1912 - 10'? em™%, and this led to an increase of the slowing down in the sec-
tion to a value 0.3 - 0.5 in the frequency range under consideration.

puring the course of the pulse, the beam energy ranged from 0.3 to 1.0 MeV.
The width of the rescnance between the beam and the excited waves with frequency
w and wave number kZ is
" o, 2/3 Vg/a
II__ “‘N(Z;) L 1sYe ' (3)
g

where vo 1s the beam velocity, w_ 1s the Langmuir frequency of the beam, vg is

b
the group velocity of the wave, and we 18 the resonant frequency of the section,.
Under the conditions of the experiment, the beam is at resonance with the ex-
cited waves during the entire pulse.

The length & over which the oscillations build up is of the order of £ "~
2/3.,1/8 2%3 1/3
10v} Vg /wb wg = 20 - 30 em, i.e., mich less than the length of the section,

Thus, self-modulation of the beam produces a noticeable effect. The self-
modulation is accompanled by generation of intense microwave oscillations at the
resonant frequency wo. The microwave power was measured by two methods, with a
calibrated detector and with a calorimeter matched to the wavegulide channel
(SWR = 1.35). The power reached 10’ W. The generation of radiation was ob-
served in the entire range of waveguide frequencies, with a maximum at 2600 MHz,
and its duration was 3 X 10”8 sec.
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+ We have obtained new data on the coherent generation of a triad of pions
(v727") on light nuclei (C, F, Cl) by a 7 meson having a "momentum" ~3.9
GeV/c. Some experimental details can be found in [1].

An increase of the statistics has enabled us fto study a group of reactions

(202 events) with t' = !t - tminl < 0.03 (GeV/c)?, in which the fraction of the

coherent events, according to the most rigorous estimates, is not lower than
hog. The general characteristics of this group can be seen in Fig. 1. The
presented mass distributions agree qualitatively with the corresponding dis-
tributions observed in similar experiments at higher energies.
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Fig. 1. Mass distributions of the systems (1t27~) (a) and (vtr=) (b)
for events with t' < 0.03 (GeV/c)? (the reaction 7~ + A » A + w¥ +
2n7).

Fig. 2. Distributions of the longitudinal momenta of the 7t and 7

mesons for events with t' < 0.03 (GeV/c)?, in the mass center of
the "incident particle + nucleon” sxstem. Light part - 7~ mesons
(404 combinations), shaded part - w' mesons (202 events).

In our case, the yield of the coherent reaction depends on the mass of the
produced triad. Thus, at values Mg 5 1.2 GeV there is no coherent process.
This result confirms estimates of the fundamental papers [2]. The masses of the
systems (nt27~) and (w¥7~) are also mutually dependent. One can see a po meson

in the interval 0.95 GeV < M3 < 1.2 GeV, but not in the region Ms; < 0.95 GeV,
Since there is a distincet diffraction peak for the reactions with M; < 0.95 GeV,

N
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Fig. 3. Mass spectrum of the (ﬂ+ﬂ_)
system for events with a 7t meson
having p; > 0.5 GeV/c (a), and the
same for events with a fast 77
meson (b). The difference between
the distributions (b) and (a) is
shown shaded. The smooth curve

1s the Breit-Wigner distribution
corresponding to the p meson.
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this fact can be regarded as a conse-
quence of the coherent generation of
a triad of uncorrelated pions.

The momentum distribution of the
secondary particles turned out to be
a sensitive criterion.

Figure 2 shows the distributions
of the longitudinal component of the
momentum in "incldent particle + nu-
cleon" system. For pions of both
signs, there are groups of "soft" and
"fast" particles, with a distinct
boundary at p, = 0.5 GeV/c. In 95%
of the cases there is only one fast
particle, and the two others have
py < 0.5 GeV/c. This allows us to
conclude that the total number of
fast particles corresponds to the num-
ber of reactions.

The fast ﬂ+ mesons are connected
with peripheral production of a p°
meson. This 1s confirmed by Fig. 3a.
The p®-meson peak is clearly pro-
nounced. It is shown with the aid of



the angular distributlons that the generated p meson is alighed in a direction
perpendicular to the motion of the primary pion. This should lead to the ap-
pearance of fast 7~ mesons in an amount equal to the number of fast mt mesons.
It 1s seen from Fig. 2 that this reason alone does not suffice to explain the
observed number of 7~ mesons with p; > 0.5 GeV/c. This conclusion is addi-
tionally illustrated by Fig. 3b, where the p meson was not separated against the
background of the accompanying spectra in the mass distribution of the (n¥m=)
system for events with fast 7~ mesons. The difference between Figs. 3b and 3a
is concentrated, in the main, to the left of M 4 _ v 0.7 GeV, i.e., it is not
connected at all with the p meson. n

Thus, Figs. 2 and 3 offer evidence of the existence of a reaction that
leads to formation of a fast preferred particle that coincides with the primary
one, i.e., to the production of a "leader."

The existence of a "leader" is confirmed also by the mass distribution of
the N1~ system. The observed singularities of this spectrum are due entirely
to the influence of the group of fast particles with Py > 0.5 GeV/c.

The role of the isobar N#¥(1238) in the formation of the NT mass spectrum
is negligible, a fact that may indicate a larger fraction of coherent reaction
in the sample under consideration.

We have analyzed qualitatively the angular distributions of the secondary
- pions. The analysis has revealed generation of (m'27~) triads in the states

IP = 07 and 1+, as expected for the coherent process. The distribution with

" respect to the m -meson emission angle relative to the beam in the c¢.m.s. of
the (nT271~) triad agrees with the decay scheme IP =0~, 1t > 0" + 0- + 0.

The total cross section of the coherent process, determined by a standard
extrapolation of the do/dt' distribution into the region of small transfers,

referred to an average nucleus (A = 22.5) turned out to be o, = (630 = 290)

ub/nucleus. This quantity was used to . estimate the cross section for the inter-
action of the pion triad with the nucleon inside the nucleus, 03ﬂN’ in accord-~

ance with the procedure of [3]. The calculation yields G3wN > QGWN. The

estimate shows that the contribution of the bound states of three plons to the
coherent process is small.

Thus, the entire aggregate of the experimental data indicates that we have
observed coherent generation of a triad of uncorrelated pions.

It 1s likewise impossible to exclude a considerable contribution of the
coherent process that leads to the formation of the p°ﬂ" pair.

As to the filrst statement, the facts listed above can be explained by re-
presenting the process as a stripping of virtual pions from the primary parti-
cle (the "leader") by .the field of the nucleus. As is well known, such a pion
"premsstrahlung" was predicted, in essence, already by Pomeranchuk and his co-
workers, and also in recent papers by Benecke et al. and by Feynman, in con-
nection with cosmic-~ray physics.

We thank V.V. Frolov for constant 1lnterest and support, and A.T. Bederkin,

A.K. Ponosov, T.A. Rogozghin, G.A. Maksimov, and V.V. Pyatkov for great help
with the work.
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At low temperatures, the conductivity of doped semiconductors is produced,
as is well known, by a hopping mechanism [1, 2], wherein the charge is trans-
ported via tunnel transitions (hopping) of the electrons from occupied to free
impurity centers, the presence of which i1s ensured by the compensation. The
presence of activation energy 1is connected with the scatter of the impurity
levels in the random fields of the charged donors and acceptors, and as the
electron moves it is quite likely to absorb or emit a phonon, on the average with
equal frequency. The need for absorbing a phonon leads to an exponential de-
pendence of the conductivity on the temperature. However, in a sufficiently
strong field, the hopping conductivity can become in principle activationless
[3]. To this end, it is necessary that the potential-energy drop over the
length R of the hop, in an electric field eER, be comparable with the energy
spread A of the impurity centers. In this case the electron hops will be ac-
companied only by the emission of phonons, and the conductivity ceases to de-
pend on the temperature. Simple estimates show, however, that in the region of
the classical hopping conductivity over shallow impurities it is impossible to
observe this effect, since impact ionization of the impurity centers occurs in
much weaker fields. More favorable possibilities are uncovered by further
lowering of the temperature, when the conductivity is due to the hopping of the
electrons not over the nearest impurities, but over states located in a narrow
energy band near the Ferml level. In this region, the conductivity o decrease
with temperature in accordance with the formula [4]

To 1/4 1
g =0g_exp{- —> , T~ (1)
¢ T °  glu)a’

where g(u) is the density of states at the Ferml level and a is the Bohr radlus.
The value of the critical field needed to observe activationless hopping con-
ductlivity is in this case greatly reduced, for A decreases and R increases with
decreasing temperature. 19 strongly doped and strongly compensated germanium,
a conductivity of the "T~!/*" type (1) was observed in the experimentally con-
venient reglon of nitrogen - helium temperatures [5], and in addition the
strong compensation leads to a lowering of the Fermi level into the forbidden
band and to an increase of the impact-ionization fileld. These circumstances
governed the choice of the object of the investigation. The experiments were
‘performed on samples of germanium strongly doped with phosphorus (No = 10%?
em™?%) and simultaneously strongly c?mpensated with gallium. The degree of com-
pensation was of the order of 80%.!

Owing to the strong compensation, the samples were not homogeneous anq
. their Hall coefficient was not measured. The current-voltage characteristics
of the samples were nonlinear and accompanied by breakdown under stationary

1)We are sincerely grateful to R.L. Korchazhkina for preparing the strong-
ly-compensated germanium samples. .
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