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We have measored the cross section for the photoproduction of di-pions in the mass
range 0.9-2.2 BeV/c2. The experiment was performed with a 16-BeV bremsstrahlung
beam on a Be target. Upper limits on the cross section for photoproduction of high-
mass vector mesons are. determined.

Most of the previous studies of di-pion photo-
production have been confined to the mass range
M «& l. BeV/c' where p production dominates.
Two studies of high-mass production at forward
angles and at photon energies less than 9 BeV
have been reported in the literature. " The work
reported here covers the range of momentum
transfer ~It-t;„~ -0.3 (BeV/c)' and di-pion de-
cay angle 8,„, ~cos8, „~ - 0.6.

The experimental technique, described in
more detail elsewhere, ' consisted of a 16-BeV
bremsstrahlung beam incident on a Be target
which was followed by an analyzing magnet and a
system of scintillator hodoseopes and wire spark
chambers. The geometry of the system was aI'-
ranged so that the di-pion mass acceptance (for
energies &14 BeV) extended from O.V to 2.5 BeV/
c' and was vexy insensitive to mass from 1 to 2
BeV/c'.

As the incident photon and target recoil were
not observed, each event was analyzed on the as-
sumption that the reaction was of the form @+A
-4+m'+~ . A comparison of the energy spectra
of the di-pions and the incident photon beam re-
veals that for E« ~ 14 BeV, the upper llmlt on
the inelastic contamination is 10% for M, „«1.0
BeV/c' and 25% for 1.0 «M„«2.0 BeV/c'.

The spectrometer acceptance was unfolded
froDl the obseI'ved dlstI'lbutlons with the assump-
tion that the cross section was azimuthally uni-
form in the helicity system.

We observed a total of 620 events in the inter-
vals E« ~14 BeV, ~t t;, ~

«-0.3 (BeV/c)', 0.9
«M„«2.2 BeV/c', and ~cos8„„~ «0.6. The dis-
tribution of weighted events versus polar decay
angle 8„, evaluated in the helieity system is
shown i.n Fig. 1. The cutoff at cos0« =0.6 is im-
posed by the acceptance. The data are consis-
tent with P-wave-dominated di-pions following a
sin'8, „distribution indicated by the smooth
curve.

The momentum-transfer distribution i.s shown
for two mass regions ln Flg. 2. rt ls clear from
the data that this distribution changes significant-
ly as the di-pion mass is varied. This change
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I'LG, 1. Weighted events versus Icos8« I in the heli-
city system. 1.0»M«» 2.0 BeV/c, It-t~t„ I» 0.2
(BeV/c)', and E«-14.0 BeV.
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FIG. 2. Momentum-transfer distributions for E«- 14.0 BeV, lcos0«l~ 0.6, 0.8-M«~ 1.0 BeV/c2
{open circles), and 1.0~M«~ 2.0 BeV/c' {closed cir-
cle). Smooth curves are drawn only as a viewing aid.

cannot be explained by the nuclear form factor.
In Fig. 3 we plot versus M « the ratio of the for-
ward [f =t~;„=-(M«'/2E„)'] cross section to
the cross section at f-f;„=-0.12 (BeV/c)'. The
curves are calculations of the expected ratio as-
suming (a) that the effect is due solely to the
variation of the nuclear form factor with t~;„,e'5™",and (5 through d) that, in addition to (a),
there is Drell-type di-pion production that inter-
feres with the p production. ' This model pre-
dicts that the t slope of the elementa. ry process
y+p -p+a'+ v depends upon M„and is sup-
ported, for M, „~1.4 BeV/c', by experiment. '
In Figs. 3 and 4, curves 6-d assume different
functions for the p width:

Mo1 ~= I'p
~zm ~p

++2q 2

+ Q'

with q the pion momentum in the m-m c.m. , M
=0.765 BeV/c', I'z =0.140 BeV, and R'=2.3
(BeV/c) '.

In Fig. 4 we show the weighted yield [for If

-f;„I«0.046 (BeV/c)'j versus M„and the ex-
pectations (normalized to the p peak) based on
the model of p production plus interfering Drell-
type di-pions. ' This small-t region, where co-
herence dominates, would most sensitively re-
veal the presence of any vector mesons.

There is no consistency between the data and

the model-dependent calculations as displayed in
Figs. 3 and 4. Although the precise manner in
which the p tail disappears is unknown, we be-
lieve that the widths I"~ and F„represent the ex-
tremes and that the truth is intermediate to these.
An upper limit for any di-pion production do„/
dM„, in excess of p and Drell-type production
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PIG. 4. Variation of yield versus M« for }t-t~;„I

—0.046 {BeV/c)2, lcoas«l~ 0.6, and E«- 14.0 BeV.
{Data for N „-0.9 BeV/c acquired from our study of
p photoproduction at 16 BeV, ) Dashed curve is the cal-
culated acceptance and the solid curves are explained
ln te%,
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FIG. 8. Variation with M«of ratio of cross sections
at f = f ~;„to that at f-f~;„=-0.12 {BeV/c)~. E«- 14.0 BeV, }cosg«}~ 0.6. Curves explained in text.
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can be deduced from the difference between the
data and curve d, Fig. 4. Assuming that all di-
pions have a sin'O„distribution we deduce at
M„=1.4-1.6 BeV/c' the upper limit

doe/dMwe -10 (&&/dMm~)u„=u ~

If we attribute this possible excess to the produc-
tion of a vector meson which couples directly to
the photon and further assume I'„=I'z and unit
branching ratio to two pions, then we conclude
that g„&'/g~z' ~10 ', g„&' being the direct meson-
photon coupling strength. We can also deduce an
upper limit for f(1260) production of 2x10 '~,
the factor of 2 arising from the difference in the
acceptance of a 1 and 2' di-pion system. Coher-

ent photoproduction of a 2' state violates C con-
servation and the ratio of forbidden to allowed
cross section of 2&10 ' enables one to delimit the
violation.
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u-meson photoproduction cross sections, summed over elastic (yN cuN) and inelas-
tic (yN- cuN ) channels, have been measured from hydrogen and deuterium targets.
The results agree with a calculation which includes only elastic and + (1286}channels,
suggesting that photoproduction of higher resonances is small. No evidence is found
for I =1 natural-parity (e.g. , A, ) exchange.

Experimental studies of v-meson photoproduc-
tion have been limited to date to two counter ex-
periments using complex nuclei as targets, "and
a few hydrogen bubble chamber experiments. ' '
This Letter presents results of the first counter
experiment utilizing hydrogen and deuterium
targets. Unlike most of the bubble chamber ex-
periments, inelastic a& photoproduction (yN- ~N*)
is detected, as well as elastic (yN- &uN), pro-
viding information about the inelastic cross sec-
tion. Use of both hydrogen and deuterium gives
information about the spin-isospin structure of
the production amplitudes. In particular, the
prediction of substantial A, exchange, suggested
by the yP, yn total hadronic cross-section differ-
ence, '9 is investigated.

Using a 9.1-6eV bremsstrahlung beam from
the Cornell electron synchrotron, photoproduced
(d mesons were detected through their ~'~ m

decay. The equipment is nearly identical to that
described in Ref. 1. The target was a 5-cm-diam

liquid-filled cup. The charged pions from ~ de-
cay were momentum analyzed by deflection in a
dipole magnet, and their tracks recorded with a
wire spark-chamber system. The momentum
and mass of the n' were det;ermined by measure-
ment of the energy and position of the decay y
rays. Knowing the direction, but not the energy,
of the primary y beam, all kinematical variables
of the photoproduced ~ could be computed. How-
ever, the degree of excitation of the target could
not be determined. Thus, a sum of reactions of
the type

was measured, subject to the conditions that the
~ had an energy greater than 5 GeV, and that no
particles other than those from ~ decay were
registered by the detection equipment. Neutral
particles, and charged particles below 1 GeV/c,
had very small chance of registering. Thus, in
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