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can be deduced from the difference between the
data and curve d, Fig. 4. Assuming that all di-
pions have a sin®g,, distribution we deduce at
Myy=1.4-1.6 BeV/c? the upper limit

dov/dew $10 -2(d0/dM1r1r)M.,m=Mp'

If we attribute this possible excess to the produc-
tion of a vector meson which couples directly to
the photon and further assume I',)=T", and unit
branching ratio to two pions, then we conclude

that g,,%/g,,2<107% g,,® being the direct meson-

photon coupling strength. We can also deduce an
upper limit for f(1260) production of 2x10 %0,
the factor of 2 arising from the difference in the
acceptance of a 1™ and 2* di-pion system. Coher-

ent photoproduction of a 2* state violates C con-
servation and the ratio of forbidden to allowed
cross section of 2x1072 enables one to delimit the
violation.
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w-meson photoproduction cross sections, summed over elastic (yYN— wN) and inelas-
tic (yN— wN*) channels, have been measured from hydrogen and deuterium targets.
The results agree with a calculation which includes only elastic and N*(1236) channels,
suggesting that photoproduction of higher resonances is small. No evidence is found

for I =1 natural-parity (e.g., A4,) exchange.

Experimental studies of w-meson photoproduc-
tion have been limited to date to two counter ex-
periments using complex nuclei as targets,™? and
a few hydrogen bubble chamber experiments.3™"
This Letter presents results of the first counter
experiment utilizing hydrogen and deuterium
targets. Unlike most of the bubble chamber ex-
periments, inelastic w photoproduction (yN - wN*)
is detected, as well as elastic (yN— wN), pro-
viding information about the inelastic cross sec-
tion. Use of both hydrogen and deuterium gives
information about the spin-isospin structure of
the production amplitudes. In particular, the
prediction of substantial A, exchange, suggested
by the yp, n total hadronic cross-section differ-
ence,®® is investigated.

Using a 9.1-GeV bremsstrahlung beam from
the Cornell electron synchrotron, photoproduced
w mesons were detected through their 77 7°
decay. The equipment is nearly identical to that
described in Ref. 1. The target was a 5-cm-diam

liquid-filled cup. The charged pions from w de-
cay were momentum analyzed by deflection in a
dipole magnet, and their tracks recorded with a
wire spark-chamber system. The momentum
and mass of the 7° were determined by measure-
ment of the energy and position of the decay y
rays. Knowing the direction, but not the energy,
of the primary y beam, all kinematical variables
of the photoproduced w could be computed. How-
ever, the degree of excitation of the target could
not be determined. Thus, a sum of reactions of
the type

b N
ds “*32N

was measured, subject to the conditions that the
w had an energy greater than 5 GeV, and that no
particles other than those from w decay were
registered by the detection equipment. Neutral
particles, and charged particles below 1 GeV/c,
had very small chance of registering. Thus, in

¥+ +kr, k=0,1,2, (1)
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addition to elastic photoproduction, wN* photo-
production was detected with good efficiency.*®

(Here, N* is any of the low-lying excited states
of the nucleon.)

The data-taking and analysis procedures were
identical to those described in Ref. 1. A clean w
signal was obtained from both H and D. Through-
out, kinematical quantities (e.g., E,, f) were
calculated as if all events were elastic. The
energy-averaged cross sections are shown in
Fig. 1. The mean energy is 7.2 GeV.

The measured cross sections are written as a
sum of elastic and inelastic:

do o do ., do
E(Hz)—dt (wp)+ 75 (wN*), (2a)
do —do do
49 (p,)=2%° ag
7 02 55 (@NN)+ — (WN*N). (2b)

Here t* is the momentum transfer squared that
is calculated in the inelastic case under the as-
sumption that the event was elastic.
For elastic production on hydrogen
%0 @p) =yt + 1o+, )
where f,+g,°7, is the elastic photoproduction
amplitude with exchange of isospin I. For elas-
tic production from deuterium, an impulse ap-
proximation calculation, using closure, and sup-
plemented with Glauber corrections, leads to
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FIG. 1. w photoproduction cross sections from hy~
drogen and deuterium. An overall normalization un-
certainty of +10% is not included in the plotted errors.
The curve is the best fit to the data (@ =1.00, 6=-0.14)
as described in the text.

Z—f(yd» WNN) =21 fo[P[1+ Fy(40)] + [&P[1+ 5F ;0] + | £, P[1-F ,(40)]

+[&,12[1-3F ,(40) ] + | £, G, (1) + [E,12G, (1)}

F, is the deuteron form factor. G,(¢), G,(?) are
Glauber corrections. To a good approximation,*!
G,=G,=-0.12.

For inelastic production from deuterium, an
impulse approximation is also used'?:

do

do _
——(WN*N) =2 P

e (WN*)[1+Gx(t*)].

(5)
Gx(t*¥), a Glauber-type correction, should differ
from that for elastic production due to the re-
scattering of the pion from N* decay. In the
absence of a proper calculation of Gx, we set it
equal to G,, and place a large error on it: G«
=-0.12 £0.10.

To use Eqgs. (2)-(5), information about f,, g,,
and do(wN*)/dt* is needed. Since the w7y coupl-
ing is large, one-pion exchange (OPE) processes
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(4)

l are expected to be as important as diffractive
photoproduction. Further, measurements of a
significant yp, y7 total cross-section difference®®
suggest that A, exchange may be important in w
photoproduction. We thus allow for diffractive
production, 7 exchange, and A, exchange in inter-
preting our results. Under these assumptions
g,=0.

Diffractive production gives rise to the f, term,
which can be written |f,|>=Ae%. In a previous
experiment on w photoproduction on complex
nuclei,! we obtain 4A=9.6+ 1.2 ub/(GeV/c)%. b
can be obtained from p° photoproduction on hydro-
gen,’® b=8.0zx1.0.

7 exchange contributes only to g,. For |g,|? we
used an OPE calculation performed by Wolf
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using the Bennecke-Durr model; this calculation
gives good agreement with unnatural-parity-ex-
change cross sections at 2.8 and 4.7 GeV, as
measured in the Stanford Linear Accelerator
Center (SLAC) bubble chamber.®

A, exchange contributes both to f, and g,. The
f, term will interfere with the diffractive produc-
tion term, causing a difference in the w produc-
tion cross sections on protons and neutrons.
Vector dominance relates this difference to the
¥p, yn total hadronic cross-section difference.
The relevant diagrams are shown in Fig. 2, and
lead at £=0 to

0., ~0
€= gJuz+_03m . (6)
yp ' Yyn

2
lfoifllzz ‘folz [1i;/7%:27— E:Ia

This equation neglects |f,|?/|f,|?, and assumes
that f, is largely imaginary. To the extent that
A, exchange gives rise to the same ¢ dependence
as diffractive production, Eq. (6) will still be
valid away from £=0. In interpreting our results,
we write |fy+1,12=|7,/?(1+5), where b is a free
parameter, to be determined. The A,- and 7-
exchange contributions to g, do not interfere with
each other, since A4, is natural parity, and =
unnatural parity. Anticipating that A, exchange
is a small contribution, we neglect |g,(4,)]?, and
let the parameter 6 represent the entire effect
of A, exchange.

Finally, we assume

do do O

—— *x) =
ar W= e

(wN*(1236)),

where a is a free parameter, to be determined,
and the one-pion-exchange cross section is giv-
en by a calculation.!* We do this because we ex-
pect N*(1236) to be the most important resonance,
and the others to have similar ¢ dependences.

To the extent that the OPE calculation for yN

—~ wN*(1236) is accurate, we will have a>1, be-

cause of contributions from the higher resonances.

We thus have two free parameters, « and 0.
The best fit gives «=1.00+0.28, 56=-0.14+0.27,
and x®=24 for 20 degrees of freedom. This fit
is shown in Fig. 1. The error in o comes equal-
ly from the statistical error in the cross sec-
tions, uncertainty in |f,|?, error in overall
normalization, and uncertainty in the N* Glauber
corrections. The error in § is dominantly due to
the statistical error in the cross sections.

The fitted value for o suggests that photopro-
duction of resonances higher than N*(1236) is
small.’® The fitted value for 6 is quite consistent
with zero. On the other hand, fits to the DESY®

Y 4 Y 4 Y
Y P p° P w w P°
P + A, + A:
(a) (b) (c)
Y
)’ w w P w
P + A,

(d) (e)
FIG. 2. Natural-parity-exchange diagrams contribut-
ing to (a)-(c) Compton scattering and (d), (¢) w photo-
production.

and Santa Barbara® total cross-section differ-
ences, when interpreted'® with Eq. (6), suggest
6=+0.55+0.19 (DESY) and 6=+0.45+0.11 (Santa
Barbara). Thus the value obtained in this experi-
ment differs by two standard deviations from the
values obtained from total cross-section differ-
ences.
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