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F. Bulos, W. Busza,{ R. Giese, E. E. Kluge, R. R. Larsen,
D. W. G. S. Leith, B. Richter, and S. H. Williams
Stanford Lineav Accelevator Centev, Stanfovd University, Stanforvd, Califovnia 94305

and

B. Kehoe
University of Mavyland, College Park, Mavyland 20742

and

M. Beniston
IBM, Palo Alto, California 94304

and

A. Stetz
Lawrence Radiation Laboratory, Berkeley, California 94720
(Received 30 November 1970)

We have measured the cross section for the photoproduction of di-pions in the mass
range 0.9-2.2 BeV/c?. 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 <1 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 |t—¢ ;.| <0.3 (BeV/c)? and di-pion de-
cay angle 6,,, |cosd,,|<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 hodoscopes and wire spark
chambers. The geometry of the system was ar-
ranged so that the di-pion mass acceptance (for
energies 214 BeV) extended from 0.7 to 2.5 BeV/
¢® and was very insensitive to mass from 1 to 2
BeV/c2.

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 y +A
~A+7"+717. A comparison of the energy spectra
of the di-pions and the incident photon beam re-
veals that for E,, =14 BeV, the upper limit 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
from the observed distributions 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,, 214 BeV, |t—t;,| < 0.3 (BeV/c)? 0.9
<My, <2.2 BeV/c? and |cosf,,|<0.6. The dis-
tribution of weighted events versus polar decay
angle 6,, evaluated in the helicity system is
shown in Fig. 1. The cutoff at cos6,,=0.6 is im-
posed by the acceptance. The data are consis-
tent with p-wave~dominated di-pions following a
sin®0 ;, distribution indicated by the smooth
curve,

The momentum-transfer distribution is shown
for two mass regions in Fig. 2. It is clear from
the data that this distribution changes significant-
ly as the di-pion mass is varied. This change
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FIG. 1. Weighted events versus |cosf,,| in the heli-
city system. 1.0SMy,<2.0 BeV/c?, lt—t,1<0.3
(BeV/c)?, and E ;= 14.0 BeV.
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FIG. 2. Momentum-transfer distributions for E
=14.0 BeV, lcosf,,1<0.6, 0.8<M,=<1.0 BeV/c?
(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 [t =t i, =~M ;.2/2E ;,)%] cross section to
the cross section at t—¢;, =—~0.12 (BeV/c)?. The
curves are calculations of the expected ratio as-
suming (@) that the effect is due solely to the
variation of the nuclear form factor with £ ,;,
e*tmin_ and (b 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 elementary process
y+p~p+n*+7m” depends upon M, and is sup-
ported, for M., <1.4 BeV/c? by experiment.’
In Figs. 3 and 4, curves b-d assume different
functions for the p width:

M, q°
r,=r —e 1
b pr" qpsy

1+R% °?
Te=To T R

Ty=Tp for Myq 2Mp,

with ¢ the pion momentum in the 7-7 c.m., M,
=0.765 BeV/c? TI',=0.140 BeV, and R?=2.3
(BeV/c)™2.

In Fig. 4 we show the weighted yield [for |t
—t.in| <0.046 (BeV/c)?] 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
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FIG. 3. Variation with M, of ratio of cross sections
atf=¢,;, to that at f—f,,;,==0.12 (BeV/c)?, Eyq
=14.0 BeV, lcosf,;|<0.6. Curves explained in text.

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 I'; 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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FIG. 4. Variation of yield versus M p for |£—f ;.|
=< 0.046 (BeV/c)?, lcosO,,|<0.6, and E,;,= 14.0 BeV.
(Data for M ;< 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
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®g,, distribution we deduce at
Myy=1.4-1.6 BeV/c? the upper limit

dov/dew $10 -2(d0/dM1r1r)M.,m=Mp'

If we attribute this possible excess to the produc-
tion of a vector meson which couples directly to
the photon and further assume I',)=T", and unit
branching ratio to two pions, then we conclude

that g,,%/g,,2<107% g,,® being the direct meson-

photon coupling strength. We can also deduce an
upper limit for f(1260) production of 2x10 %0,
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 2x1072 enables one to delimit the
violation.
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sion.

fNow at Physics Department, Massachusetts Insti-
tute of Technology, Cambridge, Mass, 02138, and
DESY, Hamburg, Germany.

IN. Hicks et al., Phys. Lett. 29B, 602 (1969).

’G. McClellan et al., Phys. Rev. Lett. 23, 718 (1969).

’F. Bulos et al., Phys. Rev. Lett. 22, 490 (1969).

‘p. Soding, Phys. Lett. 19, 702 (1966).

SH. H. Bingham ef al., Phys. Rev. Lett. 24, 955
(1970). -

Photoproduction of «w Mesons from Hydrogen and Deuterium#*

H.-J. Behrend,t C. K. Lee, F. Lobkowicz, E. H. Thorndike, and A. A. Wehmanni}
Department of Physics and Astvonomy, Univevsity of Rochestevr, Rochestev, New Yovk 14627

and

M. E. Nordberg, Jr.

Laboratovy of Nuclear Studies, Covnell University, Ithaca, New Yovrk 14850
(Received 25 November 1970)

w-meson photoproduction cross sections, summed over elastic (yYN— wN) and inelas-
tic (yN— wN*) channels, have been measured from hydrogen and deuterium targets.
The results agree with a calculation which includes only elastic and N*(1236) channels,
suggesting that photoproduction of higher resonances is small. No evidence is found

for I =1 natural-parity (e.g., A4,) exchange.

Experimental studies of w-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.3™"
This Letter presents results of the first counter
experiment utilizing hydrogen and deuterium
targets. Unlike most of the bubble chamber ex-
periments, inelastic w photoproduction (yN - wN*)
is detected, as well as elastic (yN— wN), 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, n total hadronic cross-section differ-
ence,®® is investigated.

Using a 9.1-GeV bremsstrahlung beam from
the Cornell electron synchrotron, photoproduced
w mesons were detected through their 77 7°
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 w 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 7° were determined 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 w could be computed. How-
ever, the degree of excitation of the target could
not be determined. Thus, a sum of reactions of
the type

b N
ds “*32N

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

¥+ +kr, k=0,1,2, (1)
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