© 1985 |EEE. Personal use of this material is permitted. However, permission to reprint/republish this material
for advertising or promotional purposes or for creating new collective works for resale or redistribution to servers
or lists, or to reuse any copyrighted component of this work in other works must be obtained from the |EEE.

1814

[EEE Transactions on Nuclear Science, Vol. NS-32. No. 5, October 1985

NEUTRALIZATION AND FCOCUSSING OF PgLSFD BOAMS
YIT: HIGH CURRENT DENSITIES

X. L. Jiang, K. F. Chen, 3. C, Jiang

and Y.

B. Piao ,

Institute of Nuclear Research

Lanzhou University, Lanzhou,

Abstract

Tne intense pulsed ion beams with ener-
gies zbout 70 keV produced by the multiplate
crnanber (MPC) under low gas pressure are ext-
racted from the cathode hole. High power den-
sities are evidently proved by the craters
with diameters about 15 micrometers or less
on the surface of metallic targets, Tne major
processes of beam production and propagation
could bte explained vty the factors of the
field escalation effects in the MP(; fast
caarge nedtralization oy the simul taneous o=
troduction of electrons on surfaces in close
proximity to the beam; bunching of time of
flight and focussing of the plasma lons. It
is expected tnat the processes described
above could be used experimentally for simu-
lation of intense pulsed ion beams propaga-
ting in tne low gas pressure,

Introduction

The development of intense pulsed ion
beam generators has oveen stimulated by tneir
ootential applications to controlled tnermo-
nuclear fusion programs, material testing
direct pumping of gas and chemical laser.
it transportiag cenavious of intense neavy
ion teams with energies of about,GaV. have
been theoretically investigated.®™ 3ecause
appropriat accelerator facilities are not
avallavie many essential problems of heavy
ion fusign can not be experimentally inves-
tigated.”

An inertial fusion scheme with low
energy heavy ions was proposed recently.i+
To produce the pulsed neavy ion beams in a
spnerically focused array, using time-of-
flight (TOF) is the basic idea. Besides the
oroduction of pulsed ceams,  the beam trans-
vortation and focussing, energy deposition
of beam bombarding the target are more impor-
tant subjects. The aim of our investigation
is to determine wnetner a heavy ion beam with
eneryy of celow 100 keV can be transported
in low pressure gas with hign efficiency, to
nit =« supmilimeter target. We are interested
primsriiy in tne propagation of a self-
piached lon beam which is produced by using
a MZPC under low pressure gas.

Production of pulsed ion beams

A MPC with central hole of 1 £o 2 mm in
diameter is filled with the low pressure gas
of avout 10 Pa (Fig. 1). The electrode plates
are 1 to 2 mm apart., According to Paschen's
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China
law U, =t(p.d), where U, is the oreakdown vol-
tage of the gap, p is the gas pressure, d is

the gap distance, the geometry of the MPC
makes the chamber such that the electric
strengtit of each gap between tne viciaal
vlates is higher than the streasta of total
chamber by the factor p.d gp.d., here d_ is
the distance between the Vicindi platesy d
is the total length of the MPC. ¢

Multipliate chamber

Fig. 1
1. Ion Beam 2. Metaliic Plates
3. Insulating plates

4. Charging Resistor

5. External Capacitor

6. Electron Beam

After applied voltage reacnes a certain
value, a so-called pseugo—spark discharge
takes place in the MPC.~ Thu« processes of MPC
discharge <ould be described in such a way:
if one takes the MPC as many gaps in series,
the gaps breakdown one after snotszer from tne
cathode to the arode sequentisaliy, tierefore,
the maximum electric field wili zppear on the
gap near the anode due to the vo.tage of capua-
citor Ce £ does not change obviously during
the discﬁarge nrocesses under the coadition
of Cex »>C , nere C_ 1is tae equivalent capaci-
tancé Sf e gap cBtween adjacent plates, The
discharge processes of so=-called "vacuum
diode" will take place in the gap near the
anode. Such effects obtaining = nign electric
field to creat a field emission tiarough a low
initially average field, may bve cailed the ef=-
fect of field escalatioan.? Fig. 2 schematiclly
shows the production of the electron beams and
ion beanms.

The voltage vmax

the anode can be proximally estimated as fol-
Lowing

appears on tie gap near
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wnere Vu is tne applied voltage initially on
total MPC, C_ 1is the eguivalent capacitance of

F22

=l
tne gap ear the anode. The weli-focused, hign
curreat ioa beams as well as electron beams
were ocvserved outside the cathode hole and the

aaovde aole of tae MPC respectively.
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Tae concluded discnarge processes of the
MPC are summarized as following: applied vol-
tage on the MPC reacnes certain value; field
escalation effect; field emission of the
cathode; explosion of surface whisker; forma-
tion of tne cathode plasma; creation of
the anode plasma; generation of self-pinched
eglectron team and focussing ion beam.

Neutralizatio)
of intense

A tiny crater as small as 15 micrometer
in diameter produced by the bvombardment of ion
team pu.ses was observed on the surface of
metallic target (Fig. %). It is known that for
intense ion oceams, propagation is impossible
in tae avsence of electrons. For instance, the

I'lg. 5 A scanning electron micrograph

of a4 crater on tne carbon steel specimen
convarded by the pulsed ion beams with
nigh power densities
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unneutralized space-charge potential for a
uniform beam in a vacuum is
T
CPm—C) (liD
where ny is bveam ion deansity, S is the dis-

tance between beam axis -0 1.t -y

L surface
of tie conducti.; tube. The beam will biow up
in approximately a distance S(Wb/e4)} , where
8 "
Wb is the beam enerpgy.

the MPC, the electrons can ve produced by the
secondary emission from bombardment of the
surface of electrode plates by thne ions of the
beam head, or from the plasma created by the
the ionization of beam ions in the volume of
the central hole of the MPC.

As the ion bteams travel in the enviroun-
ment of low gas pressure, the bound electrons
in the neavy ions acquires energy by Zoulomb
interaction with the gas nucleus, therefore,
the beam ions undergo stripping, which results
in an increase in bea: current. After strip-
ping of heavy ions, the total beam current
should be Ibzzefflo, where IO is the injected
peam curret, and 7 r is5 a function of the ion
position in the ga% éedium, given by

Zeff:ZZNz AZNZ

here HZ

For the geometry of

¢ cd by the

is the number density of team ions

with charge 7, and the sum is performed over
all charge state. In the example of the self=-
pinch effect, the magnetic force which is
responsicle for pinchigg the ion veam is pro-
portional roughly to Zeff'

For the nonrelativistic ion teams, the
bunching of time~of-flignt is an important
factor to elevate tae beam current density.
an attempt to make a numeric simulation f..iled
in overcoming difficulties with the compli-
cated situation of the beams involving multi-
ply ions, the variable geometry of the MPC and
lack of the data of the ionization cross sec-:
tion, however, the lon teuams with energy below
100 keV could be compressed in time oy a large
factor. .

Trhe recombination of energetic veam ions
makes beam particle losses and creates scat-
tered neutral diffusion neams wihich surround
the central bveam (Fig. 3).

So far, one can make a conclusion that
the self-pincn of intence pulsed ion beams
with energies below 100 keV takes place with
the effects as following

. Magnetic self-focussing of ion beams
is initiated in tne gap near MPC anode which
behaves as a "vacuum diode"

. Space cnarge neutralization by the
electrons produced by tne surface secondary
emission and by tne plasma electrons

. Current density increase due to the
stripping

. Bunching of time of flignt
nonrelativistic ion beams

for sucha

After passing through the cathode nole,
the envelop of ion beam expands rapidly due
to the decrease of the electron density and
the repulsion of the beam space charge and
team-gas molecular interaction etc..
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Conclusion

As an intense pulsed ion beam source

»
nultiplate chamber with simple geometry and
nign efficiency can generate heavy ipn beagsg
with current density of more than 107 A/cy .o
A variety of ions, such as gaseous ions [,

+ -+ + + . - + +
fle , %, O, Ar and metallic jons Al , Fe ,
™", cu’, Ag', Ta' etc., can easily be pro-
duced. The MPC could bte used as an ion im-
vlanter of pulsed beaw with high current den-
sities to carry out the material testing and
modifications, and it may also work as a low-
eneryy injector of pulsed ion beam into post-
acceleration systen,.

Rased on the experimental results dis-
cussed in tais paper, it is expected that the
processes of neutralization and focussing of
pulsed ion beams can e used to check the
tneoretical model of the self-pinching of
heavy ion veams and to find a reasonable con-
figuration of beam transporting system.

Refereaces

J. Golden, C.A. ¥avetanuixos, J.A. Pasour
and R.A. Manaffey, American Scientist
Vol. 69, 173(1981).

Vs

W.3. Thomgson, 3. Jorna, "Beam Stability
in the Target Chamber", Proceeding ot the
Heavy Ion Fusion Workshop, Heidat BNL
Oct. 1977 BYL507Y6 pp. 68=72.

A.W. Maschke, IZEE Trans. Nucl. 3ci.

Vol. NS-30, pp. 3055-3056, August 1983.
R. Bock, IEEE Trans. Nucl. Sci. Vol. N8-
30, pp.2049-3054, August 1983,

X.L. Jiang, K.F. Chen, Y.B. Piao. Acta
Siaica, 32(1933), 1344,

J. Christiansen and C. Schultheiss, 2.
Phys. A 290, 35~-41(1979,.

X.L. Jiang, K.F. Chen, Y.B3. Piao, "A Con~-
pact Pulsed Nanosecond Double Peam Gene-
rator", The Second Cnina=-Japan Jiont Sym-
posium on Accelerators for Nuclear 3ci-

zace and their Applications, Oct. 1983
Lanzhou, China pp. 335-338,
J.#W, Poukey and 5. Jumphries Jr., Appl.

Pnys. Lett. Vol. 33, 122(1978).



