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chains in the plastic. When polyethylene films
are irradiated, gaseous products are formed, viz:
methane, acetylene, and ethylene, which diffuse
from the sample within a time that depends on the
thickness. In the same paper 37 it was observed
that the activity losses may differ in different
batches of the same material. It is obvious that
this effect can introduce a considerable error in
the measured values of the cross sections. We
therefore found it advantageous to measure the
diffusion losses of C!! nuclei in sample of the
polyethylene which was used in the particular ex-
periment (1], stacks of polyethylene films 0.2 to
20 mg/cm? thick and stacks of ethylene copolymer
with propylene of equal thickness were irradiated
by the internal proton beam of the proton synchro-
ton at 9 GeV. The films stacked to avoid activity
loss due to the recoil nuclei. To determine the
percentage loss due to diffusion, a polystyrene
sample (plastic scintillator) 95 mg/cm? thick,
whose diffusion losses do not exceed (0.8 + 0.1)
per cent (according to 1:2]), was placed in the stack.
The number of C!! nuclei in the films and in the
plastic scintillator was measured by counting the
B particles with scintillation counters. A brief
description and the parameters of this installation
are given in (5], The main measurement error is
due to the uneven thickness of the film. In differ-
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ent exposures, values from 9 to 14 per cent were
obtained for the diffusion losses in the polyethylene
and in the copolymer of ethylene with propylene. By
averaging the data for the diffusion losses from
these materials, a value of (11.8 + 1) per cent was
obtained. It was found that the losses depend neither
on the radiation intensity nor, in a wide range, on
the energy and character of the irradiating par-
ticles.

The authors are grateful to M. Shafranov and
L. Strunov for help and useful discussions.
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IN this note we consider possible methods of fill-
ing a magnetic trap with fast ions; these are pro-
duced either by the disintegration and expansion

of dense matter heated and ionized by an intense
flash of focused light, or by the effect of an intense
light beam on a beam of fast particles injected into
a trap.

1. Filling a trap with ions in heating of matter
by light in a magnetic field. The heating of ions by
electron collisions in the interaction of a focused
beam of coherent light with matter is not very ef-
fective.[!] To obtain high ion temperatures by
this method it is necessary to have high electron
temperatures; however, high electron tempera-
tures are difficult to achieve because radiation
losses increase with temperature. Moreover, the
electron collision frequency decreases with in-
creasing temperature (v ~ T~3/2) and this leads
to a sharp drop both in the absorption of optical
energy by the electrons and in the rate of energy
transfer from the electrons to the ions. (The
transfer time t ~ M/mp ~ T2 becomes greater
than the expansion time and the temperatures can-
not come to equilibrium with each other. )

We believe that the interaction of light with
dense matter in a magnetic trap is more effective
because, in the expansion of the plasma that is
formed, the plasma pressure causes a direct
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transfer of energy to the ions, which are confined
by the magnetic field of the trap; these ions inter-
act and are thermalized by collision during the
time in which they are confined. The strong Cou-
lomb binding of the electron-ion fraction of the
bounded plasma provides an effective transfer of
energy from the electrons to the ions during ex-
pansion even at low densities and low collision fre-
quencies; in particular, this is true in stages of
the expansion long after the process has started
or at high electron temperatures (low electron-
ion collision frequency).

We can estimate the energy of the directed ion
motion by making various simplifying assumptions
as to the nature of the time variation of the plasma
pressure.

If the process is approximately adiabatic (for
example, in the case of a single energy pulse and
subsequent expansion) the ion energy in expansion
is € ~ kTgy/(y~1) ~ €gy when V » V,, where
Tey and V, are the initial temperature and volume
of the heated region. Thus, even when the ion tem-
perature is much lower than the initial electron
temperature (in which case the equalization time
ty ~ Mj/vgme is much longer than the character-
istic gas-kinetic expansion time t, ~ a/v ~ 10710
sec for a~ 1074 cm and v ~ 10% cm/sec) it turns
out that after expansion the ion energy is close to
the electron energy at the initial temperature.

If the process is approximately isothermal (for

example, the case of continuous injection of energy
or the case of thermal contact by virtue of the
electron thermal conductivity ) the kinetic energy
of the ions €j ~ kTgg In (V/Vy). It is evident that
when V > V; it is possible to obtain an ion energy
several times greater than the thermal energy of
the electrons. For example, if the dimensions of
the plasma localization region are changed by ap-
proximately a factor of ten we find €; ~ 10kTg,.
It is possible to heat the plasma further by induc-
tion currents in a rapidly growing magnetic field.
If one continues to generate plasma (from the re-
maining portion of heated matter) as well as heat,
the pressure falls off more slowly and the work

done on the ions increases.
Because the initial dimensions of the heated re-

gion needed for containment of the expanding plasma
and effective capture of ions are small, it is pos-
sible to use a strong pulsed magnetic field local-
ized in a small volume. If the ion containment time
is large enough the ratio of the number of active
interactions with containment to the number of in-
teractions in free expansion is

o =1 4 nmty (sv)r; /(neafv) <Svdr;)
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For example, if the ratio of plasma density before
and after expansion is n;/n; ~ 10%, the containment
time is t; > 10 usec, and the gas kinetic expansion
time a/v ~ 107% sec, then with Tj; > Tj, it is pos-
sible that @ >» 1 in view of the strong (exponential)
dependence of (ov) on the ion temperature Tj [2]
or on the ion energy if thermalization does not
occur.

2. Filling a trap with ions in the interaction of
an intense light beam with a beam of fast particles.
In order to capture a charged particle injected into
a magnetic trap it is necessary to change the mass,
velocity, or charge of the particle immediately
after it enters the trap. It is convenient to use
the strong electric field of an intense coherent light
beam for dissociation or ionization of molecular
ions or for ionization of neutral atoms injected into
a trap.

It has recently been established that a focused
beam of coherent light has a strong ionizing effect
on a rarefied gas. (3,41 The ionization probability
is found to be an exponential function of optical
power: W ~ eBP, where B~ 3 x 1072kw™L. It is
evident from this relation that if the optical power
is increased moderately one can increase sharply
the probability of ionization and provide effective
ionization even for fast particles. (For example,
with a power of approximately 500 kW it is pos-
sible to realize almost 100% ionization of particles
moving with velocities of approximately 108 cm/
sec.)

Excited atoms injected into a trap (at the pres-
ent time atomic beams have been produced with
quantum numbers as high as n ~ 10) can be ion-
ized by much smaller light intensities. It should
be remembered that the field intensity of a light
beam can exceed by many orders of magnitude
the motion-generated field intensity (E = vH/c
is of the order of several tens of kV/cm) that
is used to ionize excited atoms in magnetic
traps. [2]

If molecular ions are injected into a trap, cap-
ture can occur merely by virtue of the dissocia-
tion that takes place in the optical field because
of either perturbations of the electron motion or
perturbations of the vibrational and rotational
states of the nuclei.

Ionization of molecular ions injected into a trap
is most effective because in this case the molecu-
lar ion dissociates into two ions that remain in
the trap.

In certain cases an ion beam can be focused
inside the trapping chamber. Using the combina-
tion of a focused ion beam and a focused light beam
it is possible to increase the time of interaction
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between the light and the beam up to several milli-
seconds. The efficiency can also be increased by
means of multiple reflections and by reverse re-
flections of the light back into the trap.

In connection with these problems it is of great
theoretical and experimental interest to investi-
gate the ionization and dissociation of molecules
and molecular ions in intense optical fields. It is
possible that in molecular systems there are vari-
ous effects that can affect atomic interactions be-
cause of perturbations of electron states. For ex-
ample, polarization can cause repulsion of the
atoms or the excitation of vibrational oscillations.
(51 A strong optical field can favor exchange tran-
sitions and exchange interactions between atoms.
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A large number of stars with secondary 7* me-
sons was recorded in a study of the production of
- mesons by mesons in a nuclear emulsion bom-
barded by 250—300 MeV 7~ mesons[!J). One of
the causes of these events is the formation of an
additional meson on individual nucleons in com-
plex nuclei, in accordance with the reaction

a4 p—at+a 4 n, (1)
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in which a secondary negative meson is absorbed
in the same nucleus, or else charge exchange in
the same nucleus of one of the 7° mesons from
the reaction

4 p—n® 4 a4 n. (2)

However, other processes are also possible, and
they can result in the formation of a 7’ meson fol-
lowing a collision between a 7~ meson and a nu-
cleus. These are double charge exchange proc-
esses in accordance with the scheme

4 p—>a’+n
a4 p—ont-tn (3)
or
4 (2p) — 1t + (2n). (4)

The difficulties in separating the effects from
reactions (3) and (4) are apparently the main rea-
son why they have not been investigated. However,
an investigation of double charge exchange of
mesons is of interest, since this can yield addi-
tional information on the interaction between
charged and neutral mesons with nucleons in
complex nuclei. In addition, great interest is
attached at the present time to the possibility of
using double charge exchange for the production
of new light nuclei 2],

Using the experimental material accumulated
in the study of the production of mesons by me-
sons, it is possible to attempt to separate the
hitherto unobserved processes (3) and (4). How-
ever, it is necessary to verify first that the sec-
ondary 7° mesons occur also at energies that are
considerably lower than the meson production
threshold. In this case the 7° mesons can be pro-
duced only in a double charge exchange process,
and consequently reactions (3) and (4) can be ob-
served in such an experiment in pure form.

Such an experiment was performed with the
synchrotron of the Nuclear Problems Laboratory
of the Joint Institute for Nuclear Research. A
charge-symmetrical process was investigated.

A pellicle stack measuring 10x10x2 cm was ir-
radiated in an 80-MeV r'-meson beam. The 7"
mesons were stopped in the emulsion after trav-
eling through 7.5 cm. The irradiation density was
1.2 x 10° mesons per square meter.

The stopped 7~ mesons were identified in the
developed emulsions by the characteristic o stars.
Prongless stopped mesons were not registered.
The tracks of the registered 7~ mesons were con-
tinued in the stack to the stars produced in the



