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Acceleration & Curvature

Withi&the assumption:
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Energy Gain

In relativistic dynamics, energy and momentum satisfy the relation:
2 2 2 2
E°=E + pT (E=E,+W)
Hence: dE = Vdp

The rate of energy gain per unit length of acceleration (along z) is then:

dE_ dp_dp_
a9z Vdz dt ek

and the kinetic energy gained from the field along the z path is:

dW=dE=eEdz Y W=giEdz=¢eV

where V is just a potential



Methods of Acceleration

1 Electrostatic Field
Energy gain : W=n.e(V,-V,)

limitation 'V generator =9 V]

2_ Radio-frequency Field

Synchronism : L=vT/2
v=particle velocity T= RF period
T /
also : L=v—=p4p-2
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Methods of Acceleration (2)

3_ Acceleration by induction

From MAXWELL EQUATIONS

The electric field is derived  from a scalar potential f and a vector potential A
The time variation of the magnetic field H generates an electric field E




Elecfrostatic accelerator
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Electrostatic accelerator (2)
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Betatron

Induction law

2pRE, =- 3 - 5 2 4B
PREg=""at = PR Tai

Newton - Lorentz force

dp 1 dB,
_:eEJ =-—eR
dt 2 dt

A constant trajectory also requires :

p=-eRBg

dp dB _
—=. eR—2 Bo=—B,
dt dt 2

The betatron uses a variable
magnetic field with time. The
pole shaping gives a magnetic
field Bo at the location of the
trajectory, smaller than the
average magnetic field.
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Cyclotron
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At each radius r corresponds a velocity v for the
accelerated particle. The half circle corresponds to
half a revolution period T/2 and B is constant:

p mv T pm

| e—

r = =

eB eB 2 eB

The corresponding angular frequency is :
2p eB

w =2p f,
r T m

Synchronism if : WRE = W,

m =m, (constant) if W << E

If so the cyclotron is  isochronous

11



Cyclotron (2)

Here below the 27 - inch cyclotron,
Berkeley (1932). The magnet was
originally part of the resonant

circuit of an RF current generator
used in telecommunications.

Both Courtesy of Lawrence Radiation Laboratory

Cyclotron of M.S.Livingstone (1931)

On the leftthe 4 - inch vacuum chamber
Used to validate the concept.
On the right the 11 - inch vacuum chamber

of the Berkeley cyclotron that produced
1,2 MeV protons.
In both cases one single electrode (dee).

Courtesy of Lawrence Radiation Laboratory
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Cyclotron (4)
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Cyclotrons at GANIL, Caen
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Cyclotron (5)

Energy-phase equation:

Energy gain at each gap transit: DE = e\sinf
Particle RF phase versus time: f=wyt-q

where ( is the azimuthal angle of trajectory

Differentiating with respect to time gives: /#: Wee - W= Wi - ec
Smooth approximation allows: I#: D7 =W Df
T2 p
Relative phase change at % revolution Df = JQI"#:pgeWR—FE - 18
W C ecB =

df _Df __p AawgE 0
dE DE eFsinfcedB =
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And smooth approximation again:




Cyclotron (6)

Separating:
o) E 6
d{cos’ ) =- Jg-ae—a'/yRF - 1odE
( ) e\Ec; ecB 9d
Integrating:
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Microtron (Veksler, 1954)

eB

The expression W, =—— shows that if the mass
m

increases, the frequency decreases

m/ W\

Synchronism condition: T°"m g

If the first turn is synchronous

electrons —0.511 MeV Since required energy
: gains are large the

Energy gain per turn concept is essentially
protons —0.938 GeV !l valid for electrons.
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