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Abstract Since the electrons e_mitted due to the electric-field
strength on every grid of the cathode, a careful
The electron gun plays an important role concerningonfiguration of the cathode surface is important to avoid
klystron performance, especially for X-band klystronsdge emission. In order to construct the boundary
with a small drift-tube diameter. This paper describes @ondition easily, we made a program similar to the
new method for an electron-gun simulation by usin@oundary-definition-program POLYGON [5] used for
MAGIC. MAGIC solves the Maxwell equations in the EGUN [6]. Figure 1 shows a schematic of the electron-
presence of charged particles on a time-domain. Thygun boundary. The grid dimensions, suchAasandAz,
results simulated by MAGIC are compared with those byust be defined in the program. Since the grids should be
EGUN and measured values. It reveals that the pervearioeated on the drift tube wall, the number of grids
is almost the same as the measured values, and that ékting in the r-direction of the drift tube is necessary as
current-density distribution and beam angle are almoah input. There are restrictions in the number of grids (r-
the same as those of EGUN. Although it takes half daymd z-directions and total numbers), and the grid sizes
to simulate the gun, the simulation has the potential thaidepend on the geometry size.
single code can enable one to simulate the wholelt is possible to simulate a “small area” (divided by

structure of a klystron. “GAP” line in Figure 1) after the simulation of a “large
area” (total area of Figure 1). In a small-area simulation,
1 INTRODUCTION the electric-field (Ez) distribution on “GAP” obtained by

It is important to design the electron gun precisel?l‘:]arger;ar?‘an s“nulatl?n_ IS Ius_ed for the_l;oltagle mﬁm'
when we design klystrons. In a future linear collider, suc t ?UQ f" small-area” simulation is possible only when
as Japan Linear Collider (JLC) and SLAC NLC, high-t e “GAP” can be treated as a Neumann boundary, this is
power klystrons at the X-band (11.424 GHz) will be usedtonvenient t? reduce the number of cells or to make a
In these Kklystrons, the beam (>350A) should pgrecise simu a't|on. .
compressed to around a radius of 3 mm and the area By Using this boundary program, it becomes easy to
convergence ratio of the beam should be more than 100(_:ompare the data obtained by EGUN'.

In order to simulate a whole structure of a klystror2.2 Time step of “rough” and “fine”
precisely by a single code, we started to use a 2.56imulation
particle-in-cell (PIC) program, called “MAGIC"[1], . o
which is used in plasma-physics problems. In MAGIC, The data.of particles and electromagnetic fields are
neither a port approximation nor an equivalent—circui'fepfeatedly :jmp;orte.d at the r;]extldbgnche(rj. :?md OfUtF;:"t
model is used, and only the geometry of the structure fgglon, an the tlme step shou € a dvisor o the
necessary to be input. By using a general prograﬂ?r'Od of the operation frequency. When we simulate the
(“MAGIC?), one can modify and develop a simulation entire structure of a klystron, it is selected as 0.24315 ps

system by oneself, even if a new idea for kIystrong‘ﬁr,’e" simulation) in an X-band klystrpn (XB-72k [7]),
0CCUrS. which corresponds to 1/360 of the period (1 degree). The

In the Klystron, the gun and all rf components argefault time step with 0.5 mm grids is about 0.8 ps, which

electromagnetically divided from each other, and théeduceg the simulation time (‘rough” simulation). This is
simulation is executed at three parts (gun, buncher affgnvenient when we simulate only the electron-gun
output) [2-4]. We report on the results of some klystron-
guns (S- and X-band) simulated by MAGIC.

* "large area"

2 BOUNDARY PREPARATION

2.1 Spatial geometry of “large” and “small”
area

"small area
In MAGIC, arbitrary rectangular grids are used and the

spatial grid is the primary determinant of accuracy. It is

especially necessary to define fine grids in a spherical

cathode and the small aperture of the drift tube radius.  Figyre 1 Schematic of electron gun gﬁ)—nﬁgﬁfy‘_’”
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region. Both “rough” and “fine” simulations gave the
same results in the gun region.

2.3 Magnetic fields

The magnetic fields used for electron-beam
convergence can be introduced from the output of the
LANL POISSON/PANDIRA codes [8].

2.4 Cathode voltage

RO

In MAGIC, the voltage is applied at “inlet” in Figure 1
is a “large-area” simulation and at “GAP” in Figure 1 in a
“small-area” simulation.

Since MAGIC is a time-domain code, the applied
voltage should gradually be increased so as to avoid any
numerical oscillations: we set 0.8 ns for the rise time.

-a.1 2.0E-1
FAR)

Figure 2 Particle trajectories of XB-72k with “small-
area” and “fine” time step. The applied voltage and
beam current are 550 kV and 490 A respectively.

3 PERFORMANCE OF MAGIC
of 550 kV. Due to a careful grid configuration, edge

3.1 Execution procedure emission is not observed. (2) The transition of the beam
The execution of a MAGIC simulation is done ascurrent and voltage between a wehnelt and an anode are

follows: monitored in order to evaluate the machine time

(1) “Large-area” simulation with a “rough” time step necessary to be stable. A simulation of the XB-72K with

If the “GAP” (in Figure 1) can be treated as a Neumanfl.-5 mm grids requires 15 ns (about 60,000 time steps

boundary, then with “fine” simulation) to be stable.

(2) Input the electric-field distribution on “GAP” By using exported particle data, (3) the current density

(3) Make a “small-area” simulation with a “fine” time distribution and (4) beam anglefv,) are also obtained.
step We can compare results (1), (3) and (4) with those of

After the simulation, the particle and field data can bEGUN. Figure 3 shows the current-density profile of XB-

exported to the next buncher and the output region of tH@K by MAGIC together with that obtained by EGUN.
klystron. The results obtained by MAGIC agree well with that by

3.2 Output dat EGUN. Figure 4 shows the radial distribution of the beam
) utput data angle obtaiend by MAGIC and by EGUN. Since the
Since MAGIC is a general code for plasma problemgosition of the beam waist was different between EGUN

we can specify the output of the simulations. (1) A phasand MAGIC, probably caused by a difference in the total

plot (particle trajectory) is obtained by MAGIC. Figure 2beam current (450 A in EGUN and 490 A in MAGIC),
shows the trajectories of XB-72k with an applied voltagéhe beam angle by MAGIC is about half that obtained by

EGUN.
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_ _ R Figure 4 Electron-beam angle (vr/vz) of the electron gun
Figure 3 Current-density distribution of the (XB-72k) at 175 mm in the Z-direction. About half the
electron gun (XB-72k) at 175 mm in the Z- value of MAGIC is due to the difference in the beam
direction. oscillation position (see Figure 5).
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Figure 5 Beam trajectories obtained by MAGIC (a) and EGUN (b) from z=175 mm to 500 mm of XB-72k.
The oscillation is almost the same, but thtease is differenfprobaby due to a difference in the total current.

developed which makes it convenient for comparisons
with EGUN. (1) The particle trajectories, (2) transitions
of the voltage and beam current, (3) current-density
By importing particle data from electron-gun regiondistribution, and (4) beam angle were obtained; the
we can simulate the drift-tube region. Figure 5 shows thesults agree well with those obtained by EGUN. The

particle trajectories of the diode together with that bybtained perveances were almost the same as the
EGUN. The trajectories obtained by MAGIC are almosineasured values for the S- and X-band Kklystrons.
the same as those obtained by EGUN. Although it takes more than a half day to simulate with a
3.4 Performance and machine time fine time-step used for a whole-structure calculation, the

machine time can be reduced by using a faster PC. Since

The performance and machine time are summarized fRe whole-structure simulation reveals good agreements

Table.1. Simulations by MAGIC are carried out not onlyyith the measured values, this simulation method is
for an X-band Klystron, but also for the S-band klystrongseful for the final stage of klystron design.

used in the KEK(PV3030A2)[9] and

3.3 Diode simulation
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