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ABSTRACT 

The production of prompt electron-positron pairs in 16 GeV/c n-p 

collisions has been measured using the LASS spectrometer at SLAC. An _ 

excess of events is observed above the estimated contribution of direct 

and Dalitz decays of known resonances in the kinematic range defined by 

0.1 5 x 5 0.45, 0 -< pT _ < 0.8 GeV/c and 0.2 5 M(e+e-) I 0.7 GeV/c2. The 

excess signal decreases slowly with increasing M, but exhibits very 

steep x and p; dependence. 
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Direct lepton pair production has received considerable attention 

in recent years Cll. The observed pair mass spectrum consists of vector 

meson contributions superimposed on a continuum which decreases rapidly 

with increasing mass. At high mass, the continuum is well-understood in 

terms of the Drell-Yan mechanism C21. At low mass the data from p+u- 

experiments C3-61 indicate that the signal below -1 GeV/c' is stronger 

than expected from vector meson decays alone, and is not compatible with 

the Drell-Yan description. There are also indications that the charac- 

teristics of the continuum depend on the kinematical range of observation. 

The inherently poor resolution of dimuon experiments has, however, made 

detailed study of the properties of the continuum difficult. 

Low mass electron pair data are scarce and inconclusive. Two ISR 

+- experiments C7-81 have measured low mass e e pairs at large transverse 

momentum (p, > 2 GeV/c); in each case the observed spectrum is consistent 

with the contributions resulting from Dalitz decays of n and w mesons and 

semi-leptonic decays of charmed particles. Several bubble chamber groups 

ES-121 have seen indications of a low-mass continuum, but these experi- 

ments are limited by their low sensitivity. 

In this letter we report the first results from an experiment 

measuring low mass e+e- pairs in r-p collisions at 16 GeV/c using the 

LASS spectrometer at SLAC (fig. 1). Both the trigger and electron 

identification were provided by the multicell, atmospheric pressure, 

gas Cerenkov counter and a set of total absorption shower counters Cl31. 

The individual electron tracks were required to have momentum in the 

range 0.75 -< pMB _ < 5.0 GeV/c and the corresponding combined terenkov 

and shower counter hadron rejection was measured to be better than 
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6.10-5 per track. With the configuration of fig. 1 and the above momentum 

requirements the experiment was sensitive to electron pairs emitted in the 

kinematical region defined by 0.10 I x < 0.45 and 0 I pT I 0.8 GeV/c. 

The flux of ~10' r- incident on the liquid hydrogen target results 

in a sensitivity of 2.4 events/nb. The data were processed through the 

pattern recognition program requiring reconstruction of at least one track 

producing signals in both the Gerenkov and shower counters and also of 

another track firing an independent terenkov cell. No restrictions were 

made on the charge combination for such reconstructed pairs in order to 

obtain an unbiased estimate of background contributions to the final e+e- 

data sample. 

The resulting sample is made up primarily of events involving a 

photon conversion or a Dalitz decay. Such events are eliminated by the 

requirement of a same or opposite sign electron pair of mass greater than 

0.2 GeV/c2 forming a good vertex with the beam track. The final data 

sample then contains 291 events in the mass interval 0.2 I M 5 1.2 GeV/c2; 

of these approximately one third contain same sign electron pair com- 

binations. 

The same sign electron pair background consists of pairs of three 

types: 

(3 pairs formed by electrons originating from different y- 

conversions; 

(ii) pairs containing an electron from a y-conversion and a 

mis-identified hadron; 

(iii) pairs containing two mis-identified hadrons. 
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Categories (i) and (ii) should contribute equally to the same and opposite 

sign pair samples since the probability of finding only one electron from 

a y-conversion is charge symmetric. 

This is not the case for category (iii) however; consequently a Monte 

Carlo program has been used Cl41 to estimate the dihadron background con- 

tribution to the direct e+e- sample obtained by subtracting same sign from 

opposite sign pairs. An estimated contribution of (6 24) events has been 

obtained. 

The uncorrected e+e- mass spectrum after subtraction of the same sign 

background contains (1072 17) events and is shown in fig. 2 together with 

the estimated dihadron background contribution. 

In the mass interval 0.72-0.80 GeV/c2 of fig. 2 there are 11.823.8 

events with virtually no dihadron background. It is natural to associate 

this signal with the production of the p and w resonances and their sub- 

sequent decay to e+e-. 

In order to estimate the expected contribution from such a mechanism, 

Monte Carlo calculations were performed using the estimated p" and w pro- 

duction cross sections in r-p interactions at 16 GeV/c cl51; these 

calculations took into account geometrical acceptance, as well as software 

and electron identification efficiencies. Using decay branching ratios 

from the Particle Data Tables C161, the spectrum of fig. 2 is expected to 

contain (7.5kO.6) p" events and (7.5 22.0) w events, ignoring possible 

interference effects. As indicated in fig. 2, such a contribution is 

completely consistent with the observed e+e- mass spectrum. 

In the low-mass continuum region, i.e., 0.2 I M 5 0.7 GeV/c2 the net 

+- +- 
ee sample consists of (92+16) events, and contains -1 p + e e event 
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in addition to the estimated (6 1: 4) events hadron-hadron contamination. 

The remaining major contribution from known sources is due to Dalitz 

decays of n and o mesons. A similar Monte Carlo technique to that 

referred to above was used to estimate the contributions from these 

processes. The n production Cl51 was assumed to have the same x and pT 

dependence as w production, and the parent meson assumed to decay iso- 

tropically in its rest frame into a e+e- subsystem of mass M and the 

recoil particle; the subsystem M was then assumed to decay as (l+cos20) 

in its rest frame. The resulting n and w contributions to the low mass 

continuum are estimated to be (15.3k5.3) and (10.351.6) events res- 

pectively, so that these sources account for only -30% of the observed 

direct signal. 

The M, x and p$ distributions for the low-mass continuum are shown 

in fig. 3 together with the estimates of the corresponding n and w Dalitz 

decay contributions. It is clear that the dynamical characteristics of 

the excess events are quite different from those of the n and w spectra. 

The mass distribution (fig. 3a) is varying more slowly, whereas the x and 

2 pT distributions are much steeper for x I 0.25 and pT - 2 < 0.1 (GeV/c)2 

respectively. 

In order to obtain differential cross sections, a Monte Carlo 

technique was used to estimate the overall pair acceptance at each point 

of the (x, pg , M) phase space volume. Each pair was weighted by the 

inverse of its acceptance value, same sign pairs being given negative 

weight. The corrected cross section for the low-mass continuum is found 

in this way to be (955+ 170) nb. The estimated (n,w) contribution is 

(255 + 60) nb, so that the excess corresponds to cross section of (700+ 180) 

nb in the acceptance region of the experiment. 
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In figs. 4a-c are shown the acceptance corrected M, x and pi 

distributions of the continuum, and in figs. 4d-f, these distributions 

are reproduced after subtraction of the estimated n and w contributions. 

Describing the mass spectra by 

do 
z = CIM-c 

we find c1 = 1.77kO.64 for fig. 4a and c1 = 0.94kO.89 for fig. 4d. The 

removal of the estimated (n,w) contribution thus results in a residual 

mass spectrum which is well described by an M -1 dependence. 

Fits to the x distributions (figs. 4b and 4e) of the expression 

do 
dx = c2(1-x)B 

yield B = 7.46k1.72 and B = 9.78k2.64 for the unsubtracted and subtracted 

distributions, respectively. 

The pi distributions of figs. 4c and 4f are not well described by a 

single exponential function. Furthermore, for the unsubtracted data: 

<pg> = 0.137?0.034 (GeV/c)2 for 0.10 5 x -< 0.20 

<pG> = 0.206+0.068 (GeV/c)2 for 0.20 I x I o-45 

indicating that the p; distribution may exhibit some x dependence. 

In summary the production of direct e+e- pairs has been measured in 

the region 0.10 s x < 0.45, p$ s 0.64 (GeV/c)2 and 0.2 5 M 2 1.2 GeV/c2. 

A low mass continuum in excess of the direct or Dalitz decays of known 

resonances is observed for 0.2 5 M s 0.7 GeV/c2. This continuum corres- 

ponds to a cross section of 700+180 nb C171, and exhibits very steep x 

and p$ distributions; the steepness of the low p: spike may be increasing 

with decreasing x. 
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Cl71 Using the pion production data of ref. C141, it is found that, 

after subtracting known resonance contributions from the numerator, 

the (e+e-/r+a-) ratio is (4.7 f 1.2) x 10 -5 for the region of phase 

space accessible to our experiment. However the ratio exhibits 

strong x and p; dependence; consequently we reserve detailed 

discussion for a subsequent publication. 
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FIGURE CAPTIONS 

1. The LASS spectrometer layout (plan-view). 

2. The mass distribution of direct e+e- pairs. The estimated contri- 

butions of dihadron background and direct decays of p" and 6.1 mesons 

are shown as shaded areas. 

3. The uncorrected distributions of mass, x and p$ for the continuum. 

The estimated contributions of n and w Dalitz decays are shown as 

shaded areas. 

4. The acceptance corrected mass, x and pi distributions for the 

continuum: (a)-(c) before, (d)-(f) after subtraction of the 

n and w Dalitz decay contributions. The curves correspond to 

the fits described in the text. 
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