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I. Abstract

The small cyclotron at Houghton College loses at least 80% of the beam due to collisions with the dees and chamber walls. Weak magnetic focusing is being studied as
a technique to reduce this problem by altering the magnetic field, which is currently nearly uniform, to create a greater radial magnetic field component which will
create a restoring force to return ions to the central orbit plane. A computer model of the magnet and chamber is being to developed to design magnet shims that will
give the most advantageous magnetic field shape for good focusing. A two dimensional cross section of the magnet has been modeled using Poisson Superfish, the
results of which were used to track ions with the Simion 8.0 code. The model can be used to simulate various options for shim sizes and configurations the results of
which will determine which shims will eventually be tested. Results of the computer model were compared with analytical results using a simplified model.

II. Theory

Cyclotron Basics

A cyclotron is type of particle accelerator. As seen in Fig. 1, cyclotrons have a central ion source between two oppositely
charged hollow D-shaped electrodes called dees. The electric force on the ion from the dees’ field causes the ion to move
into one of the dees. Since there is a magnetic field through the entire chamber, the particle experiences a force
orthogonal to both its velocity and the field (Eq. 1) and, as a result, follows a circular path. When the particle returns to
the gap between the dees, the RF source has switched the polarity of the dees at a rate determined by the resonance
frequency (Eq. 3) and the particle is once again accelerated across the gap.

Cyclotron Equations Focusing, Shims, and Vertical Oscillations
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If the magnetic field designed for focusing goes like

B =B (r")n 5
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the axial equation of motion will be a harmonic oscillator
d
- (mz) = mw?nz (6)

yielding the frequency of axial oscillations
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Without focusing the ions path in the axial direction fluctuates over large distances (Fig.
10 top), but inserting the proper shim into the magnet should significantly decrease the
size of fluctuations (Fig. 10 bottom).

Frequency Comparisons

An indication that the Simion model is giving realistic solutions is to
compare the axial frequency of an ion from Simion with analytical
calculations (Eq. 12) for the magnetic field used.

Particle Path in Simion over time

. . e o . 0.5 \
Particle Path in Simion — No Shims . Particle Path in Simion - One Shim o / \ N
K The time _ . Eo l/ \\ II |
£ 03 . = o
. N\ interval between 3 : T\ A 1 ] ﬂ
8 0.2 § 0.5 / \ //\\ /‘\ @ 0.1 A A = No Shim
; A .
7 o1 \ 2 SUCCESSIVE Z€ro =z ° ' | | ' | a8 | ER \ [ iy \ L\ - - T OneShim
A \ / \ /\ ' A s 0.5 1 1.5 2 \\ 2//5 \\ /,é \\ / \\3 4 % L9 BYs 5 N L) U T
s - : — . . ® g 0. v—M
g %3 1 : . \+/ {4Vl « crossings yields £ - g * o v \\/I
g -0.1 O -15
> \/ \/ V VT . > \¥J o
0.2 . . the apprOXIma’te 2 Radial Distance (cm) y .
Radial Distance (cm) . 0.4 Time (1s)
Fig. 6: Vertical oscillations for ®=121.4884 rad /s, rfV = -3000V. Vertlcal Fig. 8: Vertical oscillations for ®=121.4884 rad/us, rfV = -3000V. Fig. 10: Paljtide, path in.Simio.n as seen from a side view of the dees such Fig. 11: Vertical distance of the ion with time. No shim: ®=121.4884 rad/us
that the axial direction is vertical. Top: No shims, ®=121.4884 rad/us, rfV = -3000V. One shim: ©=123.087998 rad/qs, rfV = -3000V ’
frequency of an rfV = -3000V. Bottom: One shims ©=121.4884 rad/yus, rfV = -3000V. ' ' ' HS '
Frequency Comparison — No Shims 1011 1N SlIIllOIl . Frequency Comparison — No Shims
30 . . 25
Z, Vs During the first z_ /
52 Ve oscillation, the  zs /_,//
o 15 )
S ¢ Simion g 10 ¢ Simion
E // ~ e frequency was s
— 3 e : e 5
e calculated using ¢, —
E’ 0 1 2 3 4 5 6 7 8 9 . E 0 1 2 3 4 5 6 7 8 9
Radial Distance (cm) more pOlIltS. Radial Distance (cm)
Fig. 7: Comparison between calculated vertical frequency Fig. 9: Comparison between calculated vertical frequency based on
based on the field ?t a Palftlclﬂalf radius, and the predicted the field at a particular radius, and the predicted frequency in the
frequency in the Simion simulation for ®=121.4884 rad/ps, Simion simulation for ®=121.4884 rad/us, rfV = -3000V.

rfV = -3000V.




