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EVIDENCE FOR VECTOR-MESON EFFECTS ON m' PHOTOPRODUCTION FROM HYDROGEN
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%e have measured angular distributions of the
reaction

in hopes of isolating the contribution of the virtual
exchange of one neutral vector meson. The possi-
bility of doing this has been pointed out by many
people and is explained by Moravcsik. ' %e find
evidence that above the third pion-nucleon reso-
nance such a "pole" process does become impor-
tant or even dominant. This behavior could be
caused by a meson of spin one which has either
parity and any isotopic spin. This means that the
effect is due to any combination of heavy mesons
v, p. q (if it has spin 1). or & (if it exists). If a.

single meson dominates (e or q is a likely candi-
date). we can obtain the relevant coupling con-
stants as will be explained.

The data which we are reporting consist of an-
gular distributions in the forward hemisphere at
laboratory-incident photon energies (K) of 740,
910, and 1140 MeV. In the past, experimental
studies of this reaction have relied chiefly on the
detection of the recoil proton, with perhaps one
of the r'-decay photons being also observed. ' For
our purposes the most important region is that of
very formard-going ~"s. Since these m"s are ac-
companied by very low-ener gy protons, which are
hard to work with, we have resorted to detecting
and measuring the T("s, although, where conveni-
ent, we have also detected the recoil proton.

Kith the bremsstrahlung beam of the Caltech
electron synchrotron indicent on a 16-cm-long
liquid-hydrogen target, an emergent m' was de-
tected by the fast (-15 nsec) time coincidence of
the two photon pulses resulting from its decay.
These photons were absorbed in tmo lead-glass
Cerenkov counters (36x36x30 cm) described
elsewhere, ' which mere mounted, one above the
other, on a. trolley which could be rotated hori-
zontally about the target (which was some 200 crn
distant). Apertures were defined as 15 x20-cm
holes in 29-cm-thick lead walls with the apertures
being backed by anticoincidence counters. When
the recoil protons were being counted. it was with
a 15&&20-cm scintillator 75 cm from the target,
and the anticoincidence counters behind the aper-
tures were not used. For the most forward an-
gles, the target was placed in a sweeping mag-

netic field which bent pair-produced electrons
horizontally away from the counters to reduce
single -counter rates.

The kinematics of an individual event were de-
termined as follows. The v' laboratory produc-
tion angle (s about 2") was given by the horizontal
counter position. The incident photon energy was
limited above by the bremsstrahlung end point
and below by the relative position of the photon
counters, which, for ~' energies below some
minimum, were too close to catch both decay
photons. The incident energy-resolution function
had, typically, a width of 150 MeV. Bather poor
energy resolution is implicit in this method of
measuring this reaction.

The photon counters were energy sensitive,
measuring the two photon energies to be K, + AK,
and K, + LK2. (bK, /K, = 0.08/K, ~2 with K, in BeV,
and similarly for K, .) The chief use of this pulse-
height information is illustrated in Fig. 1, which,
for a typical point with protons not detected, is a
distribution in E„=K1+K2. Agreement between
the smooth curve, which is the expected response
to the foreground process alone, and the histo-
gram, which was observed, yields a consistency
check on the experiment. Also one can see that
there was a background of coincident photons
(perhaps from y+ p ~ p+ v'+ n') which could be
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FIG. 1. Spectra of the sum of the energies (E~ and
K&) of coincident photons for a typical configuration,
as measured (histogram) and as expected from vr 's
only (solid curve).
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discarded without serious error because of their
low Ky+K The separation was less clean at the
most forward angles, largely because of the small
cross section.

For a given counter configuration, a somewhat
complicated calculation is required to transform
the counting rate into a differential cross section.
This has been done independently by a Monte Carlo
method and by an approximate analytic method.
Since these calculations disagree by about 5 per-
cent, a systematic error of that amount from this
source is possible. The probability, having count-
ed a m', of also detecting the recoil proton varied
between -', and 1.

Corrections to the data have been made for the
following effects: y-ray absorption (less than 6

percent), proton absorption (less than 11 percent),

and electronic dead time (less than 15 percent).
Empty target backgrounds which were typically
ten percent and one percent without and with pro-
tons, respectively, have been subtracted.

Our results are plotted in Fig. 2. The error
bars have been compounded from three nonsys-
tematic sources: counting statistics, errors in
making electronic dead-time corrections, and
an error due to uncertainty in the synchrotron
end -point ener gy. A systematic error of ten per-
cent also arises from the third source.

Moravcsik, analyzing data which is crudely in-
dicated by the broken limiting curves of Figs. 2(a)
and 2(b), and other data at lower energy, conclud-
ed that any vector-meson effects were too small
to be observed. %ith the added data of this ex-
periment at 740 and 910 Me V, we have repeated
his analysis and find results which, though con-
sistent with, are less convincing than our analy-
sis of the 1140-MeV data of Fig. 2(c). Hence we
discuss only these data.

The striking feature which we wish to point out
is the resemblance between the measurements
and the smooth curves of Fig. 2(c). These are
one-parameter least-squares fits to the data with
the fitting function being P(M, |)) which is the
cross section corresponding to the diagram of
Fig. 3(a) where M is the mass of the exchanged
meson and 6) is the c.m. r' angle. AI was taken
as 790 and 550 MeV for the curves marked e and

q, respectively. An adequate approximation is
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FIG. 2. Differential cross sections for the reaction
y+ p ~p + 7I . The dashed lines represent limits within
which most of the earlier measurements lie. The
solid curves are one-parameter least-squares fits
as described in the text. Note the expanded scale of {c).
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FIG. 3. Feynman diagrams suggesting a procedure
for determining the coupling constants 1
and y~ (or I'&~~0+&, y&&», and y&) as described by
Gell-Mann and Zachariasen (reference 4).
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pole, and where the coupling constants are de-
fined by Gell-Mann and Zachariasen. '

If we take this as showing the existence of such
a pole, we are left with the problem of determin-
ing which vector mesons are contributing. The
situation is still too complicated to proceed rig-
orously but, partly for illustrative purposes, we
investigate two simple hypotheses: (1) The rl has
spin 1 and completely dominates our data. (2) The
e completely dominates our data.

In support of either of these hypotheses we can
make the following comments. The evidence for
the existence of the f is somewhat tentative. Ev-
idence of Ruderman et al. ' on the coherent photo-
production of m"s from complex nuclei indicates
that at least a large portion of the polelike behav-
ior which we observe comes from the exchange
of a T =0 vector meson. In the unitary symmetry
scheme of Gell-Mann, ' the cross section with the
~ exchanged is expected to be three times as large
as that with the p exchanged.

The evidence of Rosenfeld et al. ,
' which tends

to indicate that the spin of the g is 0, argues
against our first hypothesis. As is clear from
our Fig. 2(c), however, our data is more easily
interpretable with the lower mass of 550 MeV
for the exchanged meson, and, hence, we consid-
er this possibility.

As shown by Eq. (1), we can obtain from our
data a value for the product of coupling constantsI', (y && &&'/4w). We have done this,
following Moravcsik, by making least-squares fits
to the data multiplied by (cos8 -cos8,)', with fit-
ting functions Q0 A. cos 8 and extrapolating to the
pole. For mass 550 MeV, this prescription unam-
biguously yields I' v, + (y &&'/4v) =60+4 keV. '
For ~'s we get good fits with n ~ 3 and as the value
o& I'~ „,+ (y~~&'/4v) we obtain 0.63 +0.06 MeV
for n =3, and 0.98+ 0.21 MeV for n =4. %e must
warn that in this case the extrapolation is quite
daring, the pole being at cos& =1.84, and that the
quoted errors, although well defined, ' are only
weakly related to our actual ignorance of the cou-
pling constant in question, even under our hypoth-
eses. The degree to which the n =3 and the n =4
values disagree is a better indication of the actual
error.

Given that we know the value of the product
I' „(y &&'/4v) (which we take to be 0.67
MeV), and knowing one of the isoscalar electro-
magnetic form factors and the n lifetime, Gell-
Mann and Zachariasen have given a prescription
for calculating I' „and y && (as well as+ y cuNN
another coupling constant y~) individually. This

possibility is illustrated in Fig. 3. Figure 3(a)
implies our Eq. (1), while Figs. 3(b) and 3(c) im-
ply Eq. (4.22) of reference 4,

S ~y (uNN~ I (u ) ( (uNN)r
(2)

and Eq. (5.12)' of reference 4,

(d m11 +y (d &d

mp+p (d

Taking y &&/y as" 1.2 and the v' lifetime as 1.9
x10 "sec," and solving the three equations, we
get y '/4v =1.6, y~~~'/4v =2.3, and I'~ vo+
=280 keV.

If we return to our other hypothesis, we can
solve the same triplet with v replaced by q and
(using y~~~/yq = 1.2) get yq~~ /4t =1.3, y /411

=0.88, and I
& ~0+ =47 keV.
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The purpose of this note is to report the ex-
istence of marked departures from phase space
in the effective-mass distributions for the =~
and KK states. We present evidence that, in
about 257& of the events observed, the =m state
results from the decay of a resonant state (:" )
with a mass of 1535 MeV and a full width of &35
MeV. The observed anomaly in the KK effective-
mass distribution is possibly open to different
interpretations. If we assume it to be due to the
decay of a resonant state K, we find that MK*
= 1020 MeV, and that it has a full width of 20 MeV.
However, it may also be possible to explain the
effect as due to S-wave KK scattering. These
results, as well as preliminary evidence con-
cerning the properties of the " and K, are
discussed below.

The data for this experiment were obtained in
an exposure of the BNL 20-in. hydrogen bubble
chamber at the Brookhaven AGS. Details of the
exposure and beam have been previously dis-
cussed. ' Data were obtained both at 2.24 and
2. 5 BeV/c. The sample reported on here con-
sists of 79:"~ and 37 KK combinations from the
following production modes:

For each of the above reaction types, the distri-
butions of the square of the effective mass, de-
fined by

were obtained. The results are shown in Figs.
1 and 2 in the form of Dalitz plots with. Uef f'
distributions projected onto the appropriate axes.
The departures from the phase-space predictions
are 3 standard deviations for the =m and 2.5
standard deviations for the KK effective-mass-
squared distribution. This estimate of error is
based on the square root of the total number of
events in the bins containing the peaks in the =&I

and the KR Dalitz plots (see Figs. 1 and 2). Note

NUMBER OF EVENTS
0 5 IO I5 20 25 30

I

1 I I I

K +

V—CLS

+ 0.4

K +p ~ " +m++K
P +K+

+m +K
='+7)p+Kp

—A+K'+K'
A+K +K

(1a)
(lb)
(1c)
(ld)

(2a)
(2b)

' 68 EVENTS AT 2.24 BeV/c
I I EVENTS AT 2.50 BeV/c

2.0 2A 2.8 3g 3.6
M (I~) xIO (MeV}

-I25 P
-20 ~~

- I5u
O

— IO ft:
UJ

5 g
0

4D

All events were measured and analyzed using the
BNL TRED-KICK system. Except for Reaction
(ld), 'we believe the contamination from other
topologically similar event types to be negligible.

FIG. 1. The Dalitz plot for the channel "&R pro-
jected on the M (K-) and the M ("z) axes. The solid
curves on the projections are the invariant phase-
space curves normalized to the total number of events.
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