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An ionization calorimeter [1] was used to investigate the development of nuclear-cascade
avalanches produced in the calorimeter when cosmic~ray particles interact with lead nuclei.

In the present paper we present the preliminary results of the reduction of some of the avail-
able experimental data concerning the fraction of the energy of the interacting particle trans-
ferred to the electron-photon cascade in one inelastic collision. The energy of the particles
producing the investigated avalanches was 5 x loll - 2x 10 3 V. The selection of the events
and the determination of the nuclear-cascade energy released in the calorimeter material were
performed with the aid of a computer. The final analysis included the uniguely separated
nuclear cascades whose initiation was not distorted by an accompanying electron-photon ava-
lanche from the atmosphere, and in which the length of the avalanche trajectory in the calori-
meter following the first interaction exceeds 540 g/cm2 (>12 trays of the calorimeter).

The fraction of the nuclear-active-particle energy transferred in the first collision
to the electron-photon cascade (Kﬁo) was determined from the depth distribution of the ioniza-
tion in the calorimeter, it being the ratio of the energy of the first electron-photon cas-
cade to the total energy of the nuclear-cascade avalanche. Contributing to the separation of
the electron-photon avalanches from the series of consecutive interactions in the lead was
the large value of the ratio of the range of the nuclear interaction to the radiation-unit
length (~30). 1In the conversion from the energy released by the nuclear-active particle in
the calorimeter to the total energy (Eb), account was taken of the energy transported by the
nucleon and by the pion avalanche to the outside of the calorimeter, and also of the energy
not registered by the ionization chamber (the binding energy of the nuclei, slow neutrons,

neutrinos). The energy transported by the nucleon was calculated

w(ke?)
-1 from the observed Ko distribution. Its average value, introduced
I

as a correction, is O.lhEO. The energy carried to the outside of

421
the calorimeter by the pion avalanche was determined for each in-

dividual event from the ionization in the last trays of the calo-

rimeter. In agreement with [2], it was noted that the energy car-
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’ ried away to the outside of the calorimeter increases with in-
o creasing energy of the interacting particles.
A , R The analyzed material was grouped in the energy intervals
0.4z 4 46 88 T Ae o 01 1012 o 1012 L o x 1022 ey, 2 x 07 - 3 x 1022 ey,
Fig. 1 3 x 1012 - 5x 1012 eV, 5 x LDlg - 1013 eV, and >lO13 eV. The
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number of events in the indicated intervals, used for the Kqo
analysis, was 86, 224, 9k, 51, 23, and 16.
The KT[O distributions for all the energy groups ex- {

-
)
T

cept EO > 1013 ey agree with each other and are shown

in averaged form in Fig. 1 by a solid line. The K ¢ dis- 425} M
tribution for 16 events with energy higher than 1023 &V

is shown dashed.

1 | A 1 i
- . . 50" 10 2107 5197 197 2497 g, eV
The average values K,(O for the indicated energy in- &

tervals are shown in Fig. 2. The errors of the mean val-

ues KKO include, besides the statistical errors, also Fig. 2.
methodological uncertainties in the values of the energy carried away by the nucleon, uncer-
tainties in the superposition of cascades from several interactions, and also an inaccuracy
in the determination of the location of the first interaction. Their magnitudes therefore
depend little on the statistics of the events when the number of cases exceeds 50. At Eo
-1.8x 107 ¢
The mean value Kno for E > 10

V, the statistic?l error in Eno amounts to ~2/3 of the error shown in Fig. 2.
5 eV is given without allowance for the energy transported by
the nucleon to the outside of the calorimeter, corresponding to an increasing value of iﬁO'
Introduction of this correction decreases f&o to 0.34, a fact for which allowance is made in
the error of the mean value. TIn the determination of K o for all the events, account was
taken of the experimentally observed fact that the energy removed by the pion avalanche from
the calorimeter increases with increasing Eb. However, the assumption that the range for ab-
sorption of the pion avalanche is independent of EO and equals 1, 2, or 3 interaction ranges
does not cause K%o to deviate by more than the errors indicated in Fig. 2. Finally, it is
possible for K“O to be underestimated as a result of superposition of avalanches from two
muiclear-active particles passing through the calorimeter at a distance that cannot be resolved
with the aid of the ionization chamber. Such events are more probable at high energies and,
if the maximum in the distribution at E;O < 0.1, for avalanches with energy Eb > l.Ol3 eV (Fig.
1), is attributed to such a superposition and is eliminated during the course of the aver-
aging, then the mean value of f&o increases to the upper limit of the error.

Thus, we have obtained experimentally a reliable result indicating that K%o is constant
in interactions between nucleons (or pions) and lead nuclei in the energy interval from
5% lOll to l.Ol5 ev.

The ‘tendency of the energy transferred in the electron-photon cascade to increase when

15 eV can be connected with the change of

the energy of the interacting particles exceeds 10
the composition of the particles incident on the calorimeter or with the hypothesis of the
"gammaization” [3], and with the theoretical prediction of direct production of gamme quanta
when nucleons of ultrahigh energy collide [4].

{1} A. D. Erlykin, N. M. Nesterova, S. I. Nikol'skii, et al., Proc. Intern. Conf. on Cosmic
Rays, London 2, 731 (1965).

[2] E. V. Denisov, V. M. Kim, A. E. Morozov, and S. A. Slavatinskii, Izv. AN SSSR, Ser. fiz.

: 31, 1468 (1967).
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The principal feasibility of developing lasers based on chemical reactions has been
examined in detail recently [1,2]; examples of such an analysis are the papers of Tal'roze
[3] and Oraevskii [4]. Tt was reported [5-7] that laser action was realized in vibrationally-
excited HC* and HF* in photochemical chain reactions. The rate of population of the "up-
per" level in such reactions does not exceed va, where Wb is the photo-initiation rate
and v 1is the length of the chain. An analysis of the data of [5~7] shows that in practice
a small number of links of the chain is effective in the population of the "upper" level, and
the inversion and generation occur only at sufficiently rapid photo-initiation WO, so that as
a result the principal fraction of the total energy loss in the generator is due to the elec-
tric energy lost in the flash lamp, and one can speak in this case of a chemical laser only
by stretching the point somewhat.

The main difficulties in creating a "truly" chemical laser are connected, in particular,
with the fact that the reaction should proceed at a sufficiently rapid rate, i.e., it should
have a small activation energy, and at the same time the reacting mixture should be able to
£ill the volume of the optical resonator before the start of the reaction. These two require-
ments are apparently best satisfied by branched chain reactions which have ignition 1limits
- curves in coordinates of pressure (P) and temperature (T) (Fig. 1) - which separate the re-
gions of values of P and T in which the reaction does not occur in practice (shown shaded
in the figure) from the regions in which the reaction is explosive [8]. One of the character-
istic reactions of this type is the reaction of hydrogen with fluorine, for which Semenov and
Shilov [9] established the existence of a first (I) and second (II) ignition limit. In ad-
dition, it is possible to realize in this reaction also a third (III) chain ignition limit.
An investigation of the mechanism of this reaction [10] has shown
that the branching occurs in it in reactions of vibrationally-excited
hydrogen fluoride. 1In this case it is to be expected that inside the
ignition region the accumulation of products at the upper level will

first be proportional to aet/T, where a 1is a quantity that depends

on the rate of initiation and t 1is the characteristic branching

time of the reaction.

X CL’ The authors investigated a mixture of fluorine with hydrogen of
,/f;éza? approximately stoichiometric composition near the first ignition lim-
T it. The passage through the limit (see arrow A in Fig. 1) is by

Fig. 1 means of an electric discharge with an energy (QE) lower 1.5 ~ 2 or-
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