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ABSTRACT 

We have measured the ratio, Y’/Y-, of positron to electron in- 

elastic scattering yields from hydrogen and deuterium at four- 

momentum-transfers squared, Q2, between 2.4 and 14.9 (GeV/c)2. 

The ratios are consistent with Y+/Y- = 1 to within errors of a few 

percent. 

(Submitted to Phys. Rev. Letters.) 
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We report the results of a measurement of Y*/Y-, the ratio of the yield for 

inelastic position scattering to that for inelastic electron scattering from hydro- 

gen and deuterium, 1 which was carried out as part of a larger program of meas- 

urements of electron-proton and electron-deuteron scattering cross sections, 

using the SLAC spectrometer facility. This ratio is sensitive to the mechanism 

of the hadron-lepton interaction. For example, if in addition to the usually 

assumed one photon exchange process, there is also two photon exchange, the 

interference between the two occurs with a different sign for electrons and posi- 

trons, and the ratio of the cross sections goes like 1+4 Re (A2/Al), where Al 

and A2 are the amplitudes for one and two photon exchange, respectively. Also, 

the existence of a direct, nonelectromagnetic interaction between electrons and 

hadrons, as was suggested2 to explain certain features of the early e+e- storage 

ring results, 3 would lead, in some models, to a ratio appreciably different from 

unity. 

Previously, measurements had been made for elastic scattering for Q2 up to 

5 Gwc)2, and the ratios of cross sections were consistent with unity. 4 Some 

measurements have also been made for inelastic scattering using incident muons, 

but at lower Q2, with similar results. 5 

To make the present measurements, positrons were produced by the electron 

beam in a radiator6 one-third of the way down the Stanford linear accelerator 

and accelerated to a final energy of 13.9 GeV in the remaining two-thirds of the 

machine. In separate runs, a similar beam of electrons was also produced from 

the same radiator, as well as the usual electron beam accelerated directly from 

the electron gun. While the ordinary electron beam was of much higher intensity 

and thus yielded improved statistical accuracy, we took data with both types of 

electron beam to look for systematic effects due to differences in intensity, and 
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to possible differences in transverse phase space and energy spectrum. In fact, 

we found no significant differences in the data from the two types of electron 

beams; therefore, we averaged these yields to obtain the final results. 

The beam passed through slits which limited the maximum momentum 

spread to less than 0.75%. The intensity of the beam was about 5 x 1011 electrons/ 

pulse from the gun and 3 to 5% of this from the radiator. The transverse dimen- 

sions of the beams at the target were a few millimeters, and beam position and 

angle were maintained to about 1 mm and 0.1 mrad respectively. 

The total charge in the beam was measured in two independent current trans- 

formers which were calibrated using known amounts of charge. The charges 

measured by the two monitors always agreed to within 0.3%. 

The beams scattered in a 7-inch liquid hydrogen or deuterium target, and 

the scattered particles were detected in the SLAC 20-GeV magnetic spectrometer 

at 15 degrees and in the 1.6-G-eV magnetic spectrometer at 50 degrees, simul- 

taneously but not in coincidence. Each spectrometer was equipped with detectors 

to measure the angle and momentum of the scattered particles (multiwire propor- 

tional chambers in the 20-GeV spectrometer and scintillator hodoscopes in the 

1. &GeV spectrometer); and a Cerenkov counter and a segmented total absorption 

shower counter to separate electrons from hadrons. After we made cuts in the 

Cerenkov and shower counter pulse height distributions, the pion subtraction in 

the final sample was always less than 2%. 

We measured Y’/Y- in a range of Q2 between 2.4 and 14.9 (GeV/c)2. Most 

of the data are from hydrogen, but two points were taken with a deuterium target 

as well. The kinematics of the points and the ratios of the measured yields are 

listed in Table I. Figure 1 shows the ratios plotted versus Q2 for the case in 

which the spectrometers were set to accept scattered beam particles. The errors 
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given are based only on counting statistics. We estimate a systematic uncer- 

tainty of about &l% for the 15’ points and *20/o for the 50’ points coming from 

effects of pulse height cuts and counting rates, and an additional overall uncer- 

tainty in normalization of about *l% arising primarily from uncertainties in the 

energy and integrated flux of the beam. There is no evidence for a significant 

difference between electron and positron yields. 

The quantity Y is not the usually reported inelastic cross section; it is the 

measured yield of electrons or positrons, and so includes contributions from the 

stainless steel walls of the target cell, from various radiative processes some 

of which increase the yield and some of which deplete it, and from a variety of 

intermediate processes such as y - e+e-, 7~’ + e+e-y ,- $ -e e +-3 *O -+env, 

etc. , most of which give equal numbers of e+ and e-. The inelastic cross sec- 

tion is derived from the yield after subtracting or correcting for these other 

processes. As an indication of the size of these other contributions, we give in 

the last column in Table I the ratio of the measured yield to the derived cross 

section at the kinematic point defined by the beam and spectrometer. The ratio 

Y+/Y- given in big. 1 and Table I could deviate from unity if any of the processes 

mentioned above gave unequal numbers of e+ and e-. 

Along with the ratios of yields for “same sign” running, we show in Table I 

some ratios of yields with the spectrometer set to accept particles with the oppo- 

site sign of charge from that of the incident beam (e.g. , e+ beam, e- detected). 

Measurements of this kind are customarily made in inelastic electron scattering 

experiments to subtract background contributions from charge symmetric reac- 

tions . The five measured ratios are all greater than unity (which corresponds 

to more e- detected than ef), and based on statistics alone the weighted average 

is 1.06 f 0.03. Since the opposite sign yields are smaller than the same sign 
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yields, the pion corrections are larger for the opposite sign yields, and we esti- 

mate systematic uncertainties in the opposite sign ratios associated with pion 

subtraction of 0.02 to 0.04. Although the opposite sign ratios suggest a relative 

excess of e-, we cannot conclude, considering the uncertainties involved, that 

the opposite sign ratios differ significantly from unity, nor have we been able to 

identify a mechanism for generating excess e- at the level of sensitivity of the 

present experiment. However, we note that a value of this ratio of 1.06 would 

cause Y”/Y- (same sign) to change by less than 0.024 under the conditions of this 

experiment. 

Another contribution that does give a different yield for positrons compared 

with electrons is the elastic radiative tail which is smaller for e+p than for e-p;7 

however, under the conditions of our experiment this effect would cause Y+/Y- 

to deviate from unity by less than 0.006. 

Our present inelastic radiative correction procedures treat electron and 

positron scattering identically, 8 so that their application would not change the 

ratios. In fact, interference effects in inelastic radiative processes, which could 

give rise to a difference between electron and positron yields, are intimately 

connected to the effect of any two photon exchange interaction, and any perturba- 

tion theory calculation of these effects must include both types of terms to cancel 

out certain infrared divergences. Some calculations have been reported’ which 

predict an asymmetry on the order of 1 or 2% for the range of our data, coming 

from the noninfrared part of the two photon exchange term. However, these calcu- 

lations do not attempt to account for all sources of asymmetry, and in any event, 

the effects that they predict are of the same order as our experimental errors. 

Since there are several processes which might in principle lead to measured 

ratios different from unity, we cannot place limits on anything but the sum of all 
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such effects as measured in this experiment. Of course it is not impossible that 

several large effects happen to cancel everywhere to lead to our null result. In 

any event, it is important to note that the usual analysis procedures for inelastic 

eN scattering, which neglect two photon effects and radiation from the hadrons, 

have been tested within the present experimental uncertainties, in a significant 

kinematic range. Our results could also be used to constrain models of a direct 

hadron-lepton interaction leading to differences between electron and positron 

yields. - 

We want to thank the members of the Spectrometer Facilities Group for their 

contributions to this experiment and the operating staff of the SLAC accelerator, 

particularly Roger Miller, for providing the positron source. 
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TABLE CAPTION 

I. The ratios of the measured yields for the cases in which the spectrometers 

were set to accept particles with the same sign of charge as the beam, as 

well as the cases in which the spectrometers accepted particles with sign 

opposite from that of the beam. The sign attached to Y denotes the sign of .- 

the beam, and the signs in (e*/e’) denote the sign of charge accepted by the 

spectrometer. W is the effective mass of the final hadronic system. The 

errors shown are based on counting statistics only. Other uncertainties 

are discussed in the text. The measurements at 15’ were made with the 

20-GeV spectrometer and those at 50’ with the 1.6-GeV spectrometer. In 

the last column, Y denotes the actually observed (same sign) yield, and 

d20/dQdE1 denotes the yield that would have occurred if there were no radia- 

tive effects, no target walls, no charge symmetric background, etc. 

FIGURE CAPTION 

1. Ratios of measured yields with the spectrometer set for the same sign as 

the incident beam plotted versus the square of the four-momentum transfer, 

Q2. The errors shown are based on counting statistics only. Other uncer- 

tainties are discussed in the text. 
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