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1. Last time a problem of highly charged ion production is
very important. We need high-charge ion beams in accelerators,
ion spectroscopy, solid physics. A special interest represent
cross—sections of ion productions, their interactions and phe-
nomena in a very ionized gas. The main ion sources are based
on heating and following plasma confinement by different methods.,
They are: PIG method, duoplasmatron and an electron-cyclotron
resonance ion source. The ion beam 1is formed also 1in the
laser source as a result of laser emission interaction with the
Sdubstance. i

The h1ghest charged ions (up to Xe *) were obtained in the
Donets EBIS in Dubna’'/. A very focused electron beam with ener-
gy up to 22 keV, dens1ty Ne up to 10 m~% and the duration
up to 10 s is used in EBIS. The main defect of this source is
a small number of highly charged ‘ions in a one pulse and a very
low energy efficiency. So to receive 10% Xe %2+ jons about
10!% electrons of the beam are needed. A maximum’ ion charge
reached in all the types of sources is determined by the energy
of ibnizing electrons.
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2. New possibilities of producing highly charged ions of
heavy elements are created in the Collective Heavy Ions Accele-
rator at JINR'®

The typical electron ring parameters are:

Major radius R = 3.5 cm; .
RMS small halfdimensions a = 0.1 cm;
Number of electrons Ne up'to 1013;
Electron energy E = 20 MeV;
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Compressed ring lifetime r = | ms;
Current density j = 10 em~2 g1
So ionization factor jr = 10%%m~®. It"s enough to receive

Xe?9+ and U®** ions. A number of Ni ions with charge Z is
limited by the condition Ni < Ne/Z. Relativistic electron ener+
gy permits to ionize the inner shells of the heaviest elements.
For this purpose we need to increase the 11fet1me of the elect-
ron-ion ring. So to produce Xe®!* and U 90+ jons time about
1 s is needed. ’

. The lifetime of the electron-ion ring 2nd the possibility
'of highly charged ion production are limited by:

a) relativistic electron energy losses due to the synchro-

tron radiation; . s .
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b) increasing of the small electron ring dimensions by the
electron scattéring on trapped ions;

c¢) neutralization of the electron charge by the ionization
of the background gas in the accelerator -chamber;

d) decreasing of the ‘ion charge as a result of electron cap-
ture in background gas;

e) technical difficulties of the electrot-ion ring long time
confinement.
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3. Let”s analyse these questions in detail.
a) The time behaviour of the electron ring major radius
is determined by the equation:

dR R (4B ldfl_s_)+ R P _g

————— —_—— e —— ————

. ‘ : (1
dt (1 -mB adt 2 at 1-n
where B_ is an axial component of the magnetic field induc-
tions; B, meanvalue of B in the electron ring; n field in-

2
dex; P::-—wﬁg_gwé radiation loss power; E::ynm%, electron ener—

m . . NP

gy; m,r., y, mass, classical radius and relativistic elect-
ron factor; ¢ velocity of light.

A characteristic time diminution of the electron ring radluq
by two times, due to the synchrotron radiation in the stationa-
ry magnetic fleld, is 20-40 ms.

b) Small dimensions depend on two factors except self and
external electro-magnetic fields: diminution of dimensions due
to the radiative frictions and their increasing due to the scat-
terlng of electrons on the trapped ions. Using the moments
method /3 we can obtdin the time variation law of transverse
effective phase value ¢ = ya)ag
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Qheregv is a frequency of electron betatron oscillation; S =
B U
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., The synchrotron radiation and scattering influence on small
dimensions of electron-ion ring depends very strongly on the
energy of electrons. So, with y = 30-40 typical time of di-
mensions decreasing due to the synchrotron radiation is 30-
60 ms, and the dimensibns 1ncrea51ng due ,to the scattering
with Ni = 101! ions of Xe®+ is 20-30 ms.
¢) It was shown in ref.’%/ that the number of ions produéed
from background gas with thermal velocity U, and density
‘in dense electron rings is defined from equation dN/dt =
\/2/“[Isno, where s is surface area of the electron rings.
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is the so-called collision integral.
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The N'* ions are created in the ring during 5-10 ms. So, the
electron r1n§ will be neutralized by the ions from background
gas with 1077 Torr pressure during 50 ms.

d) Ion charge increases in the ring by the electron impact
ionization. Ionization cross-section decreases with the ion
charge increasing and the charge growth becomes slower. At the
same time the possibility of charge exchange of the ions with
neutral atoms (background gas) increases and it can limit the
trapped ion charge when number of neutral atoms in accelerator
chamber is large. In’Y it was found that for obtaining Xe 94+
and U " ions the background gas pressure in the chamber must
be less than 107 9 Torr. -

e) There are some difficulties in practical realization of
electron ring long time confinement in the ¢ollective accele-
rator. )

The simplest solution is to short out the current in the
coils of magnetic system when the current reached maximum va-
lue. After that current, and therefore magnetic field, will
change by the law B= Boexpr/T) where T is a decrement de-
termined by the coil inductance and their active resistance.
We have T = 50 ms in collective accelerator in Dubna.

4. The circumstances, given above show that it”s difficult
to contain electron rings in collective accelerator more than
50-100 ms. To produce the highly charged ions of the heavy
elements a considerable increasing of the ring density is neces-

"sary. In’®/ it was proposed to use the synchrotron radiation

of relativistic electrons in a special generated nonhomogeneous
magnetic field with index n< 1 to diminish electron ring dimen-
sions. A system was calculated that permits to diminish the

ring radius about two times during 5 ms.- When we short out the
magnetic system after supplementary ring compressing, its ra-
dius practically will not change because of .the compensation of
the magnetic field decreasing by the influence of synchrotron
radiation. Moreover, the radiation friction exceeds the in-
creasing of small dimensions due to the electron scattering on
trapped* ions in the initial time moment. The calculated time
dependence of the electron ring and Xe , U ions parameters 3
are 'shown in the table. The ring radius is determinated by equa-
tion (]) To find small dimensions we used equation (2) with-
out considering the electron scattering. When, for example, Xe
ions are about 1019 gsome increasing of transverse ring dimen-
sions takes place after y is less than 10. As a result, final
small dimensions increase about 1.5 times compared to the table
data. The table time is calculated from the electron ring for-
mation.






