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Measurements were made of the energy and angular dependences of the distribution of the
charged fractions in a beam of argon particles undergoing single collisions with argon and
krypton atoms. The data obtained agree with the Russek-Thomas theory. Measurements
were made also of the differential effective cross sections for scattering and electron loss,
and of the integral cross sections for the loss and capture of electrons by singly charged
argon ions in argon and krypton. The measurements were made in the angular range 0—3°.
Parts of the integral effective cross sections, corresponding to the scattering of the pri-
mary ions within the angular range 0—1°, were measured directly.

1. INTRODUCTION

THE processes of scattering accompanying the
inelastic collisions of ions with gas molecules, in
particular the ‘‘stripping’’ of electrons, were first
studied by Fedorenko [1] and then by Kaminker and
Fedorenko.[?] Later Everhart et al.[34] investi-
gated the processes of scattering of several types
of ion which were ‘‘stripped’’ in gases.

Basing themselves to a considerable extent on
the work referred to above, Russek and Thomas (5]
developed a phenomenological theory of ion-atom
collisions leading to electron loss. The probabili-
ties of the formation of the various charged frac-
tions calculated by Russek and Thomas were in
reasonable agreement with the experimental re-
sults of the cited work. However, we must bear
in mind the fact that some of the initial assump-
tions were made by Russek and Thomas in such a
way as to obtain the best agreement with these ex-
perimental data. Measurements of the angular dis-
tribution allow us not only to study the nature of
the interaction of the particles in various inelastic
processes but also to determine the true values of
the integral cross sections of such processes as,
for example, the electron loss by an ion or atom
shell.

In recent years, several measurements have
been made of the integral effective cross sections
for the loss and capture of electrons by various
ions during collisions with gaseous atoms and
molecules. These measurements were carried
out mainly at relatively high ion velocities. [6-8]
Since, at high ion velocities, the process of elec-

tron loss is in the nature of an impact interaction
between individual electrons and target atoms, the
influence of the scattering on the measured cross
sections should not be great. However, for ion
velocities v =< 108 cm/sec, the influence of the
scattering of ions on the results of the measure-
ments of the integral cross sections for the elec-
tron loss may be enormous. Thus, for example,
Kaminker and Fedorenko[2J showed that the inte-
gral effective cross sections for the stripping,
measured for ions which are little deviated, may
be many times smaller than the corresponding
cross sections measured with allowance for the
angular distribution of the primary ions. Similar
results were later reported in (3,4 The latter in-
vestigations, in which the angular distributions
were allowed for, were carried out at ion energies
not exceeding 180 keV.

Obviously, a study of the processes of the elec-
tron loss with allowance for the angular distribu-
tion carried out over a wider range of energies is
of interest in determining the true integral effec-
tive cross sections and in further development of
the ideas about the mechanism of the interaction
of heavy atoms. In the present work, we deter-
mined the charged fractions in a beam of argon
particles undergoing single collisions with argon
and krypton atoms. We measured also the differ-
ential cross sections for scattering with electron
loss and determined the integral cross sections
for electron loss and capture by singly charged
argon ions in argon and krypton. The measure-
ments were carried out in the energy range 250—
1400 keV and the angular range 0—3°.
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FIG. 1. Diagram of the apparatus.

2. EXPERIMENTAL APPARATUS AND MEASURE-
MENT METHOD

A beam of argon ions was obtained and acceler -
ated by means of the electrostatic accelerator de-
scribed earlier by the present authors. (91 The dia-
gram of the apparatus used to carry out the meas-
urements described below is given in Fig. 1.

A magnetic mass monochromator 2 was used
to extract, from the ion beam produced by the ac-
celerator, a uniform beam of singly charged argon
ions and to direct this beam to a scattering cham-
ber 14 through slits 3 and 15. The constancy of the'
beam direction and its parallelism were ensured
by two rectangular slits 1 and 3. The slits 3, which
was assembled from two halves insulated from
each other, was used as the sensing unit for the
stabilization of the accelerator voltage and for the
simultaneous automatic maintenance of the ion
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beam direction. At given values of the ion energy
and the corresponding magnetic field in the mono-
chromator, the beam could be kept accurately par-
allel. The slit 15, 3.5 mm long and 1.2 mm wide,
was placed directly in front of the scattering cham-
ber channel. The angle of the scattered beam of
particles was varied by rotating an electrostatic
analyzer 10 with respect to a fixed axis of rotation
passing through the middle of the scattering cham-
ber.

The beam of ions scattered through a given angle
was selected by two narrow slits 4 and 5, 0.55 and
7 mm wide, respectively. The distance between
these slits was 90 mm and the distance from the
center of rotation to the slit 5 was 160 mm. The
divergence of the scattered beam in the transverse
direction was A6 = +0.5°. The primary beam cur-
rent in the scattering chamber was measured by a
trap 13, connected to the system of collimating
slits 4 and 5. To avoid distortion of the values of
the primary current, measures were taken to sup-
press the secondary electrons by means of an elec-
trode 12, and the outside surface of the trap was
protected by a screen 6. The ion beam selected
by the slits was directed to the electrostatic ana-
lyzer 10. The beams with different ion charges
were separated by the electric field of a capacitor
11.

Receivers 8 were intended for the measurement
of the intensities of the charged components of the
beam with ion-charges from +1 to +8. They were
Faraday cups with guard electrodes for the sup-
pression of the secondary electron emission. The
positive plate of the capacitor was connected to
the casing and therefore some of the electrons
formed in the path of the beam may have been ac-
celerated in the direction of the receivers 8, pro-
ducing undesirable background. To eliminate this
a permanent magnet 7, the field of which turned the
electrons to the wall of the analyzer, was placed
between the capacitor and the receivers.

The ion beams entering the receivers 8 were
measured with vacuum-tube electrometers of
~ 1071 A/division sensitivity. The intensity (the
number ) of fast neutral atoms, formed by the cap-
ture of electrons by argon ions, was determined
with a detector 9, working on the principle of meas-
uring the current of the secondary electron emis-
sion due to the bombardment with fast argon atoms.
The construction of this detector was the same as
that of the detector used by us in another project.
[10] To reduce the background due to the residual
gases, a trap 16, filled with liquid nitrogen, was
placed in the scattering chamber. The residual
gas pressure in the scattering chamber was of
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the order of (2—4) x 10~® mmHg. High vacuum
was established in the apparatus by oil diffusion
pumps provided with traps cooled by liquid nitro-
gen. The pressure in the apparatus did not exceed
(2—3) x 10~ mm Hg. The gas pressure in the
scattering chamber was measured with a manom-
eter tube LM-2, denoted by 17 in Fig. 1, calibrated
by means of a McLeod gage. The calibration was
checked from time to time during the measure-
ments. The initial data were the measured inten-
sities of the ion beam components. Each component
of the beam, beginning with that of zero charge and
ending with that of octuply charged ions, was meas-
ured by a separate receiver.

To determine the range of pressures which
would ensure single collisions, we investigated
the dependence of the ratios of the currents of
particles which underwent charge exchange to the
primary current, as a function of the pressure in
the scattering chamber. The curves of the depend-
ences of J"*/J, on p were recorded for various
energies and angles of deviation. During the
measurements of the cross sections, the range
of pressures in the scattering chamber was se-
lected each time so that a linear dependence of
J%*/J, on p was retained for the component with
the highest ion charge, since for these ions the
deviation from linearity occurred at relatively
lower pressures, because of the higher probabil -
ity of electron capture by multiply charged ions
compared with the electron loss. The total differ-
ential cross sections for the scattering of primary
ions o* into a unit solid angle, the scattering
angle being 6 in the laboratory system of coordi-
nates, were determined using the formula

8
o* = do/do = Y} N*/NynLo.

k=1

(1)

Here, NK is the total flux of particles scattered
through the angle 6, the charges of the particles
being from +1 and +8, with the exception of the
particles scattered on the residual gas in the scat-
tering chamber. This particle flux was measured
by the receivers 8. N is the intensity of the pri-
mary beam of singly charged ions, measured with
the receiver 13; m is the concentration of the tar-
get gas atoms with allowance for the residual pres-
sure in the scattering chamber; L is the effective
length of the target along the direction of the pri-
mary beam, determined by the geometry of the
collimating slits and the angle 6; w is the solid
angle considered here, which is also determined
by the geometry of the collimating slits and the
dimensions of the slits of the receivers 8. The
calculation of the quantity L was carried out in
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the same way as in [»4]. It is evident from Eq.
(1) that the intensity of the neutral particle beam
was neglected. This is because, even at the low-
est investigated ion energies and the lowest scat-
tering angles (6 = 1°), the intensity of the fast-
atom beam was negligibly small.

The differential cross sections for the loss of
(n—1) electrons were determined from the re-
lationship

8
cIn = c*N/ E N",

=1

(2)

where N is the flux of particles of charge n, scat-
tered through the angle 6, measured by the ap-
propriate receiver, with the exception of the par-
ticles scattered on the residual gas in the scat-
tering chamber. The parts of the total effective
cross section for the electron loss in the angular
range 1—3° were calculated by integrating the dif-
ferential cross sections for the processes consid-
ered in solid angle elements. The appropriate in-
tegral can be written in the form
g0
on (1 +3°) = 27 { 9}, (6) sin 6.

1°

3)

To integrate, we plotted the curves of the depend-
ence oi“n( 0) for given values of the ion energy, and
the integrals were obtained graphically.

To measure the parts of the total cross sections
for the capture and loss of electrons correspond-
ing to the angular range 0—1°, we altered the col-
limating system of the scattering chamber in such
a way that circular slits selected a beam in the
shape of a cone with the plane angle at its vertex
equal to 2°. The dimensions of the circular aper-
tures of the receivers 8 ensured complete collec-
tion of all the particles scattered through the angles
from 0 to 1°. The parts of the cross sections,
04n(0—1°), were calculated using the formula

610 (01°) = N/N'mL, )

where N is the flux of particles of charge n, with
the exception of the particles formed in the resid-
ual gas and at the edges of the slits; N’ is the in-
tensity of the primary particle beam; L is the
effective length of the scattering chamber. To
check the possible influence of the dimensions of
the collimating slits and the entry slits of the re-
ceivers, control measurements of the differential
cross sections were carried out by varying the
dimensions of the slits. It was found that the re-
sults of the measurements were unaffected, within
the limits of the experimental error, by consider-
able variations of the dimensions of the collimating
and receiver slits.
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3. RESULTS OF MEASUREMENTS AND DISCUS-
SION

We investigated the processes of scattering,
capture and loss of electrons, by singly charged
argon ions on collision with argon and krypton
atoms. The gases used as targets contained im-
purities in amounts not greater than 0.1%.

a) Distribution of the Charged States in the
Beam. Figures 2 and 3 give the charge distribu-
tions of the argon ions for single collisions in
argon and krypton as a function of the energy for
the scattering angles 6, in the laboratory system,
of 1, 2 and 3°. These figures show that in the case
of some charged states the curves have maxima,
which are displaced toward higher energies on
increase of the number of stripped electrons.
These observations may be explained by the fact
that since a higher charge of the ion corresponds
to a relatively higher energy loss, it is obvious
that, with increase of the relative velocity of the
ions, the role of the processes involving greater
energy loss increases.

On increasing the scattering angle, the Fn(E)
curves become steeper, and their maxima become
narrower and shift toward lower energies. This
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FIG. 2. Dependence of the distribution of the charged
fractions on the energy of argon ions in argon.
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FIG. 3. Dependence of the distribution of the charged
fractions on the energy of argon ions in krypton.

nature of the dependence of these curves on the
scattering angle is an additional confirmation of
the explanation given above, because large scat-
tering angles correspond to relatively closer ap-
proach of the particles and consequently stronger
transfer of energy to the inelastic interactions.[1!]
The difference between the curves obtained in ar-
gon and krypton is this: the curves representing
the same number of lost electrons are shifted
toward lower energies in argon compared with
the corresponding curves for krypton. This indi-
cates that the relative transfer of the inelastic
energy for the stripping of an argon ion in krypton
is less than in argon.

The results of the measurements of the charged
fractions, given in Figs. 2 and 3, allow us to make
a direct comparison of these results with the dis-
tributions of the charged fractions calculated by
Russek and Thomas.[3] It follows from their the-
ory that the amplitudes of the maxima and the in-
tersections of the curves are independent of the
energy and the scattering angle, and are governed
only by the charged states corresponding to the
given maxima or intersecting curves. A compari-
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Table I
Maxima and in- Target gas AR Target gas Kr Theoret.
tersections of
O arves o=1° 6=22| 0=3 ] o=t | 0=2° \ gz | VAlues
FiXFs — — — 0.05 — — —
F1XFs 0.03 — — 0.02 0.02 — 0.02
FyXF, 0.23 — — 0.23 — — 0.25
Fax Fs 0.15 — — 0.13 0.12 — 0.13
PyXFg 0.09 — — 0.07 0.07 0.07 0.07
FaX Fq 0.04 0.04 0.03 0.04 0.04 0,05 0.03
FaXFg 0.02 0.02 0.02 0.02 0.02 0.03 —
F3XFy 0.33 — — 0,36 — — 0.35
F3x Fs 0.24 — — 0.25 — — 0.24
F3xXFg 0.16 0,15 — 0.15 0.15 0.15 0.15
FsxX Fy 0.08 0.08 0.07 0.1 0.09 0.09 —
F3xX Fg 0.05 0.05 0.05 0.05 0.05 0.05 —
Fq 0.35 — — 0.37 0.39 — 0.37
FyXFs 0.32 0.32 — 0.32 0.31 0.32 0.32
FyxX Fyg 0.23 0.23 0,24 0.23 0.22 0.22 0.24
FyXFq 0.14 0.16 0.16 0.16 0.15 0.16 —
Fyx Fq 0.1 0.1 0.1 — 0.1 0.1 —
Fy 0.34 0.35 0.34 0.34 0.33 0.35 0.35
FsXFg 0.3 0.3 0.31 0.28 0.28 0.28 —
FsX Fy 0.22 0.22 0.22 — 0.23 0.21 —
FsX Fg 0.14 0.15 0.14 — — 0.15 —
Fg 0.34 0.34 0,33 — — 0.32 —
FeX Fq 0.29 0.31 0.32 — — 0.3 —
FegxX Fg — 0,28 0.29 — — — _
Fy —_ — 0.33 — — — —
son of the amplitudes of the maxima and the heights 6/?cm’/atom
at which the curves intersect is made in Figs. 2 and " =1 Ar
3 for the angles 6, equal to 1, 2, and 3°. The re- I on K
sults of this comparison, and also of a comparison ,_Z,j VY
with the theoretical data, are collected in Table I. lj e 70
Table I shows that the amplitudes of the max- 3
ima and the heights of the intersections of the /;,,; Jl
curves representing the charge distribution for T
the angles 1, 2, and 3° nearly coincide with the 6/2 cm?/atom '
amplitudes and heights calculated theoretically. /ﬂj - LKl
In all cases, the difference does not exceed 0.02— o 17Tl
0.03 for peak heights of 0.35—0.4. Therefore, the o5 Ll T
/ o 1 rr;G
agreement between experiment and theory can be 5 ~al T
regarded as good. We note also that the theoret- 2 l‘\ g
ical predictions are satisfied well both in argon 740 4 80 500 10 1200 10

and in krypton.

b) Differential and Integral Cross Sections for
Electron Capture and Loss. Figure 4 gives the ex-
perimental data representing the dependence of
the total differential cross section for the scatter-
ing of argon ions on their energy, for collisions
with argon and krypton atoms leading to the scat-
tering through the angles 6 = 1—3° in the labora-
tory system. In the same figure, the continuous
lines represent the dependence of the total differ-
ential scattering cross section calculated on the
assumption[“] that the elastic interaction between
the particles can be described by a screened Cou-
lomb potential of the type

U (r) = (Z:Z2q*/r) exp (— r/a), (5)

where Ziq and Z,q are the charges of the nuclei

FIG. 4. Energy dependences of the total differential cross
sections for the scattering of argon ions in argon and krypton
for =1 — 3°

of the interacting particles; the screening param-
eter is a =ay/v Z2/3 ¥ 72/3 . Comparison of the
experimental and calculated data shows that they
are in agreement over the whole range of the in-
vestigated energies. The observed difference be-
tween the experimental and calculated results is
within the limits of the experimental error.

Using the data on the total scattering cross sec-
tions and the data on the values of the charged
fractions, we calculated the differential cross sec-
tions ¢jj—ofy by means of Eq. (2). Figures 5 and
6 give the dependences of the differential cross



DIFFERENTIAL AND INTEGRAL CROSS SECTIONS 323

5} & A, =1

GRS '
214 M

~—]

7 ,L j\ %’;:,‘i
G R S ——
j AN 75(\] e Y

o,
P) N\ [

o nX y T
] i

Cxf YI ‘\o
i\ <

7" A £ ey
00 400 b0 400 1000 1200
p T T

/iq/f W2 Ar,6=2°=1—
;ﬂ’v‘\ Ny +
AR ve avy I
L2172 NP NN S —— ﬁ
208\ = |

/l'/‘f “)<‘ N¢ X~
i=SSwaSs=

X -
CAEEVARE T~
Z \
7" ‘ \ 6”\ \ \\4
1 \ \ 1
j"dr; —— AN f,‘KE‘{ J’
¥ T
GRG—T o=
X X T
SANRSY |

19NN
R S
J ke X

(e )‘\\4\
A\
Z, NG

7" MJ e
TN
2 \ T\

//"’:J 5" i C\ .

ShE==— Ehev 3

g 400 600 800 1000

FIG. 5. Dependence of the differential cross sections o*
in argon on the energy of argon ions for § = 1 — 3°.

sections oi"n on the energy of argon ions for the
scattering angles 6 = 1—3° in argon and krypton.
It is evident from these figures that the higher ion
charges correspond to less steep slopes of the de-
pendences ofy,(E). Inthe case of some of the
charged states, the curves pass through maxima.
With increase of the number of lost electrons,
these maxima shift toward higher energies. These
features may be explained in the same way as in
the case of the dependence of the charged fractions
on the ion energy.

The nature of the curves giving the depend-
ences of the differential cross sections oy, on
the energy and the scattering angle is approxi-
mately the same in argon and krypton. However,
in argon all the curves are displaced toward lower
energies compared with krypton.

To calculate the parts of the total effective
cross sections for the electron stripping, corre-

sponding to the angular range 1—3°, we plotted the
curves of the dependence of,(6) from the data of
Figs. 5 and 6. These curves, plotted for the ener-
gies from 250 keV to 1400 keV in steps of 100 keV,
were used to carry out the integration. The parts
of the total cross sections for the electron loss
calculated in this way for the angular range 1—3°
are listed for argon ions in argon in Table II, and
for argon ions in krypton in Table III. The same
tables give the results of the direct measurements
of the parts of the effective cross sections for the
electron loss corresponding to the angular range
0—1°. These tables show that the parts of the
cross sections for the electron loss oy, corre-
sponding to the angular range 0—1°, rise with in-
crease of the ion energy and that the slope of this
rise increases with increase of the number of
stripped electrons.
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Table II. Parts of the total cross sections oy, in the angular ranges 6 = 0—1°
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and # = 1—3° in argon

(cross sections are given in units of 10718 ¢cm?/atom)

Out l O12 I O13 l O | S15 | O1e I C17 I Ois
E, keV

-y | ote | 1w | ooete | o1-m | o—te | 1ese | o-re 1-3° 0—to | 1-8 0—te | 1w | 13

250 — — 5.6 — 9.15 — 8.5 — 6.14 — 1.79 —_ 0.032 —

300 1.3 248 2,16 70.5 5.55 12,7 6.6 1.7 7.76 0.26 3.47 — 0.37 —
400 0.47 | 274 0.73 91.5 22 15.9 4.32 3.16 6.78 0.68 4.7 — 1.25 0.13

500 — 349.6) 0.36 128.5 1.36 27 2.92 5.1 5.07 1.9 4.91 0.2 2.32 0.4
600 — 379 0.18 139.1 0.84 32.1 1.91 8.2 3.58 2.65 4,43 0.47 2.5 0.57
700 — 400 — 150.5 0.55 41.6 1.44 9.0 2.8 3.85 4.0 0.87 2.7 0.79
800 — 430 — 160 — 45.9 1.16 10.2 2.33 4.2 3.65 1.28 2.8 1.08
900 — 430 — 175 — 51.2 0.81 11.45 1.65 5 2.77 1.86 2.40 1.16
1000 — 420 — 177 — 50.3 0.67 14.15 1.35 5.9 2.47 2.37 2,39 1.28
1100 — 420 — 192 — 58.4 0.58 16.4 1.106 7.3 2.22 2.84 2.38 1.32
1200 — 420 — 191.5 — 60.5 0.49 18.1 0.9 7.5 1.02 3.45 2.36 1.39
1300 —_ 410 — 191.5 — 67.6 0.42 19.05 0.75 8.0 0.62 3.7 2.4 1.53

Table III. Parts of the total cross sections oy, in the angular ranges § = 0—1° and 6 = 1—3° in krypton

O | O12 ' O13 I O14 | G5 | O1e I O17 C1s
E, keV
=g | oo | a—se | omte | a—w | o—te | 1= | o—te | a3 | o—to | 130 | 1 1—3°
300 1.34 234.8 5.2 40,7 10.1 4.05 7.27 — 2.42 —_ 0.29 — —
400 0.57 281.6 2.43 62.2 7.8 8.63 8.63 0.98 3.92 — 0.8 0.09 —
500 0.086 318.6 1.38 76.2 4,78 15.3 71 1.9 4.87 0.21 1.42 0.28 —
600 — 3791 0.89 112.6 3.41 20.6 5.8 5.0 5.3 0.585 2.23 0.51 0.063
700 — 339.4 0.59 119.7 2.29 21.6 4.5 5.3 5.0 0.93 4.37 0.76 0.126
800 — 359.6 0.445 123.1 1.86 23,25 3.75 5.35 4.65 1.46 2.83 0.98 0.19
900 — 449.65 0,347 148.5 1.48 30.8 3.2 7.6 4.32 1.95 2,98 1.24 0.26
1000 — 439.74 0.258 154.0 1.13 32.3 2.68 7.9 3.83 2.04 2.95 1.44 0.374
1100 — 479.8 0.184 159.1 0,887 38.84 2.16 9.35 3.39 2,35 2.71 1.62 0.48
1200 — 459.9 0.133 164.3 0,664 | 44.2 1.77 10.0 2.95 2.6 2.89 1.77 0.6
1300 — 480.0 — 189.5 0.51 50.57 1.43 12.33 2.67 3.6 2.96 1.97 0.853
1400 — 520.0 — 219.56 0.44 52,77 1.23 16.45 2.55 4.65 2.76 2.6 1.06

In the angular range 1—3°, the nature of the en-
ergy dependence of oy, is more complex and is
governed to a great extent by the number of
stripped electrons. For small numbers of stripped
electrons, the cross section oyp(1—3°) decreases
with increase of the ion energy. For large numbers
of stripped electrons, the same cross section
passes through a maximum or rises monotonically
with increase of the energy. The energies at which
the maxima occur increase with increase of the
number of stripped electrons. The measured ef-
fective cross sections oy, for the capture of an
electron by a singly charged argon ion in the angu-
lar range 0—1° may be regarded as the total cross
sections because the accompanying scattering of
ions through angles larger than 1° was found to be
very weak over the whole investigated range of
energies.

Using the data in Tables II and III and taking
into account the cross sections for which there is
a very rapid reduction of the dependence cri"n (6)
within the limits 1—3°, we can easily determine
the total effective cross sections for the electron
loss in the form of the sum ¢y, (0—1°) + oy (1—3°).
These cross sections can be regarded as total
without committing a large error because the con-
tribution due to the scattering of ions through

angles > 3° is slight. The total cross sections
obtained in this way for the electron loss oyy

are given in Fig. 7. In the range of energies in-
vestigated by us, there are no published data with
which our results could be compared directly.
Therefore Fig. 7 presents data taken from [274]
for low energies in argon, and from (-8 for
points at 1400 keV. Figure 7 shows that the
published data for low energies and our results
can be fitted to the same monotonic curves. At
high energies, our results match the data reported
in [6-83,

It is easily seen that in the investigated range
of energies the effective cross sections for the
electron capture oy, decrease monotonically with
increase of the ion energy. The effective cross
sections for the electron loss increase with in-
crease of the ion energy, with the maxima of the
cross sections oyy and o3 in argon being reached
at the energies of 1000—1200 keV. The nature of
the dependences oyy(E) was approximately the
same in argon and krypton, but, as in the case of
the differential cross sections, the maxima of the
cross sections oy, for the electron loss were dis-
placed toward high energies in krypton compared
with argon. A possible reason for this is given
above, in the consideration of the dependences of
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FIG. 7. Energy dependences of the total cross sections
for the capture o,, and loss o ., of electrons by argon ions in
argon and krypton. The points marked with a bar above were
taken from [*]; those with a bar below are from [*]; and those
with two bars below are from [*~*].

the charged fractions on the energy in argon and
krypton.

In conclusion, it is our pleasant duty to thank
A. K. Val’ter, Academician of the Ukrainian Acad-
emy of Sciences, for his interest and the operators

of the accelerator, K. M. Khurgin and V. G. Ru-
bashko, for their help in the measurements.
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