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Abstract.~ The equilibrium thicknesses of targets T have been calculated for some heavy

ions using the cross sections of electron loss and capture in the energy range

E/A & 5 x 10°

values of T obtained by analyzing the resulis

targets of various thicknesses,

As a fast-ion beam traverses matter, the number
of ions of given charge changes and approaches
the equilibrium value determined by the energy
and charge of the ions and by the parameters of
medium, Determination of the minimum thickness
of matter layer T , which is necessary for the
equilibrium charge state to be established, is of
considerable practical interest, in particular, when
calculating the charge-exchange targets used in
many-stage accelerators of heavy ions 1 .

The wvalues of T may be calculated using the
cross sections of electron loss and capture by
heavy ions. Such calculations were made earlier
for fast negative hydrogen ions H in hydrogen ,
helium, and nitrogen at E/f (1—6)X102 MeV/nuCle——~

2)

on and for uranium ions at E/A =(2—-8)x102
MeV/nucleon in heavy media with the charge of
atomic nuclei of medium Zm = 22 - 28 3) .
The analysis of the experimental equilibrium
thicknesses for fast ions in solid media has made
it possible to establish the empirical dependence

of T on E/A at E//\ = 0,1-10 MeV/nucleon 4) .

The cross sections of electron loss and
capture by fast ions in gaseous media are used
here to calculate the values of T for some ions
at E/A =(0,1-5) x10° MeV/nucleon and to com-—

pare the calculated thicknesses T with the

MeV/nucleon., The calculated thicknesses are compared with the experimental

of the studies of ion charge distributions in

experimental values of T inferred from the non-

equilibrium charge distributions of fast ions,

The change of the charge composition of
the ion beam traversing a target of rarefied gas
is described by the set of N differential equa-
tions

dt B Z(PL“)GLK (1)
where CDL(J&

with charge |

is the relative fraction of ions
is the thick~
LFK

is the cross section of the inelastic collision in

in the ion beam; t

ness of the gaseous layer; 6“( at

which an ion with charge L turns out to be an

ion with charge K (6“ = “26‘“(). The equi-
librium distribution of charges in the ion beam is
P, (o)

In accordance with the practical limitations of the

given by the wvalues of at -t—yoo
accuracy in the values of (D-L H:) , we shall as-
sume that the charge fractions (D)_ (‘i‘,) reach

P, (20)

satisfying the condition

their edquilibrium wvalues

t>T,;
l@l(t)‘ (DL(OO)’ - Elq)t(ocg (2)

where 6

at the target

thickness

is a certain given small value. At
various charges | , the values of Ti are
different and depend on the charge distribution

in the beam at t = 0 , In connection with this,
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it will be expedient to examine, together with
thickness Ti , the thicknesses Ta for the values
of (I characterizing the entire set of the charge
fractions (bL . Chosen as such values were the
parameters associated with the first statistical
moments, namely the mean ion charge

T =T e (E) and the distribution half-width
diwy = LE(-1)7 ()™

Therefore, we examined the equilibrium thickness

Ta determined by the condition
la(Te) = al=)] = €ale) (2)
Qis L or d.

where

In the high energy range where the appro-
ximation of two-component system is 'valid‘(N=2)

the expressions for T at & << 1 may be ob-

tained in the analytical form
[9.00) ~ Pilea)|
£ T(eo)

0 2y

1= =
L 6l-l,Z

(4)

Glz«t,z - 617_,2—( [ CPZ(O)‘(PZ (90) u
E/" Cz,z Oz, 28 J
62-4;2 * 62,2—1

T.-

The experimental cross sections 6 1K

. . i Z «  n .
for ions with nuclear chargcoes & 53, which are
necessary in the calculations, were taken from

the reviews 5’6) Besides that, the cross sccti-
ons GiK obtained by the semi-empirical me-

thods %8)

were used for the uranium ions. In

the extremely high energy range where but two
components are practically conserved in the ion
@) 2-1,2

ron loss by hydrogen-like particles were calcula-

9)

ted to the Born approximation , while the cross
SENS

nuclei were estimated using the results of

beams the cross sections of clect~

sections of electron capture by

10,121)

It was assumed when calculating the thick-

300

E = 0.01 anda
lail = |i.— U{eo) € 1/2. The equilibrium thick-

nesses T that

nesses T

a determined from the experimental de-

-19)
o) laul<

differ from the thicknessces T calculated

pendences

¢ 1/2

=

reducced to

on the basis of the cross scctions 6“( by, on

the average, not above 30% (see Fig. 1).
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Fig. 1. Equilibrium thicknesses Td as function
of EJ/A. The values of Z of ions are shown ncor

the curves. and — — —

are the results of the calculation on the basis of
Gk for N 2-3 and for N = 2 consequent-

Ly,

a) The nitrogen target, The experimental data

_9)'(.)

for nitrogen ions ( O ) are from

from 13) , | & ) from j6), and for carbon ions

( A ) from

lues of T at

The arrows indicate the va-

a1/ (<)

the calculated

- 2
thicknesscs T for H ions from ).( —_———— )
- the values T for ions in solid target obtained
in 4).
b) The argon target, The experimental data for

carbon ions ( \V4

) from 38), for oxigen ions
12)

for ncon ions ( O )
15)
s

( |- ) from R
12)

from for bromium ions ( O ) from

74)

- ) i
and for iodium ions ( /A Y from , and

( A ) from 17). The arrows indicate the va-

latl< f2 (

the calculated thicknesses 1 for uranium ions

lues of T at

e )

in heavy media with Zm = 22 - 28
3
{rom ) .

The general trend of the dependence of Ty
on E[/A is the same for all ions, namely, as E/A
increases, the values of T increase monotoni-
cally, In this case, the dependence of Ty on
E/A enhances as energy increases in the region
E/A < 3 MeV nucleon and gets weaker at E/A
> 100 MeV/nucleon, The dependence of T4 on
the 1on nuclcar charge Z in various energy
ranges is different, namely T4 decreases with
increasing 2 at E/aA < 0.1 MeV/nucleon and in-
creases rapidly with rising . ot E/A > 100 MeV/
nucleon, At all energics of particles, the values
of Ty decrease monotonically with increasing

the nuclear charge of atoms of medium 2Z,, .

It can be seen from Fig, 1a that the thick-
in solid target at Efa =(0,1- 10)MY/

4)

nucleon obtained in are 2-20 times the res-

nesses T

pective thicknesses in nitrogen target, The appli~
cation of the method for calculating the equilibri-
umn thicknesses T in rarefied gases to solid

targets necessitates the knowledge of the effec—

tive cross sections of charge exchange in these

media,
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