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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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Production of e+e- Pairs at the Bevalac 

Howard. S. Matis 
Lawrence Berkeley Laboratory. University of California. Berkeley. CA 94720 U.S.A. 

(for the DLS collaboration) . 

During the last several years, the Dilepton Spectrometer (DLS) collaboration1,2,3,4,5 has 
studied the production of dileptons in both proton-nucleus collisions and nucleus-nucleus 
collisions. This paper summaries the results of previous publications and provides a preliminary 
glimpse of some new data. 

When nuclei collide, a hot hadronic fireball is created. From this fireball, hadrons and real 
and virtual photons are produced. Hadrons, which are created in the the center of the fireball such 
as pions and protons, will then rescatter or annihilate with the fireball. These hadrons will strongly 
react as they pass through the fireball until they leave the surface. Therefore, we can say that these 
hadronic processes generally probe the surface of a nuclear collision. Moreover, when a virtual 
photon is produced in the interior of a fireball, it will decay into a lepton pair. Both the virtual 
photon and the lepton pair only interact weakly with the quarks and gluons of the fireball, so that 
for all purposes they are unaffected after their production. Consequently, measurement of the 
virtual photon will provide a direct measurement of the interior of a nucleus-nucleus collision. As 
the electromagnetic decay of a virtual photon is well known, calculations are much easier for 
dileptons compared to hadron production. Virtual photon production should be much better 
understood than hadrons and should be a superior probe of hot hadronic matter. 

Furthermore, much current theoretical work has shown that dileptons can be a signal for 
the production of the quark-gluon plasma. If quark deconfinement occurs, then effects such as the 
changing of the width or position of the p meson could happen. In addition to these processes, the 
rate of production of the continuum could increase. However, processes such as pion annihilation, 
which could occur at Bevalac energies, could obscure a signature of the quark-gluon plasma. 
Consequently, one must understand the low energy behavior of dileptons before any claim for the 
detection of a phase transition can be made in the dilepton channel. 

There is much unknown about dileptons. The low mass behavior of pairs are not 
understood very well. The mass and Pt behavior of dileptons seemS to be universal from 
experiments with 12 Ge V proton beams to those done at ISR energies. However, there appears to 
be an excess of events at·low mass. Before the DLS, there was no pair data below 12 GeV and the 
heaviest projectile that was used to produce a pair was a proton. 

Recently, there has been considerable theoretical interest in dilepton production. Goldman6 

et al. and Gale and Kapusta7 have studied the process of pion annihilation. Gale and Kapusta have 
shown that in a static calculation, dilepton production is sensitive to the interior density of a 
nucleus-nucleus collision. Furthermore, they demonstrated that the measurement of dileptons 
produced by pion-pion annihilations should give information on the pion dispersion relationship in 
nuclear matter. This calculation has been extended to a dynamical model8 by Xia et al. 

IG. Roche et ai., Phys. Rev. Lett., 61,1069 (1988). 
2C. Naudet et ai., Phys Rev. Lett., 62, 2652 (1989). 
3 A. Letessier-Selvon et al., Phys. Rev. C40, 1513 (1989). 
4G. Roche et al., Phys. Lett. B226, 228 (1989). 
5R. S. Matis, contribution to the Winter Workshop on Nuclear Dynamics V. LBL-25019 (1988). 
6T. Goldman et ai., Phys. Rev. D20, 619 (1979). 
7C. Gale and J. Kapusta, Phys. Rev. C35, 2107 (1987) . 

8L. H. Xia et al., Nuc!. Phys A485, 721 (1988). 
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To measure dileptons, our collaboration has designed a two-arm spectrometer to detect 
electron pairs. Electrons were chosen because it is feasible, at Bevalac energies, to separate them 
from pions at better than 105 with Cerenkov counters. The apparatus used in this experiment has 
been described in a recent pUblication.9 

Fig. 1. shows the mass spectra at several energies measured by the DLS in p-Be collisions. 
Shown in that figure is a calculation of the dileptons produced by Dalitz decay. From these data, 
one can clearly conclude that direct dileptons have been detected at 2.1 and 4.9 GeV. As Dalitz 
decay is appreciable for the 1.0 GeV data, direct dilepton production (production other than by 
Dalitz decays) can not confidently be claimed. The major uncertainty in the Dalitz calculation is the 
knowledge of the nO cross section at 1.0 Ge V. 
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Fig. 1. Invariant Cross section for p-Be collisions at 4.9,2.1 and 1.0 GeV. The dashed line shows the calculated 
background due to Dalitz decay of pions and other mesons; while the solid line shows a fit to 12 Ge V KEK data. 

An enhancement around the p mass can be seen in the 4.9 GeV data. The shape of the 
mass distribution is remarkably similar to those measured at much higher energies as shown by the 
solid curve. The contribution below 100 Me V is probably due to Dalitz decays. Because of 
uncertainty with the measured pion production cross section, it is not possible to separate the 
hadron-bremsstrahlung cross section in this region. 

A rise in the cross section at about 300 MeV is observed in both the 2.1 and 4.9 GeV p-Be 
data. Pion annihilation in nuclear matter can produce such a behavior. However, Kapusta and 
Lichard 10 have recently shown that their model cannot explain this structure. Fig. 2 shows that 
e+e- data 11 taken at the ISR has a similar dependence. Also, the DLS acceptance and the unlike 
sign background are smooth in this region and appear unlikely to produce a bump in the data. We 
are currently doing a careful study of our detector performance to further rule out any instrumental 
effect. 

9 A. Yegneswaran et ai., to be published in Nucl. Instr. Meth., (1990). 
lOJ. Kapusta and P. Lichard, Phys Rev. C40, R1S74 (1989). 
11 V. Hedberg, Ph. D. Thesis, LUNDFD6/(NFFL-7037) (1987); W. Willis, Nucl. Phys. A478, IS1c (1988). 
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Fig. 2. The DLS 4.9 GeV and CERN e+e- data plotted together. The ISR data was normalized to the DLS data. 

The integrated cross section is shown in Fig. 3. Note, that the Dalitz contributions to the 
total cross section are not subtracted from these data points and may affect the magnitude of the 1 
Ge V data. Also, shown on that figure are arbitrary scaled one and two pion cross section 
production curves. The shape of the one pion cross section curve is much flatter than the data 
while the shape of the two pion cross section curve resembles our data much better. 
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!( Fig. 3. Total cross section for DLS data. The upper curve is the scaled one pion cross section curve; while the 
lower curve is the scaled two pion cross section. 

Our dilepton data are measured in three variables, m, y, and Pt. For convenience we 
integrate over y and have two dimensional data. To compare a calculation to our data, it is most 
appropriate to fit to this two dimensional data. Fig. 4 shows a simple fit with the 
phenomenological KSS model. Note, that even though the data is two dimensional, we only show 
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the fit in the m and PtProjection. The KSS12 model is fit with the DLS acceptance filter. Note, 
that the KSS model deviates significantly from the region where the structure is observed. We 
have found models in which the mass spectrum is fit well and yet the model fails to reproduce the 
Pt spectrum. Therefore, all comparisons should be made with both the mass and Pt data. 
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Fig. 4. A simultaneous fit using the KSS model to the 4.9 GeV data. The solid line shows the curve that was used 
to do the fit. The dashed curve shows the fit without the DLS acceptance filter included. 

Our previous publications have shown the results of the Ca-Ca collisions at 1.0 and 2.1 
Ge V In. For both energies, there is a significant direct dilepton signal. Because of low statistics, it 
is not possible to conclude whether there is a structure at 2.1 Ge V In. Plotted in Fig. 3 is the 
measured total cross sections scaled by Ap'At for the Ca data points. In order to account for Fermi 
momentum inside the nucleus, Q, the maximum energy available to make a pair, is calculated with 
the average value of the Fermi momentum. Note, that in a more realistic calculation it would be 
necessary to weight the average value of Q with the shape of the total cross section. From this total 
cross section plot, it appears that the scaling from p-Be to Ca-Ca is approximately ApAt. 

A test run has recently been made with Nb-Nb at 1.0 GeV/n. At an early stage of analysis, 
there appears to be a direct dilepton signal. However, careful checks must be made such as 
examining the reconstruction at high pion multiplicities. Analysis of this data is proceeding so that 
our experiment will be able to make quantitative statements. 

In summary, direct dileptons have been definitely measured for p-Be collisions at energies 
of 2.1 and 4.9 Ge V. The shape of the distributions, above 300 Mev, are similar to that measured 
at higher energies. The excitation curve for the total cross sections follows the same as the one 

found for pp--71t1tx. There exists a structure at a mass of about 2mJt whose origin is unexplained. 
In addition, direct pairs have been observed for Ca-Ca collisions at both 1.0 and 2.1 GeV/n. The 
scaling from p-Be to Ca-Ca is roughly ApAt. Preliminary results show that there is a measurable 
cross section at 1.0 Ge V /n for Nb-Nb collisions. 

In preparing this paper, I would like to thank my colleagues of the present DLS 
collaboration: G. Krebs, A. Letessier-Selvon, C. Naudet, 1. Panetta, L. Schroeder, and P. Seidl 
(LBL); P. Kirk and Z. F. Wang (LSU); S. Beedoe, J. Carroll, J. Gordon and G. Igo (UCLA); T. 
Hallman, L. Madansky and R. Welsh (Johns Hopkins); D. Miller and A. Yegneswaran 
(Northwestern); and P. Force and G. Roche (Clermont II). This work was supported by the 
Director, Office of Energy Research, Office of High Energy and Nuclear Physics, Division of 
Nuclear Physics of the U.S. Department of Energy under Contract DE-AC03-76SF00098. 

12K. Kinoshita et al., Phys. Rev. D17, 1834 (1978). 
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