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in which all low-lying hadron states have zero isospin.
Below the threshold for production of states with nonze-
ro isospin, only the isoscalar component of the electro-
magnetic current would be observed. This isoscalar
probe would not distinguish between proton and neutron.
Low-energy experiments would indicate a deuteron
made of two identical spin—% nucleons, each with charge
%, and peculiar statistics allowing two identical parti-
cles in a symmetric state. Only after the excitation of
the isovector states of the two-nucleon system would it

be clear that there was a hidden degree of freedom and
two kinds of nucleons with integral charges.

8This result is expected, since the three-triplet mod-
el was constructed to give all the Gell-Mann—Zweig
properties of observed particles. Given a set of hadron
states in the conventional quark model, corresponding
hadron states in the three-triplet model can be con-
structed for which the matrix elements of the electro-
magnetic current operator are identical to those of the
quark model.
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Photoproduction of ¢ mesons from hydrogen and carbon was studied at 5.2 GeV by ob-
serving ¢ ~K*K~ decays. The results show that ¢’s are produced diffractively with a
¢-nucleon cross section g, §=9.8%3:3 mb. In addition, 80000 pion pairs were measured

to search for the G-parity—nonconserving decay ¢ —r*r~,

Assuming complete interfer-

ence between p—~7*r" and ¢ —~7*r”, we found an upper limit of ['y-»yp/T s 91=2.7% 107

at the 95% level.

In an experiment performed at the DESY 7.5-
GeV electron synchrotron we studied the produc-
tion of ¢ =K K™ and searched for the decay of ¢
~a*r", both at forward angles, from
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For K"K* pairs, measurements were made at the
fixed K 'K* laboratory momentum of p =5.2 GeV
with K,,,,=6.2 GeV. The n*7" pairs were detect-
ed at a fixed laboratory momentum of 6,7 GeV
with K ,,,=7.4 GeV. The object of the experi-
ment was twofold: (1) to provide an accurate de-
termination of the forward production cross sec-
tion of ¢ from hydrogen and carbon for compari-
son with the diffraction model and to extract the
¢@-nucleon cross section o,y from vector-domi-
nance models for comparison with quark-model
predictions?; (2) to search for the decay ¢ -~ n*rn"
and compare it with our measured decay w—~7"7"
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and various theoretical models.?

¢ and w mesons both decay strongly into three
pions. Their 27 decay mode does not conserve
G parity. The order of magnitude expected for
@ — 27 and w —~ 27 decay amplitudes, as compared
with p - 27 decay amplitude, is the fine-structure
constant @. Such a result can be visualized as a
one-photon—exchange mechanism where ¢ (or w)
—vy ~p— 27 with corresponding partial widths
Tyser~10keV, I'y,,,~0.6 keV. Our previously
measured width T, ..,, is a factor of 10 larger
than the simple predicted value. It is of interest
to see if the ¢ — 27 width is also correspondingly
larger.

The K*K~ pairs were detected by a double-arm
magnetic spectrometer which has been described
in a previous publication.® The separation of
K'K" from the background of 77" and e*e” was
accomplished by four large-aperture threshold
Cherenkov counters and two lead-Lucite shower
counters. Protons were rejected by time-of-
flight techniques. The contaminations of 7, p,
and e in the final ¢ ~K*K~ events were <1.5%.
The accidentals were typically 1-2%. The accep-
tance of the apparatus was calculated by the Mon-
te Carlo method, in which multiple scattering
and both two-body and three-body decays of the
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kaons along the spectrometer were considered.
Corrections were also made for dead time of the
electronics, beam attenuation in the target, tar-
get out rate, and K absorption in the spectrome-
ter material. A total of 11104 events were mea-
sured. The typical K*K~ mass spectra are shown
in Figs. 1(a) and 1(b). The mass resolution of the
hodoscope system (+ 5 MeV) has not been unfold-
ed. The errors in Fig. 1 are statistical only. An
additional normalization uncertainty of + 10% is
not included.

As seen from Fig. 1, in the K'K~ invariant
mass (m) region 1000 to 1050 MeV, the spectra
are dominated by ¢ production. Within the statis-
tical accuracy, no other enhancements were ob-
served.

The analysis of ¢ production data follows close-
ly that of p production.* It is greatly simplified,
however, because of the narrow width of the ¢ as
compared to that of the p. To obtain two-body ¢
cross sections from the reactions

v+p (C)=p (C)+o

the following steps were taken:
(I) Assuming all the ¢’s are from (2), we fit the
data with the equation

do/dQdm =Cp%e**2mR (m) +G,

@)

where R(m) is the p-wave relativistic Jackson
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Breit-Wigner formula and G is the nonresonant
K*K~ background,* taken to be flat over the nar-
row ¢ peak. For the hydrogen target, a=5 GeV™2
from hydrogen bubble-chamber data,® whereas
for carbon the slope a is measured directly by
this experiment.

(IT) After background subtraction, the measured
spectra were then integrated from m =1005 to
1047 MeV. An additional 5% was added for con-
tributions outside this mass region to obtain do/
aQ,

(III) To obtain the two-body cross section of Eq.
(2), the nondiffractive production y +p~p+¢ +7*
+7° was subtracted by using the data of the DESY
bubble-chamber group.® For the carbon target,
the incoherent contributions were subtracted us-
ing the closure model of Trefil.” The solid curves
in Figs. 1(a) and 1(b) are the mass distributions
from Monte Carlo generated ¢’s (m =1019.5, T',
=4,0 MeV) weighted with the cross section P2e®
X 2mR(m) and passed through the spectrometer,
allowing for multiple scattering and K decay.

The dashed line is an estimate of nonresonant
background.

This analysis yields the following information.

(A) From the hydrogen data: The two-body
cross section (do/df2)g-qo=23.0+ 4.5 ub/sr, or
(do/dt);=,=2.76+0.54 pb/GeV2 The errors in-
clude the uncertainty in vy +p =p + ¢ + 27 and other
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FIG. 1. (a) Kaon-pair mass spectrum at p=5.2 GeV from H, (in pb/sr MeV). (b) Kaon-pair mass spectrum from
carbon target (in ub/sr nucleon MeV). (c) A comparison of do/dt as a function of ¢ for H, (in ub/GeV?. See Refs.
5 and 8. (d) Behavior of do/dt for carbon as a function of ¢ (in ub/GeV? atom). The solid curve is the best fit,

e(58£12)¢

distribution function (solid curve).

(e) The angular distribution of K* in the ¢ rest system. As seen, the data agree well with the sin®6*
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background subtractions. Fig. 1(c) compares our
result with other experiments.>® The quantity
(do/dt),=, enables us to determine the ¢-nucleon
total cross section o,y from the vector-domi-
nance relation®

do

dt
where v ,2/4m1=4.0+ 0.7 is our measured ¢-photon
coupling strength and B=-0.4879:3 is our mea-
sured value for the ratio of real-to-imaginary
amplitude for ¢-nucleon scattering.®

From (3) we obtain o 4 =9.8%%:5 mb. The value
of o,y is compatible with the prediction of the
quark model,’ ¢,y =2(0x+,— Og+,) +0;-,~12 mb at
5.2 GeV.

(B) From the carbon data: Integrating the spec-
trum of Fig. 1(b), after subtraction of background,
we obtain (d0/dR)g,~q0=1.61%0.16 mb/sr atom at
an average momentum {p)=5.2 GeV and {f) =0.0111
GeV?, Subtracting the incoherent contributions,’
we obtain a coherent cross section of 1.54+0.15
mb/sr atom.

As seen in Fig. 1(d), in the ¢ region 0.009 < l¢|
<0.016 GeV? the data are fitted well by do/df cce®
with a=58+12 GeV 2 in agreement with the photo-
production data®* of p mesons.

Figure 1(e) shows the comparison of the angu-
lar distribution with the function

2

T -&;(ﬁ‘;—)- (1 +B%)0 4n®, (3)
=0

Wy -(0%)= 377! sin®6%,

where 6* is the angle between decay products and
the recoil target particle measured in the K 'K~
c.m, system. The data indicate that ¢’s are pro-
duced transversely polarized, consistent with the
other evidence that they are produced via diffrac-
tion off the whole nucleus.

Search for ¢ - n”.—With the ¢ production
mechanism and cross section known for carbon,
we can now proceed a step further to search for
the as yet unobserved ¢ - 27 decay from the reac-
tion

y+C—=C+q@—~C+2m.

A total of 80000 pion pairs at {(p)=6.7 GeV were
detected with invariant mass in the range 900-
1150 MeV in search of this forbidden decay mode.
The pion pairs were produced in a 0.5-cm carbon
target and detected in a modified double-arm
spectrometer!® with a mass resolution of 8 MeV
(full width at half-maximum). The data are part
of those obtained in a detailed study of the di-
pion mass spectrum in the mass range 600-1150
MeV. In the 600-900-MeV region [Fig. 2(a)] the
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FIG. 2. (a) Cross sections do/dtdm lin pb/(GeV? MeV
nucleon)] as functions of pion-pair mass., The solid
curve is the best fit including the w—2r contribution.
The dashed line is p — 27 alone (see Ref. 11). (b) Cross
sections (same units in expanded scale) for 900 < m
<1150 MeV. The solid line is the best fit with ¢ —2r
contribution for n and a given in the text, and the
dashed line has no ¢ — 27 contribution.

spectrum cannot be fitted by p°- 27 alone (dashed
curve). The data show clear w — 27 interference
with p -~ 27 (solid curve).!

To search for the small ¢ -~ 27 contribution, we
obtained from the data a cross-section grid do(m,
p,t.)/dt dm with dimensions (50,5, 5) and step
sizes of 5 MeV, 400 MeV, and 0.002 GeV?, re-
spectively, This grid was compared with the phe-
nomenological function

do(m,p,t.)/dt dm =F (m)e®. (4)

Here t=¢,+t, and ¢, is the minimum four-mo-
mentum transfer for production of a particle of
mass m and momentum P from carbon. The
function
1/2 ia |2
Fon)=|Pom)+n (2m2m (,1"2(,/”.) e
my —m®—im I,

was used for the mass distribution, where I, is
the total width of the ¢. P(m)=b+cm +dm? +em?
describes the mass dependence consistent with
the tail of the mass distribution from p - 27 de-
cay. The quantity 7 is related to the branching
ratio B by

2

n
ldotyC ~ Co)/dt],-,

The analysis was done in two steps. (1) To obtain
the mass distribution unbiased by the ¢, we
matched Eq. (4) with 7=0 to the data, excluding
the mass region m , + 30 MeV. An acceptable fit
with (x* per degree of freedom)=388.9/385=1,01
was obtained, yielding an exponential slope a
=43,3+4.1 GeV™2, (2) Keeping all parameters

B= FQI"*Z_‘E

2= (5)
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from step (1) fixed, we applied the fit to all data,
allowing for a ¢ -~ 27 contribution. Fig. 2(b)
shows the cross section on an enlarged scale for
pair masses bigger than 900 MeV together with
the described fits. Since no structure as a func-
tion of P and £, was observed, the cross-section
matrix do(m,p,t )/dt dm was contracted to p = 6.4
GeV and ¢, =0.001 GeV%, From this we found 7
=0.045+ 0,020 (ub/GeV? nucleon)'’? and o =82°
+20° (with x®=582.3 for 557 degrees of freedom).
With the use of the coherent cross section [do(yC
- C<p)/dt] =0=27 b/GeV? nucleon, Eq. (5) yielded
=(0.7529: §§) X10™* or 'y, =0.3013:3% keV. 12

The fit from Eq. (4) assumes full interference!s
of the ¢ with the 77" pairs of the continuum.
The result obtained is consistent with no ¢ =27
contribution. The corresponding upper limit on
the branching ratio is 0.027%, at the 95% confi-
dence level., In a recent experiment at Orsay,'*
B <0.5% was obtained. Our limit is considerably
smaller than our measured'’ w - 27 branching ra-
tio of (1.22+0.30)%. It is interesting to note that,
whereas the measured width T, ., is an order of
magnitude larger than expected from the simple
w(@)—~7y —~p - 27 picture, the value of I'y, .,
=0.3013:3% keV is consistent with this picture
(= 0.6 keV).
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