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Abstract The “standard particle” in a SW structure operated in the
biperiodrtmode is defined as a particle whose phase goes
In order to minimize the size and weight of the lowinearly from O at the entrance t at the exit of one
energy standing-wave linacs and to improve the beagavity along the longitudinal axis. Line A-A in Fig. 1a, b
spots as well as the transmission, the RF fields are uggdthe phase trajectory of the standard particle in one
for radial focusing without external magnetic fOCUSiﬂg:avity. The relative phase of a bunch is the difference

devices. By choosing the proper phase velocCifyenyeen its RF phase and that of the “standard particle”
distribution and by adjusting the amplitudes of th%t the same positiond = ® -, , where ®, = 17 is
buncher fields from cavity to cavity, the RF fields in the o 0 D
buncher region provide transverse focusing as well #3¢ RF phase of the standard particle;is the RF phase
longitudinal bunching and accef¢ion. The RF phase Of the bunch;D is the length of one acceiing cavity;

focusing is more effective by proper choice of a@ndz is the |0ngitudina| pOSition of the bunch. Line B-

asymmetric cell geometry in the first Cavity_ B and C-C in F|g 1a, b indicate the RF phase motion of
the particles ahead of or behind the standard particle
1. INTRODUCTION separately.

Consider an ideal circularly symmetric accatirg

Small beam spots are required at the exit of the S¥@ld in which all components are independent of the
linacs for both medical and industrial uses. In order @Zimuthal angle. Let the space charge effects be ignored.
minimize the size and weight of the low energy SWhe longitudinal electric field along the axis is of the
linacs, the RF fields are used for radial focusing withod®rm E(z ) = E(r=0,z 1

any external magnetic focusing devices. From divergence equation,

This paper concentrates on the effects of RF phaserg - 1.0 (1 )+ % =
focusing and the influence of the first bunching cavity o (B)+ % _

shape. Several SW linacs have been designed by usingnd from one of the curl equations,
the RF phase focusing theory and asymmetric field shagel [B), = li(rBw) = CAZ ";

. . . ro
technique in our laboratory. They have been fabncat%ﬂe radial Lorents force of exerted on the particle to first
and beam tested. One of them is expressed.
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2. RF PHASE FOCUSING
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Fig. 1 Layout of the phase and relative phase in one cavity
a-Layout of the phase, b-Layout of the relative phase
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2.1Electrostatic Lens focusing. Careful selection of the design parameters, the
phase velocity distribution, the field level arrangement
within the cavities and the injection voltage, gives
b adequate RF focusing in SW linacs.

2.3 Asymmetric RF Fielts

In order to increase the RF focusing effect, the
asymmetric RF field amplitude distribution along the
axis should be designed, as shown in Fig. 2b. Then the
acceleating electric field amplitude is lower whe® is

o

Accelerating electric field
arnplitude Eaz
ALecelerating electric field

arnplitude Eaz

z z in the defocusing domain and higher whénis in the
focusing domain. So that the RF phase focusing is more
Fig. 2 Layout of the accelating electric field effective.
amplitude distribution along the axis The asymmetric field shape can be obtained by a proper
in one cavity a-In a symmetric cavity, asymmetric geometry cell and should be used only in the

b-Inan asymmetric cavity first bunching cavity due to the factdqiBy?)™*. The

design and experiment results have shown that the effects
) ] o ) of asymmetric fields in the first bunching cavity are
Fig. 2a shows the acce#ting electric field amplitude striking.

distributi_on glong the a_\xis in one cav_ity._The first ter_m According to the above analysis, RF phase focusing is
on the right in Eq. (2) is the total derivative of the axigle|ated with the relative position between the bunch and
electric fields along the particle path. The integral effe¢he standard particle. The focusing force exerted on the

of this term acts as an electrostatic 1éfis It produces a gjectron strengthens or the defocusing force weakens
net focusing force which is represented Dyyhen it lags the standard particle. The focusing force
E =-— e’r (<E2>—<E>2) 3) weakens or the defocusing force strengthens when it
"z 4Bymc? leads the standard particle. The asymmetric fields in the
I first bunching cavity enhance the effects of RF phase

Where< >denotes an average within the Str“Ct”r%cusing on the beam.

Noting that this term is proportional {By) ™.
3. DESIGN APPLICATION
2.2 RF Phase Focusin
g Several SW guides have been designed by using the RF
The second term on the right in Eq. (2) determines tffacusing and asymmetric shape field of the first cavity

RF phase focusing. This term is°90ut of phase with technicqu(tas din gurb Iabo:at(:n(/j. _;hhey have dbzen
E(z ®) and its sign depends on the relative position anufactured and beam lested. € measure eam

the bunch to the crest of the SW acalierg field. properties show that the research analysis and dynamics
In SW linac structuresE(z @)= E,_(3sin(@®), the

second term then is 60 b
1 k v
=Zer——E_(2)cos®d (4) 3§
re 2 Byz Eza( )

When @ O(-%,Z), this force is defocusing one;

when @ [0(Z,31), this force is focusing one. Noting

lative phase &/degree

that this term is proportional toBy*)™" and it damps
out more rapidly than the first term. From Fig. 1a, tt 2 -9

standard particle is defocused whéd (J(0,Z) and ] jole i, o
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focused when® [(Z, 7). The particles leading the
standard particle, which is in the part (I) of Fig. 1a, b,

are net defocused; the particles lagging the standard Fig. 3 Longitudinal and transverse orbits for various
particle, which is in the part (Il) of Fig. 1a, b, are net input phases in a 2 MeV X-band SW linac
focused. So it is beneficial to have the bunch lagging the a-Longitudinal orbits, b-Transverse orbits
crest, or in the part (ll) of Fig. 1a, b for transverse



simulation described above are successful. The
transverse focusing is very satisfactory.

For an X-band 2 MeV SW electron linac, the electron
beam with an energy of 2.4 MeV and a peak current 108
mA, has been obtained. The beam spot is less than 1.4
mm (diameter) without external solenoid. Fig. 3a, b are
the design results of both longitudinal and transverse
dynamics. In Fig. 3a before the 40 mm, the bunch is
behind the crest so that it is focused. As shown in Fig.
3b, the RF focusing effect is obvious.

4. CONCLUSION

The RF phase focusing, the asymmetric geometry of the
first bunching cavity and the beam converging injection
techniques in SW linacs are effective measures to
transverse focusing the beam. Small beam spots can be
obtained by these measures without external focusing
devices.
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