
I' H V S I C A L R E V I E %' VOLUM E 187, NUM BER 5 2S NOVEM HER i&69

~ p Charge-Exchange Differential Cross Section and Polarization
in a Regge-Pole Model*
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Regge-pole its to m=p charge-exchange differential-cross-section and polarization data have been given
at moderately high energies and over a wide range of momentum transfers. Besides the p trajectory, whose
slope and intercept are determined by exchange degeneracy, a conspiring p' trajectory of the same slope
but intercept near zero has been taken into account. In the spirit of the Veneziano formula, the residues
are assumed to be of the form const/F (a). A four-parameter fit gives good agreement with the experimental
data.

where $= (1—e ' )/sinirn, and P" (PI) is the helicity-
nonflip (-flip) residue constant.

Igi' has given a Ueneziano type formula for pion-
nucleon scattering. In order to find a crossing sym-
metric formula with the correct signature factor he
finds that the trajectories in the t channel (e.g. , the
p trajectory) should have the same slope as the tra-
jectories in the s and I channels (e.g. , the nucleon
trajectory). Igi's formulas in fact reduce (effectively)
to Eqs. (2) and (3) for the physical s channel (large s).
In the same spirit as Eqs. (2) and (3) the contributions
of a conspiring p' trajectory are given by

l. INTRODUCTION
" 'T is well known that the exchange of the p Regge
~ ~ pole in the t channel is for the most part responsible
for the high-energy ~ p charge-exchange reaction. There
are, however, two minor details which need further
consideration: (a) The p trajectory alone predicts zero
polarization, in contrast to the experimental data, ' and

(b) exchange degeneracy of the p and A trajectories
and their residues would require that the differential
cross section should vanish at t= —0.6 where e, =0,"
whereas the experimental data have only a dip there.
Both of these difFiculties can be resolved if in addition
to the p exchange there is some other contribution from
another trajectory (the p') or a, cut. The purpose of
this article is to consider the first alternative and obtain
a fit to the differential cross section and polarization
over a wide range of energies and momentum transfers.
In the spirit of the Veneziano representation' we take
the residues to be of the form constant/I'(n). The p
trajectory is determined from the p and 3 masses. The
conspiring p' trajectory is assumed to have approxi-
mately zero intercept and to be parallel to the p tra-
jectory. We are then fitting four independent parame-
ters. In the Sec. 2 the problem is formulated and the
results are given.

~''=DO. "/I'(~;)]5'(a~)"',
&' =

Lt3 "/I'(o') jk. (a~)"

(4)

(5)

In Eqs. (4) and (5) the p' trajectory is assumed to
have the same slope as the p trajectory. Simplicity is
the motivation for this assumption. One can imagine
a Veneziano formula in which this p' trajectory com-
bines with appropriate baryon trajectories having the
same slope. If the p' trajectory has the same slope as
the p trajectory then one can make the simplifying
assumption that the p' trajectory coexists in a Veneziano
formula with the ordinary baryon trajectories —in the
same way as the p trajectory does. In other words, the
nucleon, 6, etc. , in the s and I channels are shared
between the p and p'. In this way the p' must have the
same slope as the p and one avoids introducing new
baryon trajectories of nonuniversal slope.

A possible I.orentz pole classification of exchange-
degenerate and conspiring trajectories has been given
by Ahmadzadeh' and by Ahmadzadeh and Jacob. ' In
this classification the exchange-degenerate m-B tra-
jectory conspires with the exchange-degenerate 3'2-p'
trajectory, where 2'2 is the co-conspirator of the pion
and p' is the co-conspirator of the B trajectory. There-
fore in this formalism ~, B, p', and A'~ all have the
same intercept. But the m-B trajectory has the same
universal slope as the p. Therefore, the p' trajectory
would in fact be degenerate with the m.-B trajectory and
it would be very interesting if a new particle at the mass

2. FORMALISM AND RESULTS

The exchange-degenerate p-A2 trajectory, passing
through the p(760) and Ai(1310), is given by

n, =0.5+at, a=0.9 t eV '. (1)

The helicity-nonAip and helicity-Hip parts of the p
contribution are given by

A, ' =Q, "/I'(n, )j(,(as)", (2)

23.=P.'/I'(o. )3k.(a~)" ' (3)
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of the 8 meson were found with the quantum numbers of
the p meson. In the past the co-conspirators have been

assumed to have very small slope to "explain" the fact
that no particles belonging to these trajectories have

been found experimentally. From the present point of

view these particles may be hidden underneath other

(known) resonances. '
The invariant amplitudes are given therefore in this

model by
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where A, ', &„A, ', and 8; are given by Eqs. (3)—(5).
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FIG. 2. Fit of polarization at (a) 5.9 GeV/c, (b) 11.2 GeV/c.
The circles are data due to Bonamy et al. ; the triangles are data
due to Schneider et al.

The differential cross section is
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and polarization is
—sin 8 Im(A'8*)
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Fro. 1. Fit of differential cross sections at 5.9-,
13.3-, and 18.2-6eV/c lab momenta.

It is seen from the above equations that we are left
with four free parameters P,", P, t, tt, " and P, I

Let us now discuss the results. Figure 1 shows

the least-squares fit to representative differential-cross-
section data' for P~,s &~ 5.85 GeV/c. The data of
Sonderegger et al. were used for the fit because they
include a wide range of momentum transfer and are
consistent with the other available data. For the 51
data points, the x' is 54. The best values of the residue
constants are Pp 185 GeV

p Pp 211 GeV
p tap. "

= —46.8 GeV ', and P, ~= —239 GeV '. For these
values, the predicted polarization is compared with
experimental polarization in Fig. 2. The X for the 37
available data points is 74.

It should perhaps be pointed out that, since in the
present model the p' does not contribute at the forward
direction, the result obtained by one of the present
authors' in fitting meson-nucleon cross sections at the

' The possibility of trajectories passing through integers without
actually materializing as physical particles has also been con-
sidered by various authors fe.g., Shu-Yuan Chu, Chung-I Tan,
and P. D. Ting, Phys. Rev. 181, 2079 (1969)].

'P. Sonderegger et al. , Phys. Letters 20, 75 (1966); A. V.
Stirling et al. , Phys. Rev. Letters 14, 763 {1965);I. Mannel]i
et al. , ibid'. 14, 408 (1965); M. A. Wahlig and I. Mannelli, Phys.
Rev. 168, 1515 (1968).

9 Jane C. Jackson, Phys. Rev. 174, 2098 (1968).
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forward direction with the p and A~ alone will still
hold. Also we would like to mention that Sertorio and
Toiler" have also considered a model consisting of the
p and a conspiring p' to 6t the s-p charge-exchange
data. The present model differs from theirs mainly in
the universal slope of the trajectories, the k=0 p'

intercept, and the behavior of the residues. Also
recently Delbourgo and Salam" have considered a
Regge-pole supermultiplet theory whereby due to the
higher assumed symmetry the helicity-Rip and -nonQip
residues are related. They consider the p contribution
alone, however, and therefore their model gives zero
polarization and predicts zero differential cross section
(instead of dips) where n, is a negative integer or zero.

In conclusion we point out that the present model,

'0 L. Sertorio and M. Toiler, Phys. Rev. Letters 19, 1146 (1967).
"R. Delbourgo and A. Salam, Phys. Letters 2SB, 497 (1969).

in the same spirit as in Ref. 3, is an attempt to tie up
several ideas (conspiracy, exchange degeneracy, and
now Veneziano-type residues, etc.) in a consistent way.
The widely considered Regge-pole treatment of photo-
production" and np charge exchange" is in terms of
the pion conspiracy idea. On the other hand, exchange
degeneracy implies that the 8 trajectory should also
conspire (if the pion trajectory does). The co-conspira-
tor of the 8 trajectory is the p which we have utilized
here. Finally, we point out that the present ideas imply
that a conspiring A2 (which is the co-conspirator of
the pion) of intercept near zero, together with the A2

trajectory, should be capable of explaining the s. P ~ rln

data. This reaction is the subject of a future investigation.

"See, for example, A. Ahmadzadeh, R. J. Jacob, and B. P.
Xigam, Phys. Rev. 178, 2284 (1969)."See, for example, F. Arbab and J. Dash, Phys. Rev. 163, 1603
(1967).
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A two-variable expansion of the scattering amplitude for the process a+b —+ c+d is proposed, where
a, b, c, and d are spinless particles of arbitrary mass. It is diagonal in angular momentum, displays the
threshpld and pseudothreshold behavior of partial waves, and leads to sum rules which contain a fl, nite
number of partial waves due to the crossing symmetry of the collision amplitude. The results of our previous
work are recovered when the masses are equal. The reaction m+N ~ ~+N is treated with the inclusion
pf nuclepn spin. The expansion is valid over the Dalitz plot for a decay amplitude. A simple method to
derive sum rules which relate a finite number of partial waves without the use of the twp-variable expansipn
is also outlined.

I. INTRODUCTION

HIS paper formulates a generalization of some
previous work on two-variable expansions of scat-

tering amplitudes' to processes which involve spinless

* Supported in part by the U. S. Atomic Energy Commission.
f Supported by NDKA Fellowship.
' (a) A. P. Balachandran and J. Nuyts, Phys. Rev. 172, 1821
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ibid. 175, 1974 {1968);(c) A. P. Balachandran, W. J. Meggs, J.
Nuyts, and P. Ramond, ibid. 176, 1700 (1968); {d)A. P. Balachan-
dran and J. Nuyts, Nucl. Phys. B9, 81 (1969). See also (e) %.
Montgomery, L. O'Raifeartaigh, and P. Winternitz, Rutherford
Laboratory report, 1969 (unpublished); {f) A. R. White, L'ni-
versity of Cambridge report, 1969 (unpublished); (g) R. Z.
Roskies, Yale report, 1969 (unpublished}, and J. Math. Phys. (tp
be published). A closely related work is that of Ref. 2. For an
alternative approach, see N. J. Vilenkin and J. A. Smorodinsky,
Zh. Eksperim. i Teor. Fiz. 46, 1793 (1964} LEnglish transl. :
Soviet Phys. —JKTP 19, 1209 (1964)j; P. Winternitz, J. A.

particles of arbitrary mass. The original investigation
dealt with a system where the masses of the four par-
ticles were equal. The amplitude was expressed as a sum
of polynomials of the variables s, t, and I which were
orthogonal and complete for a suitable scalar product
over the Mandelstam triangle. The basis was diagonal
in angular momentum, revealed the existence of an in-
finite sequence of finite dimensional "crossing matrices"
for partial waves, and displayed their threshold
behavior.

The investigation in Ref. 1 relies on the observation
that there is a partial differential operator 8 in the vari-
ables s, t, and u which commutes with the angular mo-

Smorodinsky, and M. Sheftel, Yadern. Viz. 7, 1325 (1968) I Eng-
lish transl. : Soviet j. Xucl. Phys. 7, 78S (1968)j, and Dubna
report, 1968 (unpublished), and references contained therein.


