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Abstract

A negative ion of hydrogen passing
throurh ¢ pas ionizes the gas, and the
electron and iones so produced collect in
the vicinity of the beam fto form plasma with
number dengity that can be much greater the
density of the beam. 4 two-dimensional
static theory (s second coordinate is a
parameter) ves the plasma density and
amipolar fie

eld distribution in the space.

he osher m,tqoﬂ of molution of problem is
onsidered., BSimulation of dynamic of nepatiw
: gi"e nootx'nlity to determine psra-

rs of optiecal systems of injector. Ion
functicn of electirode dimensions

;,)

for 1)

of Ton 3ezn ForAit;
' recelerators.

nnase focuseing

Injector is a2 necessary part of o linear
ion accelerator with a 1qﬁn source and Is
2 systemn of generatiomn, Ttra naportation and
preaccelerasion of a beam. Vazlue of
rarsicle energy at injector output depends
on a type of accelerating structure in which
zeceleretion of sarticles up to high energles
takes pl*ce 2t last time RYD accelerators
proposed by T.lLFapchinsky and
V.. Tenlyakoy |_1_ cained currency. These
sccelerators can accept a high current, low-

~velocity besm, bunch 1t with high
efficlency, but =) linac imposes exacting
requiremznts on a shape and value of a phase
volume of a beam at the injector output. 2s
it is ehown in [2], the best natching ol a
heam with the accelerating channel will be
mchieved, if a r: at the asccelerator

inmut is convergent and symmetrical and Thas
or optimal relationship of large and small
semi-axes of ellipges, representing s beam
in two-dimensional phase spaces X' and YY',
Accelerator with drift tubes and alternating-
prhasge focussing, considered for example in
papers of KhPhTI specialists [3] is the
other possible type of accelerator with a
relatively low energy of injection.
Convergirg and axially symmetrical beam is
also desired here for a goold nuitting into
accelerstion and bunching. Realizatior of
these requirements is concerned with
solution of complex problems as lon irjector
ig not =« device with high vacuum, and a
surface-plasma 1T source {see, for example
[4}) produces not axially symmetrie, but a
ribbon-~zhaped bean. “runoport of the bean of
charged particles in the injector is made
difficult by a substantial change of
pressure residual gas along the lengtn of
the injector {(by 2-3 orders) and by presence
of the beam space-charge field., Typical
scheme of injector is schown in fig.1. Near
the source and in the bending magnet (whieh
is used foxr extraction of heavy ions and

caeslum gtoms from the beam !I' ) beam charge
is compensated by ions, forming in ioniza-
tion of atoms and molecules of the residual
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Tig.1. Schematic configuraticn of ion
injector of FIFD linac
Density of neutral atoms and molecules of

the residual gas and gas, coming to the
drift space from the source,nas usually such
a value, that density of plasma, formed as a
gult of dcnization, may be equal to density
of particles in the bvean or even exceed it
consgiderably. As mobility of plasma ions and
electrons is different, %then in the systems,
limited in the radial direction, (injector
length considerably exceeds transverse dimen-
sions of the injector), plasms ambipolar
electric field, flattening fluxes of the
unlike-charged particles, arises. This field
can seriously influence on the particle
dynerics in these regions of the injector,
'here external electromagnetlc fields &]
are absent or small., There are three regions
in the injector, bean dynamics on which
differs qualitatively.

The first region is extraction of ions
from the source, where gas density is very
high (10=1 4 10=2 mm of mercurj) and
inelastic scattering of bheam ions on gas ions
may te substantial.

The second region is movement of the beam
in the field of the bending magnet and in the
field of "plasma" len In this region gas
pressure is rather conulderayle ( ~10% mm of
mercury), spatial charge of the beam is
overcompensated.

In the third region - from the point
vith pressure P=p. , corresponding to full
compensation of beam charge - before the
accelerator input a pressure.drop by two
orders (from ~104 down to~10° mm of me“cuTVL
takes place as well as change of the potential
gsign in the beam and increase of the phase
volume of its particles under the action of
the own space charge, a value of which
increases with vacuum increase. In order to
prevent an excessive expansion of the beam
and ensure correlation of its emittance
with the accelerator acceptance, it is
posgible to place gaps of acceleraticon, mag-
netic and electrostatic focusing 1enses.



Injector for RFQ accelerator with
focussing, magnetic quadrupole lenses in the
injector channel and compensation of the
gpece charge along all the injector is
congidered in paper [{4]. This method has a
digadvantage: 1t is proctically impossibles
to implemen% a sufficiently good compensa-—
tion of the space charge of the beam on a
length of tens of centimetres at alternating
pressure, Undercompensation and overcompen-
gation of the space charge by 1% leads to a
gstrong mismatch of beam emittance and
accelerator acceptance., JTon Injector with
electrogstatic system of fceussing and
acceleration of the beam i1s studied in this
paper. Questions of numerical simulation of
a beam of negative hydrogern lons in such
injector, forces, acting on the particles,
and of equations of moiion are stated in the
paper {5]

For symmetrization of a2 beam and limita-
tion of emittance growth in the regions 1-3
of the injector there is a number of physical
parameters, which may be changed in the
known limits: for example, field index in the
bending magnet; intensity of ambipolar
electric field of plasma, depending on =
residual gas pressure and electron temnera—
ture, and length of the particle nath in
the bending magnet. llowever, it is difficult
to implement control of the last parameter
in practice. In the reglon 2 beam dynamics
is determined by a number of electrodes of
the preacceleraticn system, arrangemnent of
them and potential wvalues on them. MNesults
of nunmerical simulation of passzgoe of a bean
of negative hydrogen lons through the injec-
tor in varying of the mentioned characteris-
tics and assessment of sensitivity of bLesam
parameters to thelr change zare represented
under.

2. Mmerical Simalation of Particle Dynamics

in the Injection Systen

Scheme of injector, shown in fig,?1 with
the source of V.C.budnikov type [7],
producing 100 mA ©7 current with 20 ke
energy of particles near the slot of the
source, has been chosen for invegtigation,
Dimensions of the source slot are
0.5 mm x 10 mm radius of the bending magnet
is 8 cm. Zlectrostatic system of preaccelera~
tion of lons up to 150 keV ensures effective
injection hoth into FQ and alternating phase
focussing accelerators. Influence of change
of a field index on a degree of symmetriza-
tion of the beam is seen from fig.2,3 Deam
envelopes in the planes XZ and Y7 for two
initial phase volumes of the beam with
emittances: &,,84 , &y, E€yp and two different
field indices in the bending magnet n =0.8
and N = 0.9 are shown there. It is seen,that
in the case §£=§, the beam may be symmetri-
zed atn= 0.9 {(fig.2), that agrees with the
experimental data, stated in paper [€) well
enough. Pogsibility of symmetrization depends
appreciably on a shape and value of bean
enittance near the source slot. Therefore,
relationship of a width and length of the
gource slot ig also a parameter, which allove
to optimize beam characteristics. As for the
ambipolar field, stipulated by radial drift
of electrons and iong, in the hend magnet
this field can arrize only in X7 plane,
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gsince a drift of charged particles along the
force lines of the magnetic field is possible
in this plane. Calculation of intensity of
the electric ambipolar field was produced in
accordance with [6] by the formula:

1 . =2
e i T2 Keesr o el [ sals T
efz, | (0 efs," (repd3)

x{pfex, Vi

X X
shere  F257, % =
*g WKy
é -~ ig effective halfvwidth of the beam on
X axis.
X ,— is the distance to the metallic
W aurface.
¥ - is exponent of adisbat, which ls a
ternn of the formuln for "ion sound”
. velocity.
(e - iz temperature of plasma electrons.
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bending magnet axis:Dean envelopes in <he
vlanes 17 and Y7
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Jeam envelopes without account and wish
zccount ¢f the ambipolar field influence are
shovn in fig.3. 1t is seen, that influence
of this effect is not great in this case.
Tt is clear, if we take inteo account, that
cmbipolar field intersity does not exceed
(10-20) Volt/em =znd at the same fime it is
less by an order than a value of the
focusing forces.

Tig.3. Deam envelopes without account {(---)

and with account of the arbipolar field{—)
influence
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However, focusing effect due to action of
the ambipolar force may be used for correc-
tion of the phease space of the beam in ('
plane. Ton-optic system of preacceleration
and focussing consisted of 5 electrodes, the
lagt of which was fthe input flange of the
aocelerator, Tow growth of emittance and
maximun passage of current was reached due
to the use of the system of single lenses
and appropriate cholce of internal radii of
the electrodes and distances between them.
The last two parameters were varied,llectrode
digplacement by £410 mm from the optimal
position leads to decrease of passing of
particles into acceptance in the transverse
plane by 154207, Change of the internal
radius by she value §R/R=% 10 leads to
decrease of reaching the acceptance by
25-301, (Acceptance for particles with
gynchrorous phase with respect to high-
~frequercy field is meant here).

Phase patterns of a beam of particles at
nput of tre zcceleration siruciture in
the plares 1" and VY' are sihown in
fig.4a, 4%. This case corresponds to the
field ixndex 1= 0.9 znd linear accelerator
with the coperating 2 o wavelength. Tessible
zeceptznce of iTd-focussing accelerstor is
gshovn by the cdotted line, accevtance of the
alternzting nhase focussing accelerator is

the
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Fig.4. Phase patterns of a teanm at the input
of the acceleration structure

acceptance of APF-gtructure

-~ ~~acceptance of RFQ-structure

Conclusions

1. Tumerical simulation of dynamics of
particles in the injecter with ionoptical
system, discussed in the paper, showed,that
axially symmetrical electrostatic system of
preacceleration at the correct choice of
bending magnet parameters allows to ensure
high current-passage in the injector channel
and good apgreemens of the beam emittance with
acceptances of RFQ- and alternating phase
focussing accelerators.

2. Yariation calculations showed, that
change of internal radii of ion-opticel
syatem electrodes influences on the dynamics
of ions much stronger than change of
distances between electrodes.

3. In the numeric simulation of I ion
beams dynamics with high phase density in
addition to tue external rf and focussing
fields it is necessary to take account of
the irfluence of the electrostatic ambipolar
field, errising in the beam-plasna system.
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