methods of diagnosing the length
of sub-picosecond electron beam bunches. Much
effort has been recently devoted to characterization
of CTR itself [1], as well as performance of the
actual bunch length measurements. This measure-
ment is often done by examination of the autocor-
relation of the CTR signal with the Michelson
interferometer [2], which allows one to obtain the
amplitude of the beam current’s Fourier transform.
Direct spectrum measurements of CTR [3], as well
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as coherent synchrotron radiation [4] has also
been performed.

The CTR techniques have certain limitations,
however. For beams of a few picosecond in length,
the bunch length structure information is being
mostly carried in the long wavelengths which are
hard to propagate and detect with full efficiency.
These most informative frequencies dominating the
signal spectrum are, in fact, strongly attenuated in
the collection optics due to the finite apertures and
acceptance angles.

This distortion of the detected spectrum puts
a great uncertainty on the beam shape in the fre-
quency domain, and makes the analysis rather diffi-
cult. To compensate for the missing frequencies
an analytical method has been developed, which
allows the processing of the autocorrelation signal
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directly in the time domain. Even though the fre-
quency and time domains are equally representa-
tive to the signal, the accuracy of interpretation is
increased drastically, as this analysis does not re-
quire that the autocorrelation signal be processed
by discrete Fourier transform.

2. Transition radiation due to a single particle

In order to understand well the experimental
measurements, we must first begin with a review of
the relevant components of the theory of transition
radiation and its coherent generation by short
bunches of electrons. The process of a charged
particle crossing the boundary of the perfect con-
ductor can be viewed as an effective collision of the
particle with its image charge (Fig. 1). For the
wavelengths long compare to the characteristic
time of the collision process (wt<« 1) the Fourier
transform of the radiated magnetic field can be
approximated as
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Note that magnetic field in the integral is propor-
tional to the full derivative of the field vector poten-
tial A, and therefore the spectral field produced by
each particle in the collision can be written as [5]
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Fig. 1. Transition radiation model for the far-field analysis.

where 4, and 4, are the values of the vector poten-
tial before and after the collision, respectively. As
the particle crosses the boundary of the conductor,
its field is screened; hence, for the far-field calcu-
lation we can assume that both a particle and its
image counterpart come to a sudden stop, even
though the real electron barely changes its velocity.

If the field of a charged moving particle far away
from the source is given by the Liénard-Wiechert
potential we obtain the expression for the spectral
and angular distribution of the energy generated in
the collision:
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where v’ is a velocity of the image charge. For the
case of a 457 collision, Eq. (3) can be rewritten as
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where 0 is defined relative to the specular reflection
angle, which is in this case 90" with respect to the
initial beam axis.

In the limit we have considered, where the metal-
lic response is that of a perfect conductor, it can be
seen that the angular distribution of the radiated
energy does not depend on frequency. For the high-
ly relativistic particle, the angular distribution is a
narrow, slightly asymmetric double cone, centered
around zero, as displayed in Fig. 2.
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Fig. 2. Angular distribution of the transition radiation spectral
energy per solid angle. The incident ¢lectron is at ¢ = 28.
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