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ABSTRACT 

We have measured the cross section for the photoproduction of 

dipions 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. 
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Most of the previous studies of dipion photoproduction have been confined to 

the mass range Mrr - < 1 BeV/c’ where rho 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. 192 The work reported here covers the 

range of momentum transfer It-t,mi < 0.3 (BeV/c) 2 and dipion decay angle 

t& lcos Onn 1 I 0.6. 

The experimental technique, described in more detail elsewhere, 3 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 D The geometry of the system was arranged so that the dipion mass 

acceptance (for energies 2 14 BeV) extended from 0,7 to 2.5 BeV/c’ and was 

very insensitive to mass from 1 to 2 BeV/c’. 

As the incident photon and target recoil were not observed, each event was 

analyzed assuming the reaction was of the form y + A - A + 7r+ + ?rIT-. A compari- 

son of the energy spectra of the dipions and the incident photon beam reveals that 

for Enr _ > 14 BeV, the upper limit on the inelastic contamination is 10% for 

M mr 5 1.0 BeVjc2 and 25% for 1.0 < Mnn 5. 2.0 BeV/c’, 

The spectrometer acceptance was unfolded from the observed distributions 

with the assumption that the cross section was azimuthally uniform in the helicity 

system D 

We observed a total of 620 events in the intervals Enr 1 14 BeV, 

I t-tmin( I 0.3 (BeV/c)2, 0,9 5 M,, 5 2.2 BeV/c2, and )cos 0~~1 5 0,6. The 

distribution of weighted events versus polar decay angle 8rr evaluated in the heli- 

city system is shown in Fig. 1. The cutoff at cos 8?nr = 0.6 is imposed by the 

act eptanc e 0 The data are consistent with p-wave dominated dipions following a 

sin2 8 ~~ distribution indicated by the smooth curve. 
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The momentum transfer distribution is shown for two mass regions in 

Fig. 2. It is clear from the data that this distribution changes significantly as 

the dipion mass is varied. This change can not be explained by the nuclear form 

factor. In Fig. 3 we plot versus M,, the ratio of the forward 
( 
t’tmin=-(Mt1/2ETd2) 

2 cross section to the cross section at t-tmin=-0. 12 (BeV/c) 0 The curves are 

calculations of the expected ratio assuming (a) that the effect is due solely to the 

variation of the nuclear form factor with tmm, , and (b) through (d) that, 

in addition to (a), there is Drell-type dipion production that interferes with the 

rho production. 4 This model predicts that the t-slope of the elementary process 

Y+P + p + 7r+ + 7r- depends upon Mm and is supported, for Mnn < 1.4 BeV/c2, 

by experiment 5 In Figs. 3 and 4, curves (b) - (d) assume different functions for 

the rho width: 

MP q3 rb = rp M - 
mr q3 

P 

1 + R2q2 
rc = rb P 

1 + R2q2 

rd = rp for Mnn 1 M 
P 

with q the pion momentum in the 7r-r c, m. , M P = 0.765 BeV/c 2,rp = 0.140 BeV, 

and R2 = 2 D 3 (BeV/c)-2 0 

In Fig. 4 we show the weighted yield 
( 
for 1 t-tminI i 0.046 (BeV/c) 2 

1 versus 

M ~~ and the expectations (normalized to the rho peak) based on the model of rho 

production plus interfering Drell-type dipions. 4 This small t region, where 

coherence dominates,would most sensitively reveal the presence of any vector 

mesons 0 

There is no consistency between the data and the model dependent calculations 

as displayed in Figs 0 3 and 4, Although the precise manner in which the rho tail 
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disappears is unknown we believe that the widths lTb and lTd represent the extremes 

and that the truth is intermediate to these. An upper limit for any dipion produc- 

tion dcr d dM,, _ in excess of rho and Drell-type production can be deduced from 

the difference of the data and curve d, Fig. 4, Assuming that all dipions have a 

sin2 e =~ distribution we deduce at MTn = 1.4-l. 6 BeV/c’ the upper limit 

dcrJdM,, 5 10 -2 (do/dMTT (M,,=Mp$ If we attribute this possible excess to 

the production of a vector meson which couples directly to the photon and further 

assume TV= rp and unity branching ratio to two pions, then we conclude that 

g:,/pp”, I 10-2, g2 
VY 

being the direct meson-photon coupling strength. We can 

also deduce an upper limit for f(1260) production of 2 X 10 -2 up , the factor of 2 

arising from the difference in the acceptance of a l- and 2+ dipion system. 

Coherent photoproduction of a 2+ state violates C conservation and the ratio of 

forbidden to allowed cross section of 2 X 10 -2 enables one to delimit the violation. 
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FIGURE CAPTIONS 

1. Weighted events versus lcos Bnnl in the helicity system. 

1.0 5 M,, 5 2.0 BeV/c’, It-tminI 5 0.3 (BeV/c)2 and E,, 2 14.0 BeV. 

2. Momentum transfer distributions for E,, 2 14.0 BeV, lcos enr I_< 0.6 and 

(a) 0.8 < Mnn I 1.0 BeV/c’ and (b) 1.0 5 M,, 5. 2.0 BeV/c’. Smooth 

curves are drawn only as a viewing aid. 

3. Variation with M,, of ratio of cross sections at t’t,m to that at 

t-tmin = -0.12 (BeV/c)2. E,, > 14,O BeV, jcos enn I < 0.6. Curves 

explained in text. 

4. Variation of yield versus M,, for It-tminl 5 0.046 (BeV/c)2, lcos errI 5 0.6 

and E,, > 14.0 BeV. (Data for M,, _ < 0.9 BeV/c’ acquired from our study 

of rho photoproduction at 16 BeV.) Dashed curve is the calculated acceptance 

and the solid curves are explained in text. 
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