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ABSTRACT 

J/$ photoproduction has been measured from 

beryllium and tantalum targets by observing the 

yield of single muons at a transverse momentum of 

1.65 GeV/c with a bremsstrahlung beam of EO=20 GeV. 

The results have been interpreted in terms of a 

nuclear optics model to yield the psi-nucleon total 

cross section. The result is u 
YJN 

=3.5 + 0.8 mb. 

The measurement of the differential cross section for the reaction 

YN + W, elastic psi photoproduction from a nucleon or nucleus, in principle 

allows a determination of the psi-nucleon total cross section by means of 

the optical theorem and vector dominance arguments. Such measurements have 

indicated that CT 
W' 

the J/+-nucleon total cross section, is of the order of 
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1 rnb.lp2 This argument assumes that the forward psi-nucleon scattering 

amplitude is purely imaginary and that the value of (y +2/4n), the photon- 

psi coupling constant as determined from storage ring experiments, also 

applies to the case of real photons. 

It is therefore important to determine the value of CT ,,,N W-an 

independent method which does not involve the use of these assumptions. 

Measurements of the A dependence of J/$ photoproduction provide just such 

an independent determination of u 
W' 

The basic principle is the use of 

nuclear targets to measure the absorption by nuclear matter of the outgoing 

particle. If the outgoing particle lives long enough to traverse the 

nucleus, then by varying the path length in nuclear matter, (i.e. by the 

use of different size nuclei) and measuring the relative yield per nucleon, 

the total cross section can be deduced from a relatively simple nuclear 

optics theory. This technique has been used to determine the total cross 

section for the p, w, and (p vector mesons.3 

In a previous experiment at SLAC, J/$ and $' photoproduction measurements 

were made by detecting muon or electron pairs from psi decay.l This 

technique yields psi cross section measurements with very small background 

rates but has the limitation that the event rate is relatively low. Meas- 

urements of the A dependence are best done using targets with the same 

number of radiation lengths, and consequently the yield from the large 

A targets becomes prohibitively small if the double arm technique is used. 

During the course of the previous measurement made at this laboratory, it 

was determined that J/J, photoproduction could be studied with single arm 

measurements by observing prompt electrons from psi decay.4 Single arm 

measurements have the advantage that the yield is larger by approxi- 

mately a factor of 25. 
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The present experiment was designed for single arm measurements 

with muon detection. Muon detection has several advantages over electron 

detection. The Bethe-Heitler muon pair production yields are typically 

smaller by a factor of 3 compared to electron detection, and the extra- 

polations required to determine the prompt muon yield are, in principle, 

less involved than the extrapolation to zero radiator thickness required 

for the measurement of prompt electrons. 

The SLAC 20 GeV Spectrometer was used for these measurements. The 

spectrometer was unchanged from its arrangement in the earlier double arm 

measurement 1 except for the addition of a second gas Cerenkov counter. The 

targets were enclosed in a narrow helium-filled scattering chamber with thin 

aluminum beam-windows. A hadron absorber, consisting of a set of iron slabs, 

was arranged in such a way as to provide a variable absorber thickness and 

a decay space of variable length between the target and the entrance to the 

spectrometer. The slab closest to the target was lined with tungsten in 

order to minimize the physical length of the first hadron interaction length. 

Figure 1 shows a detailed view of the target assembly and hadron absorbers. 

The optimum amount of hadron absorber (- 7 absorption lengths) was 

established by measuring the muon yield as a function of absorber thickness 

and selecting the minimum amount consistent with negligible hadron punch- 

through. Data for the A dependence measurements were taken with 1-1~ rather 

than ~-r + in order to minimize kaon punch-through and decay muons from K decay. 

The quality of the signal was established by measuring the muon yield as 

a function of transverse momentum from 1.0 GeV/c to 1.85 GeV/c and observing 

the increase in muon yield at pI ~1.5 GeV/c resulting from the onset of the 

J/$ production contribution. The kinematic conditions chosen for the 



measurements were a muon momentum p =9.0 GeV/c corresponding to a 
0 

spectrometer momentum p=6.54 GeV/c due to energy loss in the hadron 

absorber, and a bremsstrahlung end point energy Eo=20 GeV. The yield as 

a function of transverse momentum was obtained by varying the spectrometer 

angle, keeping the hadron absorber thickness fixed. 

A yield curve taken with a beryllium target is shown in Fig. 2. 

The contribution from J/$ decay is clearly evident. The background was 

assumed to consist of muons from hadron decays and Bethe-Heitler pair 

production with the requirements that (1) for pL values below 1.0 GeV/c 

these contributions should fully account for the muon yield and (2) for 

pl values in the psi region that muon yield with this background subtracted 

should agree with psi cross sections which were determined by the double 

arm measurements. The same background assumptions were made for the 

Tantalum target. The prompt muon yield from Bethe-Heitler production was 

determined from the cross section calculations and computer program of 

Y. S. Tsai.' The muon contribution from II and K decays was determined for 

both targets from direct measurements of the pion yield taken with no 

absorber. Most of the A dependence data were taken at a transverse momentum 

setting of p,=1.65 GeV/c, as a reasonable compromise between counting rate 

and background, with N 0.3 radiation length beryllium and tantalum targets. 

The empty target rates were less than 5% of the tantalum rate and an order 

of magnitude smaller for the beryllium target. Approximately 4000 beryllium 

and 1200 tantalum muon events were accumulated over a one week period at 

beam intensities of about 10 10 equivalent quanta per pulse. 

The J/$-nucleon total cross section was determined from the measured 

ratio of the psi production yields from beryllium and tantalum. Several 
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corrections must be made to this ratio before it is directly applicable 

for a determination of o 
W' 

1. The cross section ratio per nucleon at ~~-1.65 GeV/c was measured 

to be a(Be)/o(Ta) = 1.19 + 0.04. Muons from hadron decays were determined 

to be 0.11 of the total muon yield with a measured A dependence for rr- 

at the same kinematic conditions of o(Be)/o(Ta)lT+u = 1.18 2 0.01. The 

muons from K- decay are a factor of 5 less than those from T- decay and 

are therefore not large enough to produce a significant muon background. 

Bethe-Heitler production was calculated to be 0.20 of the total muon yield 

with an A dependence o(Be)/o(Ta) lBWH=1.03. These background sources of 

muons fully account for the muon yield at pL values below the step due to 

J/$ production and give a cross section in good agreement with the double 

arm data as indicated in Fig. 2.l The cross section ratio corrected for 

these backgrounds is o(Be)/a(Ta)l = 1.25 + 0.07 with muons from psi decay 
4J 

comprising -0.69 of the total. The results is relatively insensitive to 

the precise background admixture.6 

2. The cross section ratio for muons from psi decay must also be 

corrected for several A dependent nuclear physics effects. The single 

nucleon psi cross section was assumed to be related to the cross section 

from a nucleus A by the relation 

%A 
=A eff '# - IF(t) 12}c + Afff +t) I2 , 

where F(t) is the nuclear form factor 7 at momentum transfer t and C is a 

correction factor which takes into account the Pauli exclusion principle 

and the effect of the motion of the nucleons. The use of Aeff rather than 

A reflects the effect of psi absorption in nuclear matter. The 
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A2 eff 'yNiFct) 1 2 term represents the coherent production contribution. 

The correction factor C was calculated using a Fermi gas model for the 

nucleus. The values of the Fermi momentum PF used for these corrections 

were PF(Be) = 0.195 GeVjc and PF(Ta) = 0.265 GeV/c as determined from 

quasi-elastic electron scattering measurements.* The Pauli principle 

correction slightly suppresses fncoherent production from Ta relative to 

Be while the Fermi motion correction enhances Ta relative to Be. The 

latter correction arises from the energy dependence of the J/$ cross 

section. These corrections were analytically calculated and integrated 

over the full range of photon energies and momentum transfers which con- 

tribute to the psi production. The J/G production cross section was 

parametrized from the results of the earlier double arm measurements and 

a series of measurements made in conjunction with the present experiment.lyg 

The mean photon energy contributing to the J/Q yield is approximately 17 GeV 

with an RMS spread of 2 GeV, while the momentum transfer contribution is 

dominated by the region near t 
min' The corrections are tabulated in 

Table I and multiply the o(Be)/o(Ta)l+ ratio to yield a corrected ratio 

for incoherent psi production o(Be)/o(Ta)l$ corrected = 1.21 + 0.07. 

The quantity oqN is determined from this corrected ratio based on a 

simple nuclear optics theory of Gottfried and Yennie.l' The effective A 

value for incoherent J/IJJ production is determined from an integration over 

nuclear density and impact parameters and is related to o 
W 

in the follow- 

ing approximate way: 

A ,,,/A = [l - gulpP 1'3/(16arf)] , 

where r o is related to the nuclear radius by R = roA l/3 . The nuclear 
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parameters for beryllium and tantalum were determined from the Landolt- 

Bb;rnstein compilation of electron scattering data' and the measurements of 

effective nuclear radii as determined from rho photoproduction data by 

Alvensleben et al.ll The uniform model radii used for the determination 

- Of ‘$N 
were r o Be = 1.45 fm and r. Ta = 1.25 fm, yielding 

I 

%N = 3.5 + 0.8 mb, 

12 
where the error is statistical only. The systematic error arising from the 

various corrections is estimated to be - + 0.5 mb. 

This value of o$N is to be compared to the approximate value of 1 mb 

based on the J/$ photoproduction cross sections and vector dominance 

arguments. 'y2 The psi-nucleon cross section is significantly different 

from zero and the present value based on a measurement independent of 

vector dominance and amplitude phase gives a value for o 
YJN 

in general 

agreement with, but somewhat higher than, the value based on vector 

dominance ideas. 
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TABLE I. Nuclear physics corrections to 

the psi yield. The correction factors 

multiply the ratio o(Be)/o(Ta)I$. 

Coherent Production 0.967 

Pauli Exclusion Effect 0.948 

Fermi Motion 1.060 
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FIGURES 

FIG. 1. Plan view of the target area showing details of the target and 

the hadron absorbers. 

FIG. 2. Muon yield as a function of transverse momentum obtained with a 

beryllium target. The dashed lines indicate the calculated 

background contributions and the solid line shows the fitted 

total muon yield including the J/Q production contribution. The 

transverse momentum is varied by changing the spectrometer angle. 
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