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1 introduction 
Evaluations of space-charge effects in the University of Maryland Electron Ring (UMRR) are 
presented. Discussed are the beam dynamics studies of the UMER lattice using COSY 
INFINITY including turn-by-turn particle tracking and higher-order map and resonance analysis 
to evaluate the UMEIR performance under different space-charge conditions. 

2 Computer Code 
COSY INFINITY’ is a beam physics code that uses differential algebraic (DA) methods to 
provide systematic calculations of particle trajectories resulting from passage through arbitrary 
optical elements. COSY INFlNITY allows the computation of dependencies on system 
parameters and has the ability to compute and use higher-order maps. In 1997, a special version 
of COSY INFINITY was created at the NSCL to implement a simple (linear) space-charge force 
model for studies of Final Focus Systems for Heavy Ion Fusion’. This modified version of COSY 
INFINITY was used to simulate and study the UMER lattice assuming a linear space-charge 
force. 

The implemented space-charge model assumes a uniform, isolated beam of elliptical cross- 
section with semi-major and semi-minor axes of a and b respectively, beam current I, and beam 
Lorentz factors /3 and y. The combined electric and magnetic fields generated by the beam space- 
charge distribution acting on a particle at transverse position (x,y) are given by: 

E, = 2F p;z &x+b) I -- ’ EY = 2F pr2 b&) 

Where: 

The space-charge potential is then given by: 

@(x,y)=-FL-( 2 Y2 
BY2 a(a+b)+b(a+b)) 

This space-charge induced potential is used in the modified version of COSY INFINITY to 
calculate the transfer matrices and maps. 

3 UMER Lattice 
The ideal UMRR lattice without misalignment and magnet errors was used. The lattice tune 
point without space-charge was chosen to be u, = 7.78, uy = 7.70. The initial electron beam 
emittance was assumed to be 10 rc mm-mrad (un-normalized). For the tracking studies, 400 
initial particles satisfying the K-V distribution were generated in transverse phase space (x-x’ and 
y-y’). The effective emittances (4~~:;) of these initial particles, where 
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