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Chopping of High Intensity Beams 

Optical Diagnostics of  
Beam Deflection Measurements 

Beam Parameters 
• Ib = 200 mA  
• Wb = 120 keV 
• Kb = 2.3e-3 
Chopping Parameters 
• Pulse Time: 50-150 ns 
• Rep. Rate: 250 kHz 

18 keV 
Helium 

Test Beam Slit 

Requirements: 

• Avoiding long drifts. 
• Minimizing duty factor for electric beam deflection. 
• Controlled beam dumping outside transport line. 
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E×B Chopper 
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Sim. Parameters 
Wb = 120 keV 
Ib = 200 mA 
No s.c. compensation 

Layout of Deflector Plates 
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Field Optimisation 

Vdefl = ± 6.0 kV 
         = 12.0 kV 

Geometric 
Length 
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Wien Condition:   dzEqdzBvq xy0

Electric field on-axis 

Shims for Transverse 

 Field Homogeneity 

Deflector Plates 
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Matching of Deflection Forces 
Matched Forces Not Matched Forces 

mag 0 yF e v B  

elek xF e E 

110 

Pole Shoe 
Shaping 

Shorting 
Tubes 

Beam Beam 

H-Type 
Dipole 

Coils 
150 

B0 = 60 mT 

Field Calculations 
using CST EMS. 
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Chopper Magnet 

Technical Drawing. 

Technical Design 

Order has been placed in march 2011. 

Alterable Pole Shoe Plates required. 
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Repeller Electrodes 

Electric Deflection Field: 
 Electron Flux on Deflector Plates 
 Decompensation of Proton Beam 

 Installation of Repeller Electrodes 

Material: Magnetic Steel 

Vrepell = - 2 kV 

Homogenous Beam, Ib = 200mA, rb = 10mm  

Φb = 1.6 kV 
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Insulation Flanges 
Shorting Tubes/Repeller Electrodes 

Vrepell = -2 kV 

Insulation Flanges 

Sputter Protection 
 Required. 
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Deflection Chamber: Manufacturing 

Material: Steel 1.4435 

 Deflector Plates, Mounting, HV Connection 
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Ferrite 
Cores 

MOSFETs 

High Voltage Pulse Generator 

Measured Voltage Pulse 

Requirements: 
V0 = ± 6.0 kV 

Rep.Rate = 257 kHz 

Beam Tests Successful. 
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Beam Shaping Simulations 

BChopper = 60 mT BSeptum = 300 mT 

PIC-Code 

Simulation Input: 
• Measured HV Pulse 
• Calculated Fields for 

• Chopper Magnet 
• Septum Magnet  
• Deflector 
• Repeller 



E×B Chopper Development 
March 07, 2011 

Beam Shaping Simulations 

BChopper = 60 mT BSeptum = 300 mT 

PIC-Code 

Simulation Input: 
• Measured HV Pulse 
• Calculated Fields for 

• Chopper Magnet 
• Septum Magnet  
• Deflector 
• Repeller 



E×B Chopper Development 
March 07, 2011 

Beam Shaping Simulations 

BChopper = 60 mT BSeptum = 300 mT 

PIC-Code 

Simulation Input: 
• Measured HV Pulse 
• Calculated Fields for 

• Chopper Magnet 
• Septum Magnet  
• Deflector 
• Repeller 



E×B Chopper Development 
March 07, 2011 

Beam Shaping Simulations 

BChopper = 60 mT BSeptum = 300 mT 

PIC-Code 

Simulation Input: 
• Measured HV Pulse 
• Calculated Fields for 

• Chopper Magnet 
• Septum Magnet  
• Deflector 
• Repeller 



E×B Chopper Development 
March 07, 2011 

Beam Shaping Simulations 

BChopper = 60 mT BSeptum = 300 mT 

PIC-Code 

Simulation Input: 
• Measured HV Pulse 
• Calculated Fields for 

• Chopper Magnet 
• Septum Magnet  
• Deflector 
• Repeller 



E×B Chopper Development 
March 07, 2011 

Beam Shaping Simulations 
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Beam Shaping Simulations 

BChopper = 60 mT BSeptum = 300 mT 

PIC-Code 

Simulated Proton Pulse 

Simulation Input: 
• Measured HV Pulse 
• Calculated Fields for 

• Chopper Magnet 
• Septum Magnet  
• Deflector 
• Repeller 
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Status & Outlook 

• Chopper magnet: Order placed. 
 
 
• Deflection chamber: Manufactured. 
• Deflector/Shorting tubes/repeller/flanges: 

  To be manufactured. 
 

•  HV pulse generator: Operational. 
• Shielding/HV cables: To be manufactured. 
  

  Septum magnet 
• Shielding tube 
• Separation chamber 
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Thank you for your attention 
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Ib = 200 mA 

Pb = 24 kW 

Slit 
Septum System Massless 
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Halfpipe Septum 
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Beams 
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Field Simulation of All Magnetic Components 

Beam 
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Field Simulation of All Magnetic Components 

Beam 

Sol2 
Sol3 Chopper 

Magnet 

Septum 

Magnet 

Halfpipe Shielding Tube 



E×B Chopper Development 
March 07, 2011 

Beam 

Kick from 

B-Field 

Kick from 

B-Field 

Kick from 

E-Field 

Homogen. Input Distrib.: 

• rb = 10 mm 

• x‘ = 10 mrad 

• no space charge 

Output Distribution 

lk=15 cm 
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Beam Shaping Simulations 

BChopper = 60 mT BSeptum = 300 mT 

PIC-Code 

Simulated Proton Pulse 

• Multi-Species (p, e-, H2
+, 

H3
+) 

• Electron Production 

• Time-dependent Fields 

• External Field 

Distributions 
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Chopper Magnet 

Order has been placed 
in march 2011. 
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Deflection Chamber: Design 
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Deflection Chamber: Design 

Shorting Tubes/Repeller Electrodes 

Insulation Flanges 

Vrepell = -2 kV 

 Sputter Protection Required. 


