Rutgers 12 inch Cyclotron

Designing and testing of a beam extractor

Timothy Ponter



What 1s a Cyclotron?

Four basic elements:

' Vacuum chamber placed within a
{ Uniform magnetic field.

1 Oscillating electric field between two hollow
electrodes.
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Magnetic Resonance

Particle in uniform B field:
Frequency of revolution:

gyl gl [ a0 §Fa@ayeliey
A Independent of radius and momentum

Resonance achieved if frequency of the oscillating
electric field I s set equal
frequency.



Beam Energy

Particles gain an incremental unit of
energy per electrode crossing:



Rutgers 12 inch Cyclotron

12 inch magnetic pole tips

B field: B=.97 T (easily adjustable)
Frequency: f=14.9 MHz

Capable of producing 1.2 MeV protons

Tim Koeth started construction on it as an
undergraduate at Rutgers.
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Beam Extraction
Why extract the beam?
{| Collision experiments

1 Measure of efficiency

1 Measure the central energy and energy spread



Electrostatic Deflector

Electrode at a high
negative potential.

Grounded septum to
iIntercept the beam at
a predetermined

radius.
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EZ File Edit

Deflection channel
entrance slit

Original orbit

R 4.03350

Deflected orbit
R4,5550

30 kV HV ceramic feedthru

-

HV deflection _
electrode

LR BN

Command :




Determining Electrode Potential

Equations of motion Our parameters:
1| Deflector off:
1TB=976T
117=.472 MeV
1 Deflector on: 1d=.291 inches

{ Combining yields:
V= 29.433 kV



HV considerations

At HV edges, electric field lines become so dense that
breakdown becomes a major concern.

Gives us the maximum field for a given radius.

Very Material dependent.
A Aluminum=290 kV/inch

A We settled on a minimum radius of R=.1875 inches
A R=.1875inches E_..=170 kV/inch

max



The Electrode




Electrode Specs

Inner radius = 7 In

Outer radius = 7.375 In

Thickness = 0.375 In

Height = 0.75 In

Arc length = 3.261 In

Surface radii = .1875 In

Deflecting Channel aperture = 0.25 In
Septum curvature = 6.75 In
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Asembly

30,000 V adjustable Voltage supply.

Two parallel 150 mresistors set in series

with the electrode.
T =281

Phosphorous screen.

Wire mesh for electrical isolation.
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Resolution

Rearranging the electrode potential
equation:

Consider off momentum particles:

AMaodified energy:
1 Highest p:

1 Lowest p:






Energy spread:

V=28 kV
R=4.125 In
d=.291 in
NwliHOPTPT
5 NJ18 in

Resolution Cont.

Ay






