The differential cross section passes through a minimum in the reglon
w = 20 - 30 GeV, and increases further like 1n%w. To observe a significant
difference in the behavior of the differential cross sectlion it 1s therefore
desirable to measure the cross section at energies w > 40 GeV.

The ratio of the real part of the amplitude to its imaginary part, which
is larger than zero at w = 10 - 20 GeV, passes through gzero in the region w
= 10 - 20 GeV and approaches the limit -2/m 1n w at larger w.

The influence of the constancy of Ao on the behavior of the forward elas-
tic KN scattering is much weaker than in the case of charge exchange. The
changes are particularly small in the case of Bel' However, this influence

could be observed in the differential elastic-scattering cross section if the
measurement errors at w > 50 GeV were not to exceed 5 - 109%.

In coneclusion, i1t is my pleasant duty to thank L.D. Solov'ev for suggest-
ing the problem and for a discussion of the results.
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We consider in this article the influence of external fields on multi-
photon processes, and estimate the conditions under which external fields can
greatly influence their probability, decreasing the necessary number of quanta.
Practical applications of the processes under consideration are indicated.

It is known that the ionization of an atom in an intense light field

E;sinwt, with a2 quantum energy much lower than the ionization potential (hw
<< I), proceeds in different manners 1in two characteristic cases:
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1. If wt << 1, where T n I/eE1Va is the time that an electron with atomic
velocity v, = YI/m takes to "fly through the barrier," then the process is

guasistatic and is analogous to the ordinary tunnel effect, for which the prob-
ability is w exp(-Ea/E), where Ea is close 1in value to the field inside the

atom. 1In the presence of an external copstant field E;, the effective field
causing the tunneling is E = |E,sinwt + E,|, which yields for the ratio of the
probabi%ities with and without the field E,, under the optimal conditions

(E)l o):

1 1

w,/ w ~ exp -'E°<EI+E - —E_,> ~exp (E_E /E})
o

when E; >> E,. Thus, the condition for a mnoticeable change of the probability
of the process is E, > E%/Ea. For E; = 10° cgs esu (focused laser beam of

~300 MW power) and for E, v 107 cgs esu, we obtain E, > 10° cgs esu v 3 x 10°
V/cm.

2. Inthe case wt >> 1, when the field has time to change during the time
of flight through the barrier, we have a pure multiquantum effect, for which

(1] w ~ (e2E§/8msz)k, where k = <I/Aw + 1> is the number of quanta needed for
ionization. In this case application of a constant field can reduce the number
of quanta.

N A calculation performed in the guasiclassical approximation ylelds, for
E, || £, (for the plane case of a localized well),

[ (1 ~3eE_ /0\Imi)/he
w(e2E2 / 8re?[ ) °

at Ey < E;, i.e., the presence of an electric field leads, as it were, to a de-
crease of the ionization potential by an amount AL % 3eE,(I/hw)(h/v2mI) =
3eE ka v BeEova/w, where a = h/vV2mI ig the dimension of the principal region

of electron localization, v, = YI/2m, and ka is the path traversed by the elec-

tron prior to its "release,”" and is of the order of the path traversed by the
electron during one period of the field: ka = va/w).

Let us estimate the value of the external field that reducesuthe number of
the required quanta by one, AT = hw, i.e., E¢ = hw2/3eva 2 3 X 107 cgs esu

= 10MV/em if v, = 2 x 10% em/sec. TFreguently, however, I/hw is an integer with

a small increment (I/h - <I/hw> << 1), and therefore a reduction of the number
of quanta by one can be expected also in weaker external fields, on the order
of one MV/cm. It is possible to facilitate tuning to resonance in the case of
multiquantum excitation.

We note that a reduction of the number of needed quanta usually greatly
increases the probability of the process, since the quantity raised to the
power is x = e?E2/8mw?I << 1 for most cases of practical interest (for example,
when E; = 10% cgs esu and w = 10° rad/sec we get x = 107%).

The foregoing effects are of practical interest also for photoionization
of excited atoms, atoms on surfaces of media, and in the case of dissociation,
for in these cases the work function is several times smaller than the ioniza-
tion energy of the atoms.
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Let us no}e other possibilities of lowering the potential of the atom [2]
(AT = 2(e3E0)1 2) and of shifting the absorption edge [3] under the influence
of a field; these possibilities can supplement the action of the effects con-
sidered above.

The external fields employed can be the beams of lasers of longer wave-—
length or radlo-emission pulses.

3. Let us consider the influence of charged particles on the process of
multiquantum ionization and the practical use of this influence.

The presence or appearance of charged particles can greatly increase the
probability of multiquantum ionization of atoms situated in a sphere of radius

r = Je/E__ = 10~7-10"%cm.
crY cY

The ions can therefore serve as catalysts for the formation of islets of
photoionization of the medium in an intense optical field, a fact that can be
used, for example, to detect ions and to develop track chambers. Indeed, in
many cases, to reveal the presence of ions in dense media (e.g., by bubble pro-
duction), it is necessary that the ilons be produced at a large initial concen-
tration, or that heat be released (in the case of photoicnization of an islet,
the energy released is approximately Mﬁnréel/3 = 10 keV at a concentration n

= 3 x 1022 cm™? and a photoelectron energy €, eV; such an increase of the
energy-release density makes it possible to lower the metastability greatly and
to increase the sensitivity time of the medium. The photoionization islets can
also be revealed by their glow. It is possible to intensify the glow by apply-
ing an electric field.

The presence of excited atoms produced by a particle near the track can
increase the number of ions when the track is illuminated with powerful light,
in view of the very large probability of single-quantum, multiquantum, or
tunnel photolonization of the excited atoms.

For electrons, the condition under which the action on the atom is quasi-
static 1s satisfied up to velocities v < rRpw n 108 em/sec, and in this case the
formulas given above can be used.

It is important that in the presence of an intense optical field the atom
can become ionized even at lower electron energies. At high energies this
process can be regarded also as an increase of the cross section for the ioniza-
tion of the atom by an electron In the presence of an intense field (the condi-
tion for the equality of the rates of ionization is ﬂ(e/Ecr)w(ElEcr)/w n csf,

where ﬂ(e/Ecr) is the "cross sectlon of sufficiently close approach," w/w is
the probability of photoionization during the time of flight, GS is the cross

section for collision with the atom, and f is the probability of impact ioniza-
tion). Such processes are particularly important for picosecond laser flashes,
which produce large field intensities but whose durations are too short for
cascade development.

Large cross sections of sufficlently close approach, o " ﬂré 10—t

10-'? cm?, make the repetition frequency Vv of the action sufficiently large
even in a plasma that is not very dense. The summary fraction of the action
time 1s o = tv v ner3 = 0.3 at concentrations n, Vv 0.1/r% ~ 107 em™?® such that

the Debye radius GD iy ve/wp v 10~% em is large enough and no screening of the

field takes place. The role of the external field may also be assumed by the
plasma field Ep > neGD or by the collective fields in the plasma. Such a
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plasma may be formed in small volumes (the volume of a delta-electron track,
mode-focusing volumes, and hot points in the focus of a laser, etc.), and must
be taken infto account when the effects are estimated. Cascade multiphoton ioni-
zation and the propagation of the front of multiphoton ionization are also pos-
sible.

An intense light field can also change the specific ionization of fast
particles, adding its own quanta to the momentum of the field of a particle
moving past the atoms, and producing bursts of multiphoton ionization at the
instant when the particle crosses the maxima of the light-wave field; this
marks thg spe01flc ionization of the track, with a spatial period L =
mv/(w - ke v), from which i1t i1s possible to estimate the particle velocity;
since the velocity of an ultrarelativistic particle 1s close to the velocity

of light in the gas, the period Lmax = A/2(1 - B') may greatly exceed the wave-~

length of the light and can be readily observed. This method differs from
marking the ftrack by bursts of microwave breakdown [4] not only because we are
using in our case multiphoton ionization for the marking, rather than break-
down, but also because the .changeover to light with a short wavelength makes it
possible to measure the velocities of ultrarelativistic particles in small
regions of the medium.

The authors are grateful to Corresponding Member L.V. Keldysh for interest
in the work and useful discussions.
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As is well known [1], the spectrum of the x-ray and y-ray background at
40 keV < hv < 1 MeV and the points at hv v 30 MeV [2] and 100 MeV [3] are in
good agreement with the power law I, v v=1+2,  Recent measurements have re-

vealed an increase of the background radiation in the region 1 < hv < 6 MeV
[4]. In this paper this fact 1s interpreted as a superposition of the summary
radiation from discrete sources of bremsstrahlung vy rays on the general power-
law spectrum of the background.

Attempts were made earlier to explaln the observed effect as fthe result
of the vy activity of the nuclel Ni%% and Co®%, which are possibly synthe31zed
in supernova explosions in galaxies [5], or else as the y quanta produced in w0-
meson decays during the expansion period of the universe, corresponding to a
red shift z ~ 70 - 100 [6]. TIn the second variant it is assumed that the m°
mesons are produced in collisions between the cosmic-ray protons and the inter-
galactic gas. Both interpretations contradict the latest experimental data.
The first predicts a cutoff of the spectrum at 3.26 MeV, which is not observed
[7], and the background intensity expected according to the latter at hv ~ 30
and 100 MeV exceeds the observed value [2, 3].
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