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and Hg(0, s), applying conserved vector current
to relate |Hy(0,0)| to I'yo-,,,° and using the ex-
perimental value” for y = H,(0, 0)/H4(0, 0), we
find that the contribution of |M; |2 to the total
decay rate into the electron mode amounts to
only = +0.06% for the solution ¥ e, =0.15 and =
+0.28% for the solution v, = —2.07.

In summary, our results give considerable
support to the main features of the early calcula-
tions.® A recent re-examination of an old experi-
ment indicates that the theoretical prediction for
R given in Ref. 2 lies within 2 standard deviations
of the experimental value.® In view of our re-
sults and the inconclusive nature of the present
experimental data, we believe that a precise
measurement of the ratio R is needed to test
more accurately electron-muon universality in
weak interactions.
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We have studied w photoproduction using 7.5- to 10.5-GeV tagged photons, Cross sec-
tions from hydrogen lie 22% below the bubble chamber results of Ballam et al,, but have
a similar slope. Density matrices indicate approximate s-channel helicity conservation.
The proton-neutron cross-section difference is midway between zero and the value sug-
gested by the yp-yn total-cross-section difference. Fits to the cross sections for D, Be,
and Cu and those for Be, C, Al, Cu, and Pb from a previous experiment yield o,y =25,4

*2.7 mb and v,2/47=17,6+ 1.2,

Photoproduction of w mesons is of interest for
several reasons. Among them are these: (1) The
v-w direct coupling constant y,2/4r and the w-nu-
cleon total cross section 0,, can be determined*”?

from the A dependence of forward photoproduction.

(2) A, exchange contributes to w photoproduction,
giving rise to a difference in cross section from
neutrons and protons. The difference in the slope
of the cross sections provides information about
the A, exchange trajectory.* The difference in
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the forward cross sections is related, through
vector dominance, to the difference in total had-
ronic photoproduction cross sections on protons
and neutrons.® (3) As an example of a dominantly
diffractive process, the extent to which helicity
is conserved is of interest.

Two counter experiments™® have studied w pho-
toproduction from complex nuclei. A series of
bubble-chamber experiments® have studied photo-
production from hydrogen. One counter experi-
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FIG. 1. Plan view of experiment,

ment® made measurements from hydrogen and
deuterium; however, it lacked the ability to di-
rectly separate elastically and inelastically pho-
toproduced w’s. Here we report new measure-
ments from H, D, Be, and Cu.

The experimental arrangement is shown in Fig.
1. A tagged photon beam is incident on a target
located just upstream of a 30D40 magnet. w’s
are detected via the dominant decay mode, 77" 7°.
Charged pions are deflected by the magnet and
pass through a front plane of four scintillation
counters (F), six wire spark chambers (SP1), and
a back plane of four counters (B). Each y ray
from 7° decay must strike one of sixteen y count-
ers, each of which consists of an anticoincidence
counter (A), a 1.5-radiation-length Pb converter,
a defining counter (D), and an energy-measuring
Cherenkov shower counter (Sh) containing an
aqueous solution of lead perchlorate. Three strip
spark chambers (SP2) measure shower positions.
Thus the vector momenta of all w-decay products
are measured. Since the energy of the incident
photon is known, the missing mass of the reac-
tion YN - wm can be determined. The trigger
requirement was (tagged photon)+ (=2F)+ (=2B)
< (>2y).

Data for H and D were collected in two separate
runs, with tagged photon energies of 7.3 and 8.9
GeV for the first and 8.8 to 10.4 GeV for the sec-
ond, yielding a mean energy of 8.9 GeV. Be and
Cu data were taken during the first run only, at
a mean energy of 8.2 GeV. Events whose topolo-
gy was two charged particles and two y rays were
kinematically reconstructed. The 2y mass reso-
lution was + 14 MeV; the 7*7”7° mass resolution
was +13 MeV. The 2y mass spectrum was domi-
nated by the 7°. For events passing a 7° mass cut,
the 7*7”7° mass spectrum showed a very clean
w peak, and the w signal was easily extracted.
The missing-mass resolution was + 140 MeV for
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FIG, 2, Differential cross sections for yd— wNN and
vp —~wp, Solid curves are fits discussed in the text,
Dashed curves are the OPE contributions used in the
fits, Data points labeled SLAC are from Ref, 6,

the first run and + 160 MeV for the second run.
This resolution was not good enough to separate
elastic production cleanly from inelastic produc-
tion, and a subtraction producedure was required.
The missing-mass spectra and the procedure
used to obtain a separation are given elsewhere.”

H and D cross sections are displayed in Fig. 2.
An overall normalization uncertainty of +10% is
not included in the errors shown. The curve
through the yp - wp data is a fit by the form Ap
xexp(—b,|t’|) + one-pion exchange (OPE), where
t'=t —t .,y is the square of the four-momentum
transfer to the nucleon, minus its value for for-
ward production. OPE is a zero-free-parameter
calculation® of the one-pion-exchange contribu-
tion, which at these energies constitutes about
one-sixth of the total cross section. Also shown
in Fig. 2 are results from the Stanford Linear Ac-
celerator Center (SLAC) hydrogen-bubble-cham-
ber experiment® at 9.3 GeV. The two experiments
agree on the shape of the cross section, but our
measurements lie 22% below the points given by
Ballam et al.® In fitting the cross section for the
reaction yd ~ wNN, we use an expression® based
on an impulse-approximation calculation, using
closure and supplemented with Glauber correc-
tions:

do/dt'=2{|fB[1+F ,(41) =G o)) +|8,F[1 -5 F ,(41) -G, ()]} (1)
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| foP=A,exp(=b,|t'|) and |g,* are the spin-nonflip
I=0 exchange and spin-flip /=1 exchange contri-
butions for a single nucleon. For |g,[? we use the
OPE calculation.® F, is the deuteron form factor,
and G, and G, are Glauber corrections (both taken
to be 0.12). The results of the fits are A,=8.8
+0.7 pb/GeV?, b,=7.1+0.5 GeV™2,4,=7.4+0.5
ub/GeVZ, and b,=6.9+0.5 GeV~2.

A primary goal of this experiment was a mea-
surement of the neutron-proton cross-section
difference, presumed due to /=1 natural-parity
exchange interfering with the dominant /=0 natu-
ral-parity exchange term (e.g., A, exchange in-
terfering with Pomeron exchange). Through vec-
tor dominance, this difference is related to the
vp-vn total hadronic cross-section difference.
With a few approximations,*® one obtains

65A9/Ad" 1=1-3(7w/7p)2€7

€=(0y5 = 0),)/(0y,+0y,).

(2)

Because (v,/7,)?=10, a small total-cross-section
difference € implies a large w-cross-section dif-
ference 6. Fits!® to the total hadronic cross-sec-
tion measurements yield € =0.026+ 0.009, imply-
ing 6=0.34+0.12. From the fits to the cross sec-
tions shown in Fig. 2, we obtain §=0.20+ 0.12,

a value consistent with the total-hadronic-cross-
section difference. If we require b,=b,, we find
6=0.18+0.09, marginally consistent with no 4,
exchange.

The A,-Pomeron interference model of Barker,
Gabathuler, and Storrow* implies a slope differ-
ence b, —b,~46, 0.8+ 0.5 for our value of 6. This
is consistent with our measured slope difference
of 0.15+0.74. The density matrices for the reac-
tions yp - wp and yd - wNN are displayed for the
helicity frame in Fig. 3. It is seen that s-channel
helicity conservation (SCHC) (py,=Rep,,=p;.,=0)
is well satisfied at small ¢, confirming the SLAC
bubble chamber results.® For the reaction yp
- wp, the density matrix deviates from zero at
large t; the deviations are smaller in the reac-
tion yd - wNN, suggesting that the breakdown of
SCHC in yp -~ wp is due to A, exchange.

The complex-nucleus data (Be, Cu) have ¢ dis-
tributions displaying characteristic forward
peaks, and density-matrix elements consistent
with SCHC, as expected. Forward cross sections
are 0.37+0.05 mb/GeV? for beryllium and 9.6
+1.2 mb/GeV? for copper. These numbers are to
be compared with 0.41+0.03 and 10.6+ 1.0 mb/
GeV? obtained in our earlier experiment® (extrap-
olated in energy).
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FIG. 3. Density-matrix elements for the reactions

vp— wp and yd— wNN, evaluated in the helicity frame,
Data points labeled SLAC are from Ref, 6,

An important motivation for the present experi-
ment was the disagreement between the values
of the w-photon direct coupling constant y,2/4n
as obtained in our earlier experiments'*® (7.6%1%)
and as obtained in two colliding-beam experi-
ments!®!? (3.7+ 0.7 and 4.6+ 0.5). Results ob-
tained in the present experiment and Ref. 7 allow
us to make two (small) corrections to the earlier
results. v

In our previous analysis, the subtraction for
inelastic contamination (YA = wN*nucleons) to the
elastic reaction (YA = wnucleons) was based on a
one-pion exchange calculation of yN = wA (1236).
Using measured”’ values of yN = wm for the sub-
traction lowers the elastic beryllium cross sec-
tion by 10%, the lead cross section by 3.5%, and
cross sections for intermediate nuclei by inter-
mediate amounts.

Most nuclei do not contain equal numbers of
protons and neutrons, and therefore a correction
factor 1+[(Z - N)/A15 is required to allow for /
=1 natural-parity exchange interfering with dif-
fractive production. The measurement of 6 re-
ported here allows that correction to be applied.

We subjected the complex-nucleus cross sec-
tions from our previous experiment® and the D,
Be, and Cu cross sections from the present ex-
periment to an optical-model analysis, using
yw?/4m, o,y, and o, as parameters. As expect-
ed, the data did not determine ¢, with any preci-



VOLUME 36, NUMBER 24

PHYSICAL REVIEW LETTERS

14 JUNE 1976

sion. (The fitted value was tan™ ‘e, =—28°+19°.)
We therefore fixed o, at —0.24 (a value suggest-
ed by several external considerations) and fitted
with two parameters, o, and y,%/4r, obtaining
Oy =25.4+2.T mb, v, 2/4r="1.6+1.2, x*=1.3, for
6 degrees of freedom. If we seto,y=0,y (272
mb), and allow for a 7% error in the absolute nor-
malization of the cross sections, we obtain y, 2/
47=8.3+1.1, little changed from our previous re-
sult, and substantially above the values from
Refs. 11 and 12.

The SLAC natural-parity hydrogen cross sec-
tion® combined with our measurement of 5 allows
an independent determination of v, %/4r. Under
the assumptions o, =27 mb, a,=-0.24, one ob-
tains y,2/4r="17.6+1.6.

The above analyses make the “diagonal approx-
imation,” that is, they neglect terms ¢N =~ wN
and wN - @N. Ross and Stodolsky!® first pointed
out that this may not be valid, and Bauer and Yen-
nie' have recently called attention to the prob-
lem. Optical-model studies by ourselves and
by Bauer and Yennie show that the effect of the
off-diagonal terms is to change all cross sec-
tions but not significantly alter the A dependence.
Consequently, the values of a, and o, obtained
above are unaffected. If the eigenstates.in nucle-
ar matter are a mixture of w— ¢ that is rotated
from w, ¢ by ~5°, as suggested by quark-model
considerations, then all w-photoproduction cross
sections are lowered by ~10% and the values of
v.2/4n obtained above will also be lowered by
10%. If one takes the alternative viewpoint that
the difference between photoproduction and collid-
ing-beam experiments is due entirely to the off-

diagonal terms, then an angle near 20° is re-
quired.
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