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Dileptons should be a good probe of the early stage of nucleus-nucleus collisions 

and may carry information on pion dynamics in nuclear matter. vVe have observed 

a dielectron signal well abov~ estimated contributions from Dalitz decays of particles 

or resonances. At 1.0 A Ge V, the dielectron mass spectrum is significantly different 

for Ca+Ca and p+Be reactions. The dielectron yield scales as the first power of the 

product of the projectile and target masses. 

The Dilepton Spectrometer (DLS) program at the Lawrence Berkeley Laboratory Be-

valac deals with ,dielectron ( e+ e-, pair) production in p-p, p-nucleus and nucleus~ nucleus 

collisions. Data on p-nucleus reactions have been previously published [1-3]. vVe present 

herein the first results for nucleus-nucleus collisions, for the Ca+Ca reaction at 1.0 and 2.0 

A GeV, and some comparisons with p+Be data at equivalent energies. 
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In general, dileptons should be a good probe of the primary hot and dense phase 

of the fireball; they present several advantages compared to hadrons. (i) They are a 

penetrating probe and do not interact significantly when inside nuclear matter. (ii) The 

dilepton production rate is biased toward the high density phase of the collision. This 

has been quantitatively studied by L.H. Xia et al. [4) who show that e+ e- pairs are 

dominately produced within the first 5-10 fm/c in the reaction Ca+Ca at 2.1 A GeV. 

(iii) The coupling of leptons to other particles is well known and accurate calculations 

are in principle possible. However, dileptons present the disadvantage of low production 
' ' ' 

rates due to the value of the fine structure constant a. There is roughly one e+e- pair 

produced for every ten thousand NN collisions. This disadvantage actually makes st).ch 

measurements difficult. The use of real photons would provide the same advantages as 

dileptons, with a much higher production rate ("" 1/ a higher). However, in this case, it is 

extremely difficult to subtract the copious gamma ray yield from 1r
0 decay. In the case of 

dileptons, the combinatorial background (false pairs) can be measured directly from the 

like-sign pair yield, and the true pair Dalitz decay background is only important at very 

low masses, below the pion mass. 

Recently, in the few A Ge V energy range, dileptons have come to be regarded as a 

possible probe of pion dynamics in nuclear matter [4-6). The discussion is centered around 

the pion dispersion relation 

where the effect of the nuclear medium is introduced through the term TI(w, k). In this 

equation, w, k and m1r are the energy, momentum and rest mass of the pion, respectively. 

There is little experimental information on the pion dispersion relation and it is mostly con-

structed on theoretical arguments. In nuclear collisions, dileptons can be produced through 

7r+ 7r- annihilation and, therefore, the corresponding production cross section should reflect 

the dispersion properties of the pions in the initial state. In the special case of electron 

pairs produced back-to-hack in the rest frame of the interacting medium, the connection is 
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quite direct since the dielectron mass is equal to 2w( k ). The shape of the dielectron mass 

spectrum, as well as the magnitude, is thus greatly affected by the medium. In particular, 

the mass threshold, which is 2m1!" for pions moving in free space, would be reduced if the 

effect of the medium were strong enough to create a minimum in the dispersion relation 

[4,5]. Other sources of dileptons are obviously present, such as bremsstrahlung radiation 

from p+n collisions, and decay of particles and resonances, e.g., the Dalitz decay of the 

~(1232) resonance. vVhile these sources may be considered as a background when one is 

interested in pion dynamics, they also contain information about the collision. 

Finally, dilepton production in high energy· nucleus-nucleus collisions has been the 

subject of much theoretical study because of suggestions that it may provide a signature 

of quark-gluon plasma formation [7]. It has also been conjectured that pairs of low invariant 

mass (M ~ 1 GeV), which are created during the later, less energetic stage of the collision, 

should reflect information on the mixed hadronic and plasma phase [8]. At Bevalac energies 

(the A GeV range), nucleon and meson· degrees of freedom are appropriate to describe the 

interaction between nuclei. It will be interesting to see to what extent the characteristics 

of low mass dielectron production in the A. GeV range persist at "'200 A GeV [9]. 

\Ve have collected data on Ca+Ca collisions at 1.0 and 2.0 A GeV. These data are 

presented and compared to our previous p+Be results at 1.0 and 2.1 GeV [2]. The exper-

imental apparatus, which is described in more detail in Ref. [1], is a symmetric two-arm 

spectrometer consisting of large aperture dipole magnets, segmented gas Cerenkov coun-

ters for electron identification, drift chambers for tracking, and scintillator hodoscopes for 

trigger flexibility and redundant information. The DLS is operated in a two arm trigger 

mode, one member of the pair being detected in one arm and the second member in the 

other arm. \Ve measure the vector momentum of each electron and then compute the 

mass AI, transverse momentum Pt and rapidity y of the pair. Opposite-sign and like-sign 

pairs are collected at the same time. False pairs originate from two 1r0 's, each one ·of them 

contributing one electron in one arm, either directly throt,1gh their Dalitz decay, or indi-
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rectly through the conversion of their gamma ray products in the target and surrounding 

materials. Each member of a false pair is itself produced in a pair but the accompanying 

member is not seen by the detectors and thus the event cannot be rejected in the analysis. 

Fortunately, due to its origin, the false pair background of opposite sign is precisely equal 

to the like-sign sample and can be removed by subtracting the like-sign pairs from the 

opposite-sign sample. The DLS acceptance is computed in cells off:l.AI, f:l.pt and f:l.y. The 

acceptance is applied and the false pairs are subtracted cell-by-cell. The cross sections 

are obtained by integration over the proper kinematical variables. The errors given in the 

figures and tables are statistical only. The overall systematic normalization uncertainty is 

estimated to be+ 70%/ -20%; this uncertainty does n,ot affect the shape of the distributions. 

Table 1 shows the running conditions, acquisition rates and pair statistics for the re

actions Ca+Ca and p+ Be. The trigger is an eight;-fold coincidence between the four 

s·cintillator hodoscopes and the four Cerenkov counters, with at least one firing phototube 

being required in each of the counters. This simple requirement is adequate to reduce the 

trigger rate to a level where there is no significant dead time (the dead time was 19% for 

Ca+Ca at 2.0 A GeV and about 5% for all other three measurements). The recorded data 

has less background in the measurements at 1.0 A. GeV, thus we applied looser TDC, ADC 

and time-of-flight cuts in the analysis. The ratio of true to false pairs (T /F) depends on 

the analysis procedure and on the ability to identify electrons from 1r
0 Dalitz decays or 

gamma ray conversions. In particular, ADC cuts on the front counters were used to reject 

events with two electrons in a given detector segment. The 1.0 GeV p+Be data analysis 

has been done with two different sets of cuts, the numbers with an asterisk in Table 1 refer 

to the looser cuts. The best T / F ratio is obtained with the tighter cuts, even though the 

number of true pairs is reduced and the statistical accuracy does not change significantly 

in this specific case3 . The false pair background may become a more serious difficulty for 

measurements of heavier projectile/target systems, depending on the source of true pairs 

and their scaling law. The T IF ratio is reduced by a factor of 3 when going from p+Be 
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to Ca+Ca (using the same cuts). 

Fig. 1 shows the mass cross section per nucleon for Ca+Ca at 2.0 A Ge V (we assume 

an (ApAt) 213 dependence, Ap and At being the projectile and target masses, respectively). 

Due to the limited Pt acceptance in the lowest mass bin ( 50-100 MeV), the corresponding 

data point is given only for a qualitative understanding of the lowest part of the spectrum. 

The mass distribution for this reaction appears similar in shape .to the p+ Be data at 2.1 

GeV previously presented [2]. \Ve have estimated the contribution from the Dalitz decay 

of particles and resonances when a large opening-angle pair is detected, one member of 

the pair in each arm4
• The calculation is similar to the one presented in Ref. [2]. The 

production cross sections of the corresponding particles or resonances ( 1r0
, TJ, w, K 0 and ~) 

have been taken from existing data [10-12] and, due to the uncertainty in these production 

cross sections, the true pair Dalitz decay contribution is uncertain to within ±50%. In the 

case of Ca+Ca at 2.0 A GeV, the main contribution is from 1r
0 mesons for masses below 

150 MeV and from TJ mesons for higher masses. This Dalitz decay background cannot 

account for the true pair signal for masses above 200 MeV. 

The mass cross sections per nucleon for the Ca+Ca and p+Be reactions at 1.0 A GeV 

are compared in Fig. 2. There is a significantly larger production of higher mass dielectrons 

in the Ca+Ca reaction. The exponential fits to the spectra. (for lvf > 200 MeV) shown 

in the figure have inverse slopes5 of 125 ± 16 MeV for Ca+Ca and 71 ± 18 MeV for 

p+ Be. A first calculation indicates that the observed large difference in slope cannot be 

explained from Fermi motion. At this energy, the Dalitz decays from 1r
0 's and ~(1232)'s 

are the dominant contributions to the true pair background. The ~(1232) Dalitz decay 

component, which accounts for about 1/3 to 1/2 of the true pair signal for masses above 

200 MeV in the· case of p+Be, represents less than 10-20 % of the true pair signal in the 

case of Ca+Ca. 

Theoretical calculations of the dielectron mass cross section using the pion dispersion 

relation predict a structure a~ twice .the pion mass or slightly below [4,5]. It is interesting 
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to note that a structure is observed in the DLS p+Be data for incident energies above 2 

GeV [1-3]. In the case of the Ca+Ca reactions (Figs. 1 and 2a), the statistical accuracy 

is not good enough to draw a conclusion on the existence of such a structure. These 

present theoretical calculations, however, are for back-to-hack pairs and integration of 

the cross section over Pt and y may somehow wash out the effect. Nevertheless, the 

experimental value of the slope of the mass distribution in Ca+Ca at 1 A GeV is not 

inconsistent with a theoretical estimate from 11'+11'- annihilation including dispersion effect 

(the theoretical estimate is "" 100 MeV) [13]; Subtraction of the true pair background 

from Dalitz decay would of course reduce mostly the low mass region in the experimental 

spectra, but more accurate calculations are needed as well as an estimate of the p+n 

bremsstrahlung contribution. 

Fig. 3 shows the cross sections per nucleon, dCJ / dp~, as a function of p~ for the Ca+Ca 

measurements. The slopes are similar to.the ones obtained in p+Be collisions above 2 GeV 

(for p+Be at 1.0 GeV, the Pt range is too limited to do much comparison) [2]. 

We have studied the projectile/target mass dependence of the dielectron yield with 

the more accurate 1.0 A GeV data (Ca+Caand p+Be) using the form (ApAt)'\ a being 

here a parameter. The cross sections (per nucleon).· integrated. over Jvf above 200 ~vie V, 

with and without subtraction of the Dalitz decay contribution, and the corresponding a 

parameters are given in Table 2. The Dalitz contribution subtraction only slightly increases 

the parameter a, both values being consistent with a ::::::::: 1. With less accuracy, a similar 

result also holds at 2.0 A GeV. 

In conclusion, we have observed a dielectron signal in Ca+Ca collision~ at 1.0 and 2.0 

A Ge V which cannot be accounted for by Dalitz decays of rr0 or ry mesons. Also, the 

contribution from the Dalitz decay of the 6(1232) resonance seems to be well below the 

observed yield. At 1.0 A GeV, the Ca+Ca and p+Be data show a large difference in the 

slopes of the mass distributions with more dielectrons of higher mass being produced in 

Ca+Ca collisions. The Pt distributions seem to be rather insensitive to the nature of the 
' . 
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projectile and target with the present level of statistics. The integrated dielectron cross 

sections scale as the first power of the product of the projectile and target masses. These 

first data show the feasibility of experiments using dileptons as a probe of nucleus-nucleus 

collisions in the A GeV range. At this stage, the opportunity to obtain information on 

pion dynamics in nuclear matter is still conjectured from theoretical estimates and the 

possible observation of a 7r+7r- annihilation signal in p+Be collisions at 2.1 and 4.9 GeV 

[1-3]; continuing experimental and theoretical work is needed before any definitive answers 

are forthcoming. 

This work was supported by the Director, Office of Energy Research, Division of Nuclear 

Physics of the Office of High Energy and Nuclear Physics of the U.S. Department of En-

ergy under Contracts DE-AC03-76SF00098, DE-FG03-88ER40424, DE-FG02-88ER40413 

and DE-FG05-88ER40445. We would like to thank the Bevalac engineering and operations 

staff for their excellent support throughout the running of the experiments. 

Footnotes 

10n leave from the Universite de Clermont II, 631 iO Aubiere, France. 

2 Present address: Centred' Etude Nucleaire de Saclay, 91191 Gif-sur-Yvette, France. 

3 It has of course been verified that the efficiency of the cuts was properly taken into account and 

that the value of the cross sections and the shape of the distributions were correctly reproduced. 

4 This true pair Dalitz decay contribution is not subtracted from the spectra shown in the figures 

and shall not be confused with the false pair background which is subtracted. 

5The inverse slope is the parameter M 0 in the exponential fit exp( -lvf/Afo). 
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Tables 

Table 1: Running conditions,acquisition rates and pair statistics. 1 is the average beam 

intensity (proj.jspill), t the acquisition time (hours), h the target thickness (coiL length) 

and Ne the number of recorded events. OS, LS, T and Fare the numbers of opposite-sign, 

like-sign, true and false pairs, respectively, with F = LS and T = OS- F. The numbers 

with an asterisk refer to looser cuts in the analysis (see text). 

Reaction I t h Ne OS LS T± Uy T/F Tfur 
1 A GeV CaCa 1.0 X 108 83 0.02 2.0 X 105 731* 476* 255±35* 0.5* 7.3* 

1 GeV pBe 3.0 X 108 26 0.1 7.3 X 103 263* 111 * 152±19* 1.4* 7.9* 
1i1 19 92±11 4.8 8.1 

2 A GeV CaCa 2.5 X 107 30 0.01 2.8 X 105 94 45 49±12 1.1 4.2 
2.1 GeV pBe 2.3 X 108 16 0.1 7.7 X 104 567 148 419±27 2.8 15.7 

Table 2. Integrated cross sections (nanobarns) at 1.0 A GeV for N! > 200 MeV, with 

(2) and without (1) Dalitz contribution subtraction. The parameter a: is also given (see 

text). 

t7 GaGa/ ( ApAt )2
/

3 

t7pBe/(ApAt)213 

Cl: 

(1) 
27.3±7.7 
3.9±1.7 

1.04±0.10 
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(2) 
24.9±7.7 
2. 7±1. 7 

1.10±0.14 



Figure captions 

Fig. 1. The mass cross section per nucleon for the reaction Ca+Ca at 2.0 A GeV. The 

dashed line is the estimated Dalitz decay contribution. The first data point (open square) 

is qualitative. 

Fig. 2. The mass cross sections per nucleon for the reactions at 1.0 A GeV: (a) Ca+Ca 

and (b) p+ Be. The solid lines are exponential fits (for M > 200 MeV), and the dashed lines 

the estimated Dalitz decay contributions. The first data point (open square) is qualitative. 

Fig. 3. The cross sections per nucleon doj dpz for the Ca+Ca reaction at 2.0 A Ge V 

(squares) and 1.0 A Ge V (circles) for a mass cut M > 200 MeV. The solid line is the fit 

to the p+Be data at .4.9 GeV (ref. [2]) for comparison. 
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Fig. 2 
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Fig. 3 
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