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Demand for Understanding Space Charge

Spallation Neutron Source Heavy Ion Inertial Fusion

X-Ray Free Electron Lasers

See talks by Holmes, Vay, Dohlus
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Effects of Space Charge

• Affects particle tunes
• Depends on beam distribution

– generally nonlinear
– can result in spread of tunes

• Beam can propagate waves

Consequences for accelerator design:
• emittance growth 
• resonances 
• halo and beam losses 
• instabilities: modulations can grow
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Computation is difficult since a realistic distribution 
constantly evolves
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Space Charge Codes

• WARP
• IMPACT
• ORBIT
• Vlasov Solvers
• MICROMAP
• Astra
• PARMELA
• Simpsons
• GPT

Physics models used in codes 
need to be validated against 

controlled experiments

Benchmarking difficult, see talks
• Franchetti (ICAP06)
• Cousineau (PAC05)

Most often, it is an issue of knowing what 
the experimental measurements mean.
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3.7 m

Energy 10 keV
Energy Spread 20 eV
Current Range 0.6-100 mA
rms Emittance 0.2-3 μm

Circulation time 200 ns
Pulse length 5-100 ns
Zero-Current Tune 7.6
Depressed Tune 1.5 – 6.5

Model: The University of Maryland Electron Ring
Use 10 keV electrons to 

inexpensively model 
space charge effects in 

other accelerators
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UMER Magnets & Lattice

72 Quads
(~ 7.8 G/cm)

36 Dipoles
(~ 15 G)

32 cm
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UMER Multi-Turn: “Low-Current” Results
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S. Bernal, Proc. Advanced Accelerators Concepts Wkshp 2006.
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Multi-Turn: More Intense Space Charge
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M. Walter, Proc. Advanced Accelerators Concepts Wkshp 2006.

up to 
60 turns
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UMER Diagnostics

Imagers:
• Fluorescent Screen Imagers
• Optical Transition Radiation (OTR) Imagers

Beam pickups:
• Capacitive Beam Position Monitors 
• Bergoz Current Monitors

Phase-Space Mappers:
• Tomographic Quad-scan (⊥)
• Slit-slit (⊥)
• Pepper-pot (⊥)
• Retarding Potential Energy analyzers (//)
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Collimating Cylinder
-10.13kV

Retarding 
Mesh

-9999.5 V

10 keV 
Beam

3rd Generation: Res. < 1 eV

Collector

Grounded
Housing

Y. Cui, RSI, 75(8), 2736 (2004). 

Measured Longitudinal 
Phase Space

(high time, space, and energy resolution)

Novel Retarding-Potential Energy Analyzer



14
IREAPIREAP

Fiorito & Feldman, to be published

Optical Transition Radiation Diagnostic

Gun 
parameters:

45 V bias, 
22 mA

Comparison of 10 ns slice with full beam projection
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Tomography Phase-Space Imager

(1826 Abel, 1917 Radon)

Hui Li, Ph.D. Thesis, University of Maryland, 2004.

Quad Monitor
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Simulation of Tomography

D. Stratakis, PRSTAB, to appear (2006).

X’
X

X’

X

TomographyWARP

Additional projections at different 
angles add information to our image of 
the phase space
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Different Distribution
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Propagation of Density Perturbation on Beam

20 mA thermal-emission beam current

20 mA photo-emission beam current

Y. Huo, to be published
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Space charge converts density perturbation 
to an energy perturbation
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UMER Gun Simulation Challenge

K
r = 4 mm

A

A/K distance = 25.0 mm

Grid

0.15 mm

0.15 mm

Solution: 
Use WARP w/ Adaptive 
Mesh Refinement
thanks to J-L Vay
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WARP: 1 mm downstream of cathode

I. Haber, et al., Proc. PAC 2005

Prediction of Virtual Cathode Oscillations
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Visit Our Website for More Information

http://www.umer.umd.edu/
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Lots of Technical Data Online

http://www.umer.umd.edu/

Complete Magnet Data

MAD Description of Lattice

Diagnostic Calibration Data
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E.g., Magnet Information

http://www.umer.umd.edu/
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Another Layer of Access: Technical Notes

http://www.umer.umd.edu/
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Conclusion

• UMER is poised to provide a wealth of multi-turn data 

on beam dynamics with space charge

• Results to date point to complex, exciting science

• Open for benchmarking of space charge codes
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Benchmarking Challenges

• Need clear idea of physics model to be validated

• Experiment need to be devised such that 10 keV 
electron beam captures the right physics

• Need accurate interpretation of diagnostic output from 
experiment

• Requires close collaboration between code group and 
UMER group.
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