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POSSIBLE EXISTENCE OF KINKS IN HIGH-ENERGY ELASTIC pp SCATTERING CROSS SECTION*
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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 proposed' a model for high-
energy scattering which gave a relationship be-
tween form factors and high-energy elastic scat-
tering. The relationship was 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 were obtained:

[F (KZ)]p2 = (constant)[app %)+ 3a o ®)® app(E)
+%app(m®app(x)®a @+-+-1,Q)
app( k)= A ®)-57 A (7?)®Ap(7?)
+§1-!.AP(E)®AP(T<’)®AP(E)—---, @)
where
A, (@)= (constant)[F ()], (3)

F(k®)p is the proton form factor, and app the
elastic amplitude for pp scattering at infinite en-
ergy. The symbol & means convolution integral.
The vector % in app is the two-dimensional mo-
mentum transfer at infinite energies in a plane
perpendicular to the incoming momentum.

In IT we took some possible limiting scattering
amplitudes a,; 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 =0 agrees with its experimental value. The
result of such a calculation is shown in Fig. 1.

The agreement of the curves of Fig. 1 with ex-
perimental data for low values of —f 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-

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 ¥* with no
zeros, so is F.

Are there experimental indications of the exis-
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FIG. 1. Elastic pp scattering cross section (do/dt )/
(d(r/dt)t= o Vs —t at infinite energy is calculated from Eq.
(2). Curves F (solid) and G (long-dashed) are obtained
by using F; and G M/ u form factors of the proton, re~
spectively. To facilitate computations, we used the fol-
lowing fits for the form factors: [Fy(x})],*=0.81135
x exp(—5.26k2) + 0,18 exp(~1.36«?) + 0.0085 exp(—O 500«2)
+0.00 015 exp(=0.163«%) and [Gpr(k®)/ulp?=0.79
X exp(~6.50¢?) + 0.1999 exp(-2. 07K2)+0 01 exp(~0.779%?)
+0.0001 exp(=0.227«?%). 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,
B165 (1965)] are also shown (short-dashed curves).
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tence of such zeros of do/dt? In Fig. 2 we show
curve F of Fig. 1 together with the experimental
points plotted by Krisch.® (We have in this plot
taken %% = ¢ since at infinite energies p?,?

- —t.) It is interesting that the “kink” near —~f=1,
as shown in Krisch’s plot, seems also to exist

in curve F. Another experimental indication®* of
“kinks” has been reported at the CERN confer-
ence on high-energy scattering.

One must remember, of course, that the differ-
ential cross sections near these kinks are very
small, and in our theory their exact positions
sensitively depend on form factors at smaller
values of —f{. Furthermore, the model of papers
I and II is heuristically derived, and should not
quantitatively give exact results, except where
do/dt and form factors are quite large (i.e., at
small -¢). In addition there is the uncertainty
about which form factors to use, F, or Gy/u,
and there is the uncertainty about spin-flip con-
tributions and imaginary parts of app (real part
in the usual terminology).

The possible existence of zeros for do/dt, i.e.,
- for In(do/dt) is, however, quite independent
of the specific details of our model. Indeed, if
it is true at high energies that (i) only one ampli-
tude contributes® for the elastic-scattering pro-
cess, and (ii) that amplitude becomes purely
real (imaginary in the usual terminology), then
do/dt may have zeros.

We note that in p-o elastic scattering a very
good fit® to experimental data is obtained with
Glauber’s theory. The dips in such a case are
indeed due to zeros in the real part (imaginary
part in the usual terminology) of the scattering
amplitude.

It would be very interesting to test for the exis-
tence of zeros of do/dt in elastic differential
cross sections between hadrons at high energies.
A good region to focus one’s attention is the re-
gion of ~f values, where there is a known “shoul-
der, ” “kink, ” or “dip, ” such as® near —f=1
(BeV/c)? and 3 (BeV/c)? for mp scattering. If
one observes a deepening of the dip as the incom-
ing energy increases, one may be observing a
zero for do/dt at infinitely high energies.

The existence of zeros in do/dt for pp scatter-
ing according to the model of papers I and II was
discussed by us at the CERN conference on high-
energy scattering in January 1968. At the same
conference it was reported’ that Durand and
Lipes have also found these zeros in do/dt for
pp scattering according to our model. We have
subsequently received a preprint® of these au-
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FIG. 2. Curve F of Fig, 1 is compared with Krisch’s
plot of (do/dt)/(do*/dt)y = vsp? ,? with 8% 2=~ (see
text), We emphasize that in Krisch’s plot, data at not
very high energies are used which, strictly speaking,
should not be compared with our model for scattering
at infinite energies.

thors giving their detailed curves. We note that
while the formulas used by these authors are the
same as ours, the input for the proton form fac-
tor used by us is the experimental data,® while

in Ref. 8 a dipole fit is used, resulting in consid-
erable numerical differences.

*Work supported in part by U. S. Atomic Energy
Commission Contract No. AT(30~1)~3668B.
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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 7%
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 7" in the 10-in. superconducting-
magnet bubble chamber at the Argonne National
Laboratory. About 17300 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:

7t +He—~71" +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

7t 4 2n-1" +2p (2)

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

(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-
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FIG. 1. The ratio of the laboratory momentum of
the 7™ to the beam momentum plotted against the co-
sine of the angle between the 7~ 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.
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