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sorptive reaction to be nonexistent within experimental
observation. These two conditions allow the use of a
simple Born-approximation single-scattering model. The
total differential cross section has two terms: the
coherent elastic scattering, and the inelastic scattering.

o = (Z(fo+h fI*)+Nbf~)'F' (elastic)

+{Z(fo+fI)'+Nf~') (1—F') (inelastic),

4pP sin2($8)
(Mev/c)

10-30
30—100

TABLz I. Summary of results. '

Equivalent
track

length
(meters)

19,0
25.2

Number of events
Predicted Observed

Nuclear Nuclear
attractive repulsive

7.6 49.5
11.5 25.0

where fo, fp, and f~ are the Coulomb, proton, and
neutron scattering amplitudes (excluding possible charge
exchange) and, in general, depend on 8. F' is the nuclear
form factor and 8' is the fraction of no-spin-Qip scat-
terings. We can evaluate the single-nucleon cross
section by counting the E+-scattering events at large
angles when ZF' and fc are small. In our calculations
of P', we have used a Gaussian density distribution to fit
electron scattering experiments. ' Taking all events with
8&60', the elastic events are computed to be less than
10'Po of all scat terings. This does not agree with the data
as seen in the plates, where an elastic event was de6ned
as one showing no recoil particles and no measurable
change in grain density. However, high-energy electron
and proton scattering experiments' 4 have shown a high
probability for slightly inelastic events (e.g., excitation
of nuclear levels) comparable, at large momentum.
transfers, with elastic events. Such small energy losses
would not have been observed in the emulsion events.

The cross sections in angle and at two different
energies are the same within statistics. This is in
agreement with S-wave scattering. A I'-wave threshold
dependence (o ~ p' or E') would give a ratio of 3.6 to 1
in the cross sections for the two energy intervals selected,
30—70 Mev and 70—120 Mev. Over all energies and
angles, if one assumes neutron and proton equality in
nuclear emulsions, the diGerential cross section is

f~'+ fr'= (6.4&1.6) X10 "cm'/sterad.

Ke assume a spherically symmetric distribution to
obtain the scattering amplitudes at forward angles. The
elastic cross section is relatively insensitive to the ratio
of f~ to fz if the latter are of the same sign. To make a
speciac calculation we assume fN/f~ ——+—',, corre-
sponding to an interaction in a T= 1 state; this gives a
ratio of scattering to charge exchange of 5 to 1, and the
observation is that there are only a few possible charge-
exchange events.

In order to cumulate the data, we note that the cross
section can be expressed to a good approximation as a
function of 4pp sin'(-,'8),

f =~/L2Pp»n'(l8)3.

The form factor is a function of the momentum im-
parted to the scattering center, 2p sin(-,'8).

4P' sin'(ra 8)~2mcL2PP sin'( —'8)$

This holds fairly well in our case, where P~0.5. We then
predict the number of scatterings (elastic and inelastic)

a The statistical errors in the predicted values are about &25%, corre-
sponding to the error in the measurement of the single-nucleon cross section.
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HE Dirac field, which is usually described by a
Dirac spinor P, can be represented' equivalently

(at least in c-number theory) by the following set of real
tensor quantities':

scalar Py

8,pseudoscalar

vector

pseudovector

vector

to be expected in nuclear emulsions for the track length
scanned, having due regard for the small-angle cutoffs
that would escape detection. This correction is expressed
as a reduction in the effective track length scanned.
These data include 3 meters of track length examined by
the author for small-angle scatterings, as well as the
data of the work cited. ' Table I gives the results for
8= 1.

Under the foregoing assumptions, the attractive
nuclear force is very much favored. The alternative of
assuming a large amount of spin Qip to agree with a
repulsive force would not give as satisfactory agreement
with the data, since the predicted ratio of events in the
two angular intervals would still be roughly 2 to 1.If we
retained an S-wave interaction, any spin Qip would
require a vector E-meson. This analysis includes all
E+- and r+ particles in the Cosmotron E+ "beam";
since there is no evidence that these include only one
species of particle, these results must be considered as an
average effect over all types found.
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which are restricted by the set of subsidiary conditions density, we adopt the following form:

and
v~ = —1) zvp = 1) PJpK'p, =0) (2)

B„(pw„)= —244p sin8,

w44B448+244v44k44+se44p~sv44wpB~vs= —244 cos8,

v44B448+ 244w4k4+44ze~ ppsvlw pBpws =0,

(4s)

(44)

"B.(pv, ) W.B.(p—w.)
Br p pv [sw v] w p Bvv p+ 21Kp es v 4 xv vwzk xy ('4)

yVB rw44 WyB[pv44i+1'e44pggvpw4B$8,

The variables (1) are interpreted' as defining a
spinning hydrodynamical field. That is to say, e„means
the 4-velocity, p the particle density in the rest frame,
w„ the spin (i.e., intrinsic angular momentum) distribu-
tion, k„ the particle momentum distribution (which is
not proportional to v„ in our case), and 8 an extra
intrinsic degree of freedom other than spin, representing
the possibility of negative mass density. (In the non-
relativistic approximation, 8 is interpreted as an internal
magnetic pole, which is indeed a pseudoscalar quantity. )
The equations of motion (4) then describe the relativistic
hydrodynamics for that spinning Ruid.

For the interacting Dirac and electromagnetic fields,
the foregoing equations are to be combined with the
Maxwell equations:

e,g„„8),F„„=0, (5i)

~V~@,V= 8PPJh) (5s)

but then (4i) becomes a consequence of (5s), while (5i)
is found to be a consequence of (3). We thus have our
new formulation of spinor electrodynamics which con-
sists of the system of equations:

L(2), (3), (4s)-(44), (5s)3, (6)

for the basic held variables

t p, 8, v„, w„, k„, F„.). (7)

The construction above outlined presents a completely
gauge-independent and self-contained tensor formula-
tion for the Dirac field, where the iP spinor and y
matrices are completely suppressed. It describes the
motion of a quantum Dirac particle with classical
conceptions only.

Now) it is important that our formalism can be
derived from a variational principle. For the Lagrangian, n

B[&k„l=—(i/2K)e pzsv wp(B14v~B„vs
—B„W„B„ws) (—p/mc')F„„, (3)

where F„,is the electromagnetic held strength acting on
the Dirac held, e p» is Levi-Civita s antisymmetric unit
pseudotensor, and «= mc/It, B„=B/Bss„, x4 ——ict.

The Dirac equation can then be replaced' equivalently
by the following simultaneous equations of motion for
the quantities defined by (1):
B.(pv.)=o, (4i)

p, v„ invariant,

eF„„,m„, k„change sign,

8—4+sr.
(10)

Finally, our formulation has also the merit that it
derives the nonrelativistic approximation to a Dirac
particle through a more simple and physically intuitive
procedure than that' of the usual formalism. Namely,
the simple assumption

in our formulation leads immediately to the hydro-
dynamical representation of a nonrelativistic spinning
particle, which was set up in our previous article.
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2= —mc'p{ (v„k„+cos8)
+ (1/2K) (W44Bq8+se~ppsv w~pB7vs) }
+,' (m—c'/e)F»{B[„k,l + (i/2K) e~ p~sv~w p

y (B„v,B„vs —B„w, B, ws) }+-,'F„,s. (8)

Taking variations of (8) with respect to each of the
variables (7), we can actually derive (3), (4), and (5).
Our Lagrangian (8) implies a new variational principle
for spinor electrodynamics, where the "interaction
Lagrangian" term involves the coupling constant e as a
reciprocal.

Next, we remark that our formulation has, as a
natural result of its tensor character, the advantage that
it exhibits the covariance properties of the Dirac held
with respect to various transformations more simply
and manifestly and also in direct physical terms in
comparison with the case of the usual 4J formalism. The
transformation properties of our held variables for a
proper Lorentz transformation and space inversion,
given in (1) make the Lagrangian (8) a scalar. Also this
specihcation hts the physical meanings of those variables.

For time reversal, we should stipulate'

p scalar, tIt pseudoscalar,

v„, m„, k„pseudovector,

F„„pseudotensor, (p invariant);

while charge conjugation is represented by simultaneous
transformations':


