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ABSTRACT
A negative parity A resonance with mass roughly equal to 2200 MeV
was recently discovered from careful measurements by Baker et al. of
7r+p 180° elastic scattering. Combining the 180° data with angular dis-
tribution measurements near 2200 MeV, we investigate possible (j, )
assignments of the A(2200). We find 1) the dominant contribiition is D35,
ruling against a (56, L odd) quark model multiplet, and 2) the dual inter-

ference model gives a good fit to the data whereas a pure resonance fit

does not.

There is considerable theoretical interest in knowing which (SU(6), L) multiplets
are actually occupied by the higher mass baryon states. There has been recent spec-
ula’cion1 that the three quarks combine to give only 56 representations with even
parity and 70 representations with odd parity (and no 20's). Dynamical diquark-
quark models which give these fe;atures have been formulated. 2 On the other hand,

duality arguments seem to require 56's and 70's for all L (> 2). 3,4

*Work supported in part by the U. S. Atomic Energy Commission.
tSupported in part by the National Science Foundation.

tTPermanent address: Physics Department, University of California,
Irvine, California 92664.

(Submitted to Phys. Rev. Letters.)



-2 -

A negative-parity A resonance with a mass roughly equal to 2200 MeV was
recently discovered from careful measurements of 7r+p elastic scattering differ-
ential cross sections in the backward direction, 5 in accordance with the prediction6
of a phenomenological interference model based on duality that was proposed some
time ago. 7 It is therefore of great interest now, whether from the viewpoint of the
quark model or from that of Regge recurrences, to determine the (j,£) assignment
of this new resonance. We cannot, of course, obtain this from the backward data
alone; we need to have, in addition, a cumpatible set of angular distribution meas-
urements near the backward direction, as well as a reliable method of amplitude
analysis.

In view of its success in predicting the A(2200) in the one case, 6 and its many

b

other fruitful applications elsewhere, we base our analysis on the dual inter-
ference model, 7 and combine the 180° data, o where Plab ranges from 2 to 6 GeV/c,
with angular distribution data due to another experiment, 9 at three energies close
to that of the new resonance, i.e., plab=2. 18, 2.28, and 2.38 GeV/c. Our chief
purpose is to investigate the possible (j,£) assignments of the A(2200) and its
neighboring resonances. It has been noted that the leading (56, L=3") state would

be a G that it should decay readily into the elastic 7N channel, and that perhaps

39’
it is responsible for the deep dip in the backward data at 2200 MeV. 3

As a result of our analysis we find:
1) There is little evidence for the existence of a G39 which has been dis-

35’

sidered as the second member of a Regge Aﬁ family, of which the SBi(1650) is the

first. 2) Furthermore, in the context of our model, we find two distinct groups of

cussed as a possibility;g’ 10 the‘dominant contribution is D which can be con-

resonances: one of negative parity at about 2200 MeV and the other of positive

parity at about 2100 MeV. 3) Whereas, the analysis of Rey et al. 11 of the 180°
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data alone could not distinguish between a pure resonance fit or one using our dual

-interference model, we find that only the inteference model gives a good fit to all
5,9

the data.
The concept of duality in strong interaction processes as defined in terms of

Finite Energy Sum Rules fof the imaginary part of the scattering amplitude has

been extended in a mode16’ 7 suggested by a general feature of the Veneziano repre-

senfation to include a statement for the real part as well. In this dual interference

model, the sum of direct-channel resonances is identified with the signatured part

of the Regge exchange amplitude, leaving the purely real nonsignatured part as an

interfering background. At intermediate energies therefore, one simply writes the

full amplitude as a sum of the contribution of the nonsignatured Regge part extrapo-

lated from a solution at high energies and that of the direct-channel resonances

whose defining parameters are determined at low energies. A smooth transition

is thus provided for in this description of the scattering amplitudé, from being a

sum of resonances plus backgroﬁnd to that of Regge poles. Indeed, several success-

ful applications of this model have already been registered. 7.8

We use our previous Regge fit to the high energy 7rip data in terms of the

exchange of the A(5 and Na trajectories. As usual we have

f('\/-s: U) = fl(‘\/—sa u) - cosd fl(— \/—S, u) ’
and
gWs,w =sin 01 (-Vs,u) ,
so that the expressions for the differential cross section and the polarization of the

outgoing nucleon are, respectively

do/de=1t12+ 1g12 , P =2 Im(fg*)/(do/d®)



Furthermore,
A E +m (J_u s) 1(—\/_u,s)
f.(Js,u) = 2 Wu - J_s+2m) +(\/—u+\/_s—2m)——————- .
1 E +m E -m
2.[s u
For the Ad’ N respectively,
~irta , - L o ]
fl(’\['ua S) _ ’YA(‘\/-u) l-e A2 <‘§__‘ A2
E +m 1 S ) ’
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and .
-ir a 1 Ol 'l
fl(- ’\/-ua S) - 'YN(‘\/—u) 1+e ( ) 2
E -m 1
u Ju I‘(aN+2)cos moy

where the Regge trajectories « oy are functions of \fu; s constants having

N A SN
the dimension of s; and Yar TN reduced residue functions. 12

The parameters for these quantities were obtained by fitting « p and 1r+p back-
ward elastic scattering out to u=-1.1 GeV2 for Plab from 6 to ~ 17 GeV/c. These
values are given in Ref. 6.

In Fig. 1, we plot the 1r+p 180° elastic cross section versus plat; as predicted
by our fit and compare it to the recent data5 for Piap < 6 GeV. The agreement is
quite remarkable down to Piap ™ 4 GeV. We know therefore that the two sets of
data are compatible and that our high-energy fit is reliable down to much lower
energies. 13

To get a good fit to :the data for Prp < 4 GeV however, we must include reso-
nances. To avoid double couhting and be consistent with duality, we keep only the
nonsignatured part of the Regge term, and add to it a sum 'of direct c.hannel 7r+p
resonances. As for the form of the resonance amplitude, we have used a constant-

width, constant-elasticity Breit-Wigner parametrization with the additional require-

ment of MacDowell symmetry.
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Keeping fixed the Regge parameters that we have obtained from the high-energy
fits and those of the resonance parameters coming from low-energy data,M we now
determine the parameters of the resonances situated at intermediate energies.

Even a casual glance at the recent 1r+p 180° data5 will discern the remarkable
dip in the cross section at plab=2’.} GeV/c (do/d2 = 18. 3 pub/sr) before it rises to a
peak atéGfGeV/c (312. 6ub/sr). As has been emphasized,S’ 11 this is strong evi-
dence for the existence of a negative-parity resonance at about 2200 MeV., To iso-
late the (j,£) assignment of the new rescaance, we must examine angular distribution
data in this energy range. The fact that there is such a rapid change in the cross
sections will then help to distinguish among many possibilities.

Looking over the various sets of available data for this purpose, we single out
the only experiment9 designed specifically to take measurements at backward
angles, and where the angular distribution has been given in considerable detail.

In particular, we use the data (59 points) at Plap = 2.18, 2.28, and 2. 38 GeV/g. The
reason for not using angular distribution data at higher energies is clear: the fact
that there are probably many overlapping resonances resulting in a smooth cross
section prevents us from a clear determination; whereas for P p < 2.5 GeV/e, there
is hope that the few dominant resonances are good enough for our procedure to be
meaningful.” We also check that the slope parameters used in obtaining the 180°
data5 are indeed compatible with those values of the cross section in the angular
distribution dal’(:a9 nearest 180°. (Other experiments designed for detection at all
angles, but emphasizirg tﬁe forward direction, appear not to have results compati-
" ble with the 180° data.)

- In fitting the combined déta, the following contributions are held fixed: (1) the
Reggé background term as given by the nonsignatured part of the high-energy fit,

and (2) those 7 resonances below 2 GeV as given by the Particle Data Group14 (1972
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averages). The 2200 MeV region is treated as being ¢omprised of two groups of
‘resonances, each of common mass and width15: one of positive parity containing
31’ 35> G390 gy Sgq 80d Dy

All but one of these resonances have been considered to be phenomenological

P33 and P and one of negative parity containing D

possibilities (see 1974 Particle Data Group14), while the exception, G37, is cer-

tainly possible on th{e basis of the quark model. The three prominent A(5 resonances

of higher mass plus the one resonance (D35) at around 2 GeV are also varied.
Without assuming which one of the rartial waves within a particular group is

dominant, we search for the best fit to the data. Our results are given in Table I

and Fig. 1-2. The x2 of this fit is 119 for 97 points. (The error bars for 5 points

in the angular distribution data which have cos 6 < -.95 have been doubled so that

they overlap with the backward data projections?) The evidence is therefore quite

good for a large D3 contribution to the negative-parity group while the other

5
partial waves together make up only about a third of the total elasticity; as well as
for a clear separation of two groups of resonances in ’L‘ne 2200 MeV region; the one
of positive parity having comparable amounts of P3:3 and P31.

We note that there is a difficulty in using polarization data in the 2200 MeV
region since we expect rapid variations in polarization both as a function of Piab
and cos 0. This is illustrated in Table II. Thus it is important for any experi-
mental determination of the polarization to quote the spread in energy and angle.

To check the overall correctness of our results, we have tried many other
different combinations of ipartia} waves. For example, we have tried eliminating

all but the D35 and one other resonance (G etc.) but the resulting fit still favors

39°

a dominant amount of D35. Excellent fits with no G39 are found. We have also

tried using a pure resonance fit but we were unable to obtain a good fit at all with

any combination of partial waves. This fact points directly to the validity of the
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of the dual interference model as a useful method of amplitude analysis in the inter-
mediate energy range.

Most of our knowledge of 7N resonances comes from detailed phase shift
analysis. However it is clear16 that these analyses are enormously difficult and
cannot go much above plab; 2 GeV/ c.- New approaches are needed to extract the

.resonant parameters for Pyap WP to 3.5 GeV/c which are needed to further test
theoretical models such as i) the SU(6) xO(3) quark model for the baryon mass
spectrum ii) SU(G)W schemes for the partial decay widths, iii) linearly rising
direct channel Regge trajectories, iv) local duality, etc.

We suggest more extensive use of our successful dual resonance—Regge inter-
ference formalism to directly analyze #N data. We need only restrict ourselves
to the nondiffractive data, i.e., not consider forward ﬂip elastic scattering in
applying the model. The region around 90° could be treated by having a background
term of the quark rearrangement form recently developed by Gunion, Brodsky and
Blankenbeclerr7 interfering with the direct channel resonances.

One of us (G. L. S.) would like to thank S. D. Drell for the warm hospitality

extended to him at SLAC.
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TABLE I

Resonance parameters for the dual model fit presented in
Figs. 1and 2. The parameters for the seven resonances
below 2000 MeV are taken from the 1972 Particle Data
Group averages and are not varied. The masses, widths,
and elasticities of the heavier resonances are varied in the
fit. The values of the last three resonances should be con-
sidered-as effective quantities (since there are undoubtedly
many other resonances in this energy range). This set of

parameters is a typical representation of the good fits

(see text).
Resonance Width Elasticity
(mass in MeV) MeV) %)
P, (1236) 120 99. 4
S,,(1637) 164 29
D33(1685) 245 15
P33(1710) 324 10
F,(1877) 259. 17
P, (1889) 305 25
F,.(1947) 199 44
D, (2013) 445 12.0
11:33(2107) sa1 iz. z
31 '
3
D35(2207) 13.6
G39 1.4
Gy, - 332 1.6
S31 | 2.0
Dyq J 2.7
Hy (2479) 455 10. 4
Ty 15 (2959) 298 1.9

L3 19(3440 660 3
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TABLE I

Polarization as a function of Piap and cos 6 (corresponding to _the dual

model fit presented in Figs. 1 and 2) illustrating the rapid variation in

both variables in the 2200 MeV region.

Plab
(GeV/c)

(2

.08
.09
.10
.11
.12
.13

.14

cos 0
-0.98 -0.97 -0.96 -0.95 -0.94 -0.93
-0.80 -0.73 -0.58 -0.41 -0.25 -0.10
-0.61 -0.57 -0.43 -0.28 -0.13 -0.01
~0.39 -0.36 -0.26 -0.13 0.00 0.13
-0.18 -0.15 -0.07 0.04 0.15 0.26
0.01 0.05 0.12 0.20 0.29 0.38
0.16 0.22 0.28 0.35 0.42 0.49
0.26 0.34 0.41 0.48 .0.54 0.60
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FIGURE CAPTIONS

.- Ploti of do/dR at cos § = -1 versus .plab' The data points are those of Ref. 5.
The dashed curve is the prediction of our previous6 Regge f{it t(; the high energy
data (3 6 GeV/c). The parameters are given in Ref. 6. Note that the dashed
Regge curve is a good éverage of- 180° points down to the lowest energy. The
nonsignatured parts of these Regge amplitudes are taken to be the background
terin for the present dual model fits and are not varied. The solid curve is

the present dual model fit: the resonance parameters are given in Table I.
Plots of do/dQ versus cos 6 for PLap = 2.18, 2.28, and 2.38 GeV/c. The data

~ points are those of Ref. 9. The solid curve is the same fit as in Fig. 1.



100
0

l
S
«

(4s/97) [;,081] TP/-0P

300}



80

AN

160
120

)

~

0

2

S 160

o

~

5

O 140 0
120 -
80 —80
40 ;¢ ;M&;O

3
0 1 I | l 0
10 -09 -08 ~07 06  -05

cos 8

Fig. 2



