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By use of the electromagnetic form factors for =, X, X, and 0 computed recently from lattice
quantum chromodynamics, the Chou-Yang model has been applied to explain and/or predict the dif-

ferential cross section and other characteristics of:- p, X—p, and 0 p elastic reactions.

PACS numbers: 13.85.Dz, 12.40.Pp

The preliminary version of the Chou-Yang model pro-
posed for proton-proton elastic scattering at high ener-
gies' predicted a dip in the differential cross section at
—t =1.4 (GeV/c)2 and a second dip near —t =6
(GeV/c) . The first dip was observed two years later
and gave a boost to the model; the second dip has not
been observed although measurement of differential
cross section in pp elastic scattering has been extended
beyond —t =10 (GeV/e)2. The experimental rise of
ct,t/ar in going from CERN Intersecting Storage Ring
to CERN Collider energies has been another favorable
point for this model.

Recently, Lombard and Tellaz-Arnas have tried to
explain the pa and t2tt elastic scattering by using the
pristine Chou-Yang model. Since the form factor for the
a particle is also known, the scattering amplitude could
be evaluated. In fact, they choose an exponential form
of the proton form factor, which is very much consistent
with the experimental measurements up to —t =1.6
(GeV/c) . This facilitates the computation. These au-
thors have observed a qualitative agreement with the ex-
perimental data. Lombard and Wilkin have also ex-
tracted the form factors of the proton and the tr and K
mesons from high-energy pp, tr —

p, and EC pelastic-—
scattering data on the basis of the Chou-Yang model.
However, the model has not yet been used to explain the
various characteristics of hyperon-proton elastic scatter-
ing. This is because electromagnetic form factors of
hyperons were not available. The experimental measure-
ments of these form factors have not yet been made. But
very recently Samuel and Moriartys have used lattice
quantum chromodynamics to compute the electromag-
netic form factors and we have made use of the corre-
sponding expressions to apply the Chou-Yang model to
(charged) hyperon-proton reactions. The electromagnet-
ic form factor has a precise definition in terms of the
matrix element of the electromagnetic current. In the
low-momentum region, the form factor is also given by
the Fourier transform of the charge density:

F(Q2) -„d'r exp(ig. r)p(r).

This equation was used to compute electromagnetic form
factors of baryons in the low-energy regime (0 & Q & 2
GeV/c). Only electromagnetic form factors of nucleons

have been measured experimentally. In the case of the
proton, their calculations fit the experimental results
well, although they are slightly above the data in the

Q =0.6 GeV/c range. For the neutron, however, Ref. 5

gives zero for the form factor which is in strong disagree-
ment with the experimental data. Nevertheless, the pre-
dictions in lattice QCD for charged hyperons may be
used as good representations of the form factors until ex-
perimental determinations become available.

The lattice-@CD-based computed values of the elec-
tromagnetic form factors can be well represented by the
following expressions: For =

F(t ) 1.12r +0.035t2.
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FIG. 1. Differential cross sections for = p " p plotted
vs —t. The experimental points have been taken from Ref. 7.
The solid line represents the results of the Chou-Yang model.

2633



VOLUME 57, NUMBERS 21 PHYSICAL REVIEW LETTERS 24 NOVEMBER 1986

2
)0

P

~blare —r-g, and r is in (GeV/e).
Since the total cross sections at high energies for = p

and X p scattering have been measured experimentally,
we are now in a position to calculate do/dr and other
characteristics of these reactions by using the Chou-
Yang model. For other reactions, for given oT, predic-
tions can be made for differential cross sections, etc. %e
have used the dipole form factor for the proton
throughout this work.

For = p, by adjusting E so as to yield the total cross
section consistent with the measured value of 29.35
+ 0.31 mb, we obtain the differential-cross-section
curve which, along with the experimental data at 135
GeV/e, is shown in Fig. 1. There is a very good agree-
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FIG. 2. Differential cross section for = p = p plotted vs
—t. The experimental points have been taken from Ref. 7.
The solid line represents the results of the Chou- Yang model.
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FIG. 3. Differential cross section for X p X p plotted vs
—r, at 17.0 and 23 GeV/e. The experimental points have been
taken from Refs. 8 and 9. The solid curves represent the pre-
dictions of the model described in the text.
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FIG. 4. Differential-cross-section predictions of the model

for the reactions X p X p and 0 p 0 p at crT 34.13
and 29.88 mb, respectively.
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FIG. 5. Differential-cross-section predictions of the model
for the reaction X+p 2+pat aT 30.71mb.

ment with experiment endorsing the validity of the elec-
tromagnetic form factor for = lattice QCD. We also
notice that the differential cross section shows a zero
near —r 1.5 (GeV/c )2, rises up to —t = 2.0
(GeU/c)z, and then starts falling again. The values up
to —r 2.4 (GeV/c)z are shown in the figure. In fact,
we have not considered the real part of the scattering
amplitude. This could be done only if either p (the ratio
of the real and imaginary parts of the scattering ampli-

tude at r 0) or dcJ/dt in the vicinity of zero were experi-
mentally known. %'e expect that this real part of the
scattering amplitude would partially fill this zero so as to
form a dip.

Figure 2 shows the fit of the experimental data for

p = p with the prediction of the Chou- Yang
model at 102 GeV/c, corresponding to crT-29. 19+ 0.29
mb.

The differential cross section for X p X p has been
measured at 17.0 and 23.0 GeV/c. ' We have adjusted
the value of K so as to give the values of aT as 30.37 and
22.29 mb, respectively. The differential-cross-section
results obtained by use of the Chou-Yang model agree
very well with the experimental data. This is shown in

Fig. 3. The err results show that these measurements
have been made in the range where the total cross sec-
tion is falling with energy. The total cross sections for
this reaction are available at various high momenta
ranging from 74.5 to 136.9 GeV/c. Therefore the
Chou-Yang model can be used to predict differential
cross section and other characteristics of this reaction.
We have calculated the differential cross section for
ar 34.13 mb, corresponding to 136.9 GeV/e, and
drawn the theoretical curve in Fig. 4. The curve exhibits
a behavior similar to that of:- p elastic scattering. The
dip in this case occurs near —r -1.3 (GeV/c)2, while a
bump occurs at —t =1.9 (GeV/c)2 The .do/dt mea-
surements corresponding to this value of ar would fur-
ther endorse the validity of the Z form factor computed
in Ref. 5.

Figure 4 also shows the predicted values of the dif-
ferential cross section for 0 p elastic scattering 'corre-
sponding to ar 29.SS mb. The experimental data are
not available for this reaction but we expect a dip (when
the real part is included) in the vicinity of —t 1.6
(GeV/c)'.

The experimental data for Z+p elastic scattering are

TABLE i. Theoretical values of o,& and 8 for charged hyperon-proton elastic reactions for various momenta or total cross sec-
tions. Experimental values wherever available are sho~n for comparison.

Reaction

0 p~A p
Z+p ~ Z+p

'Reference 7.
bReference 8.

Momentum or
total cross

section

102 GeV/c

135 GeV/c

17 GeV/c

23 GeV/c

oy 34.13 mb
crT 29.88 mb
o'T 30.71 mb

cr.) (mb)
Expt.

4.9+ 0.7'

5.6 ~ 0.9'

Theor.

5.12

5.17

5.64

3.25

6.94
5.57
5.43

'Reference 9.

Expt.

7.7+ 0.4'
(0.01 —0.42)

8.2 ~ 0.5'
(0.01 —0.42)
8.12+ 0.35
(0.12 —0.38)
8.99 ~ 0.31'
(0.1 —0.23)

8 (GeV/c)
Theor.

8.20, 0.01» —t «0.42

8.21, 0.01» —t «0.42

7.83, 0.12» —t «0.38

7.54, 0.1» —t «0.23

8.9, 0» —t «0.1

4.25, 0» —t «0. 1

9.0, 0» —t «0.05
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also not available. %'e can, however, predict differential
cross sections for this reaction at any given total cross
section. Figure 5 shows specimen results corresponding
to aT=30.71 mb. The zero in the differential-cross-
section curve occurs at —r= 1.1 (GeV/c) .

The predicted values of o,~ and 8 at momenta corre-
sponding to various total cross sections and for different
reactions along with the experimental data wherever
available are shown in Table I. The agreement is quite
satisfactory.

The above analysis sho~s that the agreement between
the predicted values and the available experimental data
for various characteristics of hyperon-proton elastic reac-
tions is satisfactory. Since only the low-momentum part
is tested, it is a success for the lattice-QCD calculations.
It would be very interesting to see what will happen at
higher momentum transfer.

Financial assistance from the Pakistan Science Foun-
dation under Contract No. P-PU/Phys(l 1/2) is grateful-
ly acknowledged.

'T. T. Chou and C. N. Yang, Phys. Rev. 170, 1591 (1968),
and Phys. Rev. Lett. 20, 1213 (1968); L. Durand and R. Lipes,
Phys. Rev. Lett. 20, 637 (1968).

2M. Bozzo er a/. , Phys. Lett. 1478, 392 (1984); A. Break-
stone er ai. , Nucl. Phys. B?Ag, 253 (1984).

R. J. Lombard and A. Tellaz-Arenas, Phys. Lett. 1658, 205
(1985).

4R. J. Lombard and C. Wilkin, J. Phys. 6 3, L5 (1977).
5S. Samuel and K. J. M. Moriarty, CERN, Report No.

CERN-TH-4396/86, 1986 (to be published).
sM. Gourdin, Phys. Rep. 11, 29 (1979); E. E. Chambers and

R. Hofstadter, Phys. Rev. 103, 1454 (1956); K. W. Chen er
a/. , Phys. Rev. 141, 1267 (1966); T. Janssens et a/. , Phys. Rev.
142, 922 (1966); L. E. Price er a/. , Phys. Rev. D 4, 45 (1971);
P. N. Kirk et a/ , Phy. s. Rev. D $, 63 (1973); W. Bartel et al
Nucl. Phys. 85$, 429 (1973).

7S. F. Biagi et a/. , Nucl. Phys. 8186, 1 (1981).
sS. F. Biagi er a/. , Z. Phys. C 17, 113 (1983).
s3. J. Blaising er a/. , Phys. Lett. 5$$, 121 (1975).

toR. D. Majka er a/. , Phys. Rev. Lett. 37, 413 (1976).


