
PHYSICAL RKVIK% 0 VOLUME 16, N UMBER 7

Photoyrodnction of gm + resonances*
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The cross sections at 9.7 GeV for the reactions yn ~8+(980}Xand @N CAA,+X, Mjv & m~ & 1.4 GeV,

are, respectively, 25 nb and 1.46+0.36 p,b. Fitting the A, differential cross section with a one-pion-

exchange model yields I (A 2 ~m y) = 0.46 +0.11 MeV.
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FIG. 1. yy mass spectrum for topologically acceptable
events with missing masses below 1.41 GeV and t' less
than 0.5 GeV2. The n peak has been divided by a factor
of 70 so that it can be shown on the graph.

Resonances with the quantum numbers I~4~ = 1 0'
can coupleto qm, (dp, pA„and KZ. They cannot
couple to pionic systems containing fewer than five
pions. Because of the weak coupling of q to nu-
cleons, m-N interactions are expected to have low
production cross sections for these resonances,
while K-N interactions should be more favorable.
These expectations are borne out for 5(980).' The
+p and pA, couplings, in conjunction with vector
dominance ideas, suggest that y-N interactions
may be another promising way to produce 5(980),
and any other as-yet-undiscovered 1 0' resonances.
%'e have therefore conducted a search for 1"0' re-
sonances photoproduced from nucleons, looking
for such resonances via their qm' decay mode. Si-
multaneously we have observed A~ through its
gw' decay mode, and by fitting the &, photoproduc-
tion cross section with a pion-exchange model, ob-
tained a measurement of the 4, my coupling.

The experimental layout, described previously, "s

consisted of a 8.8- to 10.4-GeV tagged photon
beam, a hydrogen or deuterium target, and a mul-

tiparticle forward spectrometer capable of mea-
suring the vector momenta of charged particles
and y rays. The trigger required one or more
charged particles and two or more y rays. Events
with exactly two detected y rays and one detected
charged particle were analyzed as examples of the
reaction yN-m'@AX. The yy mass spectrum for
events with missing masses mx below 1.41 GeV
and f' =- ~f —f ~ ~

&0.5 GeV' is shown in Fig. l.
There is a dominant &' peak (considered else-
where't'), and also a clear q signal. We cut on the

q signal. , impose the q mass as a constraint, cor-
rect' for the non-q background within the q cut, and
obtain the qv' mass spectrum shown in Fig. 2(a).
Coxrecting for acceptance and other factors, we
obtain the cross sections shown in Fig. 2(b). There
is a clear A, signal and a suggestion of 5(980).

We fit the cross-section distribution of Fig. 2(b)
with three terms: (a) an A, of fixed mass and
width, ' but adjustable magnitude; (b) a 5 of natural
width' 55 MeV, ' variable mass, and adjustable
magnitude; and (c) a background term. For the
background term we have tried three-body phase
space, three-body peripheral phase space, three-
body double peripheral phase space, ' and a three-
term polynomial. For each variety of phase space,
sensitivity to the choice of the mass of the third
body (mx) was investigated. For all backgrounds
tried, a & signal persists, at a 2 standard-devia-
tion level. Its mass is found to be 993 + 20 MeV, in
agreement with the recently obtained' value of 981
MeV. %e find no evidence for resonances other
than 5(980) and A,. Using the value of 981 MeV for
the 5 mass, we obtain a cross section of 25+ 9 nb
for the reaction yN- & X, mx & 1.41 GeV, t'& 0.5
GeV/c'. ' The error quoted is purely statistical.
For the range of background parametrizations
tried, the cross section varies by +4 nb, small
compared to the statistical uncertainty. Although
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TABLE I. Meson photoproduction cross sections at
9.7 GeV, summing over charge states and low-lying
baryon resonances mz —mz ~1.41 GeV.
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these procedures all indicate the presence of a
&(980) signal, Fig. 2(b) leaves one unconvinced,
and we feel more secure in quoting an upper limit,
o'(yN- &'X) 6 25 nb.

The &' photoproduction cross section is com-
pared with other photoproduction cross sec-
tions"'" in Table I. One notes that it is one to
two orders of magnitude smaller than the cross
sections for photoproduction of the charged non-
strange members of the 0, 1, and 2' nonets.
Fox~ has noted that with p-A, exchange-degenera-
cy arguments one can relate & photoproduction
(dominantly A, exchange) to q photoproduction
(dominantly p exchange). One readily shows

do/dt (yN- 6 'X) y„=2
der/dt(yN-gX) y&

where

FIG. 2. g71~ mass spectrum for events with missing
masses below 1.41 GeV and t' less than 0.5 GeV: (a)
uncorrected for acceptance; (b) corrected for acceptance,
and expressed as a cross section.
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ted y to be large. However, calculating y with a
nonrelativistic, naive quark model, we find that
the contributions to E1 from quark charges and
quark magnetic moments largely cancel each other,
and a small value, y = 0.06(iP, results. F is the
&-p overlap radius, expressed in fermis, and is
expected to be 0.5 to 1.0 F. Thus the abnormally
small cross section is consistent with the quark
model.

The A, signal in Fig. 2(b) is insensitive to the
amount of & signal assumed, and is readily extrac-
ted. Cutting on the A, signal, and correcting" for
the non-A, background within the cut, we obtain the
t' distribution for the reaction yN-A~ X, mx& 1.41,
shown in Fig. 3. Error bars show statistical er-
rors only. In addition, we estimate a systematic
error of +15 /0, which allows for the variation
among the different background parametrizations,
and the uncertainty in acceptance due to lack of
knowledge of the decay distribution.
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The ratio of the &' photoproduction cross section
obtained here and the g photoproduction cross sec-
tion obtained in a companion experiment' gives
y & 0.015. Since the p'-&' matrix element is an
electric dipole transition, while the g-p matrix
element is magnetic dipole, one might have expec-
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FIG. 3. Differential cross section for the reaction
yN A&X, mx &1.41 GeV. Not included in the error bars
shown is a systematic error of + 15@.
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m exchange is expected to play an important role
in A., photoproduction, and the sharp fox'ward peak-
ing seen in Fig. 3 suggests that it does. We there-
fore have taken a one-pion-exchange model' for e
photoproduction, which correctly desex ibes the re-
action yP - vP (unnatural-parity exchange); yP -&oh;

andyP- ~X, 2.2& m&'& 4.5; and modified ittobe
appropriate for &~ photoproduction. The model
has one free parameter, the partial decay width
1'(&,- ay). A best fit to the cross sections in
Fig. 3 (including the systematic error) yields
&(&,- ay) =0.46 +0.11 MeV. This result compares

well with one obtained in a similar fashion from a
measux'ement of A~ elastic photoproduction at
SLAC, ' and is a factor of two below the value of
1.0 MeV obtained from the A., - n'p partial width by
invoking vector dominance.
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