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t.nergy exchange between a high-current beam -and-a -

rce at an acceleraung gap ts treated with a snmple trans-

1sston line theorv: There exists-a matching conditiontor== -

~nich the beam energy gain 1s equal to the source voitage.
‘! total energy gain in a multigap system is expressed in
~rms ol individual source voitages and the beam curremt:

i

| INTRODUCTION

it-centty. muitigap high-current acceleratorsil.2] have
.itracted considerable attention because of their por.em.lal
wwplications 1. diverse areas. Unlike a low current beam
.n the conventional accelerators. a high-current beam ac-
.npantes a substantial amount of field energy. Thus. as a
‘1gn-current beam passes through an accelerating gap. the
- nergy transter takes place not only from the source to the
“.oam but also from the beam to the source. The latter s
- ity 1znored 1n the jow-current acceierator systems.
[ this work. the energy exchange between a beam and

. ~ource at an accelerating gap 1s treated with a simple
‘ransnussion hine theory. The beam energy gained as it
 waes tiirougn the accelerating gap is expressed in terms
i the ~ource volitage. the beam current. and the charac-
‘eristic impedance of the transrmussion line. There exists
. matching condition at which the accelerating voltage 1s
‘it to the source voltage. [he analysis is extended to a

e whnere The accelerating gap s shunted with a resistor.
| Yo iweun energy gained in a multigap acccierator system
~ vxpressed in terms of relevant parameters.

1 TrRaNsMIsSION Line MobeL

| he 1nteraction between a beam and an accelerating gap

W e -feseribed with a discontinuity n a transmission
(o tch the beam termunates the end O‘ ‘ht‘ trans-
iesion dine 45 shown in Fig. 1. \s a puise produced by a
“uised power source arrives the discontinuity. continuities
reguiretd of the voltage and cu -ent from the trans-

- 1ssion hne to the beam 1 Kirchhotf’s voltage and current
=1 . We consider A case when a pulse of constant ampir-
‘ude. V<. from the source and a beam current of constant
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" Figure 1:'Schematic representation of an accelerauing gap

and a high-current beam.

amplitude. [g, are arriving at the gap simuitaneously. “he
voitage and current of the puise are related by Vs = [sZ,
in the, transmission line. where Z, is the charactenstic
impedance of the transmussion line. The boundary con-
dition that the sum of currents at the disconunuity equals
zero necessitates a reflected pulse [_ such that

Is+1_ = Ip. o

where the voltage of the retlected pulse 1s given by V_ =
—~1I_2Zn. The beam experience a accelerating voltage. V5.
which 1s the sum of voitages ol the incident and retlected
puises appearing across the gap given by

Vs + V= \g. (2)

Eliminatung /_ and V_ from Egs. (1) and (2). one finds

Ve =(2ls - (g)}2o. t3)

It is apparent from Eq. (3) that the voltage across the
beam. Vg. which is the accelerating voltage, is not always
~qual to the source voltage |« = [<Zs. The matchine
condition for which the acceierating voitage 1s eyual to the
source voitage. Vg = U’s. is only when
lsm =1Ip or Vien = InZa. )

1 e.. the source voltage 1s equal to the heam current tmes
the characteristic impedance. Under this condition. the
full epergy transfer takes place from the source to the
beam. This resuit is illustrated in Fig. 2. It is interesting
to note that when Vs = 0. Eq. (3) reduc?w Ve = -IgZ,
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