Design & optimization of a 100 kV DC thermionic electron gun
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Pragya Na

IIT BOMBAY

Superconducting Electron Accelerator (HICSEA)

ma, Abhishek Pathak, Raghava Varma latie tadisd,

Department of Physics, Indian Institute of Technology Bombay, Mumbai 400076, India LIN ACZOZ 2

LIVERPOOL

ABSTRACT

MOTIVATION

Here we present, the design and optimization of a 100 kV DC thermionic
electron gun, and a transport channel that provides transverse focusing
through a normal conducting solenoid and longitudinal bunching with
the help of a single gap buncher for a 1.3 GHz, 40 kW, 1 MeV
superconducting electron accelerator. The accelerator is proposed to treat
various contaminants present in potable water resources. A 100 kV
thermionic electron gun with LaBy as its cathode material was intended to
extract a maximum beam current of 500 mA. To minimize beam emittance,
gun geometry i.e., cathode radius and, height and radius of the focusing
electrode is optimized. The minimal obtained emittance at the gun exit is
0.3 mm.mrad. A normal conducting focusing solenoid with an iron
encasing is designed and optimized to match and transport the beam from
the gun exit to the superconducting cavity. Finally, a 1.3 GHz ELBE type
buncher is designed and optimized to bunch the electron beam for further

acceleration.
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» The use of electron beam accelerator for water treatment is introduced here.
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GUN DESIGN

SOLENOID DESIGN BUNCHER DESIGN

> To match and transport the beam from the electron gun to the 1.3 #
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To minimize the beam emittance, various geometry parameters such as cathode - £ (mm)
. . . . . [ Cross sectional view of solenoid ] [ Effect of iron cover on magnetic field ]
radius, height and radius of focusing electrode, distance between cathode and

anode, are optimized.
A 100 KV of potential is applied on cathode and focusing electrode, while anode is

at ground potential.

The role of focusing electrode is to bend the

equipotential lines to cause uniform emission

from cathode and focus the beam

X(m)

Equipotential lines generated due to the

applied potential of -100 kV on cathode

> Iron provides additional contribution to the peak magnetic field.

> The objective of shielding by iron cover is to optimize the fringe field and

provide magnetic shielding to nearby components.

> The effect of solenoid field on the electron beam after the gun exit significantly

reduces the beam diameter.
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The particles have initial beta = 0.54,
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which after going through buncher 4

become 0.7 for accelerating gradient

Normalized RMS transverse of 1 MV/m.
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Parameter Value Parameter Value Parameter
Operating temperature 1940 K length 8 cm Energy of electrons
Potential 100 kV Coil current 1A Beta
Current 500 mA Number of turns 2000 Beam current
Distance b/w anode-cathode 20 mm Inner radius of solenoid 35 mm Resonant frequency
Cathode radius 1.25mm Outer radius of solenoid 100 mm Maximum accelerating
Height of focusing electrode 5mm Thickness of iron cover 1 mm gradient
Radius of focusing electrode 13 mm Magnetic field 0.027 T Peak surface electric field 33MV
Beam diameter 5mm Beam diameter 3 mm Bunch length 45 ps
Normalized RMS transverse 0.3 mm.mrad Normalized RMS transverse 0.4 mm.mrad Toson @it 0.548 A
emittance emittance
Beam parameters are reported at the location of the solenoid Beam parameters are reported at the location of the buncher
which is 6 cm away from the cathode cavit
y
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