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The A2 meson is described as a dipole resonance and a linear Regge-dipole 42 trajectory is assumed to
dominate the charge-exchange process =~p — 7u. A least-squares fit to the differential cross-section data for
four adjustable parameters is performed, and leads to a 2= 11 for 25 experimental points. A nonzero polariza-
tion is predicted. The multichannel problem corresponding to 4 production in the process mp — Asp is
studied and a phase-shift model incorporating a dipole A which produces different peaked structures in the

various decay models is given by way of example.

1. INTRODUCTION

ISSING-MASS experiments' have shown that

the 4:(1300) meson has a two-peaked structure

in events decaying into pw. The nr decay events also

indicate a double-peaked structure, but the question as

to whether the K,°K° events show a similar structure
is not yet conclusive.

A dipole model of the p meson has been investigated?
and applied to the 7~p — 7% charge-exchange scatter-
ing and polarization, and also the electromagnetic form
factors with a resulting good fit to the data with few
parameters.

In this paper, we study the charge-exchange process
m~p — qn, using a Regge-dipole model of the 4, meson
of the form developed in Ref. 2. We also study the
properties of the dipole 4 , within a multichannel scheme
and discuss a possible model of the different partial
modes pm, g, and K°K,°.

2. REGGE-DIPOLE 4, AMPLITUDE

A double-pole model of the A, has already been
considered,? but we concern ourselves only with a model
of the 4, as a dipole trajectory in the ¢ plane generated
by the coalescing of two single-pole trajectories for all
¢, such that the dipole amplitude can be obtained from
the single-pole amplitude by differentiating with respect
to a(?).?

The single Regge-pole amplitude for the process
7~p— 1y is given by

A= f+i(e-¢'Xa/@)f, €))

where the non-spinflip and spinflip amplitudes f and f
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are given by

f: - ('YA (t)/\/S)aA (t) (E/y,)“li(t)

X[—i+cotGraa(®)], (2)
J=(a@/4M) v 4()—ca(t)7a(®)]
X (B/p)y4®[—itcotGraa(D)], (3)

where v4(f) and 4 (f) are the non-spinflip and spinflip
residues, respectively. By differentiating Eqs. (2) and
(3) with respect to aa(f), we obtain for the dipole
amplitudes

Jo=—(v4/7/$) (E/p)*4P{[—i+cot(Fraa())]
X [(1+aa(t) n(E/p)]— Gras())esGraa®))}, (4)

and

Fo=(1/4M)(E/p)*4D{[—i-+cot(Gras ()]
X[ya—2a4(O)Fa+aa(t) In(E/u) X (va—aa(t)7a)]
—las(t)rXcsGraa(t))(ya—aa(®)7a)}. (5)

The scale factor so=2Mu was used to give the energy
dependence (E/u)*4®, where M is the nucleon mass and
u is the pion mass. The polarization parameter P is then
given by B

—2 Im(ff*) sinf

—, (6)
| F12—(@&t/s)| fI*
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Fic. 1. Fit of (do/dt) (x—p — nn) reduced by the branching ratio
B (n — 2v) which is the only mode observed in the data (Ref. 4).

181 1875



1876 T. J. GAJDICAR AND J.
T T T T T T T
— ' -
0.6 -
L (a) .
041 -
~ 0.2 .
[ =4
< r _
1 1 1 1 1 1 1 1 1
= 0. 0.2 03 04 05 06 07 08
E -1 Gev/c)?
=z
o
s
<t
N
z
<T
)
o
a
-0.2
1 | 1 L | 1 1 1
3 4 5 6 7 8 s 10 1
Rag(GeV /c)

Fic. 2. (a) Neutron polarization predicted by the dipole model
for E1a,=6 GeV as a function of —¢. (b) Neutron polarization at
t~—0.2 (GeV/c)? in the reaction =~p — nn as predicted by the
dipole model along with the data points from Ref. 5.

and the differential cross section is

do 1r< , 4l[~[2
E—E [/l -:f >,

)
where 6 is the scattering angle in the s channel.

3. CHARGE-EXCHANGE SCATTERING RESULTS

A least-squares fit was made to 25 differential cross
section pointst at low values of |#|. A linear trajectory
and constant residue functions were used giving rise to
the four adjustable parameters a4 (0), aa’(0), v4, and
74 assuming that they should be adequate to describe
the essential features of the dipole model in the ¢ range
0< ¢ 50.6.

The data points were used at the five laboratory
momenta 3.72, 5.9, 9.8, 13.3, and 18.2 GeV/¢c for
|t] <0.6 (GeV/c)2 (See Fig. 1.) The fit to the data
resulted in a X2=11. The parameter values found were
@4(0)=0.238, a4'(0)=0.412, v4=0.148, and 74=2.15.
The polarization predicted by these parameters is
positive and is shown in Fig. 2 along with the few
presently available experimental points.® Our dipole
model shows quite a substantial polarization decreasing
slowly with increasing energy for i~—0.2 (GeV/c)2.
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4. MULTICHANNEL CONSIDERATIONS

The experiment performed by the BNL group! gives
some indication that the double-peaked structure in the
A4, mass region occurs only in the pr and yr decay
modes, while the KK events contribute only to the
higher-energy peak at about 1315 MeV with a width of
about 20 MeV. The BNL group has suggested that the
peak at the lower energy ~1270 MeV might be as-
sociated with a resonance having J¥=1-, 3—, - - -, since
this would forbid KK decay and only the higher peak
at 1315 MeV would be observed. In light of recent
experiments,® however, a J¥= 2% assignment to both 4,
peaks isfavored, and though the single-peaked spectrum
for the KK decay mode is by no means firmly estab-
lished,” a number of models in which the resonance
activity in the A4, region is 2+ have been proposed
which allow for this possibility.?

We examine a multichannel scheme in which the
dipole 4, may interfere with other channels to produce
a single KK peak in the upper 4, mass region. We use
another JP= 2+ single pole to produce this interference
by way of an example, but do not wish to imply neces-
sarily that such a resonance actually exists. In our
example, the coupling of this added pole to the =y
channel turns out to be about 409 of the =, coupling
to the dipole 4, and could be readily made smaller
with the same qualitative results. The dipole Regge
analysis of the mp — nn process would remain unaltered
if it were assumed this coupling were negligible for the
region of momentum transfers involved.

Consider the multichannel problem with the sub-S-
matrix connecting states with I¢=1- and JP=2*
Assuming that the multichannel problem at about 1300
MeV is dominated by pr, nr, and KK channels, the
diagonalized sub-S matrix can be represented by

e () 0
S=[ 0 g2 0},

0 0 e

©)

where the &’s are real eigen phase shifts, since S is
unitary. Denoting the pm, 77, and KK states by [1),
|2), and |3), respectively, they can be expanded in the
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eigenvectors |e;) of .S. Thus,
3
|i>=21 aijlef), ©
=

where we choose to consider ¢=1 and 3. The two-body
scattering events can then be described by the T matrix
T=(S—1)/2. (10)

From the time-reversal invariance of the S matrix,
we deduce that the a;; are real coefficients. We have

3

Tij = Z dik(ljkeia" sin&k y (1 1)
k=1
where
3
Z aikajk=6ij. (12)

k=1

For a dipole resonance the unitary .S matrix takes the

form?®
5 @—Eo+i(%1‘1)>2
—E,—i(3Ty)/
and if we assume that 8; is produced by a dipole reso-
nance then

(13)

I'(Ev—E)

— (14)
(E—Eo)’—il?

where 'y =60 MeV and Eo=1300 MeV. We also assume
that 8, is produced by a second, single-pole resonance
with

tand,= — 1T,/ (E—E)),

where I';~ 30 MeV and E;~ 1270 MeV. The third phase
shift &; is assumed to be effectively zero. We shall
choose the coefficients a;; to be effectively constant in
the energy range considered with the values

an= 09, a12= 0.4:, azi= 0.4:, aAz2=— ‘—0.9 .
Here unitarity demands that

0112+l1122< 1
and
(1312< 1.

The amplitudes 7'y; and T'y; neglecting kinematical

® M. L. Goldberger and K. M. Watson, Collision Theory (Wiley-
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Fic. 3. (a) Eigen phase shifts arising from our multichannel
model. 8; results from a dipole at 1300 MeV with I''~60 MeV and
82 results from a pole at about 1270 MeV with I'»~30 MeV. (b)
|T1i|? and |T1s]? for the respective processes pm — pr and
pr — KK as given by our model of the multichannel problem.

factors then describe the processes pr— pr and
pr— KK. A calculation of | T11|? and | T'15]2 based on
the above assumptions leads to the results shown in
Fig. 3. A similar model has been considered by
Rosdolsky® based on different eigen phase shifts.

5. CONCLUSIONS

The 4. as a dipole gives a very good fit to the
7~p — yn differential cross sections with a minimum of
parameters. Not too much can be said about the pre-
dicted polarization in view of the present poor experi-
mental situation. A further investigation of the A4,
dipole trajectory considering KN charge-exchange
scattering would be an interesting study. We have also
shown that within the multichannel framework an 4,
dipole would still be relevant even if double-peaked
structures were not observed in all the decay modes
corresponding to 7¢=1~ and J¥=2% resonances in the
1300-MeV region.
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