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COLLECTIVE 10N ACCELERATION RBY THE
SPACE~-CHARGE WAVES IN INTENSE ELECTRON REAMS

S.V.Marichev, A.M.Markeev, R.A.Meshcherov,
F.V.Mironov, A.A.Savenko and V.D.Sajin
Moscow Radiotechnical Institute.

Abstract: Two collective methods of
ion acceleration are investigated in the
experiments with 0,2 - 0,5 MeV, 0,5-1,5 kA ,
4 -~ 10 mcs intense relativistic electron
beams (IRER). The first method is based on
using electromagnetic fields excited in
goffered structure by modulated electron
beam., IREE modulation is carried out by
means of two quarter-wave coaxial cavities.
The other method is based on an  application
of slow cyclotron waves, which are e:xcited
in the beam by passive H-cavity. Ions are
injected towards electron beams and are

accelerated up to the energy of 0,2-1,5 Me\.

Collector
SOUrce.

plasma is used as AN 10N

Introduction

1t has been shown that collective
ion accelerators may be based on different
methods utilizing IRER [11. There are many
experimental results on collective 100
acceleration. The best results have been
ohtained in  the experiments with nanosecond
IRER (2,353,411, but for many applications 1t
18 needed to accelerate ion beams having
microsecond or more duration. Two collective
methods are proposed to obtain such bheams.
One method is based on invention by Belikov,

Ehijnvak and L.ymar and was realized
experimerntally £51. But this experiment was
performed with the low current electron
beam. Another method was proposed by Sloan
and Drummond [&61, but there 13 no
publication about ar experimental

realization of such collective 30N
accelerator.

The present report describes the
experimertal installation and first results
of experiments o the collective 1on

acceleration by microsecond IREE. Twi

methods were investigated. Rocording to the
first method ions were accelerated 3%
electromagnetic fields, exci ted in oa
gaffered structure by madul ated IRER. The

other method was based on utilizing of slow
cyclotron waves [&1, which were excited in

the IREB by a passive H-cavity.
The Experimental Installation

The experiments were carried put on
the installation £71 whioh is shown
schematically in Fig.1l. The 1stallation
consists of the main systems as follows: a
Mar» ~  Arkadyev generator; a high intens
electron diode (&); a magnetic system
vaguum chamber (> containing removable
atructures (2,4); an electron b
(an ion sowce ) (1) : a diagnestic
(7Y with a Faraday cup (8). The iﬁ%tm]lmf)(m
has the following parameteres: diode voltage
up to 0,9 MeV; diode current of 1 - 5 kA:
pulse duration of & = 10 mess mas L mum
magnetic field inductiorn up to 27.

Acceleration of ions by a modulated
electron beam propagating in a goffored
structure

The modulated IREB propagating an &
noffered structure cites ar
electromagnetic wave train. e wave phase
velocity is given by

Vo= of k1,
where £ 1% the modul ation freguency and
1 i1s the goffered structure period.

These waves have &N attractive
feature for an  ion  acceleration  that the
phase velooity can be made very small.

Experiments were carried out with 1
- F kA electron beams. The slectron energy
was varied from 9,2 to 0,6 MeV. The heam
modulation was performaed by means of two
auarter-wave passive coaxtal cavitties
having the length of O,4 m.

The ITRER produced in the diode was

quided into a oriftt  tube containing two
cavities and the gotfered accelerating
atructure ( see Fig.l). The 1ast one bad 425
periods with the total length of 1 m. The
cavities were excilted at  the natural
freqguency of (190 % ) MHz. The +ield 1n the
seacond  cavity

reached an amplitude  of
V. The beam cureent  AF 05 ] :
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Fig.1 Scheme of the experimental installation with two passive cavities (4) and a goffered

structure (2) .
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appeared O,% mce after the pulse beginning
antd 1lasted for 0,5 - 4 mes. The
digappearence of oscillations may e
explained by an RF breakdown oocuwred in the

cavity. The beam current modulation up to
100% was a result of the interaction between
the TREB and RF cavity fields.

The IRER bombarded the collector and
proguced & plasma which was a souwrce of
counterstreaming ion be2am in these
gxperiments, The ione were preacoelerated by
A nagative potential of the IREE and  had
initial energy of 40 -~ &0 keV. Then the i1ons
were accelerated in the goffered structure
due to arn  interaction with the fields
eucited hy the modul ated TRER. The
lerated ions were collected in the
diagrnostic chamber after passing through the
cavities and the diode repgion.

A tvpical oscillogram of an ion
current signal is shown in Fig. 2. The first
detected only in  experiments with
poffered ructure. It was absent 1f the
ot fered structore was  replaced  with &
oth drift tube.

The velooity and snergy of 1ons were
ermined by means of the time-ot-+light
Mode The calculation was based wpon H
wgestion that accelerated 1OME Were
protons. Indeed the first peak (see Fig.2)
was mueh areater tabout 0.1 A) i¥ the
collector material was polyethvlene and was
much amal ler 1f the «© Jector was graphite

2 stasl. The accelerated prohons
of approximately 200 beV.
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Fig.2 Ton cureent
Faraday cup.

meza s e bry L

The secoand pes
than the first one and ¢
wheri the cathade and coll tar plasmas begarn
to 11l the vacuum channel. These i1o0ns were
lerated to  much lower energy and it was
difficult to identify the accelerating
meECh AL Sm.

wae much greater
wed at that time

Collective acceleration [wk3 100
by the cyclotron waves in a counterstreaming
electyron beam

The autoresonant method for
caritrotlled acceleration of protons (&1 is
tased on utilizing slaw cvolotron waves with

negative energy grown on an electron beam
propagating in a vacuum and confined by an
axial magnetic field. 2] preliminary

experiment was carried out at Austin (81,
The procedure was to pass the IREB through a
double-helical resornant escitation section

driven by a powerful RF  generator. The
cyclotron waves wer e exci ted but an
acceleration of ions was not pertormed. We
alsa carried out  experiments on excliting
cyclotron waves in an IRER but our

experimental installation contained neither
helical resonant structure nor an RF
generator, The cyclotron waves were excited
by a passive H-cavity and had an  amplitude
of 10 MY/m [9].

The present experiments were carried
out on the same installation described in
the previous section ( see Fig.1l) with the
novel structures installed 1in the vacuum
chamber as it is shown in Fig.3X.
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Fig.% Sctieme of experimental structure for
a caollective ion acceleration: 1-IREB
collector, 2-vacouum chamber , Z~magnetic
loops, 4—collective acceleration section, S5-
HM—cavity, &-diaphragm, T-coils of the
magnetic system.

The H-cavity had a length ot 0,34 m

and was ltoaded by drift tubes which were

installed with period of 2 cm  and an
aperture of 4 Cilta The collective
accelaeration section had the length of 0,78
moand inmer  diameter of 0,1 m  and was

immersed in an axial magnetic field varied
adiapatically from a matimum level of 2 T at
the collector {iom sowrce ) location down to
0,5 - 1 7 at the end of the H-cavity. The

spatial wvariation ot  the guide-magnetic
field provided the synchronism between the
cyclatron wave phase velocity and the

velocity of accelerated ions.
The next recsults were obtained 1in

the experiments. The IRER propagating
through the  cavity exncited powerful RF
oscillations. The frequency af RF
necillations was 667 MHz and corresponded to
a natural ane of the cavity. The active
losses power reached a level of 0,5 MW,

Cyclatron waves were generated on the IRER
as a result of interaction between the IREEB
and RF cavity fields. The ions emitted {from
the collector plasma ware accelerated by
cyclotron waves. Fig.4 shows the
ascillograms of a diode voltage (&), an IRER
current. (b)), a detected signal () from a
magnetic loop located 1in the acceleration
section (see Fig.3 ), ian beam currents on
the first foil =31 a stopping range
spectrometer (d) and on the second foil (e).

The +irst peak of a loop signal (see
Fis.4,c) appeared at the Front of IKER
current and corresponded to a generation of
cyclotron waves on the IREB. The generation
process lasted for about 0,5 mcs. The second
signal from the magnetic loop appeared after
4 - AH mcs  and  praobably was a result  of
interaction between the IREER and a plasma
filling the structure by that time.

The ion current signal consists of
twp parts (Fig.4,d). The 100 current
corresponding to  the first part reached 3 -
5 mA for a graphite collector and S - 10 mA
for a polyethylene one. The delay time of
the first peak corresponding to the
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Fig.4 Typical oscillograms of a diade
voltage (a), an IRER current (b), signal
from magnetic loop (<) and ion beam

currents (d,e).

beginning of the generation process was 0,2
- 1,5 mcs Taking into consideration the
values af the delay time, it 1s possible to
calculate the energy of the accelerated
1ons. If the ions are protons the energy is
about 1 Mev. The second part of the current
was mare intense. It was correlated with the
second peak of the loop signal.

The energy of ions was also measured
by the stopping range spectrometer. The ion
current measured at the second spectrometer
foil is shown in Fig.4,e. Thickness of the
first foil was 4,8 mg/ﬁm% Froton energy in
this case is 1,1 - 1,4 MeV. 8o it was
defined that the ion beam had RF structure
with freqguency corresponded ta that of the
excited fields.

Calculation of proton dynamics in
the acceleration section and the cavity
showed that the protons are accelerated up
to 0,5 MeV in decreasing magnetic field and
then are accelerated up to 1,5 MeV 1in the
cavity gaps.

Test experiments have been carried
out. The beam was thrown at the diaphragm
installed upstream the cavity. In this case
the first peak of the ian  current
corresponding to the acceleration by the
cyclotron wave field disappeared. The same
effect took place when a conducting tube
(diameter I6 mm)  was installed inside the
cavity.
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