706

LAL (ORSAY) RF GUN PROJECT

C. Travier
Laboratoire de 'Accélérateur Linéaire
Bat. 200, Centre d’Orsay
91405 ORSAY Cedex, FRANCE

J. Gao
visitor from THEP
P.0. Box 2732, Beijing 100080, CHINA

Abstract

A two-cavity RF gun basic design is presented. The elec-
tric field distzibution along the beam axis is chosen to minimize
emittance growth. Independent phasing of the cavities allows to
minimize energy spread. Simulations with the codes PARMELA
[1] and PRIAM {2} are presented. According to this design, a
low-level model cavity was launched.

Introduction

As part of the LAL/Orsay R & D program on future ee™
linear colliders [3], an RF gun design was started at the beginning
of 1990.

Originally proposed by G.A. Westenkow and J.M.J. Madey
], the RF gun concept is now widely studied and experienced.
Both thermionic [4-6] and laser-driven [7-15] RF guns are now
under constraction, test or operation around the world.

The cathode being located in a high-gradient RF cavity, the
electrons experience a high accelerating field and are thus less
sensitive to space charge forces. In case of laser-driven RF guns,
very short pulses can be produced by illuminating high-current
density photocathodes with picosecond lasers. These properties
result in high-brightness electron sources well suited for ete”
linear colliders, FEL injectors and synchrotron radiation storage
ring linear injectors.

At Orsay, the goal of this development on RF gun is to gain
sormme experience in this field while providing a possible high-
Lirightness gun for the accelerator test-facility NEPAL [16]. The
chosen operating frequency is thus 3 GHz. A dispenser cathode
will be used, therefore allowing both thermionic and laser-driven
operation [17].

Theoretical investigations showed that two-cavities indepen-
dently powered and phased would allow to minimize both emit-
tance and energy spread. Longitudinal electric field profile with
RF focusing was chosen for the first cavity.

Beam dynamic simulations were conducted using both PAR-
MELA and PRIAM codes. Many parameters can be varied: ac-
celerating field in both cavities, RF phase for laser pulse, phasing
of the cavities, pulse length, current, laser spot size, laser pro-
file. Results presented here are partial and do not cover all the
possible range of investigations.

Theoretical investigation

In an RF gun, electron beam is subject to several effects that
contribute to energy spread and emittance growth [18]: space
charge forces both linear and nonlinear, nonlinear time-indepen-
dent field effects and linear time-dependent RF field effects which
are characteristic of RF guns when compared to DC guns. To
minimize emittance growth, there are at least two criteria: one

is to minimize nonlinear field eflects [19,9° (by designing a cavity
with linear radial fields and by taking a beam diameter small
enough), the other is to minimize linear time-dependent RF field
effects [20].

Assuming that a cavity has a cylindrical symmetry, the
electric field E,(r,2,¢,t) can be written E,(r,z}sin(wt + ).
Maxwell equations allow then to express the electromagnetic
fields off axis (F.(r,z), E.(r,2), H,(r,z)) as a function of the
longitudinal on axis electric field £.(0,z). The transverse force
F..s applied to a particle of charge ¢ and velocity v, is expressed
by Frpp = qE, — quov.H,. It can then be written as:
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where w = ke. If space charge forces F,,. are considered, then
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mathematically
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The two criteria mentioned above can be
expressed as follows:
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where 1 ¢ 15 the time when the particle exits the cavity of length I
and ¢ represents the phase of the RF when it leaves the cathode
at ¢ o= 0.
dominant. In our case, because of relatively long bunches, we

Which criterion to choose depends on which effect is

used the second criteria to design our cavities. We consider only
the linear term in equation {2) which is dominant and regard the
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boundary conditions are assumed:
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When trying to solve equation (4), it is natural to introduce some
RF focusing near the cathode to help control the space charge
effects. This can be expressed mathematically by writing:
dE,(0,2)
dz
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A sufficient condition to satisfy equation (4) is then:
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Equation (7) together with conditions (5) and (6) can be
solved numerically for given Eq, ¢g, current and cathode radius,
provided that a simple linear expression js assumed for Fi...
For the parameters of interest in our case, the resulting field
distribution is shown in figure 1.

In the previous discussion, longitudinal emittance which is
due to energy spread caused by time dependent RF forces was
not minimized. By using a second cavity, it is possible to reduce
energy spread while preserving emittance. For almost relativistic
electrons, a cavity of length I = A/2 having a field distribution
B.(0,2) = Eysin(kz) satisfies both criteria [20]. Tt is then possi-
ble to almost cancel the energy spread by adjusting the maximum
field F, and/or the phase shift between the two cavities ¢, If
Gy = - Ad/2, then the field strength necessary to cancel the

energy spread AW is:
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If for other reasons, £ is set to a given value, then:
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where ¢y,, is the average phase of the particles at the exit of the
first cavity and A is the RF wavelength.

Simulations

The two cavities shown on figure 2 were designed with SU-
PERFISH (21]. Being decoupled, each cell was calculated sep-
arately. The field profile as used for PARMELA simulations is
shown on figure 1. After a slight modification of the PARMELA
particle generation, it was shown that resulls obtaired for 100
particles were reliable when compared to those corresponding to
a much higher number. Therefore, all the simulations presented
here were dore with 100 particles. Az the bunch is quite long
and the current not too hizh, the mesh grid method is used for
space charge calculations in order to save computer time. The
effect of image charges in the cathode plane is rot included in
these simulations. A few parameters are not varied and their
value are compiled in table 1. Electrons are assumed to leave
the cathode with no energy and no emittance. The laser pulse is
taken uniform in both transverse and longitudinal directions.

For given accelerating field and charge in the bunch the op
timization procedure is as follows. The RF phase for laser pulse
is varied to find the smallest emittance at the first cell exit. This
phase is then frozen and the phase shift between the two cavities
is varied to minimize the energy spread at the gun exit.

Figures 3 and 4 show the emittance at the exit of the first
cavity, as a function of ¢, for different field levels, with and
without space charge forces respectively. &g is the emitting RF
phase of the "reference particle” which is taken at the center of
the bunch. These pictures show that unlike for short bunches
[22], the minimum of emittance is obtained for low ¢; due to a
strong bunching of the particles as shown on figure 5.

Figure 6 shows the dependence of emittance on peak acceler-
ating gradient while figure 7 shows that the minimum emittance
1s quasi-linear with the bunch charge.

For a maximurn electric field of 70 MV /m in both cavities,
figure 8 shows the variation of both emittance and energy spread
as a function of the phase shift between the two cavities.
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A complete set of parameters for a typical run is given in ta-
ble 2. Figure 1 shows the bunch evolution in this case as obtained
from PRIAM. Both programs give consistent results.

In all these simulations, the emittance is taken as the nor-
malized r.m.s. emittance defined as ey = 4[< 2% >< (ps/mc)? >
— < z(py/me) >2)1/% where z is the coordinate of a particle in
the beam, p, is the particle’s momentum component in the =
direction and < > indicates averaging over the entire beam.

Project Status

Started in February 1990, the simulations with PARMELA
and PRIAM will be continued.
scanned (shorter bunch length, magnetic field,...). Simulations
in the case of a thermnionic cathode are also iu progress.

Different parameters will be

In order to check RF properties of the cavities and deter-
mine the two coupling holes, their influence on field symmetry
and to check that cavities are eflectively decoupled, a low-level
model cavity was launched. Measurements will be done during
the summer 1990.
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