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Difficulty of the pure p-Regge-pole exchange model in forward 7 p — 7% at 20-200 GeV/ ¢ *
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The combination of new data for (do/dt)E%

with those for Ao (7 *p) at 20-200 GeV/ ¢ shows that the pure

p-Regge-pole exchange model is not sufficient to explain the 7~p —a°n mechanism.

There have been some investigations of the cor-
relation between the differential cross section for
71~ p—-7°n charge exchange (CEX) in the forward di-
rection (do/dt)fEX and the difference of the total
cross section for pion-proton interactions Ac=o¢
(m™p) —o (7" p) in the high-energy region above 5
GeV. They can be broadly classified into 3 types
of models: pure p-Regge-pole exchange model,’

p +p’ exchange (with or without absorptive cuts)
model,?' ®* and normal Regge-pole exchange model
with a new contribution of some non-Regge
terms.* ® So far these phenomenological models
have been discussed in comparison with data where
the laboratory momentum of incident negative
pions p is below 100 GeV/c.

In this note, the pure p-Regge-pole exchange
model is examined with new data for both (do/dt)sZ,
(Ref. 6) and Aoy (m*p) (Ref. T) at p=23-240 GeV /c.

The preliminary Fermilab data reported in 1974
for (do/dt);i7, (Ref. 8) were very exciting because
they were quite different from Serpukhov data® be-
tween 20 and 50 GeV/c, and because the Fermilab data
showed that the data pointat 101 GeV/c was slightly
but clearly higher than expected from the otherdata
points atlower momenta. Then, this phenomenon
might introduce a new model atvery high energies.

On the other hand, the new Fermilab data pub-
lished in 1976 for (do/dt);=, (Ref. 6) are not so low
as the old ones, and all 6 data points between 20.8
and 199.3 GeV/c are almost exactly on a straight
line in log-log scales. Since there is no descrip-
tion in the 1976 version about the great difference
between the old and new (do/dt)jz, data, here we
discuss only the 1976 Fermilab data on (do/df)e.

The data of Barnes et al.® can be parametrized as

(do/dt)e=,[ub/(GeV/c ] =2340p~"-°%8 [ GeV /c].
(1)

The differential cross section for CEX in the for-
ward direction

(do/ar)Z, =14l 2)

=0 8mp?

and the combination of optical theorem with iso-
spin invariance for pion-proton scattering

ImA'0=12—)AoT(1T*p) 3)

15

give a simple theoretical relation as follows, if
the pure p-Regge-pole exchange model is em-
ployed:

Ao =k[(do/dt))'? (F=c=1), (4)
where
k=[32n/(1+7r2)]V2,

¥ =tang7a (0)
=ReA’/ImA/,

and o (0) represents the p trajectory at ¢ =0,

The crucial point is to check the quantity # in Eq.
(4) at various energies theoretically and experi-
mentally. Figure 1 shows the data plot of Ao (Refs.
7and 10) vs [(do/dt),]'? (Ref. 6), where p is a mo-
mentum acting as a parameter. In this figure,

Eq. (4) should be linear in the case of £=0. The
[(do/dt)o]‘/2 value for each p between 23 and 240GeV/c
was calculated by Eq. (1). The best fitted straight
line was explored by the least-squares method.
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FIG. 1. Data plots of Aoy (1*p) vs [(do/dt)i 12 as
a parameter of pl’;; , where @ are from Refs, 6 and 7

and @ are from Refs. 7 and 10. The solid, dashed, and
dotted lines represent Egs. (8), (7), and (5), respectively.
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The best fit to these 10 data points at 23-240
GeV/c (Refs. 6 and 7) can be represented by
a0 [ub]=135.6{(do/dt), [ub/(GeV/c)*]}'/2 +90.5
(5)

if the experimental error for each Ao is respected.

If it is assumed to be the same throughout the
whole region,

Ao [ub] =146.5{(do/dt), [ ub/(GeV/c)]}'/2 +24.4
(6)

can be obtained at 23-240 GeV/c. If 7 data points
of Foley et al.'® and 10 data points of Carroll et
al” for Ag are included under an assumption of the
same experimental error, the 17 data points at
8-240 GeV /c can be connected by

a0 [ub] =124.3{(do/at),[ub/(GeV/ )l } /2 +141.4
(7
Therefore it is concluded that as far as these data
are concerned any linear fit does not pass through
the origin of the graph within the experimental
error. Since Ao isnot inproportion to [(do/dt),]
the application of any type of pure p-exchange
model to this analysis cannot be successful. It is
not known where the empirical Ao vs [(do/dt), |/
curve tends at p~x. The empirical p dependence
of » (=0.6 to 1.0) or «(0) (=0.34 to 0.51) at 23-240
GeV/c cannot be accepted by this pure p model.
From the best fit to the effective trajectory in
CEX analysis, Barnes ef al. obtain «(0)=0.481,
resulting in »=0.942 and

Ao [ pb] =144.0{(do/dt), | ub/(GeV/c )] }'2,  (8)

which is, however, not successful, as shown in
Fig. 1. Eventually these data and the pure p-ex-
change model will predict at 20-200 GeV/c

Ao [ ub] =6967 p=0-51° (9)

1/2
’

for the total cross-section difference, where p isin
GeV/c. Here we mustturnto the new data for
Ao (7*p) (Ref. T) for comparison.

Those 10 data points of Carroll et al. can be
fitted by

o [ub]=5793 po-463 (10)

if the weight for each experimental error is re-
spected. If these 10 data points and another 7 data
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FIG. 2. Data plots of Aoy (r*p) vs pfly , where ® are
from Carroll et al. (Ref. 7) and @ are from Foley et al .
(Ref. 10). The solid, dashed, and dotted lines represent
Eqgs. (9), (11), and (10), respectively.

points of Foley et al. are included with their ex-
perimental errors, at 8—240 GeV/c

Ao [ ub] =5606 p=0+4%5 (11)
is obtained. Hendrick ef al.' get
o[ pb]=5240p70-43 (12)
below 200 GeV/c. Bialkowski ef al.* get
Ao [ub] =5898 p0-60 (13)

between 1 and 200 GeV/c. Equations (9), (10) and
(11) are shown in Fig. 2.

Equations (12) and (13) are obtained from old
data. These exponents (-0.43 and —0.460) are
very close to those in Egs. (10) and (11), which
are obtained from the new data ranging up to
240 GeV/c. However, the exponent of Eq. (9) is
far from the others. This is reflected by the pure
p-exchange model. Although Barnes ef al.® say
that their prediction, Eq. (9), agrees very well
with the data of Carroll et al., Eq. (10) or Eq. (11),
in Fig. 2, evidently the pure p-exchange model does
not show a good fit for the (do/dt)Ex vs |¢] plot at
199.3 GeV/c (see Fig. 1 of Ref. 6), aside from the
polarization. From the point of view of the A}, am-
plitude, we need a model where the ratio » should
gradually decrease with increasing p. In conclu-
sion, we still have some reasons to search for
another suitable model which will show a good fit
at t#0 as wetl as at £=0.!!

*Work supported in part by Japan Society, Inc.

t Permanent address: Minamiuemachi, Kishiwada,
Osaka, Japan.

'R. E. Hendrick et al., Phys. Rev. D 11, 536 (1975).

%y. Barger and R. J. N. Phillips, Phys. Rev. 187, 2210
(1966).

3E. Leader and B. Nicolescu, Phys. Rev. D 7, 836 (1973).
4G. Bialkowski et al., Lett. Nuovo Cimento 13, 401 (1975).

5D. Joynson et al., Nuovo Cimento 304, 345 (1975).

SA. V. Barnes et al ., Phys. Rev. Lett. 37, 76 (1976).

TA. 8. Carroll et al., Phys. Lett. 61B, 303 (1976).

8A. V. Barnes et al., Caltech Report No, C ALT-68-465,
1974 (unpublished).

%V. N. Bolotov et al., Phys. Lett. 38B, 120 (1972).

g, J. Foley et al., Phys. Rev. Lett. 19, 330 (1967).

1y, Nakata, Phys. Rev. D (to be published).



