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Abstract theory of electron beam dynami.cs in laser-driver RF guns
has been developédand the emittance growth due to the
The nonlinear transverse RF field effects on the lowffects of nonlinear RF fields in laser-driver RF guns has
energy and emittance dominated electron beams dseen studied by simulatidfis
investigated theoretically including the bunching and In low energy and low current SW linacs, the
accelerating. Without any external magnetic focusinglectron beams are emittance dominated. The beams are
devices and in pursuit of high shunt impedance, theunched in the first a few cavities and accelerated along
nonlinear transverse RF field effects should not bthe tube. Contrary to the laser-driver RF guns, the initial
neglected. The evolution of the beam phase spap@ase region of captured particles is very large (e.d) 120
distribution in asymmetric cavity is studied by taking intoand usually in the decelerating region. In the following
account the nonlinear transverse RF fields. As a result dfscussion, the influence of initial phase should be
the nonlinear transverse RF field effects, the emittanagnsidered. The initial emittance is set to zero and the
growth occurs mainly in the first cavity of bunchers and ispace charge forces are turned off. There is no magnetic
associated with the relative position of the particlefocusing lens and the beam is not paraxial.
deviating from the axis, the nonlinearity of the RF fields
and the synchronous state of the beam. A few formulas for 2 RF FIELDS IN SW LINACS

energy, phase and emittance growth are derived. , , )
In order to represent the fields near the axis of a multi-

1 INTRODUCTION cell =mode structure, the RF fields are approximated by a
power expansion truncated aftéryielding

Low energy electron linacs used for industry, medicine =  Ouol k2?2 =  Ohkz
and research need the higher quality beam. The :nZlanS'”E;TE* 2 n;ans'ﬂ;?E
nonlinearity of RF fields, magnetic focusing fields and " . ’ 1.1)
space charge will cause the phase space tearing a@rd:_ﬁina“@%‘ﬂ@_k fgin(nz_l)a"(:o kZE
emittance growth. And this distortion of the phase space p h= Bo [ 168, £ Bl (1.2)
can not be corrected. ke & Dnkeb k3 &, Thkz

The RF fields in S-band low energy electron linacs arfe =3, ¢z~ 2, #5"Hs- E 160,08 2 (n? -2 sin 5, @ 13
considered as linearity and this approximation are good (1.3)

enough due to a smaller ratio of beam size to beam a :EIDEZ(r:O)SinE;lEjZ D= B
aperture. In order to get higher breakdown threshold arghere, D» RN 2 is the cell
shunt impedance, higher microwave frequencies should thgth;i =123

used (e.g. X-band linacs). Then the nonlinearity of RF |t js pecause the coefficient of the first harmonic

fields becomes serious. With the increasing of RRonjinear term is zero that tiemode structure is used. If
frequenciesy/(3,A) (r: the particle radial position}: the \ve yse symmetric cavities, the coefficient of the second
RF field wavelength;3,: the relative phase velocity) harmonic nonlinear term is zero.
increases and decreases correspondinglg: (the iris So called symmetric cavity is the one that has a
radius). The cavities are optimized for higher shun§ymmetry plane perpendicular to the axis and asymmetric
impedance by decreasing and r/a is larger. In the cayity is the one which has not such plane.
meantime the magnetic focusing lens is not used to keep
linac size small anda can not decrease. The condition of 3 ANALYSIS OF LONGITUDINAL
paraxial beam is no long satisfied in our case. BEAM DYNAMICS
In NLC design, the beam sizes are microns and the

iris radius is 4 mm, so the cubic term is down by about The low energy linacs consist of a first cavity, bunchers
(10%? from the linearit{"). But in our case, the beam and relativistic cavities. In analysis, the first cavity is the
radius is about 1 mm and the iris radius is no larger thanphase oscillation section and bunchers and relativistic
mm. cavities are the quasi-synchronous section (shown in Fig.

The nonlinear effects of magnetic focusing fields andl). For convenient, we neglect the nonlinear of
space charge have been studléd An approximate longitudinal electric fields.
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Fig. 1 Schematic of linac distributions sl ™+ Oising,
Because the particles are in the decelerating region o /3 g
when they are injected, we assulg is the length of =) - ¢ i g s 700 D
- mc 2 -
decelerating region (shown in Fig. 2) arﬁio is the ’ ’ 1- 5@
average velocity oveD,. @ is the initial phase of g 4)
particles andy, is the initial relativistic factory, and@ ¢ :kJ'D‘Eﬂpl_l :L(D, D.)+a,
are the relativistic factor and the phase at the exithof ° B i (5)

cavity separatelyD; is the cell length oith C%Vity. B is 4 ANALYSIS OF TRANSVERSE BEAM

the average velocity in th¢h cavity exceptﬁelwhich is DYNAMICS
the average velocity oveD(-Dy) in the first cavity.
B. In the following, the radius and the average relative
D +(p0 0 D, :—790% . . .
We assumée3o 0 k " velocity are assumed to be constant over their integral

region. After the first cavity
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Fig. 2 Schematics df; in the first cavity _Ba
The average relative velocity is assumed to be constapfere M, = Am M, = %m APrl\non is the
over its integral region below. At the exit of the f'rSttransverse momentum changmg due to the nonlinear
cavity, the relat|V|st|c factor partlcles IS components of RF fields through the first cavity.
Vi=Vo + E,( - E,(2)sin(wt + @, )dt From eq.(6), the nonlinear transverse effects come from
three facts.

- B Sin Beo %E_ nBey Si,(%)g 1) '(r/ﬁplx\)s expresses the relative radial position of
_ e Bol, By By B particles.
° myc? k " B. 0 (2) a, indicates the nonlinear components of RF fields.
D 1‘@%@ 5 They are determined by the shapes of the caviigsO
a - in the symmetric cavities. But the RF fields in the
QCO%@(%%,”H@%H asymmetric cavity lift slowly along the a>'<is anq the
. © iag Bes B decelerating force exerted on the particles in the
mec? k & " B., asymmetric cavity is smaller than the force exerted on the
5 ﬁm particles with the same initial phase in the symmetric

cavity over the decelerating region. The synchronous state
of particles in the asymmetric cavity is better than in the
asymmetric cavity over the decelerating region.
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(3) My, M; and @ show the synchronous state betweenergy SW electron linacs has been performed. The
particles and RF fields. We can change the synchrononsnlinear transverse effect of RF fields on the beam is
state by changing injecting voltage and RF field amplitudassociate with the relative radial position of particles, the

in the first cavity. nonlinear components of RF fields and the synchronous
After one cavity in quasi-synchronous section, state between particles and RF fields. The nonlinear
o F % n3D1 3, transverse effects of _RF fields on the be_am and. the
APr\non:I e z=—Dmcn > %ﬁ emittance growth mainly occurs in the first cavity,
° mych.c EP especially over the decelerating phase region. These
B S B S B effects weaken quickly and vanish in the quasi-
O 2@a, .0 7 Om 0 synchronous and synchronous section. In the symnmetric
G Sing +qo%|nu L . .
0 [2B, o BEE 8. mode cavities, the nqnllnear components of RF f|eIQS are
Sl B, HHs, ) least. But the nonlinear effects on the beam in an
D asymmetric first cavity can be less than on the beam with

O
B 0 (7)  the same initial phase in a symmetric one. It is because the
g ___E radial RF fields lift slowly in an asymmetric first cavity
2 0
T
p 0

+ 3[8a, Cos D s ‘o
1‘5';5 [QEFE than in a symmetric one that the synchronous state of
particles over the decelerating region in an asymmetric
where(B4B,) -1, By »1,9 -1, SOAP|on —1 in quasi- first cavity is better than in a symmetric one, even though
synchronous section. the nonlinear components of RF fields in asymmetric
From eq.(6) and (7), the nonlinear transverse effecg@vity are larger.
occur in the first cavity and the nonlinear transverse A few formulas for longitudinal and transverse
effects in the bunchers are more serious than in relati@namics have been derived including bunching,
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section. accelerating and higher space harmonics. They should be
useful in design the low energy SW linacs operating in
5 EMITTANCE GROWTH higher frequencies. The comparison of this theory with the
simulation is reported in ref.[6] and they are agreement on
The rms normalized transverse emittance is the whole.
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6 CONCLUSION

A simple theory to investigate the nonlinear transverse
RF field effects on the emittance dominated beam in low



