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Does the b,(3, 3) resonance factorize'?*
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(Received 6 November 1975)

Evidence is presented showing that there are nonresonant coherent backgrounds interfering with 5{3,3)
resonance production in both m N elastic scattering and photoproduction. The background in each case is
predominantly given by the Born term projected into the resonant channel. Interplay between background and
direct resonance production results in the observed shifts in the resonant-cross-section peaks.

I. INTRODUCTION 24mq
i x+ (3)

The a(3, 3) resonance, first of the elementary
particle resonances, was discovered at nearly the
same time in elastic mN scattering and in photo-
production. ' With the advent of precision measure-
ment of the elastic channel this resonance has
provided a laboratory for the investigation of dif-
ferent resonance formulas and searches for the
complex pole pos ition. '

In the usual parametrizations of the (3, 3) phase
shift a Breit-Wigner resonance with a momentum-
dependent width is assumed. The possible exis-
tence of a nonresonant background amplitude is
generally ignored because the effect of a small
background just shifts the resonance energy and
modifies the momentum dependence of the width
both of which are already parameterized. There
is thus no way to determine if the Breit-Wigner
parameters represent the underlying resonance
properties or are only "effective" resonance pa-
rameters distorted by the presence of a nonreso-
nant background. However, by comparing the
resonant photoproduction multipoles with the elas-
tic channel this question can be examined more
carefully.

If there are no backgrounds, a multichannel
Breit-Wigner resonance amplitude will factorize
into formation, propagation, and decay parts. In
particular, the resonant peaks in each channel
will occur at the same energy neglecting the ef-
fects of isospin breaking and differing phase-space
factors. ' In Fig. 1 we compare the total elastic
resonant cross section'

8m
0, , = —,sin'5»

From Fig. 1 it is at once apparent that at least one
of the resonant amplitudes is accompanied by a
large nonresonant background. We will later ob-
serve that all three resonant amplitudes contain
significant backgrounds and that these backgrounds
are basically the Born terms projected into the
resonant channel.

In Sec. II we discuss the resonant photoproduc-
tion multipoles in detail and in Sec. III our con-
clusions are presented.

II. PHOTOPRODUCTION

In this section we will first parametrize a res-
onant photoproduction multipole when there are
nonresonant backgrounds in both the multipole and
the associated elastic partial wave. Given this
parametrization we can draw a number of qualita-
tive conclusions about the existence and size of
the backgrounds. Finally, we demonstrate that
the signs and magnitudes of the backgrounds can
be understood with a simple model.

A. Resonant multipoles with backgrounds

According to Watson's theorem' a photoproduc-
tion multipole of definite angular momentum and
isospin must have the same complex phase as the
corresponding elastic partial wave. Thus cons id-
ered separately, both the resonance and back-
ground multipoles must have the same phase as the
elastic resonance and background, respectively.
In addition the resonance factorizes and the pure
resonance multipole is given by

qf» =¹'& sin 5„, (4)

and the total photoproduction cross section"' in
its two resonant multipoles, ' magnetic dipole

and electric quadrupole

where 5„ is the elastic resonant phase shift and
N=v, /v2 is the ratio of formation and decay verti-
ces for the specific multipole.

If the elastic background phase shift is 5„ the
multipole background can be parametrized as

qf'„=Pie"~ sin 5~,
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resonates. Since the double zero coincides close-
ly with the elastic resonance energy Eq. (8) implies
that the real part of the E„multipole will also
have an approximate double zero.

200
E„(Mev)

300 400

C. A specific model for the backgrounds

To estimate the background amplitudes, we re-
quire specific dynamical models for low-energy
photoproduction and mN elastic scattering. For-
tunately, models are available which can account
for all of the nonresonant photoproduction multi-
poles" and elastic low-energy parameters" such
as subthreshold expansion coefficients, scattering
lengths, and low-energy phase shifts. These cur-
rent-algebra-type models, although employing
relatively few parameters, are able to correlate
a large amount of physical data.

In the case of photoproduction" the model basi-
cally consists of the pseudovector Born terms
supplemented by (3, 3) resonance coupling to pho-
tons, pions, and nucleons. In addition there is
also a contribution"'" analogous to the g term in

mN elastic scattering. Using the parameter val-
uesllg 12
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FIG. 3. The elastic background phase calcul. ated using
the model. described in the text.
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we show in Fig. 2 the photoproduction background
angle 5~, defined by Eq. (5), for theM„and E„
multipoles. The solid curve in each case repre-
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FIG. 2. Photoproduction background angles calculated
by the model described in the text.

FIG. 4. Experimental (3, 3) phase shift using the data
of Ref. 4. The curve is a smooth parametrization of the
data including the scattering length.



DOES THE b. (3, 3) RESONANCE FACTORIZE? 2505

sents the Born term alone. The dashed curves
in Fig. 2 show the effect of adding b, (3, 3) exchange
and ac term whose magnitude is 20%%ug of the Born
term (in analogy to the mNv term). The electric
quadrupole angle 5& is quite sensitive to small
changes in the background since 1Vz and qfz~' are
numerically comparable.

A similar model for low-energy mN elastic has
been recently discussed. " In this case a Ward
identity model is employed with dominant contri-
butions from the equal-time commutator terms,
nucleon Born terms, and from b, (3, 3) exchange.
The physical data explained by this model include
28 subthreshold expansion parameters of the in-
variant amplitudes, the s —and p -wave scatter ing
lengths, and the nonresonant s- andP-wave scat-
tering phase shifts from threshold up through the
b, (3, 3) region. In this model the background am-
plitude for s-channel g(3, 3) resonance production
is quite well defined. " As seen in Fig. 3 this
background is primarily provided by the Born

50

Re M+

nucleon exchange term. The sigma term gives a
smaller contribution and the other exchanges are
yet smaller. Comparison of the elastic background
angle 5, in Fig. 3 with the M,+ photoproduction
background angle 5& in Fig. 2 exhibits the rough
required equality discussed in Eq. (10).

With the backgrounds shown in Fig. 2 and Fig.
3 and using the experimentally measured 5,3 phase
shift' depicted in Fig. 4 we can use Eq. (8) to pre-
dict the resonant multipoles ~„and E,+. Since
unitarity' constrains the phase of a multipole to be
equal to the corresponding elastic phase, we need

oddly consider the real part of each multipole. Sev-
eral energy-independent multipole analyses are
now available; the most recent is that of Berends
and Donnachie. ' The real parts of theM, andE, +

multipoles from the preceding analysis and
that of Pfeil and Schwela, ' extending closer to
threshold, are displayed in Fig. 5 and Fig. 6.
The curves on these figures correspond to the
model expectations. We see that the M„multi-
pole exhibits good quantitative agreement and
the model prediction for the E„multipole is at
least qualitatively correct. In the latter case a
somewhat more rapid rise of the background a-
bove threshold is indicated. Not only is the model
able to account for the backgrounds in a reasonable
manner, but the ratio of electric quadrupole to
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FIG. 5. Real part of the M&+ multipole. The open
circle data points are from Ref. 6 and the solid data
points from Ref. 5. The curve is calculated using the
backgrounds of Figs. 2 and 3.
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FIG. 6. Real. part of the E&+ multipole. Data and
curve are the same as Fig. 5.
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magnetic dipole agrees with the data. Once the
coupling constant gz, has been fixed in elastic scat-
tering, there is only one new parameter (." which
enters into resonant photoproduction.

III. CONCLUSIONS

In this paper we stress four main points:
1. Direct observation (i.e., Fig. 1) leads us to

believe that the 6(3, 3) formation amplitudes do
not factorize. We infer that nonresonant back-
grounds are present.

Using the constraints of unitarity, a resonant
multipole can be parametrized [Eq. (8)] as

qf»=Ne" sin(5+ 5~ —5,),

where 5 is the observed elastic phase shift, 5~ and

5, represent the photoproduction and elastic back-
grounds, and N is the ratio of decay to production
vertices of the resonance. This last factor is
slowly varying except near photoproduction thres-
hold.

3. The above explicit parametrization of a res-
onant multipole indicates that there are back-
grounds not only in both of the resonant photopro-
duction multipoles N„and E,+ but also in the elas-
tic channel. Signs of the backgrounds and esti-
mates of their magnitudes can be made without the
assumption of a specific model.

4. A current-algebra-type model, which suc-
cessfully explains the nonresonant low-energy
photoproduction and elastic data, can be applied
to the resonant multipoles by the use of Eq. (8).
The resulting backgrounds and the ratio of reso-
nant multipoles are all fairly consistent with the
data.

Finally, the relation between the observed elas-
tic resonant amplitude and the background and
underlying resonance amplitudes should be dis-
cussed. Up to this point the actual resonance-
energy position has never been required. Unfor-
tunately, the question of combining an elastic
background with a pure resonance to yield the
observed 63 3 phase shift is model-dependent as
unitarity does not give a unique prescription. The

5 =5„+5,.

However, this choice leads to difficulties because
a positive background (as in Fig. 3) requires that
the underlying resonance energy must lie above
the observed resonance energy of 1232 MeV.
There is considerable evidence on the other hand
that the underlying resonance energy must lie
near or below 1220 MeV.

One argument supporting a lower-energy reso-
nance is the common conception that the point of
maximum speed around the Argand diagram cor-
responds to the underlying resonance energy. For
an elastic resonance the speed is just the rate of
change of the phase shift with energy. For the
(3, 3) resonance the point of maximum speed is
near 1212 MeV. A similar energy is obtained for
the real part of the complex resonance pole posi-
tion. ' Furthermore, the dispersive analysis of
Hohler, Jakob, and Strauss" found that the reso-
nance energy should be 1219 MeV and in addition
the required ENw coupling constant gz, '/4v
= 0.264m, 'coincides almost exactly with the val-
ue in Eq. (11)obtained from the over-all fit to non-
resonant scattering data. "

An alternative choice of 5(5„,5, ),

( )
tan 5„+tan5,

1+ tan6„ tan5~ ' (12)

has been previously proposed"'" to accommodate
a low-energy resonance and fit the observed (3, 3)
phase shift. The above function 5(5„,5,) is valid
for small 6, and for all 5„. The coupling constant
and resonant mass which result from using Eq.
(12) are near to the HJS" values.

combination of the resonant phase shift 5„with the
elastic background phase shift 5, can be, in gener-
al, expressed as

5 =5(5„,5,),

where the function 5(5„,5,) obeys a number of more
or less obvious requirements. The simplest ac-
ceptable function is just the usual phase-shift
addition
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