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» The first large proton drift tube linac built by Luis Alvarez
and Panofsky after WW II

(1945-1955) Alvarez Proton Linac

Alvarez Drift Tube Linac
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Frc. 2. Linear accelerator produced by introducing drift tubes into

cavity excited as in Fig. 1. Division into unit cells.

Alvarez, Bradner, Frank, Gordon, Gow, Marshal, F. Oppenheimer. Panofsky.
Richman, and Woodyard. Rev. Sci. Instrum., 26, 111-133, (1955)
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LLawrence’s Question

« Can you re-use “the same” accelerating gap many times?

—

F =mad =qvxB B ®

2 2
a’x:qBV >dvx+QZV:

> m "’ dt’ ¢
d’ B d’v
2y:_q_vx >»——+Qv, =0
dt m dt
d/ , .\ qB B =P
E(Vx+vy)—;(vxvy—vyvx)—0

V, = \/Vi (t) + Vi (t) 1S a constant of the motion
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Cyclotron Frequency
v, (1) =vycos(Qit+0);v, (1) =—v,sin(Qt+7)

qa:%+£%m@ywapwa;%+§wm@y+@

c C
The radius of the oscillation » = v /Q. 1s proportional to the velocity
after the gap. Therefore, the particle takes the same amount of time to
come around to the gap, independent of the actual particle energy!!!!
(only 1n the non-relativistic approximation). Establish a resonance
(equality!) between RF frequency and particle transverse oscillation
frequency, also known as the Cyclotron Frequency

QB
= =Q 2r=—
flv/f f‘C C 2

2 Thomas Jefferson National Accelerator Facili \
.!effer?on Lab o @ @J‘C‘A

Physics 417/517 Introduction to Particle Accelerator Physics 9/8/2009




What Correspond to Drift Tubes? ‘_""
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Lawrence and “His Boys”
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L-G: Jeek Livingood, Frank Exner, M.5.Livingston, Devid Slosn, E.0.Lawrence, Milton White,
Wesley Coates, L.Jackson Laslett and Commander T. Luecel - 1933
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And Then!
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Beam Extracted from a Cyclotron
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Radiation Laboratory 60 Inch Cyclotron, circa 1939
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88 Inch Cyclotron at Berkeley Lab Aldg
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Relativistic Corrections

When include relativistic effects (you’ll see in the HW!) the
“effective” mass to compute the oscillation frequency is the
relativistic mass ym

qB
2mym

f,=Q. 12r =
where y 1s Einstein’s relativistic y, most usefully expressed as

7/ — Ez‘ot — EO +Ekin — mcz +Ekin
E E, mc’

0

m particle rest mass, £, particle kinetic energy
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