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E'= P*c* + mlct,

P'= (mv) = (pylr — eAg)* + (p, —eA,) + (p, — €A,)’,
KF p AR FHEIR, p,=mruv, + erAy, p, = mu, + eA, , p, = mv, + eA,, my,m 533 A
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dz Q,I B 1 — e J¢
dsg s RS 7 Rg po Povo 91
d= 1 dp. Qb edd &z Qe Q
dsi' Po"" 7 ds R} vy 9z’ dso Rﬁx pov dz

(22)

@)



%61 B4R 3R R AV AU R i 3 8% o i) 27 (8] o1 3 2805 AR & 567

ds _ 1 = _ g dp __e3$ 29

il ds, N )'ZPop’ ROI’ ds, B vy s’ (29)
r’¢ ¢ 123¢ 1 p
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4 FEEBTEBEHHEFRIIES

MR % RS A A F RS A% R(24), QORI BPREESHRMREA
AR R TSN RMEE L FBR A RS AT NG (BT LA T M) B ¥
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W E L fEBh AR (30), 580 HEHFB(27), (28) (29 HATHE T H T BB T8
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Effects of the Space Charge Forces and the Beam Halo in an AVF Cyclotron
with Intense Beam Currents

OUYANG Hua-Fu
( Institute of High Energy Physics, CAS, Beijing 100039, China)

Abstract The equations of motion of particles in an AVF cyclotron in a curvilinear coordi-
nate system are derived for the cases with and without space charge forces. Assuming a set of
the parameter values in the equations, numerical calculations are carried out by using Lunge-
Kutta methods in the case with space-charge forces. The results show that the formation of
the beam halo is also a main reason of the beam losses, but the mechanism here is different
from that in a linear accelerator. It is not given rise by resonance and chaos but the outward

repellent motion and the vortex motion of the particles in the bunch.

Key words AVF cyclotron, dynamic equation, space charge effects, beam halo, vortex mo-

tion
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