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p UBLICATIOiV of brief reports of important discoveries in
physics may be secured by addressing them to this department.

The closing date for this departmertt is five weeks prior to the date of
issue. Eo proof will be sent to the authors. The Board of Editors does
not hold itself responsible for the opinions expressed by the corre-
spondents. Communications should not exceed 600 words in length.
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FIG. 1. P —P scattering calculated from the potential (1) at A: 32 Mev;8:250 Mev; C: 345 Mev. Curve A includes the e8ect of the Coulomb field,
while curves 8 and C refer to nuclear scattering only.

On Charge Independence and High Energy
Scattering*

RoBERT JAsTRow
Institute for Advanced Study, Princeton, ¹tttJersey

May 15, 1950

'HE Berkeley experiments on p —p scattering at 345 Mev
indicate a roughly isotropic cross section between 20 and

90 with a mean. magnitude of approximately 4 millibarns/
steradian. This is in strong contrast with the results to be expected
from a central attractive potential determined by the low energy
scattering, ' from which one obtains at 345 Mev a cross section
which arises from 0.2 mb at 90', to 12 mb at O'. A qualitative
difference is also to be noted between the p —p scattering and the
strongly anisotropic high energy n —p scattering. 2

We wish to show that a charge-independent static' potential is
not excluded by these results. We assume for this purpose an
interaction consisting of a strong short-range repulsion surrounded
by an attractive well. 4 The combination is fitted to the low energy
scattering. The attractive field is perhaps to be associated with
the ~-meson and the short-range repulsive 6eld with a heavier
par ticle.

Considering 6rst p —p scattering at high energies, the repulsive
core has the following effect: at energies comparable with or
greater than the depth of the surrounding well the effect of the
core will dominate in the S state and the sign of the 'S phase shift
will change in this energy region from positive to negative. The
D state will, at energies of a few hundred Mev, still be affected
only by the outer or attractive region of the potential and the D
phase shift will be positive. The difference in sign between the 'S
and 'D phases causes the S—D interference term in the differential
cross section to be positive at 90' and negative at 0', thereby
reducing the anisotropy obtained without the core.

The following potential is used, in which for convenience of
calculation the core is represented by a hard sphere and the

attraction by an exponential well:

V= ~, r(a,
V= VOL(o.+Pai o.2) expL —(r—a)/Ej+ySI~ exp( —r/Et „,)j;

r&a (1)
a=0.6X10 "crn, 8=0.4X10 "cm, Etensor=1 OX10 "cm,

Vo= 100 Mev, a = 2.18, P = —0.52, y =0.65.

The strength of the tensor forces in (1) is of the order of that
required by the deuteron constants. The scattering at 345 Mev
is computed exactly for the central forces and in Born approxi-
mation for the tensor forces, neglecting central-tensor inter-
ference. The resultant cross section is shown in curve C of Fig. 1,
as well as the cross sections computed under the same conditions
at 32 and 250 Mev (curves A and B}.In curve C the scattering at
20' is 75 percent greater than the mean magnitude of the cross
section between 30' and 90', in contradiction with the experi-
mental distribution. By using a more complicated potential the
forward scattering may be substantially reduced. However, in
view of the neglect of possible non-static forces an emphasis on
precision of 6t is perhaps unwarranted in comparison with the
importance of simplicity in the interaction.

In treating the n —p scattering we assume that in the charge-
antisymmetric states ('S, IP, 'D, 'F, ) one has the interaction
of Christian and Hart. 2 These states do not enter into the p —p
scattering, which is, therefore, unchanged by this assumption.
In this way we can estimate the contribution from triplet states
of even L by using the results of Christian and Hart. The singlet
contribution is one-fourth of the corresponding p —p cross section
as given in Fig. 1.The result is: tr ~(90'}=0.8 mb; o p(180') =9.7
mb. The effect of the core does not destroy the anisotropy of the
n —p cross section.

It is seen thus that the introduction of a short-range repulsive
force permits one to reconcile the qualitative aspects of the n —p
and p —p scattering results with the preservation of charge inde-
pendence. The arbitrary nature of the particular form of inter-
action employed should, however, be emphasized, as well as the
fact that this result may be obtained from other types of inter-
actions.

The inQuence of the core on nuclear saturation may be ex-
pected to be appreciable because of the zero-point energy arising
from the exclusion of each nucleon from the interiors of the other
nucleons in a nucleus. This problem is under investigation.

A more detailed account of the work is in preparation.
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Advanced Study.
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T has recently been shown' by an example with Co'0 gamma-
rays that relatively sharp lines appear in the pulse-height

distributions of NaI{Tl) scintillations. These lines, giving directly
the full 6nergy of the gamma-rays, have been interpreted in terms
of a photoelectric component (in iodine of NaI) as well as a com-
ponent arising from capture of all scattered and recoil products
of the original gamma-ray in the NaI(T1) crystal. This method
can be used to measure gamma-ray energies (as well as intensities}
and proves to be sensitive since the energies are given by sharp


