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The validity of vector-meson dominance is tested by comparing our high statistics o°
and w production experiments at 2.7 and 4 GeV/c with the results of polarized photopion
production experiments. Our results suggest the breakdown of the vector-dominance
model even after taking into account the strong S-wave 7 interaction in the p® region.

It was suggested by Gell-Mann and Zacharia-
sen' that the hadronic electromagnetic currents
are dominated by the vector mesons p, w, and ¢.
(Hereafter the vector-meson—-dominance assump-
tion will be abbreviated by VMD.) Although this
model has a wide range of applicability, we re-
strict our attention to the study of certain as-
pects of the reactions
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observed in bubble chambers.?®* Our results on
Reactions (1) are compared with those of a count-
er experiment of Geweniger et al.* who studied
the reactions

rn ~TT_P, (22.)
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where the incident photon was linearly polarized.
Their results gave the first indication of the
breakdown of VMD. Our comparison supports
this conclusion.

We have analyzed 4477 events of Reaction (1a)
and 3256 events of Reaction (1b) both at 2.7 GeV/
c. The production and decay angular distribu-
tions of the di-pion system agreed within errors
and the data from Reactions (1a) and (1b) were

'Yp - ‘rr+n,

|

8% L ino
859A%9 cosfap  4m {Rq

424

combined and used as a single sample in the fol-
lowing analysis. In addition we analyzed 3348
events of Reaction (lc) at 2.7 GeV/c and 7916
events of Reaction (1a) at 4 GeV/c. The 4-GeV/c
data are the result of the Purdue—Notre Dame~-
Stanford Linear Accelerator Center-Lawrence
Radiation Laboratory Collaboration.®* The densi-
ty matrix elements for w production (1c) at 3.65
GeV/c were taken from Benson.?

The photoproduction experiment of Geweniger
et al.* was done with an incident photon energy of
3.4 GeV. Thus the center-of-mass system ener-
gy for the photoproduction reactions (2) is brack-
eted by our data on vector-meson production.

By VMD we mean the assumption that the pho-
toproduction amplitude is related to the ampli-
tude for production of transverse vector mesons
by®

@NITlyN) =L g, @NITIVN), 3)

where gy are the known photon—-vector-meson
coupling constants. We keep only the p° and w
contribution to Eq. (3). The ¢ contribution is
negligible.” The p° interference terms are
eliminated by considering the following sum of
cross sections:

do d d -
Zi—(tl:(—i%(yp—-n‘*n)ﬁ-;;l(‘/n-'ﬂ p). (4)

The p° contribution is determined by the differen-
tial cross section for the reaction 7N - 77N which
is given by®
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where Vs denotes the m7 effective mass, A? the
squared four-momentum transfer to the nucleon,
and 6, ¢ the polar and azimuthal angles of one of
the pions in the helicity frame, respectively.
This is the rest frame of the di-pion in which the
z axis is antiparallel to the final nucleon and the
y axis is normal to the production plane. Analo-
gous results hold for w production.?;8

For photons polarized either perpendicular to
the production plane (L) or parallel to this plane
(), VMD predicts

doJ_/dt —-do | /dt
dol/dt +dc" Jdt
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It is clear from Eq. (5) that the relevant experi-
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FIG. 1. The density matrix elements in the helicity
frame for p production normalized to 2pyq +pg +S wave
=1. The triangles represent 2.7 Gev/c and the crosses
represent 4.0 GeV/c. The error bars represent 90%

confidence levels. The curve is from an absorption
model calculation at 4 GeV/c.

mentally determined quantltles are 2R1X+RG

+RY, Ry—R}I, and RiL,. Thus R}j is not deter-
mined directly from experiment without further
assumptions. In practice, R}} is determined from
Rg—~R}! in a model- dependent way and depends
upon the S-wave term. These methods are re-
viewed in detail in Ref. 8. There is a large iso-
tropic term in the n7 angular distribution in the
p region, and only after rather sophisticated
analysis can one separate it into S wave and P
wave. After this separation one can show that
the S-wave correction to p}} is about 10%. We
use the density matrix elements usually quoted
in pion production® py)+=Ry)**/(2R11* + Roo*
+Ro*). (Note that py,+2c,,<1 due to S-wave ef-
fects.) Then
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FIG. 2. The density matrix elements in the helicity
frame for w production normalized to 2pyy +pgy=1.
The triangles represent 2.7 GeV/c and the crosses

represent 3.6 GeV/c. The error bars represent 90%
confidence levels.
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Table I. Comparison of the photoproduction asym-
metry parameter A with the predictions of vector-me-
son dominance.

¢ AymMp Aexp AyMp
(GeV/c)2 (2.7 GeV/e) (3.4GeV/e) (4 GeV/e)
-0.2 —-0.06 +0.62 -0.28
£0.32 £0.07 £0.34
-0.4 —-0.49 +0.43 —-0.43
+0.35 +0.08 +0.37
where
g 2do do -1
y=—2% —(mN~wN)| =N -pN) | .
gp2 dt dt

The relevant density matrix elements are plotted
on Fig. 1 and Fig. 2 for p° and w, respectively.
The errors represent 90% confidence levels. The
p° and w regions were taken as 0.70 GeV<Vs
<0.84 GeV, respectively. The photon-vector-
meson coupling constants can be evaluated from
the leptonic (electromagnetic) decay of the vec-
tor mesons.%!° The ratio r is determined from
the differential cross sections for vector-meson
production,?=% where ng/gpz is taken from Ref.
10. The corresponding quantities for ¢ show that
its contribution is negligible. Substituting » and
the density matrix elements into Eq. (7) gives
the asymmetry A. The results are shown in Ta-
ble I. The errors of the density matrix elements
and of the differential cross section (both at 90%
confidence levels) have been propagated to obain
the error in A. The w contributions vary from
2to 16%. The asymmetry, A, is relatively in-
dependent of some of the details of VMD such as
&p or the magnitude of o(nN ~ pN) which enter in
the comparisons for unpolarized photons.®!* Our
results are compared with the photoproduction
experiment of Geweniger et al.* in Table I and
show a clear breakdown of VMD for polarized
photopion production.

Geweniger et al.* have already come to the
same conclusion along essentially the same line
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of argument. Our analysis which includes the ef-
fects of the w contribution and the S-wave 77 in-
teraction support their conclusion. The VMD in
its present form is in sharp disagreement with
pion production by polarized photons.

The authors wish to acknowledge discussions
with Dr. P. Schmiiser concerning the photopro-
duction data.
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