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We have investigated the photoproduction of the pro- 

cess y -t P -3x 
+ + N over a wide range of energies and u-values 

*-I-+ 
at the SLAC accelerator. We also have investigated y I- P -+fi- + N 

at one value of u, and y + P +K' + A', Co at one u value and 
i 
I three energies. Our results for da/du for the photoproduction 
i 

of 37 + mesons from hydrogen are roughly OZ/& of the corresponding 

cross-sections for the elastic scattering of fi rmeaons-~r~il-~~~~~r~~ii. 

The u-dependence of our cross-sections is not dominated by nucleon 

exchange as it is in the case of rrsP elastic scattering. 
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A large body of data now exists in the 3-16 GeV range on r-meson scattering 

at large center-of-mass angles. 1 In particular, r+P and n-P elastic scattering 

appear to be explained by the Re 2 gge exchange of the nucleon and A trajectories. 

7?P elastic scattering appears to proceed in the u-channel, predominately through 

the exchange of a nucleon,- with a characteristic sharp dip in the cross section at t- - ..._~ -- 
u = -. 2 (GeV/c) 2 corresponding to a nonsense value of the wrong signature of the nucleon 

t Regge trnjcctory. For n-P only the Atrajectory (isospin 3/2) can be exchanged and this 

) cross section shows no pronounced dip. For photoproduction, both nucleon andisobar 

i exchange are permitted in the u-channel in principle, and accordingly similar dips might 

be expected in these cross sections. We have investigated the photoproduction of 

processes Y I- P-n’ + N over a wide range of energies and u-values at the SLAC 

accelerator. We have also investigated y + P-r- f N ‘d-f- at one value of u, and 

K-meson production y -k P -K+ + k or Co at one u-value and three energies. 

The experimental method consisted of running the electron beam of the SLAC 

accelerator through a variable copper radiator located just in front of a liquid 

hydrogen target (see Pig. 1). The resulting beam of electrons and photons passed 

through the target. The thin walled target cell containing the liquid hydrogen was 

a cylinder 12 inches long by 3 inches in diameter. The electron beam was monitored 

to - 2% precision with both a toroid monitor and a SEM (secondary emission monitor). 

The r+ mesons were analyzed with a 10011 radius, gO’vertica1 bendspectrometer. The 
,.. 

spectrometer focussed the horizontal production angles and momenta onto a single 

focal plane. It was second-order corrected so that the focal plane was normal to 

the beam of particles. Five hodoscope counters were used to split up the focal 

plane. Four large scintillation counters, separated by the hodoscope and two vari- 

able absorbers, were used as trigger counters. The counter system was rotatable 



so that the hodoscope counters lay along lines of constant missing mass. Suf- 

ficient absorber was introduced between the trigger counters so that electrons 

were lost by radiation, protons could not penetrate and only n-mesons were re- 

corded. Geometric and absorption losses of the r-mesons were determined ex- 

perimentally. Losses due to decay in flight were estimated by calculation. 

For K-meson detection we used a differential Cerenkov counter and time- 

of-flight criteria. The time-of-flight information was obtained by chopping the 

primary electron beam and measuring the arrival times of the particles at the 

first trigger counter relative to the arrival time of the primary beam. 

Data was taken by holding the primary beam energy and the ang1.e of the spec- 

trometer fixed and varying the acceptance momentum of the spectrometer. 

Figure 2 shows a typical excitation curve as a function of spectrometer momentum 

at u= - 0.19 (GeV/c) 2 for a 5-GeV peak energy incident bremsstrahlung beam. 

Even with the spectrometer set to accept momenta above the kinematic threshold 

for 71-+ meson production there is still background due to double processes within 

the target. At the point at which it is kinematically allowed to produce T’ mesons 

the cross section rises rapidly as the spectrometer momentum is decreased. At 

still lower momenta pions associated with multiple pion production contribute to 

the yield. At higher primary energies the backgrounds from double processes 

within the target became increasingly important relative to the direct single photo- 

productions of pions, and at primary energies above 12 GeV it was no longer pos- 

sible to make significant cross section measurements. The backgrounds were 

extensively studied as a function of momentum so that reliable background sub- 

tractions could be made. Cross sections were evaluated by taking into account 

the detection efficiency of the counters, the errors in background estimates, the 

effective photon fluxes, and the effective primary energy for de meson production 

at the point at which the cross section was evaluated. 



Figure 3 shows our da/du values for 7rf production and K+ production as a 

function of u at various primary energies. The curves show little structure, 

and 1,211 monotonically with energy for fixed u values. 

The fall off with energy of cross sections da/du evaluated at fixed u is 

proportional to s -2.9+ .5 over the range of u values and energies measured. 

The data is thus consistent with a non-shrinking backward cross section. At 

fixed primary photon energies, da/du as a function of u shows no dip at - 

u= -. 2(GeV/c)2 as would have been expected if nucleon exchange played a 

dominant role in this photoproduction process. 172 

As a side product of some “parasite 11 runs we obtained a measurement for 

Y-tP-i-t-N *-I-+ and found its cross section to be in the range 0.5 to 1.5 of 

that for y + P -n4 
80 

I- N at an energy of 5-GeV and u = + . Osl(GeV/c) 2. In our 

K3‘ measurements, we did not separate y + P-K’ A0 production from K’ Co 

production but measured the sum of the two processes. The combined cross 

sections for K’ A” and K’ Co production are shown plotted with dashed error 

bars in Fig. 3. The values obtained are close to those obtained for ? photo- 

production. 4 

CXlr cross sections da/du for photoproduction of $- mesons from hydrogen 

are roughly a/2n of the corresponding cross sections for elastic scattering of 

7r- mesons from hydrogen. We conclude from our results on the phot.oproduction 

of $- mesons that, in the framework of Regge theory, the u-dependence of our 

cross sections is not dominated by nucleon exchange as it is in the case of fl+P 

elastic scattering. 5 

We are grateful to E. A. Paschos for discussions on the theoretical interpre- 

tation of our results, to J. Brandt, E. Taylor, and J. Grant for help in the con- 

struction of the apparatus and spectrometer, and to the work of the support and 

operations groups of the SLAC accelerator in making this experiment possible. 
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FIGURE CAPTIONS 

1. This figure shows the positioning of the spectrometer and counters relative 

to the beam line and target. The insert shows an enlarged picture of the 

counter array. 

2. Yield of n-mesons at rt~lab angle of 115’, and a peak I)rcillsstr:~hlun~ energy 

of 5.0 GeV versus the momentum of the detected r-mesons. The calculated 

kinematic thresholds for the production of single r-mesons, and the threshold 

for two pion production are marked on the abscissa. The solid line represents 

our best background fit. The dashed line showing the rising yield is simply 

to guide the eye. The vertical arrow represents the contribution from single 

T-meson production. 

3. Plot of do/du in units nb/(GeV/c)2 versus u in (GeV/c)2 at photon energies 

of 2.8, 4.3, 6.7, and 9.8 GeV. Also marked on the curve are points for the 

combined cross sections da/du for K+A” and K’c” production at 4.5, 9.1 

and 13.4 GeV. These KA , KC points are marked with dashed error bars. 
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FIG. 2 
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Fig. 3 


