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p-Be Collisions at 4.9 GeV. 
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Igo,{2) P. Kirk,(4) G. F. Krebs,(l) E. Lallier,{l),(b) G. Landaud,(s) L. Madansky,(3) H. S. 
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F. Wang,(4) R. Welsh(3) and A. Yegneswaran(l) 

(The DLS Collaboration) 

(l) Nuclear Science Division, Lawrence Berkeley Laboratory, 

1 Cyclotron Road, Berkeley, California 94720 

(
2

) University of California at Los Angeles, Los Angeles, California 90024 

(3) The Johns Hopkins University, Baltimore, Maryland 21218 

(
4

) Louisiana State University, Baton Rouge, Louisiana 70803 

(s) Universite de Clermont II, 63170 Aubiere, France 

(
6

) Northwestern University, Evanston, Illinois 60201 

We present the invariant mass and transverse momentum dependence of direct electron

positron pair production in p-Be collisions at a ·beam kinetic energy of 4.9 GeV. The 

acceptance of our apparatus is shown to have no significant effect for masses above 0.15 

Ge V. After a correction is made for the available phase space, the transverse momentum 

dependence of the data is found to be comparable to hadron-hadron observations. A 

phenomenological calculation involving 7r+7r- annihilation into e+ e- is shown to be in 

good agreement with our measurements. 

PACS numbers: 25.40.Ve, 13.75.Cs 
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The Dilepton Spectrometer (DLS) collaboration at the Bevalac has undertaken a 

program to study dielectron ( e+ e- pair) production in p-nucleus and nucleus-nucleus 

collisions. Previous data1 have established the existence of low mass, low transverse 

momentum direct pairs at beam kinetic energies (T) of 12 GeV and above. However, 

for masses below 3 Ge V the continuum is not fully understood. In particular the rel

ative contributions of various mechanisms such as soft parton annihilation, hadronic 

Bremsstrahlung and pion annihilation, have not yet been well established. Furthermore, 

in nucleus-nucleus collisions new phenomena could strongly modify the dilepton mass 

spectrum.2 

In a previous publication3 we reported the observation of direct electron-positron 

pairs in p-Be collision at T=4.9 GeV. The cross sections were found to be similar to 

measurements at higher energies except for a structure observed in the mass spectrum 

at about 0.275 GeV, a mass region not well studied in earlier data. Such a structure 

at nearly twice the pion mass would suggest that dielectron production through pion 

annihilation is a dominant mechanism in that region. In the present paper, the double 

differential cross section d 2(T/dmdpt is presented and details of the DLS acceptance are 

discussed. A description of the DLS can be found in our earlier publications3
•
4 and is the 

subject of a separate paper.5 The basic concept is a spectrometer made of two identical 

arms arranged symmetrically with respect to the beam axis. Two large aperture dipole 

magnets (one in each arm) are powered independently and the data is collected with 

the four combinations of field polarities for equal length of time. Thus the DLS is a 

charge symmetric detection device, i.e., the acceptance does not depend on the charge 

combination of a. pair but only on its kinematical variables. 

The DLS data are subject to two types of backgrounds. The false pair background, 

where the detected electrons are uncorrelated, is produced equally with all charge com

binations. Since the detection is charge symmetric we have removed this background 

by subtracting, after the acceptance correction is made, the same-sign pairs from the 
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opposite-sign pairs.3 The true-pair background, which is primarily from Dalitz decay of 

mesons and resonances, is estimated4 to have a small contribution for masses above 0.2 

Gey. This background has not been subtracted from the data presented here. 

The geometric acceptance ofthe DLS was computed by a Monte Carlo technique. This 

simulation, which included a detailed representation of our detector, was constructed us

ing the GEANT software library.6 We assumed an isotropic production of the electrons in 

the center of mass frame of the pair and computed the acceptance on a three-dimensional 

mesh as a function of the invariant mass ( m) of the pair, the transverse momentum (Pt) 

and the laboratory rapidity (y ). Calculations were limited in phase space to a fiducial 

volume defined by: { m E [0.05, 1.25] Ge V} ® {Pt E [0, 0.8] Ge V} ® {y E [0.5, 1.9]}. All 

integrations presented in this paper were done within these limits and acceptance correc-

t~ons refer to the additional corrections done inside that volume. To date our acceptance 

is based o~ 2.2 x 105 accepted pairs corresponding to about 6 x 107 generated events. 

The results of our calculations are shown as a function of (m, Pt) in Fig. 1. In the (m, 

Pt) plane our acceptance is roughly limited for m < 0.25 GeV to a region where Pt < 

(4m- 0.2) GeV. Although the system has a small region with zero acceptance inside the 

fiducial volume, it was found that this has little effect on the mass spectrum for masses 

above 0.15 GeV. As an example we used the parameterization of K. Kinoshita, H. Satz 

and D. Schildknecht7 (KSS): 

(1) 

where C,.X, a and j3 are constants taken from Ref. 8 (C=40 nb GeV3
, A=6 GeV-1

, a=3.5 

and (3=4) and where Et = Jm 2 + pf- m and x0 = E/Emax· Fig. 2 shows the KSS 

mass spectrum and the result of a calculation from P. Lichard9 based on soft parton 

annihilation. Both distributions are shown with and without the acceptance correction. 

Above a mas~.of 0.15 GeV there is no significant distortion introduced by our acceptance 

in the shape of either of these distributions. 
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Our 4.9 GeV data is shown in Fig. 3(a) as a double differential cross section per 

nucleon, d2 a j dptdm, assuming an A 213 dependence. Data were corrected for acceptance 

using linear interpolations between the mesh points. 10 One can divide this data set into 

three main regions corresponding to different data clusters: the low Pt (Pt < 0.1 GeV) 

and low mass (m < 0.1 GeV) where the Dalitz decay of 1r
0 dominates, the intermediate 

Pt (0.3 GeV) and mass around 0.275 GeV where the structure is observed in the mass 

distribution and finally the p- w region with Pt > 0.4 GeV and mass around 0.75 GeV. 

Fig. 3(b) shows the mass distribution for three different Pt slices. One observes that the 

structure as well as the p- w resonance are seen only in the highest and the intermediate 

Pt regtons. 

This correlation between the invariant mass and the transverse momentum, higher 

mass pairs being produced at higher Pt, has already been observed in hadron-hadron col

lisions at higher energies. 7•
11 The transverse momentum behavior of a hadronic secondary 

of mass mh is well reproduced by 

d2 a · 
-=----ex e->.Et (.\ = 6 GeV-1 ), 
dpldyJy=O ' 

(2) 

leading to an average Pt as a function of mh of the form 

(3) 

where K 2(x) is the modified Bessel function of the second kind. As pointed out in Ref. 

7 and 12, this parameterization agrees well with the existing lepton pair data when one 

replaces mh by the invariant mass of the pair. 

The average transverse momentum as a function of the pair mass of our p-Be data at 

4.9 GeV is compared with the above parameterization in Fig. 4. The dashed line is the 

prediction of the KSS model corrected for our acceptance. The dotted line represents the 

predictions of Eq. (2) and includes a phase space correction factor: 

_( ) _ fpte-GEt¢3(m,pt,y)dp;dYcm 
Pt m - J e-GEt¢3(m,pt, y)dpldYcm 
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The phase space distribution </>3(m,pt, y) is obtained by assuming that the final state 

contains only two nucleons in addition to the e+ e- pair: .. 

(5) 

wh~re mn is the nucleon mass, yiS is the total CM energy and mt = .jm2 + p;_ The solid 

lin:e in Fig. 4 is Eq. (4) with our acceptance corrections included. Note that the only 

noticeable difference is in the low Pt region (Pt < 0.2 GeV). 

As shown in Fig. 4, Eq. (4) agrees better with our data than the KSS parameteriza

tion. One should however note that, when computing ftt( m ), the explicit m dependence 

[.\2m-1' j(>-.m + 1)] of the KSS model cancels out. Thus, the only difference between the 

two parameterization lies in the computation of phase space. We have used a three-body 
' 

phase space whereas the KSS expression uses the function (1 - x 0 )
3

·
5 which is based on 

high energy results ( yiS > 10 GeV). 

To address more precisely the question of dipion annihilation suggested by the struc

ture observed at 2m1r, and in the spirit of Ref. 7, we have used the KSS parameterization· 

to describe the dipion distribution as follows: 

(6) 

with ).. = 6 and where f3 is a free parameter. The constant Cis taken so that 

(7) 

l,i upp~1r+1r-+X was taken from Ref. 13 and O'pp--+-X from Ref. 14. 

. ) Using this parameterization, and assuming that the ratio of p-p cross sections entering 
........ 

Eq. (7) is identical for p-n interactions, the cross section for the reaction p+ N ~ e+ e- +X 

through dipion annihilation will be: 

(8) 
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where a~~~-=.(m) is the cross section for dipion annihilation into an e+e- pair given in Ref. 

2. The relevant projections including acceptance corrections are shown in Fig. 5. The 

solid curve in Fig. 5 (a) includes the mass resolution of our apparatus, thus f3 = 5 (rather 

than f3 = 4) gives a better fit to the data. Contributions from the Dalitz decay of 1r
0 's and 

ry's4 (dashed line) and from the decay of p's and w's (dotted line) are shown separately. 

Note that the p- w contribution is shown before resolution correction and that we have 

used a production cross section of 0.07 mb for the p and 0.13 mb for thew. The agreement 

with our data is good, in shape as well as in magnitude. Equation (8) gives 101 nb for the 

total cross section to be compared to our measurement of 125 ± 15(stat.)~;g~(syst.) nb 

(for m ~ 2m7r ). We hope that this phenomenological calculation will encourage further 

theoretical developments. 

In conclusion, we have shown that for masses above 0.15 Ge V the geometrical ac

ceptance corrections do not introduce significant distortions in the cross sections given 

by the KSS parameterization or by the calculation done by P. Lichard. We have also 

shown that the Pt yield as well as the Pt versus m correlation of direct e+ e- production in 

p-Be collisions is similar to hadron-hadron measurements at higher energies with a small 

phase space correction. This correction is compatible with the hypothesis of a final state 

containing only two nucleons in addition to the e+e- pair. Finally, a phenomenological 

calculation involving 7r+7r- annihilation into e+e- was shown to be in good agreement 

with our measurements. 

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

Energy and Nuclear Physics, Nuclear Physics Division, of the U.S. Department of Energy 

under Contracts No. DE-AC03-76SF00098, DE-FG03-88ER40424, DE-FG02-88ER40413 

and DE-FG05-88ER40445. 
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Figure captions 

Figure 1. The acceptance of the DLS as a function of m and Pt· The dark region is 

an area of zero acceptance. The average acceptance over the fiducial volume is 0.8%. 

Figure 2. du I dm is shown as calculated from Eq. (1) (lines) and from P. Lichard 

(Ref. 9, lines with symbols). Solid lines include acceptance corrections dashed lines do 

not. For both expressions there are no significant corrections above 0.15 GeV. 

Figure 3. a) d?u I dmdpt is shown in a "lego" plot. The dark region is an area of zero 

acceptance. b) duldm in p-Be at 4.9 GeV for various Pt intervals ([0,0.1) GeV (solid 

squares), [0.1,0.3) GeV (solid diamonds), [0.3,0.8) GeV (solid circles)). No structure is 

observed in the lowest Pt range and the p - w peak is more pronounced in the highest. 

From bottom to top scaling factors are 11400, 1120 and 1. 

Figure 4. Average Pt as a function of m. The dotted line is Eq.( 4 ), the solid line is 

Eq.( 4) including acceptance corrections and the dashed line is the KSS model including 

acceptance corrections. Note that for all curves the decrease of ftt at large masses is due 

to the limited phase space. 

Figure 5. a) duldm for p-Be at 4.9 GeV (solid squares). The solid curve is the sum 

of Eq.(8) with f3 = 5, the Dalitz decay from Ref. 4 and the p - w contribution. The 

dashed line is the Dalitz decay contribution, the dotted line is the p - w contribution 

before resolution corrections. b) duldp; for p-Be at 4.9 GeV for masses above 2m7r, the 

solid curve is Eq. (8). 
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