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We have performed an experimental study reporting the measurements of e+e pairs in 
nucleus – nucleus interactions, using 32S (200A GeV) beam from CERN and [12C and 22Ne (3.7A 
GeV)] beams from Dubna. From the interactions of such beams with nuclear emulsion, 134 electron 
pairs have been observed. Challenging observations are found to be remarkably similar to 57 years 
old emulsion data, from Bristol, obtained by exposure to cosmic ray. The results show that, both 
data are consistent in a way that, they scaled well in a single curve which provided a unified 
description of mesonic decay. The results suggest that the pairs originate from light neutral bosons 
emitted during the collisions. The origin of such neutral bosons could be due to de–excitation of the 
produced fragments 4He, 8Be and 12C resulting in the fragmentation of 32S, 22Ne and 12C beams. The 
masses of the neutral bosons were estimated from conservation laws of kinematics and found to be 
equal to 1.55+0.14 MeV/c2. The corresponding lifetimes are of order of 1016 s. The results could 
solve the puzzles which were going on during the last 5 decades around the anomalous mean free 
path of particle produced during high energy particle collisions of secondary helium fragments as 
compared to those of primary 4He at similar energy. This result demonstrates the possibility of 
neutral boson formation. 
 
Keywords: Electron Pair Production, Neutral Boson Decay, Heavy Ion Collisions.     
 
 

INTRODUCTION 
 

The key results on lepton pair production in ultra–relativistic nuclear collision had 
been starting from pp collisions in the seventies and are ending now at the RHC and LHC 
[1].  

An understanding of dilepton production at excitation energies in the few–GeV range 
[2], will aid in the interpretation of dilepton production at ultra–relativistic energies [3 – 5] 
where it may be a probe of the quark gluon plasma [6]. 

An existence of a new pseudo scalar neutral boson was first suggested by Weinberg 
[7] and was given the name axion by Wilczek [8]. He suggested that the axion results from 
the breaking of the U(1) symmetry. The U(1) problem of the standard model was solved by          
t
,
 Hooft [9] by demonstrating that the instanton should be taken seriously. 
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Previous experimental study conducted by El–Nadi and Badawy [2] at Cairo, has 
shown a production of e+ e– pairs in the low mass region based on reorganization of 
dielectrons sources. They [2] suggested the existence of neutral boson with mass 1.51±0.14 
MeV/c2 or (2.95±0.27) me and life time τ = 15 x 10–16 s. It was also noticed by de Boer and 
van Dantzig [10, 11] that, three bosons are probably present in data obtained in Cairo. 
Moreover, El–Nadi et al [4] suggested the subsequent decay of four short–lived neutral 
bosons of average masses 1.8, 2.3, 2.6 and 12.2 MeV/c2 with lifetime of order 10–16 s in the 
interactions of 32S (200A GeV) ions with emulsion nuclei. 

The previous experimental data [12] have been enhanced by a new statistical yield of 
pairs. We are interested here to explore new particles decaying into electron pairs at low 
mass region. This is the region where CERES experiment [13] had its limitations with their 
detector and we want to use a different detector, which is ideal for this range.  
 

 
EXPERIMENTAL SETUP 

 
This experiment (EMU03) was performed in a stack consisting of 24 Fuji films 

exposed horizontally to 32S (200A GeV) ions at the CERN SPS. Details of the experimental 
setup, scanning of the pellicles, and event classification can be found in [3, 4]. The 
measuring microscope used is of type KSM1. The measurements were carried out for 
charge Z of projectile fragments using the lacunarity measurement method for Z = 2 
fragments and –rays method in case of Z ≥ 3 fragments. The charge identification obeyed 
by –ray methods is explained in [14]. The observed interactions were carefully looked for 
the direct pairs in the forward cone of the primary beam under 100 X magnification. The 
following criteria must be verified during the measurements, 

(a) The track length of neutral particle undergoing decay should be longer than 20 m 
to overcome the uncertainty in the location of the pair origin. The electron pair 
tracks should come from the center of the interaction or located away from this 
center by no more than a distance L = 3 m. This restriction [10, 11] is consistent 
with the Dalitz process taking into account the  lifetime distribution. 

(b) The ionization density for electron tracks should be less than or equal to the plateau 
value for relativistic singly charged–particle tracks  30 grains per 100 m. 

(c) Coulomb–Scattering measurements on the electron tracks must be carried out with 
two different cell lengths to eliminate noise and spurious scattering. Other sources 
of errors are avoided following ref. [15, 16]. 

Further checking on few selected pairs for energy – momentum balance, were used 
only in the calculations of the production cross section and excluded from the analysis of 
the data. This is due to the unstable physical conditions of the emulsion in the vicinity of 
the electron pairs and hence the energy determination might be affected for either one or 
both of the tracks of such pairs. The angles for all the analyzed electron pair tracks were 
measured with reference to the primary beam direction. The accuracy in the angle 
measurement was found to be about 0.05 when calculated according to ref. [3, 4 and 
references therein]. 
 
RESULTS AND DISCUSSION 
 

In this work we studied 134 fully measured electron pairs come from the interactions 
of 32S (200A GeV) with emulsion nuclei as well as pairs from collisions of 12C and 22Ne at 
~ 3.7A GeV [2]. We selected a clear examples of 8 direct electron pairs for which the 



 

 -177- 

charges of projectile fragments and its energy level have been carried out. Detailed 
information using kinematical analysis of the 8 pairs is obtained in Table (1). 

On the basis of the discussion and comments given before by de Boer [10, 11] on the 
Cairo [2] and Bristol data [17] of electron pairs, we display in Fig. (1) the distributions of 
energy partition asymmetry Y, where Y = |E+ – E–| / (E+ + E–), for our data in comparison 
with Bristol results [17]. Fig. (1) shows also the calculated distribution for Dalitz pairs [18] 
and the distribution of [ 300 MeV γ–ray [19] phase space transition by two body decay].  
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Figure 1: The distributions of energy partition asymmetry of electron pairs observed in the 
experiment of Cairo, Bristol [17] compared with Dalitz pairs [18] and those due to two body phase 
transition [19]. 
 

In Fig. (1) one can observe similarity between Cairo and Bristol results showing 
forward peaking and deviating largely from both the calculated distribution for Dalitz pairs 
as well as for the phase space transition by two body decay. 

As predicted by Koba, Nielsen, and Olsen [20] in high energy hadron–hadron 
collisions the multiplicity distributions obey a scaling law (KNO scaling), with energy 
independent function . Now assuming the isotropic scenario in measurements for the two 
experiments of Cairo and Bristol [17], KNO scaling can display Y – distributions for the 
two experiments. Therefore, the scaling property of Y – distributions is seen in Fig. (2).  

Data points in Fig. (2) of the two experiments fall on a unique curve. The figure 
beautifully illustrates a corresponding scaling property of the two distributions reproduced 
well by the universal behavior of exponential decay law of the form,  = e–z/.
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Table 1: Detailed information of the measured e+e– Pairs. 
 

Star No. P MeV/c p o±0.1 Mc MeV/c2 τ .10–16 s S()±2 Y E* MeV 

1 109.900±21.300 
175.800±34.100 0.418±0.070 14.730 1.440±0.300 2.160±5.000 69 0.230 

6Be* 
8.140±2.000 

1st Pair 
103.200±12.600 
204.700±23.200 

0.541±0.180 14.460 1.740±0.350 13.100±4.500 69 0.310 
12C* 

10.300±0.500 
2 2nd Pair 

163.550±16.230 
85.270±10.400 

0.147±0.070 23.750 1.150±0.080 7.700±1.600 50 0.330 
12C* 

7.740±0.750 

3 157.100±39.700 
360.900±38.400 0.005±0.001 11.700 1.170±0.100 7.000±1.000 89 0.150 

12C* 
10.300±0.500 

4 149.140±42.160 
121.340±13.460 0.181±0.070 8.260 1.120±0.120 9.500±3.540 115 0.100  

5 144.750±33.430 
100.150±17.490 0.481±0.060 23.580 1.450±0.230 11.500±5.800 75 0.180 

4He* 
17.120±2.080 

6 218.340±20.310 
147.090±12.760 0.330±0.070 8.870 1.460±0.300 10.400±3.400 78 0.190 

8Be* 
5.600±1.000 

1st Pair 
288.500±32.320 
225.250±24.750 

2.200±0.200 17.310 9.820±1.520 31.200±9.600 49 0.120 
8Be* 

18.100±1.000 
7 2nd Pair 

111.220±28.140 
504.770±127.700 

0.310±0.050 12.350 1.490±0.650 10.900±6.200 108 0.640 
12C* 

10.290±0.800 

8 162.140±31.460 
239.290±21.270 0.646±0.180 4.420 2.500±0.610 30.600±12.110 150 0.190  

 P = Momentum of e+ and e–, p = Opening angle of the pair in degrees, o, Mc, τ, S: the emission angle, Mass, lifetime and decay time distance of 
the neutral particle, Y = Energy partition asymmetry of pair. E*, is the energy of the excited level of the produced excited fragment.    
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 is the scaling function and z is the scaling parameter. The fitting parameters   13.6 and 
  1 for the two curves in Fig. (2). Therefore, the two experiments of Cairo and Bristol 
[17] have the same behavior, where the associated pairs are originating from other source 
different from Dalitz pairs as discussed by de Boer [10, 11] and confirmed in [3, 4, 12]. 
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Figure 2: The KNO scaling of the Y – distributions for Cairo and Bristol [17] data. 
 

Fig. (3) displays the invariant mass spectra of the selected sample of dielectrons 
associating the interactions of 32S (200A GeV) and [12C and 22Ne at ~ 3.7A GeV] with 
emulsion nuclei. 
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Figure 3: The invariant mass spectra of dielectrons associating the interactions with emulsion 
nuclei. 
 

Clearly, most of electron pairs are locating in the region on lower invariant mass (M  
5 MeV/c2) as shown in Fig. (3a). The rest of electron pairs which forms ~ (6.72 %) electron 
pairs has mass distribution at (M > 5 MeV/c2) as in Fig. (3b). The clear appearance of two 
peaks, one in the distribution over the invariant mass  5 MeV/c2 and the other in the 
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distribution over the invariant mass > 5 MeV/c2, is observed. The two peaks are 
corresponding to average masses of (1.550.14 MeV/c2) and (9.463.15 MeV/c2) 
respectively. These masses are above the threshold of  internal conversion. In Fig. (3a), the 
(1.550.14 MeV/c2) line observed is found to be quantitavily consistent with the peak of 
Maxwell – Boltzman spectrum having the form,  
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The potential V = 0 for particles of Z = 1. T is the temperature of the decay reactions. From 
fitting parameters T is found to be ~ 0.4 MeV. In Fig. (3b), it can be shown that, the 
distribution peaks at the lower M values and after M = 10 MeV/c2, the probability is almost 
constant. 

The data indicates the production of clusters "A" and "C" obtained before by de Boer 
and van Dantzig [10, 11], discussion of the Cairo [2] and Bristol data [17]. The data 
characterizing the two clusters are included in Table (2). 
 
Table 2: The data characterizing the two peaks of the invariant mass spectra of the associated pairs. 
 

Cluster A Cluster C 

Invariant Mass  5 MeV/c2 Invariant Mass > 5 MeV/c2 

< M > = 1.550.14 MeV/c2 < M > = 9.463.15 MeV/c2 

<  > = 38.673.46 X 10–16 S <  > = 11.713.90 X 10–16 S 

N = 125 Pairs N = 9 Pairs 
 
Table (3) gives the detailed data of masses and lifetimes of the observed pairs. 

Fig. (4) shows a clear example of the production of two 12C track fragments, the first 
is in the excited 10.30 MeV (0+, 0) level which then decays to its g. s. (0+, 0) emitting a 
neutral boson which decays after 69 m into an (e+ e– pairs). The path length of this excited 
12C–fragment is undetected due to the short lifetime of the 10.30 MeV level (Γ = 3000 
KeV). The second 12C fragment is produced at "A" probably in the 7.66 MeV (0+, 0) level 
which decays after a detectable distance  ≈ 5 m at the point "B" into its g. s. emitting a 
neutral boson decaying into an (e+ e– pair) after 50 m. The  distance corresponds to the 
0.05 fem S lifetime of the 7.66 MeV level [21]. The probability for such pairs to be due to 
Dalitz decay   γ + e+ + e– is kinematically improbable for ranges higher than 49 m in 
Table (1). 

One can conclude that new light neutral bosons of average masses 1.55±0.14 and 
9.46±3.15 MeV/c2 and life times of orders 10–16 S are produced in 32S (200A GeV) 
collisions in emulsion. 
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Table 3: The masses and lifetimes of the selected electron pairs. 
 
Mass Ranges Frequency < M > MeV/c2 <  > . 10–16 sec 

0 ≤ M ≤ 1 – – – 
1 ≤ M ≤ 2 99 1.24±0.12 36.43±3.66 
2 ≤ M ≤ 3 18 2.36±0.56 47.90±11.30 
3 ≤ M ≤ 4 8 3.31±1.17 52.72±18.63 
4 ≤ M ≤ 5 1 4.24±1.10 55.32±16.71 
5 ≤ M ≤ 6 – – – 
6 ≤ M ≤ 7 1 6.65±0.51 13.70±4.89 
7 ≤ M ≤ 8 2 7.30±5.18 12.89±9.14 
8 ≤ M ≤ 9 3 8.64±6.99 5.98±3.46 

M ≥ 9 3 12.66±7.32 16.00±9.25 
Total Sample 134 2.08±0.18 37.21±3.21 
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Figure 4: A schematic diagram of a 32S (200A GeV) interaction with nuclear emulsion 
accompanied by the emission of electron pairs. 
 

 
CONCLUSION 

 
From the interactions 32S (200A GeV) and [12C and 22Ne at ~ 3.7A GeV] with nuclear 

emulsion, the emission of neutral bosons of average masse 1.55±0.14 and 9.46±3.15 
MeV/c2 and life time of the order of 10–16 S is suggested. This is indicated through the tow 
narrow peaks found in the invariant mass spectrum of the emitted electron pairs. The 
mentioned neutral boson is expected to be emitted through the de–excitation of excited 
fragments 4He, 8Be, and 12C produced in 32S fragmentation. From the analysis of an 
example for these excited nuclei, two visible 12C tracks fragmented from 32S projectile are 
observed. One is corresponding to an excited state ~ 10.3 MeV (0+, 0) of short lifetime, 
which then decays into its g. s. (0+, 0) emitting a neutral boson after 69 m. The other 
carbon fragment is emitted at 7.656 MeV (0+, 0) state, which decays after a detectable 
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distance ( ≈ 5 m) into its g. s. emitting neutral boson which then decays into electron pair 
after 50 m. The 5 m distance corresponds to 0.05 fem s lifetime of 7.656 MeV state, 
which is kinematically improbable to be due to Dalitz decay. 
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