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We present the results of a calculation, based on the absorption model with U(6, 6) sym-
metry imposed at the peripheral vertices, of the reaction p +p—n +n at 3.0, 3.6, 5.0,
6.0, 7.0, and 9.0 GeV/c. Agreement within the experimental errors is obtained at all en-
ergies for —£<0.6 (GeV/c)®. At larger momentum transfers there are discrepancies as

expected for a peripheral-type model.

In this Letter we present calculations of nu-
cleon-antinucleon charge-exchange scattering,
p+p-n+n. U(6,6) symmetry at the vertices
is used to write down the peripheral matrix
elements for pseudoscalar and vector exchange,*
and the absorption model is used to allow for
the fact that there are many competing open
channels available to the initial and final states.?

In a previous calculation on nucleon-antinu-
cleon charge exchange® using the absorption
model, only the contribution of the #-channel
singularity nearest the physical region, the
m pole, was considered. The results fit the
experimental data for 0.1 (GeV/c)?<-£t<0.6
(GeV/c)? at 3.0 and 3.6 GeV/c. We consider
the contributions of the two £-channel singular-
ities closest to the physical region, the 7 and
the p poles, and, of course, the interference
between the two. Rather than use an arbitrary
mixture of 7- and p-exchange matrix elements
which would be varied at will to fit the exper-
imental data, we use the U(6, 6) symmetry scheme
to fix uniquely the relative magnitude of each
contribution. This use of U(6, 6) for vertex parts
is in accordance with the suggestions of Salam,
Delbourgo, and Strathdee in their original pa-
per.! It is not in conflict with physical unitar-
ity.* The absorption corrections are a delib-
erate attempt to incorporate some of the impli-
cations of unitarity in the peripheral model.

The U(6, 6) currents applicable to p +p —~n +n
are
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where N is the baryon of mass m, ¢ is the four-
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momentum transfer, and S and V are the aver-
age masses of the pseudoscalar and vector no-
nets, respectively. The U(6,6) coupling con-
stant g is fixed by the known ENNT coupling con-
stant, i.e.,
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In the uncorrected peripheral model, the pro-
duction amplitude corresponding to consider-
ing the effects of 7 and p exchange is

¢(E,0) =Bn(E, 9) +Bp(E, 9).

These terms are calculated using second-or-
der perturbation theory and the helicity repre-
sentation of Jacob and Wick.® [Here E =c.m.
system energy and 6 =c.m. system scattering
angle.] There are five independent helicity
amplitudes ¢;(0) G=1,---,5) to be constructed.
After the ¢;()’s are expanded in a partial-
wave series, the absorptive corrections are
imposed using the technique suggested by Sop-
kovich,®
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where TBaj’ is the partial-wave amplitude cor-
rected for absorption, Tﬁ a] is the unmodified
peripheral partial-wave amplitude, and S,/
and Sgg” are the elastic-scattering amplitudes
for the initial and final states, respectively.
Assuming a Gaussian model of elastic scatter-
ing, we have
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where j is the angular momentum, p is the c.m.
system three-momentum of the initial particles,
and v is the elastic radius of interaction of the
particles in the channel «. The parameters

C and v are determined from the elastic-scat-
tering data of the particles in the channel a.
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We make the plausible assumption that pp and
nn elastic scattering are essentially identical.
So we obtain

r, ) -(1-cI D)y g
Ba Ba
When the partial-wave expansion, for each in-
dependent helicity amplitude, is summed using
the modified partial waves, the modified pro-
duction amplitudes are obtained.

For mass splitting in U(6, 6),”® we use S$=417
MeV, the mean 0T meson mass; V=850 MeV,
the mean 1~ meson mass; and m =938 MeV.
The physical masses were used for the exchanged
particles. The elastic radius of interactionwas
taken to be (0.188 GeV)™* at 3.0 GeV/c, (0.190
GeV)™! at 3.6 GeV/c, (0.193 GeV)™! at 5.0 GeV/c,
(0.199 GeV)™* at 6.0 GeV/c, (0.202 GeV)™ ! at
7.0 GeV/c, and (0.207 GeV)™* at 9.0 GeV/c.?

The results of our calculations are shown in
in Figs. 1 and 2 in comparison with the exper-
imental data, which are taken from Astbury

et al.'* and Czyzewski et al.™ From Fig. 1 we
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FIG. 1. The relative contributions of 7 and p exchange
to the total momentum-transfer distribution for p +p
—n+7n. These results were obtained at 3.0 GeV/c.

note the following:

(i) By considering both 7 and p exchange, we
see that the contribution from p exchange tends
to fill in the dip, in the small momentum-trans-
fer region, which one obtains by considering
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FIG. 2. The energy variation of the momentum-trans-
fer distributions for p +p—n+n.
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® Pjy =3-0 and 3-6 Gev/c (combined results)



VoLuME 18, NUMBER 22

PHYSICAL REVIEW LETTERS

29 May 1967

just m exchange alone. This dip arises from
the interference between helicity-flip and he-
licity-nonflip amplitudes.

(ii) Destructive interference between 7 and
p exchange tends to decrease the result one
would obtain from pure 7 exchange, in the larg-
er momentum-transfer region.

Several interesting points should be noted
about Fig. 2:

(i) The theoretical differential cross section
does not shrink with an increase of the antipro-
ton laboratory momentum, in agreement with
experiment.

(ii) As the laboratory momentum of the inci-
dent antiprotons increases by a factor of 3 the
magnitude of the forward differential cross sec-
tion (theoretical) decreases by a factor of about
10, again in agreement with experiment.

We wish to emphasize that this fit to the da-
ta arises from the use of U(6, 6) symmetry and
absorptive corrections. Since the coupling strength
is taken from m-N scattering, there are no ad-
justable parameters in the model. The model
also gives good agreement with experiment for
p+p~Y +Y (to be published shortly).”
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COMMENTS ON MEASURING Re(4,/4,) IN THE DECAY KS—=m+m
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Two recent experiments’s? have thrown interesting light on the phenomena of K° decay. In partic-
ular, these experiments yield knowledge about the imaginary part of A,/A, where the amplitudes A,

and A, were defined by Wu and Yang.3

It was pointed out in Ref. 3 that the real part of 4,/A4, can only be obtained experimentally by mea-

suring accurately the difference

Rs (+—-)—2Rs (00)

Wz 2/2 Re(Az/AO) COS(GZ—GO). (1)

It was also pointed out® that electromagnetic corrections lead to small changes in the Clebsch-Gor-
dan coefficients and in the phase shifts 6,-5,. A partial estimation of the electromagnetic correction
was given by Lee and Wu.* We give here an estimate of the electromagnetic correction to Eq. (1)

and discuss the feasibility of measuring Re(4,/4,).
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