which is valid for small concentrations and not too low temperatures. Here p is the density
of the solution, Py the density of the superfluid component, c¢ the He® concentration, and u;
and up the speeds of the first and second sounds in the solution, respectively. The error in
the determination of the velocity does not exceed 2%.

It follows from the figure that the experimental results for helium-isotope solutions
are in fully satisfactory agreement with the theory [5]. Tentative measurements of the absorp-
tion coefficient indicate that it increases rapidly with temperature. This makes measurements
near the A point difficult.

Work is now continuing in broader temperature and concentration intervals, with an aim
at obtaining information on the behavior of the He® and He* atoms in narrow channels.

The authors thank D. S. Sanikidze for a useful discussion connected with the organization

of the present work,

(1] J. R. Pellam, Phys. Rev. 73, 608 (1948).

(2] X. R. Atkins, ibid. 113, 962 (1959).

[3] J. Rudnick and K. A. Shapiro, Phys. Rev. Lett. 9, 191 (1962).

(4] K. A. Shapiro and J. Rudnick, Phys. Rev. 137, 1383 (1965).

[5] D. G. Sanikidze and D. M. Chernikova, JETP 46, 1123 (1964), Soviet Phys. JETP.£2,76O,
(1964),

(61 T. P. Ptukha, JETP 34, %3 (1958), Soviet Phys. JETP 7, 26 (1958).

(7] N. G. Bereznyak and B. N. Esel'son, JETP 31, 902 (1956), Soviet Phys. JETP 4, 766 (1957).

[8] C. C. Lim and A. C. Hollis Hallet, Low-temperature Physics and Chemistry, 1958, Univ. of
Wisconsin Press, p. 178.

(9] T. R. Roberts and S. G. Sydoriak, Phys. Fluids 3, 895 (1960).

[10] E. A. Iynton and H. A. Fairbank, Phys. Rev. 80, 1043 (1950).

[11] H. A. Fairbank and S. D. Elliot, Low-temperature Physics and Chemistry, 1958, Univ. of

Wisconsin Press, p. 180.

1
) The values of p, Pys Y1s and up for the solution were obtained from [6-11].

AUTOINIZATION OF FAST LITHIUM-LIKE NITROGEN AND OXYGEN IONS AFTER PASSAGE THROUGH A SOLID

I. S. Dmitriev, L. I. Vinogradova, V. S. Nikolaev, and B. M. Popov

Nuclear Physics Institute of the Moscow State University;

Moscow Engineering Physics Institute

Submitted 16 November 1965

ZhETF Pis'ma 3, No. 1, 35-40, 1 January 1966

Passage of fast atomic ion-beam particles through matter should give rise to excited
ions with an increased probability of electron loss by collision with the atoms of the medium.
In addition, electrons may leave the excited particles spontaneously [1] (Auger effect). The
experiments described below were set up to observe the increased probability of electron loss

by fast ions passing through a medium.
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Beams of nitrogen and oxygen ions 7
accelerated in a 72-cm cyclotron were
focused at a distance of 8 meters from
the cyclotron (Fig. 1). Targets com-
prising thin celluloid films ~2 ug/cnf
thick (i.e., ~10'7 atoms/cm?) were
placed at different locations on the

path of the beam near the focus. Ions

were produced with different charges

after the passage of the beam through

Fig. 1. Diagram of experimental setup: 1 - Cyclo-
tron, 2 - focusing magnet, 3 - targets, 4 - mass
charge i were directed with the aid of monochromator, 5 - charge-exchange chamber, 6 - an-
alyzer, 7 - detectors.

the target. The ions with a given

a magnetic mass monochromator into a
charge-exchange chamber ~0.5 m long, in which part of the ions with charge i was converted in-
to ions with other charges by collision with the gas atoms and spontaneous ejection of the
electrons. A magnetic analyzer with a system of proportional counters, each of which regis-
tered ions with a single fixed charge [3], made it possible to determine the charge composi-
tion of the beam passing through the charge-exchange chamber, i.e., the relative number ®j

of ions with different charges J (Zj¢j =1).

The relative number ®i+ of ions with charge i + 1 depends on the effective cross sec-

tions d?i and Uij of the procisses involving a change of charge for excited and non-excited
particles (the first and second indices i and j indicate respectively the initial and final
charges of the ions), on the number n of atoms per cm® in the charge-exchange chamber, on the
length L of the charge-exchange chamber, on the probability ay of spontaneous loss of an elec-
tron by excited ions, on the probability r. of radiative de-excitation, on the ion velocity v,
and on the fraction ai of the ions with charge i in the excited states. Under the conditions
oijnL << 1 (for arbitrary i and j) and K? >> chijn’ where K? = Zsc§jn + (ai + ri)/v, the fol-
lowing relation holds true:

®i41 = O3, 54200 F ByO0Y L 0L+ Pia Ly, (1)
where
By = oyl - exp(-K¥L) I(KEL)™T, A0k L = 0 5g - 05 54-

The number of excited ions reaching the charge-exchange chamber depends on the distance
R between the target and the center of the magnetic field of the mass monochromator: ai(R) =
ai(O) exp (-q?R), where q? = Zscﬁjn' + (ai + ri)/v, and n' is the number of atoms per cm® on
the path of particles between the target and the monochromator.

The experiment consisted of determining the relative nmumber of ions with charge i + 1,
produced in the charge-exchange chamber from the ions with charge i and separated by the mass
monochromator, for different distances R between the target and the center of the magnetic
field of the mass monochromator. The measurements were made with nitrogen ions with charges

i=2 - 5 and with oxygen ions with i = 3 ~ 5.
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Pizy i XI5 Fig. 2. Relative number ®i+] of fast
f——T—TJfL4E ions of nitrogen produced in the charge-
003 1 ;_44_1_45 exchange chamber, plotted against R.
¢ !i S The ions with charge i, separated by
i the mass monochromator, are indicated
a02 + L in the upper part of the figure. The
light and full points give respective-
i ly the relative numbers of ions ®;_
q01 - e and ¢;,; which capture and lose orl1el
’ 3 53-3 electron. Curves A, B, and C corres-
A pond to different thicknesses t =
Lh_x_,__ﬂ[‘-&-}-a-&--vAl ;._u.,_'_lﬁ ofl‘1 t}ée gas targit in the charge-—exihange
0 W 801203200 %0 80 720 5200 4 80120 520 0 0 40 120 atoms/ en?. &= 14 3.6, and 6 x 10t
Rem Rem A cm R, em
For most ions, the values of ¢i+l’ as well as the values of ®i—l which were determined

simultaneously for control purposes, were independent of R (Fig. 2). On the other hand, in

experiments with N** and 0*5 ions, the relative number & of quintuply-charged nitrogen

i+l
ions and sextuply-charged oxygen ions increased appreciably with decreasing R. During the
time of these measurements the pressure was ~1075 mm Hg in all parts of the experimental set-
up through which the beam passed. With a ten-fold ingrease of pressure on the path of the
i+1(R) -0

(Rmax) did not change. This means that collisions with atoms of the residual gas had prac-

beam from the target to the mass monochromator, the quantities Ami+l(R) =9

tically no influence on the processes leading to the reduction in the number of excited ions

and responsible for the increase in the values of ¢i+l with decreasing R. i.e., 230§jn' <<
+ ¥ = .

(ai ri)/v and q¥ (qi + ri)/v

With increasing pressure in the charge-exchange chamber, the values of ¢ (R) in-

creased in accordance with (1), while the values of A¢i+l(R) = oi+l(R) - (R ) were in-

1+l
dependent of the pressure (Fig. 2). According to (1),

(R) = [y (R) - @, (R, )I[1 - exp(-KEL) J(KEL) (Ao%

¥ el eV

1+l

where K? = qg = (ai + ri)/v, and therefore the absence of a dependence of Ami+l(R) on n
means that the observed increase in the number of quintuply-charged nitrogen ions and
sixtuply-charged oxygen ions with decreasing distance between the target and the mass mono-
chromator cannot be attributed to an increase in the cross sections for the loss of an elec-

tron in collisions of the excited ions with the atoms of the medium (Ao§ n << ai/v).

Since control experiments have shown that the values of A¢i+l(R) do not a:;ind on the dimen~
sions of the diaphragms through which the beam passed, the observed effect is not connected
with the interaction between the ions and the surfaces of the diaphragms. Thus, we are left
with the assumption that this phenomenon is the result of spontaneous emission of an elec-
tron by the ions v and O+5, i.e., as a result of autoionization of these particles.

From the experimental values of q?, characterizing the dependence of A¢i+l on R, we

determined the average lifetimes 17 = l/(ai + ri) of the autoionization states. Since
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ZSoiJn' << (:a.:,L + ri)/v, we have 1T = l/qﬁv. The autoionization of the N'* ions was observed
at ion velocities v ( 4 - 12) x 10® em/sec, i.e., at energies from ~1 to 10 MeV. For all
these energies 7 = (5.5 % 2) x 1078 gec. Approximately the same value of the lifetime, T =

(4 £ 2) x 108 sec, was obtained for 0*5 (at v = 8 x 108 cm/sec).

In all cases the quantity ML Otia.i/(ai + ri) was of the order of 1%. From this we
get the estimate ai 2 1% for the fraction of the ions which are in autoionized states with the
lifetimes indicated above. When the target thickness is increased from ~2 to 20 ug/em® the
number of such ions remains essentially the same, since A¢i+l
20% (for v = 8 x 10® cm/sec). Practically no such ions were produced in a gas target ~101S

atoms/cm2 thick, placed along the path of the beam in place of the celluloid film.

increases in this case by only

The lifetime of the excited states subject to autoionization decay is usually 10718
10-* sec [k]. However, for negative helium ions He~ and for lithium atoms there are known
metastable autoionization states (lsEs2p)4P5/2 with lifetimes 7 = 10”2 sec for He  ions and

~ 5 x 107° for lithium atoms [5,6]. The metastable autoionization states of the lithium-
like nitrogen and oxygen atoms, observed by us, apparently belong to the same type of states
with maximum possible values of the total angular and spin momenta.

Inasmuch as there should be many more excited states of ions with lower lifetimes than
metastable states with 7 = 107® sec, it follows from the obtained results that immediately
after leaving the solid target an appreciable fraction of the fast multiply-charged ions
loses an electron and its charge increases as a result of autoionization.

The authors are grateful to S. E. Kuprianov and G. A. Askar'yan for a valuable discus-

sion of the results of the present work.
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Several experiments have been recently performed [1-4] on ion-molecular reactions of the
type A + BC - AB + C (A = atom or ion, BC = diatomic molecule or ion), and have cast light on
the energy dependence of the absolute cross sections of these reactions. These experiments
pertain to a relative-motion energy close to 10 eV, for which the theories based on the use of
the intermediate-state concept (see [5-6]) should not be valid. It is therefore advisable to
consider an alternative mechanism for such reactions, based on the model of direct interactions

between the incident particles A and bound particles B and C, without formation of an inter-
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