VoLUME 27, NUMBER 1

PHYSICAL REVIEW LETTERS

5 JuLy 1971

Determination of the w-y Coupling Constant and the w-N Scattering Amplitude*

H.-J. Behrend,f C. K. Lee, F. Lobkowicz, and E. H. Thorndike
Department of Physics and Astronomy, University of Rochester, Rochester, New York 14627

M. E. Nordberg, Jr.
Laboratory of Nuclear Studies, Cornell University, Ithaca, New York 14850

A. A. Wehmann
National Acceleratov Laboratory, Batavia, Illinois 60510
(Received 13 May 1971)

Forward w photoproduction from complex nuclei and interference in the n*n” decay
mode of w, p’ photoproduced from complex nuclei are analyzed to determine the w-y cou-
pling constant and the magnitude and phase of the w-N scattering amplitude. Values ob-
tained are v,2/4r =7.6%4% g,y=25.3 7.8 mb; tan"la,=-28°%16°.

While there is now reasonable agreement be-
tween the values of the p°~y coupling constant
y,°/4m as determined by e*e” colliding beams’
and as determined from p° photoproduction on
complex nuclei,?? the situation for the w-y cou-
pling constant y ?/47 is not so clear. The col-
liding-beam result of the Orsay group® is 'ywz/ 47
=3.7+0.7. We have interpreted our experiment
on w photoproduction on complex nuclei® to yield
the value 7.3 +1.0, a factor of 2 discrepancy. In
arriving at this result, we made the assumption
that the p°- and w-nucleon scattering amplitudes
had the same magnitude and phase, as suggested
by the quark model. A subsequent experiment by
Biggs et al.® on interference in the e*e” decay
mode of p°-w photoproduced from carbon sug-
gests that the phase difference may be as large
as 80°, In this Letter we analyze jointly the re-
sults of our experiment” on interference in the
7*7~ decay mode of p°-w photoproduced from
carbon, aluminum, and lead, and our previous
experiment® on photoproduction of w mesons
from complex nuclei, to determine y 2/47 and
also the magnitude and phase of the w-N elastic-
forward-scattering amplitude.

Diffractive photoproduction of vector mesons
V from complex nuclei is well described by the
vector-dominance assumption, with the use of
the optical model to describe V-nucleus scatter-
ing. Neglecting nuclear-correlation effects, the
production amplitude can be written

A=A, @[  dzp(b, 2)eir TP
Xexp[—%ow,(l—z'av)f:wp(b, 2")dz’]. 1)

Here oy y is the vector-meson-nucleon total

cross section, ay is the ratio of real to imagin-
ary parts of the forward V-N scattering ampli-
tude, b is the impact-parameter vector, z is the
coordinate in the forward direction, g,=m,”/2E,,
and p (b, z) is the nuclear-density distribution.

A, is the production amplitude on a single nucle-
on and by vector dominance can be written

Ay= (/169,220 4 (i+ ay). 2)

We use the same nuclear-density distributions
as in our earlier®® work. Since we are principal-
ly interested in differences between p° and w,
minor inaccuracies in this model will cancel.
The data to be utilized are listed in Table I.
They consist of 0° w-photoproduction cross sec-
tions from five elements, taken at 6.8 GeV, and
w-p° phase differences from three elements,
taken at 8.0 GeV. Three parameters appear in
the description of w photoproduction: v 2/4m,
o.n and a,. x? contours of fits to the photo-
production cross-section data alone are shown
in Fig. 1. It is apparent that none of the three
parameters are well determined. However,

Table I. Zero-degree w-photoproduction cross sec-
tions and w-p® phase differences in the 27 decay mode.

do/dt Ag P
Element (mb/GeV?) (deg)
Be 0.44+0.03
C 0.72+0.06 94.0 4.8
Al 2.9 0.3 80.4+5.4
Cu 10.2 £0.9 ‘e
Pb 47.5 4.4 79.6£6.3
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FIG. 1. x? contours of fits to w photoproduction from
complex nuclei (a) in the oy~ tan"la,, plane and (b) in
the 7w2/41r—tan"aw plane. Also shown is the value of
Yo?/4m obtained by e*e” colliding beams, Ref. 4.

fairly strong relations among the parameters
are determined. Further, a lower bound on y 2/
47 is obtained which is only marginally consis-
tent with the Orsay* value.

The w-p° phase differences listed in Table I
are the sum of the phase differences in w-p°
photoproduction and in the decay (w-p°)—~27. In
the vector-dominance approach, all the A depen-
dence of this phase difference comes from the A
dependence of the phase difference of w-p®-nu-
cleus scattering. This phase difference is readi-
ly calculated from Eq. (1), and is described by
four® parameters: a,, a,, O,y and o,y. Inour
analysis, we assume that these parameters
change negligibly between 6.8 and 8.0 GeV. We
also take a,=-0.24 and 0,,=27 mb as given,
thus introducing no additional free parameters.

The calculated A dependence of the V-nucleus
forward—-elastic-scattering phase is shown in
Fig. 2(a), where the lead-carbon phase differ-
ence is plotted as a function of o, and ay,. This

figure can be qualitatively® understood as follows.

For transparent nuclei (0,,—~0 or A-0) the V-nu-
cleus scattering phase is equal to the V-nucleon
scattering phase, 7/2-tan"'a,. For opaque nu-
clei (0 y—~ or A—w) the V-nucleus scattering
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FIG. 2. (a) Calculated difference of the V-nucleus
scattering phase between carbon and lead, ¢p,—¢c?,
as a function of oy, for several a,. For V=w, the
measured w -photoproduction cross sections limit oy,
to the region between the vertical bars, at the 90% con-
fidence level. (b) Calculated limits on the lead-carbon
phase difference in w-nucleus scattering, as a function
of tan"la,. owy has been restricted to the region al-
lowed to it by the w~-photoproduction cross-section data.

amplitude is purely diffractive, with a phase 7/2,
independent of . Thus, for a finite value of
oyy, the phase difference between an “infinite-
A” nucleus and a “zero-A” nucleus is just tan lay.
There is a range of oyy where carbon and alumi-
num are rather transparent, and lead is fairly
opaque.

As can be seen in Fig. 2(a), the lead-carbon
phase difference depends upon o, at fixed ay.
Consider now V=w, and impose a restriction
between o, and ¢, as given by the w-photopro-
duction data; i.e., restrict o,y and @, to the
region of x*—x? ., <3, in Fig. 1. With 90% con-
fidence, o,y and o, lie in this region. The ver-
tical bars on the fixed-a, curves of Fig, 2(a) in-
dicate the limits of this region. Within these
limits, the prediction of the lead-carbon phase
difference depends little on o, as is shown in
Fig. 2(b). Note that the lead-carbon phase differ-
ence is roughly linear in tan~'q,, with a con-
stant of proportionality near 3. Similar results
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hold for the lead-aluminum phase difference.

¢,", the phase for a single vector meson,
cannot be directly compared with our p°-w inter-
ference experiment.” Rather one must consider
the w-p° difference A ,“?=¢,“-¢,°. Using the
assumed values for o, and 0,,, we calculate the
A dependence of the p°-w difference, and find

A@p“P —3(A@p“ P+ Mg P
= (2.25)"(tan“aw—-tan'lap)12.5°. (3)

The +2.5° error reflects the uncertainties in
o,x and o,y Inserting the measured values of
A, *? from Table I yields the value'® of -17°
+17° for tan"'o,~tan"'a,. Assuming a,=-0.24,
we obtain tan™! @,=-30.5°+17°.

The w-photoproduction cross sections of Table
I can now be reanalyzed, along with the addition-
al piece of datum, tan o, =-30.5+17°. Re-
minimizing x? yields the fitted values'! oy =25.3
+7.8 mb; v, 2/47="7.6*]% and tan™'c, =-2.8°
+16°. Allowing for a +10% overall normalization
uncertainty in the w-photoproduction cross sec-
tions, y 2/47 is greater than 5.2 at the 97.5%
confidence level.

There have been two p°-w interference experi-
ments®* in the e*e” decay mode, which have
been interpreted to yield values of tan~'q,
—tan"ap. Note that their method (absolute phase
from a single-nucleus leptonic decay) is very
different from ours. Biggs et al.® obtain —80%3%
at 3.6 GeV, and Ting and collaborators'? obtain
—21:235, at 5.1 GeV. Theoretical expectations
based on the quark model or on “common sense”
are that the phase difference should be small.
The value for o,y obtained here is in excellent
agreement®® with 0y, as is expected from the
quark model. Including the new information
gained in the interference experiment” changes
v /4w very little; it is still a factor of 2 larger
than the storage-ring value,
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