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Abstract

The three-dimensional fully reativistic and self-
consistent code RETAR has been developed to model the
dynamics of high-brightness electron beams and, in par-
ticular, to assess the importance of the retarded radiative
part of the emitted electromagnetic fields in all conditions
where the electrons experience strong accelerations. Inthis
analysis we evaluate the radiative energy lossesin the el ec-
tron emission process from the photocathode of an injector,
during the successive acceleration of the electron beam in
the RF cavity and the focalization due to the magnetic field
of thesolenoid. Theanalysisis specifically carried out with
parameters of importance in the framework of the SPARC
and PLASMONX projects.

INTRODUCTION

RETAR is apoaint to point 3D paralel tracking code for
the beam dynamic of charged particles. The code is fully
relativistic and calculates the self-fields directly from con-
venient integral forms that can be obtained from the usual
retarded expressions[1].

In this paper we will analyze the radiation emitted by a
high charge, high brilliance bunch of electrons moving in
assigned electric and magnetic fields and under the effect
of the self consistent field. We performed the analysis of
the radiation emitted by the electron beam from the extrac-
tion at the photocatode to the emittance minimum, located
at about 1.5 meters down the beam line. A solenoid field
is located after the RF gun to perform the emittance com-
pensation scheme [2, 3] and the overall configuration of
external fields is the same improved in the SPARC project
[4]. We focus our study on the amount and temporal pro-
file of the radiation emitted in the accel eration and focusing
process in order to asses its possible exploiting for a non
destructive diagnostic of the beam [5].

In what follows, unless otherwise specified, we refer to
a simulation where a 1 nC flat top bunch with a radius of
1mm and without transverse inhomogeneities, is first ac-
celerated in a 1.6 S-band cavity with a field gradient of
120 Mv/m, then is focused by a solenoidal magnetic field
with a peak value of 0.27 T. The beam waist is located at
about 1.3 m from the cathode and the transverse emittance
shows the double minima feature, with a value between 2
and 4 mm mrad.

*Thiswork has been partially supported by the EU Commission in the
Sixth Framework Program, Contract No. 011935, EUROFEL
T andrea.rossi @mi.infn.it

05 Beam Dynamics and Electromagnetic Fields

3298

ACCELERATION AND RADIATION
PRODUCTION

InaRF gun, theemitted radiationis mainly dueto the ac-
celeration process. The extraction of charge from the pho-
tocathode, though implying a sudden change of electrons
state, is mainly dominated by space charge effects[6]. Fur-
thermore, the creation of afree electron from a bound state
inside matter, is a full quantum process, outside the capa-
bilities of RETAR.

The consistent self fields, both electric and magnetic,
caculated by RETAR (Lienard-Wickert retarded fields),
are obtained by summing two terms. For example the elec-
tric field can be written as[1]:
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Thefirst term depends on the acceleration and isarel ativis-
tic bremsstrahlung term, while the second, depending only
on velocity, is astatic (coulombian like) term.

An evaluation of the radiative losses can be given by
computing theflux of the Poynting vector through a surface
(for instance a cylinder S) surrounding the electron beam.
The power irradiated isin fact

P:/S(EXB)-nda

and the total energy irradiated is given by

Wz/dt/S(ExB)-nda.

When the bunchis extracted, the radiation is mainly pro-
duced by the high longitudinal acceleration. Indeed, being
the RF gun a 1.6 cavity, the greatest amount of radiation
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will be emitted before the first iris, where <~ > grows
from1to~ 5.5, since afterward the bunch is already rela-
tivistic and does not experience any significant velocity in-
crease. Anyway, some measurable contributions could be
produced by transverse accel erations when the bunch goes
troughs the solenoidal fields or close to the beam waist.

SIMULATION RESULTS

In this section we show some numerical results support-
ing the use of retarded fields as a means of non destructive
beam diagnostics.

Emitted Power
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Figure 1. The emitted power (flux of S) collected on a
cylinder around the bunch as a function of time, with sep-
arated contribution from total fields, acceleration fields
and static fields. In the inset a third maximum shown by
®(Sacc) dueto transverse accelerationsin the solenoid.

The power on a cylinder surrounding the beam and with
aradius r = 7mm as function of time is represented by
the green linein Fig 1. There are also shown the emitted
powers if either the coulombian (red line) or the accelera-
tion (blue line) parts of the full fields are turned off. While
the former situation represents a rough approximation of
the results expected using a collecting cylinder with larger
radius, the latter isin no way physical, since the bunch did
accelerate. In adrift region, without the 'memory’ of past
accelerations, its valueis zero.

The power is initially zero until atime ¢ ~ r/c, due
to the delay in arriving on the surface of the cylinder, is
elapsed, followed then by a sequence of maxima and min-
ima. From the comparison between the shapein time of the
power emitted, the shape of the external electric and mag-
netic fields as seen by the electrons of the bunch and the
bunch transverse dimension, we can say that the first peak
of radiation is due to the first maximum of the accelerating
electric field reshaped by the retard effects, while the sec-
ond peak corresponds to the second peak of acceleration,
superimposed with the entrance into the magnetic field and
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Figure 2: The value of |S| measured in many points (see
text) and the derived value of S, rescaled to 1.

a focalizing effect due to the radio frequency. Afterward
there is a less accentuated peak of radiation, only visible
when the static (coulombian) component is turned off due
to the small radius of the cylinder, corresponding to thein-
version of radial velocity at the maximum value of bunch
envelope. Note that, since the acceleration isradial in this
situation, the radiation is emitted with a small anglein the
positive z direction, so its detection is due to the closeness
between the bunch radius and the position of the collecting
surface (see Figure 3).

From this kind of measurement we can extract two im-
portant information [6]: the total emitted energy is propor-
tional to the square of the bunch charge, while the time evo-
[ution of the emitted power can be related to the kinematics
of the beam by the Liénard result, that generalizes the Lar-
mor formulafor point-like charge far from the source:

P22 - (38)].

where the term 3 x (3 is usually negligible whenever the
acceleration is mainly longitudinal. Since an experimental
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Figure 3: The power emitted collected on different radius
cylinders.

measurement of the whole power emitted is not conceiv-
able, a possible implementation consists in measuring the
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flux of S in many different fixed point-like places along
the z axis; assuming cylindrical symmetry, derive the total
flux by multiplying the values of S times the considered
area. In Figure 2 we show a numerical result illustrating
this proposal: we calculated the radial component of Sin
different points spaced by 10 mm along z and 7 mm off
axis, and averaged the measurement in time, obtaining an
emitted power time dependencefairly equivalent to the one
shown in Figure 1, though with alesser time resolution.

Following this proposal, we simul ated the emitted power
collected at increasing distances from the z axes. There-
sults are shown in Figure 3. Increasing the distance at
which the radiation is collected, implies the disappearance
of the third maximum due to the inversion of radial veloc-
ity (see above) and a decreasing contribution from static,
coulomb like, field components. As a consequencethetail,
in drift region, assumes the characteristic exponential de-
cay of awakefield [7].

Electric Field Measurements
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Figure 4: The radial component of the electric field £,
calculated in afixed points for different bunch lengths.

Another possible use of retarded fields measured in a
point like spot, is the determination of the bunch length
[5] and its longitudinal charge profile. In Figure 4 the
time signal for the electric field, taken in a point placed
a z = 10mm and » = 5mm, is plotted for different
bunch lengths, going from 2 up tp 20 ps. It is apparent
that the signal increase is linear, while the peak values de-
crease changing the bunch length. The slope of the signal
or, equivaently, its rising time, can then be used to deter-
mine the bunch length. In Figure 5 a calibration has been
done, showing afairly linear correlation between the signal
rising time and the bunch length.

CONCLUSION

In this paper we showed how it is possible to perform
nondestructive beam diagnostics by performing measure-
ments on the retarded fields. To this end we made use of
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the code RETAR. It must be underlined that all the situa-
tions we analyzed where in alow energy contest. That was
due to the fact that computational time increase dramati-
cally in high energy simulations. This does not prevent, in
future, the study of situationsin which the bunch energy is
so high to require exclusively nondestructive diagnostics.
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Figure 5: The signal rising time as a function of the bunch
length. A fairly linear dependenceis shown.
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