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Abstract
The design and optimization of the proposed 1.3 GHz

gridded thermionic electron gun aims to drive a conduc-
tion cooled superconducting electron accelerator that will
be used to treat contaminants of emerging concern in water
bodies. The gun geometry is Pierce-type and optimized for
beam current of 1A with 𝐿𝑎𝐵6 as cathode material at cath-
ode potential of -100 kV. The final optimized cathode radius
and angle of inclination of the focusing electrode are found
to be 1.5 mm, and 77◦ respectively. For an emittance com-
pensation electrode, the optimized values for thickness and
potential are 2 mm and -50 kV respectively, and separation
between cathode and compensator is 8 mm. Beam dynamics
calculations have been performed with self-developed parti-
cle tracking code that assumes space charge interactions and
imported fields. The beam dynamics simulations show that
with an initial pulse length of 50 ps having a bunch charge
of 5 pC, the pulse length of the bunch reduces to 33 ps. The
diameter, transverse and longitudinal emittance obtained are
2.8 mm, 1 mm-mrad, and 5 mm-mrad respectively.

INTRODUCTION
Our aim (IIT Bombay in collaboration with Tohoku, KEK,

Hiroshima, Waseda, Nihon, Osaka university, Japan) is to
design and develop a compact, high intensity superconduct-
ing electron accelerator which will provide beam energy of 1
MeV and beam current of 100 mA for wastewater treatment.
The preliminary stage of the project demands a start to end
physics design that include, (a) design and optimization of
a thermionic electron gun, (b) transport channel, and (c) a
single cell, superconducting tesla cavity as shown in Fig. 1.

With an objective of delivering a high intensity electron
beam, a thermionic electron gun is designed and optimized.
In this gun, a gridded cathode [1] with RF and DC bias sig-
nals is used to produce electron bunches with high repetition
rate. Such bunching mechanism makes the linac compact
and portable. The major disadvantage of this method is the
significant increase in beam emittance due to the presence of
the grid. The design and optimization of such a gridded gun
and the beam dynamics are the main emphasis of this paper.
Our preliminary beam dynamics simulations with codes like
CST demonstrate a significant dependence of beam parame-
ters on mesh density and therefore we chose to develop our
own beam dynamics code for reliable results with shorter
computation time using PIC [2] algorithm. This paper thus
also focuses on the discrepancies in the results obtained
∗ Work supported by Prime Minister’s Fellowship by SERB-FICCI, Gov-

ernment of India.
† anjalikavar5454@gmail.com

Figure 1: Schematic of proposed high-intensity, compact
super-conducting linear electron accelerator.

using CST and compares it with our own particle tracking
code.

GUN GEOMETRY
Thermionic electron gun designed here is configured by

cathode, anode, Wehnelt and focusing electrode. The geom-
etry of these electrodes is optimized for good beam quality
and high beam current (1A) where the quality of the beam is
assessed by measuring the RMS normalized emittance. Opti-
mization to minimise the emittance is performed by varying:
(a) Cathode radius, (b) angle of inclination of focusing elec-
trode, (c) cathode-wehnelt gap, (d) Wehnelt thickness, and
(e) Wehnelt voltage.

Cathode and Cathode Assembly
Our calculations suggests that the electron emission ca-

pacity of 𝐿𝑎𝐵6 is better than tungsten and 𝐶𝑒𝐵6 at same
temperature as shown in Fig. 2.; therefore, 𝐿𝑎𝐵6 is chosen as
a cathode material for our electron gun. 𝐿𝑎𝐵6 also has a low
thermionic work function (2.66 eV) and a high melting point
(2715°C), in addition to it’s long life and lower sensitivity
towards air exposure than typical dispenser cathodes [3].

Initially, the focusing electrode’s angle is tuned for lower
emittance. Figure 3 (a) depicts the results of simulations for
angle of inclination of focusing electrode. It demonstrates
that with the angle of inclination of 77◦, emittance is reduced
to 3.75 mm-mrad. The cathode radius was optimised with
77◦ of inclination angle as shown in Fig. 3(b). It has been
observed that at 1.5 mm of cathode radius, the emittance
is decreased to 2.52 mm-mrad. As a result, cathode radius
of 1.5 mm and inclination angle of 77◦ was considered for
further optimizations.
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Figure 2: Maximum current emitted by cathode materials at
given temperature.

Figure 3: (a) Transverse emittance variation with angle 
of inclination of focusing electrode, (b) emittance variation 
due to cathode radius along bunch propagation direction 
(z).

Wehnelt

This is an extra electrode that is used to focus the 
beam. When electrons leave the cathode, the Wehnelt’s 
circular aperture repels them, driving them back 
towards the axis. The effect of Wehnelt is investigated 
for various Wehnelt voltages, thicknesses, and distance 
from the cathode to minimise transverse emittance. The 
optimised parameters are illustrated in Fig. 4 (a), Fig. 4 
(c), and Fig. 4 (e), and are reported in Table 1 and 
shown in Fig. 5. The parameters are varied in the range 
of constant emission current of 1A as shown in Fig. 4 
(b), Fig. 4 (d), and Fig. 4 (f).

Table 1: Optimized Parameters of the Designed Gun
Parameters Value
Cathode material 𝐿𝑎𝐵6
Cathode Radius 1.5 mm (0.059 in)
Pierce angle 77◦
Cathode Potential −100 kV
Cathode-Wehnelt distance 12 mm (0.472 in)
Anode Potential 0 V
Wehnelt thickness 2 mm (0.079 in)
Wehnelt Potential −50 kV
Cathode-Anode Distance 16.5 mm (0.65 in)

Figure 4: (a) Transverse emittance and (b) current varia-
tion with Wehnelt voltage, (c) Transverse emittance and
(d) current variation with cathode-Wehnelt seperation, (e)
Transverse emittance and (f) current variation with Wehnelt
thickness.

Figure 5: Design of an optimized Electron Gun.

CST BEAM DYNAMICS SIMULATIONS
Our grid-less thermionic gun optimization studies using

microwave CST and with hexahedral mesh shows conver-
gence at a mesh density of 0.70 × 107. After placing the
grid, mesh of 1.86, 3.65 and 4.5 × 107 was considered and
the results obtained are shown in Fig. 6. The obtained results
for beam emittance and beam size shows a plateau region
between a mesh density of 3.65 - 4.5 × 107 but increases
further as we increase the mesh density beyond 4.5 × 107

as shown in Fig. 6. This deviation has inspired us to de-
velop our own particle tracking code to achieve numerical
convergence and accuracy.
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Figure 6: (a) Transverse emittance and (b) diameter variation
of the beam with mesh density 1.8, 3.65 and 4.5 × 107,
(c) transverse emittance and (d) diameter variation of the
beam with mesh density 4.98, 6 and 10 × 107 along bunch
propagation direction (z).

Figure 7: (a) Transverse emittance and (b) diameter compar-
ison of the beam along bunch propagation direction (z).

Code Development for Particle Tracking
We performed particle simulations through self written

PIC scripts in the presence of applied field and self-field.
Field distribution from optimized geometry for the tracking
is exported from CST: electrostatic solver. Self-field is cal-
culated by poisson solver. The particle position and velocity
are then advanced in time in the presence of self-field and
external field by the Euler-symplectic method. The process
is repeated for the next time step to track the particles.

Comparison of Code and CST Results
After tracking the particles with our code, through the

cathode-anode field, the results of RMS normalized trans-
verse emittance and beam diameter were found to be match-
ing with CST PIC results for the mesh density of 3.65 and
4.5 × 107 as shown in Fig. 7.

Beam Dynamics
Beam dynamics of the particles is studied under the ef-

fect of space charge and the field of designed and optimized
thermionic gridded gun. An electron bunch of 50 ps and

bunch charge of 5 pC is tracked through the designed gun.

Figure 8: (a) Transverse emittance, (b) diameter (c) longitu-
dinal emittance and (d) bunch-length variation along bunch
propagation direction (z).

Obtained results shows the final RMS transverse and longitu-
dinal emittance of 1 and 5 mm-mrad respectively, diameter
of 2.8 mm and bunch-length of 33 ps as shown in Fig. 8.

CONCLUSION
A thermionic gridded electron gun is designed and opti-

mized for a good beam quality, with a bunch charge of 5 pC
and bunch length of 50 ps. Particle tracking code is devel-
oped using MATLAB to solve the discrepancies observed
with CST PIC during mesh convergence study. Beam dy-
namics results obtained using our code shows reasonable
agreement with CST PIC at mesh density of 3.65-4.5 × 107

with final RMS normalized transverse emittance at the gun
exit of 1 mm-mrad, bunch diameter of 2.8 mm, RMS nor-
malized longitudinal emittance of 5 mm-mrad and the bunch
length of 33 ps at gun exit.
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