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We measured six differential cross sections for ~ p —ny at 490-MeV/c incident n

momentum. Our data do not agree with recent theoretical predictions. We find no evi-
dence, in the sense suggested by Donnachie, for the classification of the Roper reso-
nance, P f f(1460), in an SU(3) antidecuplet. Our angular distribution is consistent with
the classification of the Roper resonance in an octet, as predicted by the simplest quark
models. Using detailed balance, our results agree well with the reported cross sections
for the inverse reaction, which are deduced from pd data.

We report results of a measurement of t'he dif-
ferential cross section for v p —ny, which tests
whether the Roper resonance' —P»(1460), with
f(J ) = 2(z~')-can be strongly photoproduced from
neutrons. ' The Roper resonance has been seen
in many experiments involving peripheral inter-
actions of n", K', p, 'or p with p and d targets.
The Roper resonance has not been observed in
~' or m' photoproduction from protons, "which
could be explained by a small radiative decay
rate of the resonance. Another possibility, em-
phasized by Donnachie, ' is that only the charged
Roper resonance has a small radiative decay
rate. Thus, P»'-Py is forbidden, but P»o-ny
is allowed. This follows from U-spin conserva-
tion, provided that the Roper resonance belongs
to an SU(3) antidecuplet, as originally proposed
by Lovelace' and recently by Brehm and Cook. '

In terms of a conventional multipole analysis,
the Donnachie interpretation means that the two
relevant isospin components of the resonance-
producing M, multipole cancel one another in pho-
toproduction from protons and enhance one anoth-
er in photoproduction from neutrons. This re-
markable behavior of the M, multipole is very
apparent in the parameter-free multipole analy-
sis of Berends, Donnachie, and Weaver. Their
analysis is based on fixed-t dispersion relations
and is in good agreement with most photoproduc-
tion experiments, all of which employ a proton
target.

The SU(3) classification of the Roper resonance
is of particular interest for the following reason.
One expects the existence of an antidecuplet in
the eightfold way' since

8 &8 = 168680+ 100+ 10*+27.

However, the simplest quark models exclude the
antidecuplet and predict an octet classification of
the Roper resonance. " In these models the bary-
on resonances are formed from three quarks,
and

3 x3 x3=1@8810.
Moorhouse" has pointed out that in the nonrela-
tivistic quark model one expects the photoproduc-
tion of the Roper resonance to be suppressed
with both proton and neutron targets. A similar
suppression appears in the quark-model calcula-
tions of Copley, Karl, and Obryk. ' '

The shape and magnitude of the differential
cross section for yn-Pv are necessary to de-
termine the isospin decomposition of the pion
photoproduction multipoles and serve to distin-
guish between the conflicting symmetry classifi-
cations of the Roper resonance. In the absence
of a neutron target, our approach is to investi-
gate the reaction v p-ny. The incident v mo-
mentum selected is 490 MeV/c, corresponding
to an invariant mass of 1363 MeV/c2. It is the
maximum energy for which the multipole analy-
sis of Berends, Donnachie, and Weaver' is
thought to be reliable and is sufficiently high to
observe possible Roper-resonance production. '

The experiment was done at the 184-in. cyclo-
tron of the Lawrence Radiation Laboratory. The
layout of the m beam and the detection appara-
tus are shown in Fig. 1. The apparatus consists
of four beam hodoscope planes, each with eight
to eleven counters; a pion timing counter; a 4-
in. -diam liquid hydrogen target in the form of
two independent half cylinders, which gives us an
option on the target thickness; an array of charged-
par ticle anti counters surrounding the tar get;
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FIG. 3. Differential cross section for yn ~ p at
E& =520 MeV. The theoretical predictions, calculated
for E& =500 MeV, are due to Berends, Donnachie, and
Weaver, Ref. 9, indicated by the dashed line; Karls-
ruhe group, Refs. 16 and 17, indicated by the solid
line; and Donnachie, Ref. 2, indicated by the dash-
dotted line. The experimental points are open circle,
from Ref. 18, w /x" ratio; cross, from Ref. 19, bub-
ble chamber; open diamond, from Ref. 20, spark
chamber; and closed square, from this experiment,
namely, w p nV a—t P„-=490 MeV/c.

of such a distribution is shown in Fig. 2. The ny
peak stands out clearly above the n~' background.
The dashed line is the Monte Carlo-generated
background.

Our results for the differential cross section
for m P -ny have been converted to the reaction
yn- w p under the assumption of time-reversal
invariance. They are listed in Table I and dis-
played in Fig. 3. The errors shown include the
statistical uncertainties only. There is about a

Table I. Experimental differential cross sections for
~ p ny, with 490-MeV/c incident z

Oy

(deg)

do(z p nV)/dQ—
(pb/sr)

do(yn per )/d—Q
(pb/sr)

44
72
92

111
132
151

19.8 +1.2
22.1 +1.6
15.0 +1.7
11.7+1.4
13.0 +0.8
12.9 +0.8

9.4 + 0.7
10.5 + 0.8
7.2 + 0.8
5.7 + 0.7
6.2 +0.4
6.2 +0.4

' The third column lists the calculated cross sections
for yn p~ corresponding to 520-MeV dab) incident
photons. The errors include statistical uncertainties
only. The normalization uncertainty is 7 Vo.

FIG. 2. p (coplanarity and momentum) frequency dis-
tribution with 3.5-standard-deviation gate on neutron
time of flight.

7% normalization uncertainty. Also shown in
Fig. 3 are the results of three experiments in
which the yn- w p cross section has been de-
duced from yd investigations. " ' The cross sec-
tions reported by Neugebauer, Wales, and Walk-
er"—which are obtained by multiplying the ratio
(yd-7I x)/(yd-m'y) by the yp-v'n cross sec-
tion —have been updated by using more recent zP
measurements" and they have been linearly in-
terpolated to our energy. The results of a bub-
ble-chamber experiment" on yd —z PP have been
averaged over 30 bins; we averaged these data
because they have large error bars and the cross
section appears to be smooth. Finally, we have
included in Fig. 3 the theoretical predictions by
Berends, Donnachie, and Weaver' and by the
Karlsruhe group"' and the speculation by Don-
nachie2 (M, multipole set to zero, otherwise
equal to Berends, Donnachie, and Weaver), all
made for 500-MeV photons.

Our results disagree strongly with the predic-
tions of Berends, Donnachie, and Weaver. ' This
casts doubt on their treatment of the M, multi-
pole. We find no evidence, in the sense suggest-
ed by Donnachie, for the classification of the
Roper resonance in an antidecuplet. The flatness
of our measured differential cross section is sug-
gestive of a small M, multipole and a small radi-
ative decay rate of the neutral Roper resonance.
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This is consistent with the classification of the
Roper resonance in an octet as done in the sim-
plest quark models. " ' When we vary the mag-
nitude of the M1 multipole, keeping the other
multipoles fixed at the values of Berends, Don-
nachie, and Weaver, ' we do not obtain an accept-
able overall fit. This result, and the fa "t that
our measurements disagree with the predictions
of the Karlsruhe group, ""who calculate the M,
multipole from dispersion integrals without con-
tributions from the Roper resonance, lead to the
conclusion that in this energy region the results
of the above dispersion-relation calculations'"
are not useful without some revision of the multi-
poles or, perhaps, their isospin decomposition. "

Using detailed balance, our results agree very
well with the reported cross sections for the in-
verse reaction, as deduced from yd data. There
is no apparent violation of time-reversal invari-
ance in this process at this energy, barring un-
expected cancellation of time-reversal effects by
the deuterium corrections.
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