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Dipole Model of the A2 Meson and Charge-Exchange Scattering and Polarization
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The A2 meson is described as a dipole resonance and a linear Regge-dipole A& trajectory is assumed to
dominate the charge-exchange process 7r p -+ pn. A least-squares Gt to the differential cross-section data for
four adjustable parameters is performed, and leads to a x'= 11for 25 experimental points. A nonzero polariza-
tion is predicted. The multichannel problem corresponding to Az production in the process ~p ~ A2p is
studied and a phase-shift model incorporating a dipole A q which produces different peaked structures in the
various decay models is given by way of example.

1. IN'TRODUCTION

'ISSING-MASS experiments' have shown that
~ ~ the A, (1300) meson has a two-peaked structure

in events decaying into px. The pz decay events also
indicate a double-peaked structure, but the question as
to whether the E~'El' events show a similar structure
is not yet conclusive.

A dipole model of the p meson has been investigated'
and applied to the 7r P ~ srort charge-exchange scatter-
ing and polarization, and also the electromagnetic form
factors with a resulting good Qt to the, data with few
parameters.

In this paper, we study the charge-exchange process
sr p ~ qtt, using a Regge-dipole model of the As meson
of the form developed in Ref. 2. We also study the-
properties of the dipole A 2 within a multichannel scheme
and discuss a possible model of the different partial
modes p~, qx, and X~PE~'.

are given by

f= (7~—(t)/V' )s~~(t)(~/t ) ""'
X L

—i+cot(-,'srn~(t)) j, (2)

f= (~.(t)/4ilf)L7. (t) ~.(t—)~.(t)3
X (E/ts) "&'lL—i+cot(-,'srn~(t))$, (3)

where yg (t) and y~ (t) are the non-spinflip and spinflip

residues, respectively. By differentiating Eqs. (2) and

(3) with respect to n~(t), we obtain for the dipole
amplitudes

f = —b /v')(&/t) "'"{L—'+ ot(l (t)H
XL&+ (t) l (~/ )3—(-' (t)) ~ '(-' (t))) (&)

fn= (S/4&V)(Z/t )-s~'&($—i+c«(-,'~~~(t))j
Xfy~ —2~~(t)v~+~~(t)»(&/t )X b~ —~~(t)A)3

—-', n~(t)~Xcsc'(-', ~ng(t))(y~ —cr~(t)7~)) (5)

2. REGGE-DIPOLE A2 AMPLITUDE

A double-pole model of the A2 has already been
considered, ' but we concern ourselves only with a model
of the A 2 as a dipole trajectory in the t plane generated
by the coalescing of two single-pole trajectories for all

t, such that the dipole amplitude can be obtained from
the single-pole amphtude by differentiating with respect
to o.(t) s

The single Regge-pole amplitude for the process
sr-p ~ strt is given by

A =f+i (o q'X q/q') f,

The scale factor sp= 2' was used to give the energy
dependence (E/ts) "to, where M is the nucleon mass and

p, is the pion mass. The polarization parameter I' is then

given by —2 Im(ff*) sin8
P=

i fJ' (4t/s)Jfl'—

100-

eV
C

where the non-spinfiip and spinflip amplitudes f and f
%. Io —p 5.9—
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Fro. 1.Fit of (do/dt) (e p ~ sa) reduced by the branching ratio
B(g ~ 2y) which is the only mode observed in the data (Ref. 4).
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and the differential cross section is

do m jt' 4t

qsE s

FIG. 2. (a) Neutron polarization predicted by the dipole model
for El,b

——6 GeV as a function of —t. (b) Neutron polarization at
t~—0.2 lGeV/c)' in the reaction m p -+ qe as predicted by the
dipole model along with the data points from Ref. 5.

4. MULTICHANNEL CONSIDERATIONS

The experiment performed by the BNL group' gives
some indication that the double-peaked structure in the
A2 mass region occurs only in the px and qz decay
modes, while the EK 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 EK decay and only the higher peak
at 1315 MeV would be observed. In light of recent
experiments, ' however, a J~= 2+ assignment to both A &

peaks is favored, and though the single-peaked spectrum
for the EK decay mode is by no means firmly estab-
lished, ' a number of models in which the resonance
activity in the A2 region is 2+ have been proposed
which allow for this possibility. '

We examine a multichannel scheme in which the
dipole A 2 may interfere with other channels to produce
a single EK peak. in the upper A 2 mass region. We use
another J~= 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 ~g
channel turns out to be about 40'%%uq of the ~rt coupling
to the dipole A2, and could be readily made smaller
with the same qualitative results. The dipole Regge
analysis of the 7rp ~ rid 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 I0=1 and J =2+.
Assuming that the multichannel problem at about 1300
MeV is dominated by pm. , gx, and EK channels, the
diagonalized sub-5 matrix can be represented by

where 0 is the scattering angle in the s channel.

3. CHARGE-EXCHANGE SCATTERING RESULTS

ei28y

S= 0. 0

0
ei282

0

0
0

ei283
(8)

A least-squares 6t was made to 25 differential cross
section points' at low values of

~

t i. A linear trajectory
and constant residue functions were used giving rise to
the four adjustable parameters nz(0), nz'(0), &z, and
pz assuming that they should be adequate to describe
the essential features of the dipole model in the t range
0& (t~ &0.6.

The data points were used at the Ave laboratory
momenta 3.72, 5.9, 9.8, 13.3, and 18.2 GeV/c for
~t~ &0.6 (GeV/c)'. (See Fig. 1.) The fit to the data
resulted in a X'= 11.The parameter values found were
n~(0) =0.238, n~'(0) =0.412, y~ =0.148, and yg= 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 t —0.2 (GeV/c)'.

where the 6's are real eigen phase shifts, since S is
unitary. Denoting the p7r, rt7r, and EK states by ~1),

~
2), and ~3), respectively, they can be expanded in the

4 O. Guisan, J.Kirz, P. Sonderegger, A. V. Stirling, P. Borgeaud,
C. Bruneton, P. Falk-Vairant, B. Amblard, C. Caversasio, J. P.
Guillaud, and M. Yvert, Phys. Letters 18, 200 (1965).

5 D. D. Drobnis, J.Lales, R. C. Lamb, R. A. Lundy, A. Moretti,
R. C. Niemann, T. B. Novey, J. Simanton, A. Yokosawa, and
D. D. Yovanovitch, Phys. Rev. Letters 20, 274 (1968); P.
Bonamy, P. Borgeaud, S. Brehin, C. Bruneton, P. Falk-Vairant,
O. Guisan, and P. Sonderegger, in Proceedings of the Heidelberg
International Conference on Elementary Particles, Heidelberg, 1967,
edited by H. Filthuth (Wiley-Interscience, Inc. , New York, 1968).

G. K. Chikovani, M. ¹ Focacci, W. Kienzle, U. Kruse, C.
Lechanoine, M. Martin, and P. Schubelin, Phys. Letters 28B, 526
(1969).' B. French, in Proceedings of the Fourteenth International Con-

ference on High-Energy Physics, Vienna 1968 (CERN, Geneva,
1968), p. 91.

J. V. Beaupre, T. P. Coleman, K. E. Lassila, and P. V.
Ruuskanen, Phys. Rev. Letters 21, 1849 (1968); Y. Fujii and M.
Kate, Nnovo Cimento 58, 297 i1968).



181 DIPOLE M 0 DEL OF THE 2 2 M ESON

eigenvectors le;) of S. Thus,

T= (S—1)/2i. (10)

From the time-reversal invariance of the 5 matrix,
we deduce that the a;; are real coefFicients. We have

where

3

T;s=p 8;sGsse' s sln8s,
k=1

where we choose to consider i= 1 and 3. The two-body
scattering events can then be described by the T matrix

37r
2

CO

Cl

K 77

U

x
(fl

7r
UJ 2
CA

X:
CL

0.8-

(a)

(b)

3

Q "s'js='is ~

k=1
(12)

0.6-

0.4—

For a dipole resonance the unitary 5 matrix takes the
form'

~z —z,+i(-,'r, )
S=l

EZ—Zp —i(-', 1't)I

0.2-

l240 l260 l280 I 300 I320 I340 I 360
ENERGY (MQV)

and if we assume that 81 is produced by a dipole reso-
nance then

Ft(Ep —E)
tan51=

(g —gp)' —sl'ts

where Fl =60 MeV and Eo= 1300 MeV. We also assume
that 82 is produced by a second, single-pole resonance
with

tan&, = ——,'r, /(Z —Z,),

FIG. 3. (a) Eigen phase shifts arising from our multichannel
model. 81 results from a dipole at 1300 MeV with F1 60 MeV and
ss results from a pole at about 1270 MeV with I's~30 MeV. (b)
)T»)' and (T&s~' for the respective processes pn-- pn and

pm —+ EX as given by our model of the multichannel problem.

factors then describe the processes p7I- —+ pm and
per ~EX. A calculation of lTttl' and lTtsl' 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.

where F&
=30 MeV and El= 1270 MeV. The third phase

shift b3 is assumed to be effectively zero. We shall
choose the coefFicients a;; to be effectively constant in
the energy range considered with the values

S. CONCLUSIONS

Here unitarity demands that

and

The A2 as a dipole gives a very good 6t to the
~ p ~ gl differential cross sections with a minimum of
parameters. Not too much can be said about the pre-

all =0.9, el~= 0.4, a31=0.4, a32 ———0.9. dieted polarization in view of the present poor experi-
mental situation. A further investigation of the A2
dipole trajectory considering EE charge-exchange

'iP+'ts ~~1 scattering would be an interesting study. We have also
shown that within the multichannel framework an A2
dipole would still be relevant even if double-peaked
structures were not observed in all. the decay modes

e amplitudes Tl» and T13 neglecting kinematical corresponding to I = 1—and J = 2+ resonances in the
1300-MeV region.

'M. L. Goldberger and K. M. Watson, Coiiisioa Theory (Wiley-
Interscience, Inc., New York, 1964), Chap. 8. "H. Rosdolsky, Phys. Rev. 180, 1403 (1969).


