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On the basis of a dipole model of the p meson, we explain the 1/q4 behavior oi the nucleon form factor.
In terms of an extension of Regge-pole ideas to a dipole p trajectory, Gts are obtained to the cha, rge-exchange
cross sections, and a nonzero polarization is predicted.

HE possibility that resonances may have a dipole
character has been considered by several people. '

For a small background scattering, the 5 matrix has
the form

t Es—8+i(-', I')~s

EEs—8—i(-,'I")l
If we adopt the point of view that the p meson is a
diploe resonance' and assume that the electromagnetic
form factors of the nucleon are dominated by this
resonance, then these form factors will take the form

Gxrv(q') 1
G '(v')=

(~v ~.) (1+&'/~.')'

where p„and p„are the proton and neutron magnetic
moments, respectively. This form factor has the correct
asymptotic behavior suggested by the recent nucleon
form factor measurements at SLAC.'

In order to study the implications of a dipole p meson,
we must extend the ideas of the conventional Regge-
pole theory. The charge-exchange amplitude is de-

fined by
.~ (tl'~e)

A,h, =f+i f, (3)
(f2

where f and f are the non-spin-Rip amplitudes, respec-

tively, and q and q' are the center-of-mass momenta of
the initial and final states.

For the exchange of a single dipole p meson the
asymptotic Regge amplitudes fn and fD are given by

f =(~v /v' )( / o) "'"(1 ( / o) [+t -' (i)j
+-', rr sec'Psn, (t))} (4)
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These forms result from assuming a double pole in the
complex / plane, which implies that we diBerentiate the
usual' Regge p expression for f and f with respect to n.
We also assume that the residues are independent of n
and t. We e6ectively recover the usual forms in the
limit of large energy. n, (/) is the p trajectory and y„y»
are the non-spin-Qip and spin-fEp residues, respectively.

In terms of Eqs. (4) and (5) we find for the polariza-
tion parameter

s. sing yy(v/vs)' ~ sec'(-', n,s)y'—
2~~L

I
fl' —(+/x) Ifl'j

where 8 is the scattering angle and g =&s. Thus, the
dipole Regge p exchange predicts a Noesero polarization,
in contrast to the simple p-meson exchange for which

the polarization is identically zero.
The nonvanishing polarization in charge-exchange

xE scattering has also been explained by introducing
a p' meson with J~= 1—.' However, this model contains
eight free parameters, one parameter being constrained

by a 6nite-energy sum rule. In the present model based
on a dipole p trajectory, we only have four parameters.
This is the same number of parameters that occurs in
the simple p trajectory model. The diiIerence of (s. P)
and (rr+p) cross sections in our model is given by

Sxyo
h(rr = (v/vs)"~ ln(v/vs) .

kM

The superconvergence relations' ' for the non-spin-

Rip amplitude take the form

~ ~

'rv v & 1
1n(v/vs) —

I
=0.72&0.08 (8)

1+IxV vs 1+n,l
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II
—

I [:sw sec'(s~n. )
4n, J Eve)

+tan-', an, (1n(r/ve) —(1/n, ))1=0.73+0.15. (9)

The scale factor ve=ss/2M and we shall choose sc
= 2Mla, r so that f/vc= p/fs, where p denotes the asymp-
totic laboratory energy.

A 6t to the proton form-factor data' is shown in
Fig. 1(a) using Eq. (2) with M,0='/78 MeV. At pre-
sent it is not known whether the neutron form factor
is zero and it is clear that since we are assuming that
the dipole p meson dominates the isovector form
factor G~= G~—6" a nonzero neutron form factor can
account for the discrepancy of 20 jo at low values
of —I,.'
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Fxo. 1. (a) Comparison of G~&(q')/p„=(1+q'/m, ') ' with the
SLAC data in Ref. 3 using M,0'=0.61 BeV .The curve correspond-
ing to the empirical dipole G, p= (1+q'//0. 71) ' is also shown.
(b) Fit of dy/dt (x +p —+ ~'+g) to the charge-exchange scatter-
ing cross-section data in Ref. 10, using the dipole p exchange model.
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If vre take our dipole prediction Eq. (2) for the vector form

factor and take the empirical dipole jt Gg (q') = 1/(1+q'/0. 71)',

Fxo. 2. (a) Prediction of anr =o (mp) rr(rr+p) compared. wi—th
the data of Foley f,k a/. in Ref. 11. (b) The predicted polarizationI' based on the dipole p model for two energies 5.9 and 11.2 BeV.
The experimental data given in Ref. 13 are shown for both energies.

A preliminary fit to the do/dt and /5o'r data at
t=0 gives the results n, (0)=0.40 and p, =0.0N. A fit
to do/dt for various values of t and for the thre—e
energies 5.9, 13.3, and 18.2 BeV is shown in Fig. 1(b).
To it these data we have assumed a linear relation-
ship for the t dependence of n, (t), viz. , n, (t)=n, (0)
+n, 't. We 6nd that y= 1.2 and n, '= 0.88. Again we have
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Ref~ = tan-', n.n,+
Im fa 2 cos'(-,'~n, ) ln (%0)

(10)

We obtain for this ratio at 5.9 and 18.2 BCV the values
1.37 and 1.22, in agreement with the data. ' This is to
be expected since we fit the Ao r and do/dh data.

With n, (0) =0.40 an.d y, =0.076, the superconverg-
ence relations, Eqs. (8) and (9), are satisfied giving the
values 0.65 and 0.81, respectively.

In summary, we have found that a dipole p meson

gives a good account of the form-factor data of the
proton, and that a Regge dipole p provides a good
descrlptlon of chRI'gc-cxcll. Rngc dRtR with R nonzcI'o

polarization in terms of only four parameters, two of
which can be considered to be constrained by the super-
convergencc relations. In view of the degree of success
of the dipole-p-meson model in describing nucleon form
factors and charge-exchange scattering, it would be
interesting to study its consequences in other related.

problems.
We thank Dr. J. G. Cordes for helpful discussion.

Rote added in proof. A question of much interest with

respect to the dipole model is the p mass distribution
in the pion-pion system. In particular, a recent com-

pilation of experiments &J. Pisut and. M. Roos, CERN
report (unpublished)] does not reveal a double peak-

ing. One might assume that the dipole peaks should be
60 MeV apart, and that they should have been seen,
but neither assumption is necessarily correct. First of

all, as Roos says, "An ultimate understanding of the p

meson can, however, only be reached through analyz-

ing a simultaneous distribution in angles Rnd invariant
mass. "What Roos does, however, is to integrate over

the physical range, instead of going to the unphysical
one-pion pole. This introduces factors designed to cor-

~~P. Sonamy, P. Sorgeaud, C. Bruneton, P. Falk-Vairant,
O. Guisan, P. Sonderegger, C. Caverzasio, J. P. Guillard, J.
Schneider, M. Yvert, I. Manelli, F. SergiaInpietri, and L. Vincelli,
Phys. Letters 23, 501 (I966).

chosen so= p, . This choice of vo is important because of
the logarithmic factors in fD and fa A. pronounced
minimum occurs in the spin-flip amplitude at —f 0.6
BCV'.

The prediction of hop is shown in Fig. 2(a). With
the above obtained values of n, (/), 7„and f„we can
predict the polarization from Eq. (6) and this result
is shown at 5.9 and 11.2 BeV in Fig. 2(b). At —/= 0.12
BeV' the polarization is P=15%, in reasonable agree-
ment with the data. "We observe that I' increases with
increasing —t at both 5.9 and 11.2 BCV, and that there
is a slight increase in I' going from energies of 5.9 to
11.2 BeV.

The ratio of Reft& to Imfa in the model is given by

rect for being o6-shell. He also looks at only the invar-
iant mass distribution, which corresponds to looking
at the x-x total cross section, instead of looking at the
partial-wave cross secti.ons. This will combine the p
contribution with the other (decidedly nonzero) partial
waves. In order to see the p in its cleanest form, one
shouM extrapolate to the pion pole and then extract the
separate partial-wave cross sections. This has in fact
been done by one of Roo's references LBaton et al.,
Nucl. Phys. BS, 349 (1967)].In order to compare the
predictions of any model (and the dipole, in particular)
to experiment, one must 6rst fold the predicted cross
section with a Gaussian corresponding to the experi-
mental resolution, and then average over each energy
bin actually used in coxnpliing the data. For a relatively
smooth function this procedure has little cBect but,
for the dipole it strongly modi6es the shape of the curve—if the width is su%ciently small, which in this case
it is. In terms of specific numbers, we have taken a
resolution of 10 MeV as a reasonable value. The bin
size used by Baton et a/. in the partial-wave analysis
is 40 MeV for reasons of statistics. He 6ts the data with

a simple Breit-Wigner shape, quoting a mass of 755+5
MeV and a width of 110&9MeV. The pure dipole (no
averaging at aH) with a peak-to-peak separation of 35
MeV yields a width at half-height of 80 MeV. If one
now folds in a 10-MeV Gaussian, the width at half-

height goes to 100 MeV, and the relative height at the
central minimum is 0.6 (instead of zero for the un-

averaged dipole). The reason for this is the narrow

( 15 MeV) half-height separation of the pure peaks.
When one now averages over the 40-MeV bins, the
half-height width goes to 115MeV (which is rather near
the experimental value, in spite of the original narrow

peak separation) and the relative height of the central
minimum to 0.92, only 8% lowel" than the maxllllum.

Thc cur've lndivlduR1 points of which Rle thc numbers
relevant to experiment, has roughly the shape of a
molar, and this is certainly consistent with, but by no
means implied by, the Baton data. In order to compare
it to the Roos data, one must make a model for the
other partial waves, (and. in principle the nonresonant
background also). After adding in their contributions,
one must make some model for going o6-shell. It would

be surprising if very much remained of the p-wave dip
in the total cross section after all this, but if one looks
at the five highest values in Fig. 2 of Roos, the central
point is 5% lower than its two neighbors, a fact
which is at least suggestive. It is on this basis that we

are able to remark that "we regard the data of Roos
as not only consistent with the dipole model, but
perhaps even supporting it. The "perhaps" is meant
seriously; by no stretch of the imagination can the data
be caHed a positive condrmation of a dipole modd.


