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ABSTRACT 

. We report on. the measurements of direct electron pair production in p-Be interactions 
at 1.0, 2.1 and 4.9 GeV and Ca+Ca at 1.0 and 2.0 GeV /A. The distributions of invariant 
ma.sS. and Pt are presented along with the total cross section. We observe a structure in 
the invariant mass spectra at approximately 275 MeV for 2.0 and 4.9 GeV p+Be data. A 
rapid decrease in the p+Be total cross-section is observed between 2.1 and 1.0 GeV. Both 
observations are consistent with the interpretation that pion-pion annihilations dominate 
production mechanism. 

INTRODUCTION 

Dilepton production in proton-nucleus and nucleus-nucleus interactions has had consid
erable theoretical and experimental interest in the past 10-15 years1- 3 . Recently however, 
theorists4 -_5 have made calculations of low-mass dilepton production in nucleus-nucleus col
lisions suggesting possible interesting effects which are found to be sensitive to the pion 
dispersion relation in hot, dense nuclear matter. It is expected that to. some extent these 
pion dispersion effects will be relevant in p+nucleus cases also. Our collaboration has begun 
a program to measure dilepton production in p-nucleus and nucleus-nucleus interactions to 
clarify the production mechanism(s). 

The data were obtained with the Di-Lepton Spectrometer (DLS) at the Bevalac. The 
experimental apparatus6 employed a large acceptance two-arm spectrometer to compensate 
for the expected low production rate. Adequate detector segmentation was implemented to 
discriminate between hadrons and electrons(positrons) in the heaviest system we planned 
to investigate (ie. Ca+Ca at 2.1 GeV). Segmented Beryllium targets were at the vertex of 
two symmetrical arms each centered at a polar angle of 40° in the laboratory frame. Each 
arm consisted of two highly segmented hodoscope and Cerenkov arrays, a 1.5(KG) dipole 
magnet and three drift chambers. This system provided a momentum resolution of 15% and 
a hadron rejection of 10-5 per arm. 
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EXPERIMENTAL RESULTS 

We have previously reported7 •8 the existence of a di-electron signal in both p+Be 
and Ca+Ca down to 1.0 GeV kinetic beam energy. The pair statistics of these results are 
shown below in Table 1. The errors in the table reflect only the experimental statistical 
uncertainty;. the overall systematical error is estimated to be approximately +50/-30%. 

Table 1. Pair statistics 

--
Energy Opposite Same Sign Direct Pairs R=D/F D/uo 

·1nteract~on 

" 

[GeV] Sign Pai~s Pairs D±uo 

p +Be .4.90 . 732 201 531±31 2.6 17.4 

p +Be 2.10 567 148 . 419±27 2.8 15.7 

p +Be 1.04 204 58 146±16 2.5 9.1 

Ca+ Ca 2.00 94 45 49±12 1.1 4.2. 

Ca+ Ca 1.05 640 466 174±33 0.4 5.2 

The cross secti~n per nucleon (assuming an A;13 dependance) for p+B~ at 4.9GeV is 
shown in Figure 1. as a function of the invariant mass. Th~ general shape of the distribution 
(M>300 MeV) is similar to that at higher energy. This is shown by the comparison with a 
parameterization of the KEK 12.1 GeV data2 (the solid curve in Figure 1). A more detailed 
discussion of the spectra shape is given elsewhere7 . These results however, for the first 
time show the mass spectrum in detail below 300 MeV9 • A structure is observed in the 4.9 
GeV invariant mass distribution near 2m,... This structure is also observed in the 2.1 GeV 
p+Be data8 • Detailed studies7 showed that neither trivial nor more subtle effects (such as 
acceptance effects) were a plausible explanation. Confidence in the a~ceptance calculation is 
illustrated by the false pair mass spectrum, (shown in Figure 1.) where the expected smooth 
distribution is observed with no such structure near 2m,... This structure strongly suggests 
that a 1r+ 11'- annihilation mechanism dominates the productio~ in this energy range, since 
both meson Dalitz decay and hadronic bremsstrahlung processes would produce smoothly 
decreasing mass distributions: 

Although the 1.0 GeV analysis is still preliminary, a comparison of the p+Be and 
Ca+Ca invariant mass spectra is shown in Figure ·2. A rapidly falling cross section is 
observed in the 1.0 GeV p+Be spectrum. This shape may be explained as arising from a 
combination of Dalitz decay, 11'+11'- annihilation and dominating hadronic bremsstrahlung. 
In contrast, the Ca+Ca data has a slight enhancement in the yield at approximately 275 
MeV (near 2m,..) and at the higher mass in the rho-omega region. The shape of the 2.1 Ge V 
Ca+Ca data is consistent with both the p+Be at 2.1 GeV and the Ca+Ca at 1.0 GeV but 
the statistical accuracy is not good enough to give clear evidence of a structure near 2m,... 

The total integrated e+e- cross sections per nucleon for the p+Be data (200 MeV 
>m>700 MeV) as a function of the available nucleon-nucleon center-of-mass energy (Q 
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Figure I: The invariant mass spectra 
for p+Be at 4.9 GeV for the true pairs 
(squares) and the false pairs (crosses). The 
aolid line ia a fit to the KEK 12.1 GeV 
data.( ref 2). 
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Figure 2. The invariant masa spectra 
for the p+ Be( squares) and Ca+Ca( crosses) 
data at 1.0 GeV. The cross sections are 
weight by a factor 1/(ApAc) 213 , where 
~ and A1 are the projective and target 
maaees respectively. 
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Figure 3. The total integrated e+e- production croa aection u a function oC"the available nucleon
nucleon em. energy. y'i-2m,: circle, Blockus et al. (ref. 3); triangle, !\fikamo et al. (ref 2); squares this 
experiment. The solid curve shows the 1r+ ,..- production crou aection scaled by 1.33 x 10-5 . 
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=JS-2m,) is shown in Figure 3. A rapid decrease or threshold in the cross section is seen 
the energy decreases. Since the electron rest mass is negligible in comparison with the 
available energy one would not necessarily expect a .threshold at these energies. In fact, 
even the inelastic 1r

0 production crosssection is approximately constant in the energy range 
where our expe~imental data shows a threshold. However, from bubble chamber data10 we 
have extracted the inclusive 71'+11"- production cross section at these low energies. Shown 
as the solid curve in Figure 3. is the Q dependence of 71'+71'- production, scaled down by 
1.33 x 10- 5 (= a 2 /4). Both the e+e- and 71'+71'- production cross sections are found to 
have similar threshold behavior. This evidence also supports the interpretation that 71'+71'
annihilation dominates the dielectron production at these energies. 

SUMMARY 

In summary, dielectron production down to 1.0 GeV in p+Be and Ca+Ca systems has 
been observed. A structure in the invariant mass distribution is observed at twice the pion 
mass in both the 4.9 and 2.1 GeV p+Be and possibly in the 1.0 GeV /A Ca+Ca data. The 
total integrated p+Be cross sections are found to rapidly decrease at low energies. Both 
the mass structure and energy dependence is consistent with the interpretation that the 
dominant production mechanism is the annihilation of real pions. 
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