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~ WO similar emulsion cloud chambers' consisting of 24
alternate 3-mm lead plates and 250@, G-5 emulsions were

exposed to the cosmic radiation. One stack was exposed for 30 days
at 10 700 feet at Echo Lake, Colorado with the planes of the
emulsions and lead plates at an angle of 45' with the vertical, the
other was exposed for 6 hours at 90 000 feet at White Sands, New
Mexico with the planes of the emulsions and lead plates horizontal.
These two emulsion cloud chambers were used to obtain flux
measurements of the nuclear interacting component of the cosmic
radiation for energies &10" ev; the data obtained was used to
determine the absorption mean free path in the atmosphere (X) for
this energy region.

Since the emulsion cloud chamber is not a unidirectional de-
tector, a Gross transformation must be used in evaluating the data.
Five nuclear interactions were observed in a systematic survey of
106 cm2 of emulsion in the mountain stack, and hfteen such
interactions were observed in a systematic survey of 45 cm' of
emulsion in the high-altitude stack. In each case the survey was
made in an emulsion midway in the stack. The solution of the
Gross transformations for P was obtained by forming a ratio of the
transformation expressions for each plate assembly. Since the
energy selection characteristics of these two stacks are the same,
the ratio is not dependent upon the energy of the interactions if the
energy spectrum is independent of depth. Energy determinations
of the interactions were made by methods previously used for this
type of exposure. ' The expression involving the Gross transforma-
tions of the two stacks is
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In the expression all quantities with subscript c refer to the high-
altitude stack, and all those with subscript m refer to the mountain
stack. E..(X,) and )lr, (X ) represent the number of interactions
observed in the two stacks at effective atmospheric depths X, and
X, respectively. No is the primary interacting Aux at the top of
the atmosphere, the A's refer to the area of plate scanned for
showers, and the T's are the times of exposure of the two stacks.
t, and t are the depths in the stacks of the point of observation,
) ~ represents the interaction mean free path of the combination of
materials of the stacks, and a=45', the angle with the vertical of
the mountain stack. 8 is the zenith angle of the incoming inter-
acting particle, and Om; and em, are limits imposed by the mini-
rnum observable track length in the plates. Solution of this ex-
pression with 8; =15' and 8,„=45' gives X=129&15 grams/
cm'. The errors were determined from the statistical Quctuations in
N„(X,) and N. (X ). Taking into account the possibility of a
transition effect by means of a simple diffusion equation, it was
found that the mean value of the absorption mean free path could
not be less than ~115grams per cm~.

The result for X obtained here agrees with the majority of previ-
ous results obtained by other experimenters at lower energies. '
(Contradictory results are given by Gottlieb' and Stinchcomb4).
Our result taken with the generally accepted results at lower
energies indicates that the' absorption mean free path in the
atmosphere is independent of energy from ~10' ev to ~10"ev. .
Our result is inconsistent with the value calculated by Milford and

Foldys assuming completely inelastic nucleon collisions. Greisen
and Walker' have suggested that a possible interpretation of such a
long mean free path is that the fundamental act in the high-energy
nucleonic component cascade is rather elastic.

Substituting the value of ) obtained here in the Gross trans-
formation for the high-altitude stack, a value of the primary
nucleonic Qux at the top of the atmosphere of NO=0. 22~0.075 per
meter~ per second per steradian was obtained. This result is in good
agreement with that given by Kaplon and Ritson' for a somewhat
higher energy. For a distribution of nucleons ~ cos 8, the integral
primary Aux of nucleons at mountain altitude was determined to
be NO=0. 0009+0.0004 per meter' per second per steradian. For
comparison the integral primary Qux of nucleons determined at
mouritain altitude assuming an isotropic distribution of nucleons
was NO=0. 0004&0.0002 per meter' per second per steradian.
(This represents a lower limit on No at mountain altitude. )
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N pseudoscalar meson theory (I'5 coupling), the saturation
character of nuclear forces is accounted for by the cooperative

action of many-body forces. ' In particular, the repulsive 3-, 5-,
7-, . ~ body forces keep the nucleus from collapsing into a very
small volume. These nuclear interactions result mainly from
matrix elements describing virtual nucleon-pair creation and
annihilation processes, and, therefore, they can also be derived,
and more easily so, from the equivalent (pseudo-) scalar pair
theory 2 if one grants a nonrelativistic treatment of the nucleons
and adopts, accordingly, a "cuto8" in the interaction with high-
energy mesons.

Considering the importance of the saturation problem, it may be
worth while to outline a short derivation of the many-body po-
tentials from the scalar pair theory, at the same time pointing out
the approximations involved.

Let x, (s = 1, 2, , n) be the (fixed) locations of n nucleons. The
normal modes of the meson held oscillators are then obtained by
solving the eigenvalue problem of the quadratic form
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(ceis=si'+k'; ni, =form-factor; lan=coupling parameter G /M';
V=normalization volume). The corresponding linear equations
are
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They are solved by setting
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with the n coeKcients c, subjected to the n linear equations:
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The eigenvalues f are the roots of the n Xn determinant v (f') of
(&).

The potential energy of the system, in the absence of free mesons,
is the zero-point energy of the field oscillators, minus its vacuum


