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The m-p charge exchange (CEX) reaction,
+p —w'+ n,, at high energies is a particular-

ly simple reaction from the standpoint of Reg-
ge-pole phenomenology because only the quan-
tum numbers of the p may be exchanged in the
crossed channel, t. The domination of the scat-
tering amplitude by a single p Regge trajectory
is verified by several analyses' of the differ-
ential cross section, da/dt. ' If this domin-
ation were complete and only the p contributed,
one would expect to observe zero polarization
because the Regge flip and nonf lip amplitudes
have the same phase. The detection of a non-
zero polarization by Bonamy et al. ' shows that
another term which went undetected in the mea-
surement of do/dt is also contributing to the
scattering amplitude.

It was shown'~' that a qualitative explanation
of the polarization can be obtained by assum:-
ing that this extra term is due to resonance
exchange in the direct channel, s. Alternative
explanations assume that the extra term aris-
es either from a cut" or from a second p me-
son, the p'." We shall extend our previous
analysis'to the more recent 11.2-GeV data
and show that the quantitative agreement is
improved by the introduction of the p'. We shall
also review the growing evidence for the exis-
tence of a p'.

It was shown' that the direct-channel reso-
nances can affect the polarization at energies
as high as 20 GeV. While there is some ques-

tion as to the accuracy of the extrapolation of
the Breit-Wigner formula to energies consid-
erably above the resonances, we feel it is im-
portant to include the resonance contributions.
We shall therefore consider the following three
models: (I) p+resonances, (II) p+p'+reso-
nances, (III) p+ p', and compare their agree-
ment with experiment. The third model is pre-
sented since there is some skepticism concern-
ing the contribution of the direct-channel res-
onances at energies above 6 GeV. The predic-
tion of the three models at different energies
will also be presented, thus providing an ex-
perimental test for distinguishing them.

Before we turn to this task, however, we
shall review the independent support (i.e. , sup-
port from sources other than the mP CEX po-
larization) for the introduction of the p'. This
support comes from a variety of sources. The
first of these is a recent analysis of H5gaasen
and Fischer" of high-energy, nucleon-nucleon,
charge-exchange scattering where they show
the introduction of a p' is necessary to obtain
a consistent Regge-pole description of the for-
war'd differential cross section and the total
cross-section data. Evidence for the p' aris-
es from two recent unitary symmetry analyses.
Nelson' has constructed a mass operator for
the SU(3) harmonics which gives the correct
masses of the well-known 1 nonet of mesons.
This operator also predicts a 1 meson with
the quantum numbers of the p at 984 MeV. A
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recent SU(3)S SU(3) calculation of Bose' also
predicts a p' of mass 1000 MeV. Further ev-
idence for the p' comes from the failure to
explain the behavior of the nucleon isovector
electromagnetic form factor with just a single
p. The introduction of a p' with a mass of 890
MeV in one analysis' and 1100 MeV in anoth-
er" eliminates this discrepancy.

The missing-mass spectrometer experiment
of Kienzle et al."indicates a narrow state at
963+ 5 with J-1 which they call the 5. Allen
et al."have tentative evidence for an 1~1 di-
pion state of unknown spin and parity at =965
MeV. Both the SU(3) and form-factor arguments
for the p' predict a mass in this energy region.
We shall assume, therefore, for the purposes
of our analysis that the state (or states) observed
by Kienzle et al."and Allen et al."is the p'.
If we further assume that the p' trajectory has
a linear t dependence with the same slope as
the p, we must choose npi(0) =0.17 in order
that n (t = 963 ) = 1.0. Extrapolating this trajec-
tory to Qpl 3, we expect the first recurrence
of the p' to occur at a mass of 1770 MeV, which
is very close to the third peak of the R which
Focacci et al."observe at 1748 MeV.

I.et us now turn to a consideration of the w P
CEX polarization. The charge-exchange scat-
tering amplitude is given by

0'i q Xqm=f+i, f,

1
l2

@
)

}2
df q s

2 Im(ff ~) sin8
If I'-(4t/s)I f I' '

where 0 is the scattering angle in the s chan-
nel.

We shall consider the following three mod-
els in which

(I) f=f +f
p. RES'

(II) f f +f i +fRESip p' RES'

(III) f=f +f, i
p p" (4)

where RES stands for the contribution of all
the direct-channel resonances and p and p' for
the contribution of the corresponding traj ec-
tories. The amplitudes fRES fRESi fpi and

f are exactly identical to the amplitudes in
Ref. 8 except for the change of the label BEG
to p:

where f and f are the spin-nonf lip and spin-
flip amplitudes and q and q' are the center-
of-mass momenta of the initial and final states.
The differential cross section, do/dt, and the
polarization, P, are related to f and f by

i (&+ ')nP (1 +-t!2q')
I+&

ES 3q W -W- iI' 2
Resonances l l

where W=s"' Bnd J, l, Wl, I'l, and gl are the total spin, orbital angular momentum, energy, width,
and elasticity of the resonance, respectively (the values of the resonance quantities can be found in
Table I of Ref. 6);

v2

ES 3q Resonances

, q P '(1 + t/2q ')

W -W-i(I' /2)'
l

(6)

where Pl' is the first derivative of the Legendre polynomial;
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b, (t) and b, (t), we will not complicate our mod-
el with t-dependent residues. In the same spir-
it we take a simple linear relationship for the
t dependence of np(t), viz. , o.p(t) =0.58+0.90t.

The formula for fp~ (fpi) is identical to that
for fp (fp) except for the appearance of the primed
quantities b, ', b, ', and npf and hence
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FIG. 1. The fit of du/dt at 5.9, 9.8, 13.3, and 18.2
GeV with models II and III. Where both the dashed line
and the solid line occurs the dashed line represents
model III and the solid line model II. Otherwise the
two curves more or less overlap.

cv p, (t).
x — i+tan —o, (t) .

2 p' (10)

where M and p. are the nucleon and pion mass-
es, o.p(t) is the trajectory of the p, and b, (t)
and b, (t) are the residues of the Regge pole.
The total center-of-mass energy squared, s,
is related to the pion lab energy E by s = 2JI/IE
-IVX'- p. ', so that choosing s, = 2M p, , (s-M'- p, ')/
so reduces simply to E/p With th.is choice of
s, it was shown' that the residue functions b, (t)
and b2(t) do not have very strong t dependences.
We have in fact chosen the residues to be con-
stants. One can obtain a, better fit to do/dt,
naturally, by giving the residues more compli-
cated t dependence. Since our purpose here
is to explain the polarization and since I' does
not depend sensitively on small variations of

The p' residues b, ' and b, ' are also taken to
be constant. The p' trajectory is given by npi(t)
=0.17+0.9t. This means there are four free
parameters altogether, b„b„b,', and b, ', to
fit dv/dt and P. (For model I where p' is not
included there are naturally only two free pa-

rameterss.

)
The parameters b, and b, are essentially

constrained to fit da/dt. In models II and III,
b, ' and b, ' are varied to fit P, whereas in mod-
el I there are no free parameters to fit I'. All
three models give excellent fits of do/dt. The
fit of dv/dt of II and III are shown in Fig. I,
while that of model I is essentially identical
to the one in Fig. 1 of Ref. 8. The fits of I'
at 5.9 and 11.2 GeV are shown in Fig. 2. Ta-
ble I lists the values of the free parameters
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FIG. 2. The fit of the polarization data at 5.9 and 11.2 GeV with models I, II, and III.
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arameters and y .2Table I. Regge-pole param
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(mbt /GeV)

b2
(mbt~2/GeV)

by'
(mbt~2/GeV)

b2'

(mbt 2/GeV)

X
from 36

do/dt data
points

X
from 12
P data
points

x'
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p +RES
p'+ p'+RES
p+ p'
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of the three models in the energy range 6 to
20 GeV. The predictions of models I and II
in the resonance region 1.7 to 6.0 GeV are al-
so presented in Fig. 4. The prediction of mod-
els II and III depends on m&i which we have
chosen to be 963 MeV.

In conclusion we would like to make the fol-
lowing points:

(i) While the p+ resonance model gives a con-
sistent fit of the data, a greater reduction in
y' can be obtained by introducing a p'. With
the p' one can also fit I' without resorting to
the use of the resonances at high energies.

(ii) Support from a number of independent
sources indicates the possibility of a p' at 963
MeV. Our analysis of mP CEX polarization
is consistent with this hypothesis. At the same
time the idea of introducing a p' does not de-
pend on the identification of the 6 with the p'
since there is a fairly wide range of mpf which
will fit polarization data.

(iii) Polarization measurements over a wid-
er range of E and t will permit the discrimi-
nation of the various models proposed to ex-
plain polarization.
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