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Abstract

The use of dispenser cathode for RF gun allows both
thermionic and laser-driven operation. Simulations re-
sults for both cases and cavity design are presented. The
status of the project is described.

Introduction

Over the last 5 years, a growing interest for very
bright electron sources has been shown in different lab-
oratories around the world. RF gun first developed in
Stanford [1] and Los Alamos [2] has the potential of pro-
viding such very bright beams. More than twenty RF
gun projects are now going on [3], in view of FEL and
future accelerators.

At LAL Orsay, we are planning to develop a laser-
driven RF gun [4], in order to gain some experience in
this field and to provide a possible bright source for the
high-gradient accelerator facility NEPAL [5]. A (W, Ba,
Ca) dispenser cathode will be used, therefore allowing
both thermionic and laser-driven operation [6]. Simula-
tions for both operating conditions are presented here.

A low-level RF model cavity was launched to check
some RF properties of the design and to evaluate the
size of the coupling slots. Basic design characteristics
are presented.

Laser-Driven Gun Simulations

The theoretical investigations that led to the chosen
field profile shown in figure 1 are presented in reference
7.

For the simulations done with PARMELA [8] and
PRIAM [9], the following assumptions are made. Since
the bunch is quite long and the current not too high,
the mesh grid method for space charge calculations is
preferred to the point to point method [10] in order to
save computer time. The effect of image charges in the
cathode plane or cavity walls is not included. Electrons
are assumed to leave the cathode with no energy and a
zero emittance. The laser pulse is taken uniform in both
transverse and longitudinal dimensions.

The PARMELA longitudinal random particle gener-
ation is changed to a deterministic one. This new genera-
tion gives consistent results for 100 particles as compared
to 300 to 400 particles needed in the case of the random
generation.

The emittance is taken as the normalized r.m.s.
emittance defined as ey = 4 7 [< 2% >< (py/mc)? >
— < z(ps/mc) >?]'/? where z is the coordinate of a par-
ticle in the beam, p, is the particle’s momentum com-
ponent in the z direction and < > indicates averaging
over the entire beam. It corresponds to the "90 % emit-
tance” for a beam which distribution is gaussian in each
coordinate.

The optimization procedure and the results for dif-
ferent values of accelerating field are given in reference 4.
Results are presented here for a maximum on-axis field of
70 MV/m corresponding to a maximum surface field of
112 MV/m which is just above two times the Kilpatrick
limit. 30 ps laser pulse length is assumed. Figures 2 and
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Fig. 1: Longitudinal on-axis electric field
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Fig. 2: Emittance vs. laser phase after first cell
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Fig. 3: Emittance vs. ¢;2 after second cell



Proceedings of the Linear Accelerator Conference 1990, Albuquerque, New Mexico, USA

3 show the emittance as function of the RF phase for
laser pulse at the end of the two cells for different values
of the bunch charge. For 4 nC, some particles are lost
within the second cell, while for 5 nC, some are lost in
the first cell. Table 1 gives the main parameters for a
typical run.

Thermionic Gun Simulations

When running the gun in a thermionic way, the goal
is to provide an efectron beam to test the various mea-
surement devices.

Since, in this case, the electron micropulse repetition
rate is high, the cathode should work at a low tempera-
ture to limit the extracted current, in order to limit the
beam loading. On the other hand, we should have an out-
put energy roughly as high as for the laser-driven case.
Based on these considerations, we have investigated the
gun performances.

The thermionic emission of electron micropulses is
assumed to obey the Richardson-Schottky equation. For
a typical case, one has T = 1000 K, ¢po = 1.9 €V, E; = E,
= 35 MV/m and ¢, = 156.5°, where T and ¢ repre-
sent the operating temperature and work function of the
cathode, respectively; E; and E, represent the average
on-axis electric field amplitudes in each cell; ¢, is the
phase shift between the two cells. In this case, the beam
loading is around 0.2 MW. The characteristics of the
electron micropulse out of the second cell are shown in
figure 4.

A transport line similar to that of BNL [11] is con-
sidered. Based on the beam parameters at the exit of
the second cell obtained with PARMELA, the transport
line parameters are calculated with TRANSPORT [12].
Then the beam dynamics along such a transport line is
simulated again using PARMELA. The first results show

that the normalized r.m.s. emittances are increased fi-
nally to about 20 # mm mrad for x dimension and to

about 12 # mm mrad for y dimension, from an initial
value of 6 # mm mrad for both dimensions; for such a
case, the total energy spread and phase spread are 36
keV and 7° respectively, with the central energy at 2.866
MeV; the r.m.s. energy spread and r.m.s. phase spread
are 9 keV and 2° respectively; the average current is
about 4 mA. These values correspond to a small fraction
of the beam that could be selected with momentum slits.

Cavity Design

The cavity design constraints are as follows: obtain
a field profile as close as possible to the theoretical one,
minimize the peak surface field, obtain decoupled cells
separated by tﬁe shortest drift possible and with the low-
est priority, maximize the shunt impedance. The cavity
which contour is shown in figure 5 is designed with SU-
PERFISH [13]. Figure 6 shows a PRIAM 3-D view of
the cavity as provided by G. Le Meur. Table 2 gives the
RF parameters as obtained with SUPERFISH, PRIAM
and MAFIA [14] codes. Following the work done in ref-
erences 15 and 16, MAFIA calculations of the coupling
slots size were performed: the results are shown in figure
7. Figure 8 shows a 3-D EUCLID [17] view of the model
cavity recently manufactured. This model cavity will be
used to check that the cells are decoupled, to determine
the coupling slots size, to estimate the unsymmetrical
field distortion due to these coupling slots and to check
the efficiency of the A/2 stub used for the cathode holder.
Measurements will proceed soon.

Project Status

Simulations are continuing for both the laser driven
and thermionic cases. Different parameters will be in-
vestigated. A two stage experiment is foreseen. First,
the gun itself will be tested in both operating modes. At

Table 1: Parameters for a typical run

Laser pulse length (ps) 30.
Laser spot radius (mm) 3.
RF Frequency (GHz) 3.
First cell length (cm) 3.325
Second cell length (cm) 5.835
Cell aperture radius (mm) 5.
Emittance at cathode (7 mm mrad) 0.
Magnetic field (T{ 0.
Number of particles 100
Charge in a bunch (nC) 2.
RF phase for laser pulse (deg.) 22.
Phase shift between cells (deg.) 150.
1%t cell 2m9 cell
Max. electric field (MV/m) 70. 70.
Kinetic energy (MeV) 1.326  2.867
Bunch length (ps) 17. 17.
Peak current (A) 118. 118.
Bunch radius (rmes) (mm) 3.1 3.9
Max. energy spread (keV) 186. 33.
Max. energy spread (%) 14 1.1
Emittance (x mm mrad) 27.3 34.2
Emittance (RF) (7 mm mrad) 18.7 15.5
Angular divergence (mrad) 44.7 24.2
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Fig. 4: Thermionic gun simulation
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Fig. 5: Cavity contour (upper-half)
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this stage, it will be followed by a transport line includin§
measurement devices that cou{d be either an "a-magnet

or a line similar to that of BNL [11]. At a second stage,
it is planned to place the gun directly upstream from
a high gradient accelerating structure. This small ac-
celerator will then be followed by a magnetic bunching
system. This configuration will allow us to experiment
the method described by B. Carlsten [18] to reduce emit-
tance. Simulations for this second stage of experiment
will be performed very soon. A low-level RF model cav-
ity was built. Measurements will start soon. The final
prototype design should be completed by the end of 1990.
The first beam is scheduled for the first semester of 1991..
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Fig. 6: PRIAM view of the cavity
Table 2: Cavity RF parameters

1% cell 274 cell
SUPERFISH (2-D)
Frequency (MHz) 2993.8 2990.8
Shunt impedance Zo (MQ2) 3.26 3.39
Quality factor 11880 11353
Field ratio® 1.61 1.54
Mesh size (mm) 0.5 0.6
PRIAM (2-D)
Frequency (MHz) 2989.5 2989.0
Field ratio® 1.3 1.3
Mesh size (mm) 1.-2. 1-1.5
MAFIA (3-D)
Frequency (MHz) 2881.95 2832.3
Shunt impedance Zg (Mf2) 3.17 3.
Quality factor 11610 10420
Field ratio* 1.46 1.36
Mesh size (mm) 0.75-4. 0.6-2.5

*: Max. surface field / max. on-axis field
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Fig. 7: MAFIA calculation of coupling slots

Fig. 8: EUCLID view
of the model cavity




