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POSSIBLE EXISTENCE OF KINKS IN HIGH-ENERGY ELASTIC PP SCATTERING CROSS SECTION*

T. T. Chou and C. N. Yang
Institute for Theoretical Physics, State University of New York, Stony Brook, New York 11790

(Received 28 March 1968)

Using a model proposed earlier and experimental proton form factors, the high-ener-
gy elastic pp scattering cross section is computed.

About a year ago we yx'oposed' a model for high-
energy scattering which gave a relationship be-
tween form factors and high-energy elastic scat-
tering. The relationshjp wag used to compute
the proton form factor from high-energy pp elas-
tic data. The mathematics of the model was de-
veloped further in a recent paper, ' where the fol-
lowing equivalent relationships vere obtained:

ing effects of the back of a particle by its front,
and which have their exact counter parts in Glau-
ber's theory of particle-nucleus scattering]. In
this connection we note that in contrast, (1) has
only one sign for its terms so that if app is a
monotonically decreasing function of v2 with no

zeros, so is I'.
Are there experimental indications of the exis-
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&(&')p is the proton form factor, and app the
elastic amplitude for pp scattering st infinite en-

The symbol (3 means convolution integral.
The vector X in app is the two-dimensional mo-
mentum transfer at infinite energies &n g. plane
perpendicular to the ig, @grains. g momeptgm.

In II we took some possible limiting scattering
amplitudes app and computed the form factor
from (1). Since there are now available accu-
rate data on the form factors, we could also use
(2) to compute the limiting scattering amplitude

app, adjusting the constant in (3) so that do/dt
at t = 0 agrees wjth its t:xperj.mental value. The
result of such a calcu].ation is shown in Fig. 1.

The agreement of the curves of Fig. 1 with ex-
perimental data for low values of -t is expected,
since papers I and II already demonstrated this
point conclusively, The most interesting new

point of the curves of Fig. 1 lies in the zeros of
do/dt. Mathematically they came about because.
of the terms of different signs in (2) [which, in
turn, as emphasized in II, originate from shield-
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FIG. 1. Elastic pp scattering cross section (do/dt )/
(do/dt)t —0 vs fat infinite-energy is calculated from Eq.
(2). Curves I (solid) and Q (long-dashed) are obtained
by using E& and GM/p form factors of the proton, re-
spectively. To facilitate computations, we used the fol-
lowing fits for the form factors: [~1(~2)] 2=0.91135
x exp(-5. 26K ) + 0.18 exp(-1.36K ) + 0.0085 exp(-0.500K )

2 P

+ 0.00 015 exp(-0.163~ ) and fGM(v )/p]p =0.79
x exp(-6. 50K )+ 0.1999exp(-2.07K )+ 0.01exp(-0, 779K )
+ 0.0001exp(-0. 227K ). These fits are good. Although
they are not least-squares fits, they are consistent
with the spread of experimental form-factor data. Ex-
isting experimental data of scattering cross sections
for large -t values [G. Cocconi et al. , Phys. Rev. 138,
8165 (1965)] are also shown (short-dashed curves).
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It has been suggested by several authors that
the double-charge-exchange reaction might sup-
ply information on nucleon-nucleon correlations
in nuclei. ' In the course of an experiment on m'+

interactions in helium we have obtained a limited
sample of double-charge-exchange events. Al-
though the number of events is rather small, a
simple analysis gives a qualitative picture of the
process involved.

The data were obtained from an exposure of
610-MeV/c w+ in the 10-in. superconducting-
magnet bubble chamber at the Argonne National
Laboratory. About 17 300 frames were scanned
for events in which negative pions were produced,
with a scanning efficiency of 97%. Of the 269
events found, 42 fitted the double-charge-ex-
change hypothesis:

w++ He —w + 4p.

The remainder were distributed among various
two-pion final states. The observed rate corres-
ponds to a cross section of 1.20+ 0.21 mb.

Since there are no theoretical calculations of
double charge exchange in the energy range cov-
ered by this experiment, the data are compared
with a phase-space model. The model is based
on the assumption that the process involved is

1T + 2'» w + 2p (2)

with two spectator protons. Further assump-
tions include the following: (a) There is no spin
flip. (h) The transition amplitude for Reaction

15-

0
1.0
.8-
.6-
.4-
.2

CD

M

C3
0

- 4-

-1.0
0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.00 5 10

P„/P,«„NO. OF
EVENTS

FIG. 1. The ratio of the laboratory momentum of
the 7t to the beam momentum plotted against the co-
sine of the angle between the 7t and the beam. The
curves show lines of equal density, on an arbitrary
scale, as predicted by the phase-space model. The
curve on the extreme right-hand side is the kinematic
limit. The curves on the histograms are predictions
normalized to the observed number of events.

(2) is not a function of the momenta, of the parti-
cles. (c) The spectator protons have a, momen-
tum distribution given by the square of the Fouri-
er transform of the nuclear charge density; the
kinetic energy of the spectators is neglected.

The fact that the final state contains four pro-
tons —two of each spin-is taken into account by
using antisymmetrical wave functions in the fi-


