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Outline 
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Motivation 

 

• What is beam halo? 
 No well accepted definition 

 Particles outside the beam  

 core (beam envelope) 

 Certain threshold of the highest intensity, e.g. less 
than 3% 

• Consequences of halos 
 Emittance growth and beam loss 

 Nuclear activation of the transport channel 

 Emission of secondary electrons  

 Increasing noise in the detectors 
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Background 

• Particle-core model 

• Free energy model 
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R. Gluckstern. Phys. Rev. Lett., 73 (1994) 
M. Reiser. Journal of Applied Physics, 70 (1991). 
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Parameter Value 

β = v / c 0.2 

Pulse Length  20-120 ns 

Beam Energy  10 keV 

Current  0.6-100 mA 

Ring 

Circumference  

11.52 m 

Lap Time  197 ns 

Pulse Repetition 

Rate  

10-60 Hz 

FODO Period  0.32 m 

Zero-current Phase 

Advance 

0.760 
Aperture# r0（mm） I (mA) ε (mm) χ 

1 0.875 6 16.8 0.605 

2 1.5 21 30.0 0.901 

UMER 
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RMS match 

Envelope  Match Using Trace3D 
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Current  difference of Quads from 
current setting to the matching setting 

Beam size for 
current setting 

Matched Beam size 
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Empirical matching using screens 

H. Li, Control and Transport of Intense Electron Beams, Ph.D. Dissertation, Univ. of Maryland, 2004. 



E R Δ

Δ = (RTR)-1RTE 
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Rotation Correction Using Skew Quad 
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Matched Beam  
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Halo Formation from Mismatch in Experiment  
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At screen in RC5 
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Halo Formation from Rotation in Experiment 
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Change Skew Quad at Q6 from (a) 0.5, (b) 0.1 and (c) -0.4 
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Pure Breathing Mismatch Mode  
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D.P. Grote, et al. Nucl. Instr. and Meth. A, vol. 415, p. 428 (1998) 
Private conversation with T. Wrangler 

Experiment 
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Simulation

Experiment
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FFT Analysis(sampling in lattice period) 
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Summary 

• Conclusion 
 Developed a method for beam match in UMER 
 Found out the primary halo sources  in UMER 
 Generated a breathing mode envelope mismatch 

using 6mA beam 

 Future work 
 Study breathing mode mismatch with higher beam 

current or with different mismatch parameter.  
 Generate quad mode mismatch. 
 Study halo formation in frame of pure mismatch 

mode. 
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