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• Electron gun position change

• Current density study (at Trap)

Beam reflection due to 
the magnetic minoring 
effect for 3 A

Beam compression is 
reducing due to the 
increasing magnetic field 
near the cathode. 

• Beam transmission rate study

Beam reflection due to 
the magnetic minoring 
effect for 3 A
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 Introduction

• Magnetic field distribution

Cathode Collector

Trap

• Electric potential distribution

Cathode Collector

Trap

Iemission : 
1.97 A

Iloss :  0 µA
Icollection : 1.97 A

• Electron beam trajectory
- Number of particles : 830

Case 1

Case 2

• Emission current convergence • Power dissipation on the collector

The Facility for Rare Isotope Beams (FRIB) at Michigan State University

is nearing completion. In some cases, the RIB rates at FRIB are expected to

exceed 1010 particles/s. The ReA EBIT charge breeder operates with an

electron-beam current of 300 – 600 mA for a density of 170 – 340 A/cm2.

This current corresponds to a maximum capacity of 1010 elementary

charges, which can be insufficient to handle high FRIB rates. To increase

the EBIT electron-beam current and density, electron-beam simulations

have been performed for a new electron-gun insert with a dispenser

cathode having a larger emitting area. An electron beam of 2 A was the

target current to reach a capacity of 5×1010 elementary charges. Parameter

studies have been conducted to optimize beam transmission. A simulated

current density at the trap was obtained to be 432 A/cm2. The basic design

of the insert and result of the simulations for the ReA EBIT will be

presented.

Iloss :  0 µA
Icoll : 1.97 A

 Optimized Electron Beam Transport

 Electron gun position study

 Virtual cathode formation

 Electron gun structure and New insert

 Anode design modification

• Magnetic field near the cathode

+ z mm

Original position

Selected position : + 25 mm

ReA EBITExisting e-gun New e-gun insert

Electron beam 

current
300 – 600 mA 2 A

Electron beam 

current 

density at trap

170 – 340 A/cm2 432 A/cm2

Capacity 1010 charges 5×1010 charges

Cathode BaO dispenser cathode

Cathode size 0.25” dia. 0.5” dia.

Maximum

emission 

beam current

1.3 A 4 A
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