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scattering as well as the absorption is a many-body process. This
probably naive picture of the nuclear scatterings is, to some ex-
tent, supported by some particular cases which are especially
difficult to reconcile with a single pi-nucleon encounter. One of
these cases is shown in Fig. 3(a). A meson of E;=82+5 Mev
(track length 2400u) is scattered through 157°. The scattered
meson (track length 8400u) energy E,=33+3 Mev. At the ver-
tex, the three heavy prongs all end in the emulsion and have
ranges, R1=21u, Ro=138u, R3=145p. If these are assumed to be
3 a-particles, the reaction would be 7=+ §C*—3a+ms". The a’s
are practically coplanar. The energy balance is

Q0=(82—33)—(6+418.5+19)=5.5+6 Mev,

and the Q of the process ¢§C?—3ais 7.2 Mev. Figure 3(b) illustrates
the consistency of the momentum balance. In another case, the
meson has E,=73410 Mev, and the scattered meson, E;=2.2
+0.2 Mev. At the vertex, a proton track is found to have an
energy E,=804-10 Mev. No correlation of momenta is observed.
These and other similar cases give us the impression that it will
be difficult to explain the scattering of mesons and its energy
dependence with any simple model based on the known properties
of nuclei and conventional meson-nucleon interactions.
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N previous work®:? we consider the problem of finding the mean
square angle of emission of nucleons in high energy nucleon-

nucleon collisions. In the present case we are concerned with ob-
taifiing the mean square angle of emission of nucleons resulting
from a collision of a high energy nucleon with a nucleus using the
results obtained in references 1 and 2.

Let n(U, C, 3)@UdC be the probability of finding a nucleon at
a depth z in homogeneous nuclear matter with energy in the
interval U, U+dU and making an angle with the downward
vertical whose cosine lies in the interval C, C4-dC. Further, let
W (U, ¢)dUdc be the probability of finding a nucleon with energy
in the interval U, U+4dU and scattered at an angle whose cosine
lies in the interval ¢, c+dc. Denote by w the angle between the
plane containing the vertical and the direction of motion of a
scattered nucleon and the plane passing through the directions of
motion of both the incident and scattered nucleons.

The fundamental equation for (U, C, 2) is

Clon(U, C, 2)/3z]+n(U, C, 3)

=2 J: j:: j:’ n(U’, Cc+Ss cosw, 3)

XW(U, U, ¢)dU’dcdw/2%, (1)
where
S=(1—-C)% and s=(1-&

The mean square angle of scatter of nucleons at a depth 2 in homo-
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F1G. 1. A plot of U(O“(Uo U)) against the logarithm of the ratio of the
energy U above which particles are emitted from a nucleus, to the primary
energy Uo. The energies are measured in proton mass units. (62(Uo, U))
gives the mean square angle of emission in radians squared of nucleons
resulting from a nucleon-nucleus collision. The curve is valid for nitrogen
and oxygen nuclei.

geneous nuclear matter is given by

(@(Uo, U, 2))= { S0, cost, ) sin’ﬂd(cosa)}

X{ f_l ln(U, cosé, z)d(cosa)}~l.

Using the solution we have found for Eq. (1) and assuming
that the nuclei are spherical in shape, we can show that the mean
square angle of emission of nucleons with energies greater than U,
resulting from a nucleon-nucleus collision is equal to

(B(U,, U))=1/I., 3)
where
so+im ~¢ [2—a(s)—a(s+1) ds
h= 21r1 2U woieo (Uo) { a(s) } fDax$ I3 @)
and
ug-hen ~e]— f[DAC!(S)J
L= 271, so—iw (Uo) ®)

Both the primary energy U, and the secondary energy U are
measured in proton mass units. In the above expressions
fx)=1-2[1—(1+x)e"=]/? (6)
a(s)=1-240{(s+2)(s+3) (s+4) (s+35)} 7, (@]
and Dy is the average number of collisions suffered by a primary
nucleon in making a diametrical passage through a nucleus whose
atomic weight is 4.

The result of a calculation for light nuclei using Eq. (3)
(D4 was taken equal to 3-7 and hence should be valid for nitrogen
and oxygen nuclei) is given in Fig. 1. The apparent approach to
zero in the limit U—U, may be fallacious, since the method for
evaluating the integrals becomes precarious for U/Uy,>%, ie.,
to the left of the maximum. However, this region has little
physical significance.

These results ought to enable us to estimate the energy of the
primary nucleon from a statistic of the angles of secondary
nucleons in high energy photographic plate stars.

We shall present the details of the above work and a comparison
with experiments in a subsequent publication. Results will also
be presented for the heavy nuclei, silver and bromine.

We are indebted to Professor E. Schrédinger for many stimu-
lating discussions throughout the course of the above work.
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