
AIP Conference Proceedings 796, 334 (2005); https://doi.org/10.1063/1.2130191 796, 334

© 2005 American Institute of Physics.

Atomic Collisions and free Lepton
Pair Production
Cite as: AIP Conference Proceedings 796, 334 (2005); https://
doi.org/10.1063/1.2130191
Published Online: 03 November 2005

M. C. Güçlü, and M. Yilmaz

https://images.scitation.org/redirect.spark?MID=176720&plid=1007002&setID=379066&channelID=0&CID=326227&banID=519800492&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=b42d6b27eabc9a5ab51f86399ebf2e6a0e3c8ca3&location=
https://doi.org/10.1063/1.2130191
https://doi.org/10.1063/1.2130191
https://doi.org/10.1063/1.2130191
https://aip.scitation.org/author/G%C3%BC%C3%A7l%C3%BC%2C+M+C
https://aip.scitation.org/author/Yilmaz%2C+M
https://doi.org/10.1063/1.2130191
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.2130191


Atomic Collisions and free Lepton Pair
Production

M. C. Güçlü� and M. Yilmaz�,†

�Istanbul Technical University, Department of Physics, Maslak-Istanbul, TURKEY
†Kadir Has University, Department of Engineering, Cibali-Istanbul, TURKEY

Abstract. In this work, we have calculated the total cross sections of electron-positron pair produc-
tion for the collisions of fully stripped gold ions for various energies. We have also compared our
calculation with other methods.
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INTRODUCTION

Particle production via electromagnetic processes in peripheral collisions of relativistic
heavy ions has been studied recently both experimentally and theoretically, because
it is important at colliding beam accelerators. As an example, fully stripped heavy
ions provided by relativistic Heavy-Ion collider (RHIC) and Large Hadron collider
(LHC) will collide at 100 GeV and 3400 GeV per nucleon at the center of mass
energies respectively. Main goal of these experiments are to create a so-called quark-
gluon plasma and to study the physics associated with it. It is expected that ultra-
relativistic heavy-ions can provide this form of matter in the central, or near-central
collisions. In these central collisions, thermodynamic conditions may become sufficient
to deconfine the constituent quarks and gluonsof baryons and mesons into a short-lived
plasma state. Lepton pairs, especially electron and muon-pair production, from hadronic
interactions can help us to monitor the formation and decay of the quark-gluon plasma
phase of matter. In these collisions, lepton-hadron final state interactions are generally
small, therefore leptons may carry direct informations on the space-time region of their
creation.

When heavy ions collide at relativistic velocities, the Lorentz-contracted electromag-
netic fields in the space-time region near the collision are sufficiently intense to pro-
duce large numbers of electron-positron pairs, muon pairs, vector bosons, weak bosons
(Z0�W�

�W�) or possibly the yet-unconfirmed Higgs bosons. These collisions are funda-
mentally different from those involving single charged projectiles because the strength
of the coupling constantZα , whereZ is the charge andα is the fine structure constant,
can be large. Lepton pair production in thesesystems depends on energy and charge of
the colliding nuclei. Although the first orderperturbative calculation gives reliable an-
swer for the low charge and energy, these calculations give some unphysical results for
the higher charge and energies.

Due to the strong, long range electromagneticforces between heavy-ions, which are
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FIGURE 1. (a) bound-electron-free positron pair production and (b) free pair production

peripheral in nature, single/multiple-lepton pair production from the electromagnetic
fields of the heavy-ions is a major contribution to the physical background and several
authors suggested that these lepton pairsmay mask the leptonic signals coming from
the quark-gluon plasma phase via the Drell-Yan process. There are also two dominant
electromagnetic processes that can lead to beam depletion at RHIC. The electron capture
process following pair production during heavy-ion collisions and the Coulomb disso-
ciation of the heavy-ions, following the electromagnetic excitation of the giant dipole
resonance are the dominant modes of beam loss mechanism at RHIC. This collider will
provide ultra-relativistic fully stripped heavy-ion beams, and the above electromagnetic
processes cannot be ignored indetector or accelerator design.

In Figure 1, we illustrated the pair production in which the electron is created in
a bound state and pair production in which the electron is created in a continuum
state. Previously, we have obtained the impact parameter dependence cross section of
[1, 2, 3, 4] electron-positron pair production cross section by calculating the second order
Feynman diagrams. Including the direct and exchange terms of Feynman diagrams, the
total cross section can be written as
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TABLE 1. Total pair production cross sections
for Au + Au collisions. Methods A,B,C and D
are the Monte Carlo Calculation, Born Approxi-
mation, Born Approximation with Coulomb Cor-
rections and Racah Approximation, respectively.

10 GeV 100 GeV 3400 GeV

Method A 4349 35148 193499
Method B 5298 42383 233329
Method C 3284 34035 206903
Method D 3622 34087 205073

is the exchange term.
We have calculated the electron-positronpair production cross section exactly by

using the Monte Carlo method. In this calculation, we have not made any approximation
and calculated the cross sections exactly. On the other hand, the authors in Ref. [5]
made a small momentumapproximation ( smallk and small transverse momentum
p
�

) and obtain an analytic expressions. Although, most of the integration comes from
the small momentum range, lowest order intransverse momentum is not adequate to
obtain accurate Coulomb corrections and higher orders should be also included. This
was first noticed by Tony Baltz [6], and in this work we were also convinced that small
momentum approximation aloneis not adequate to obtain correct Coulomb corrections.

In a recent paper [7], the Racah formula for the total electron-positron pair production
cross section in perturbative theory [8] is given as
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where

� � log2�2γ2�1�� (5)

Hereγ is the Lorentz factor. We have also compared our result with the Racah formula
in Table 1.

In addition to this, Monte Carlo calculations and the Born approximation gives simi-
lar total cross sections and impact parameter dependence cross sections. However, Born
approximation results are valid for the impact parameters only above the one electron
Compton wavelength. We made an assumption that, since both results agree for the valid
impact parameter region, they should also behave similarly for the small impact param-
eter region. We have applied our results thatare obtained by computational calculations
to the Born approximation and obtain well behaved impact parameter dependence cross
section and probabilities. We have compared the totale�e� pair production cross sec-
tions for the calculations of Monte Carlo, Born with Coulomb corrections and the Racah
formula. We have also tabulated the total cross sections obtained from these methods
for the energiesγ � 10�100 and 3400 and for theAu�Au collisions in Table 1. These
calculations show that the agreement of Monte Carlo calculation, Born approximation
with Coulomb correction and the Racahequation is very good especially forγ � 20.
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Recent publications about peripheral relativistic heavy-ion collisions [9, 10, 11, 12,
13] show that the impact parameter dependence cross sections oflepton pair production
are very important and detail knowledge of impact parameter dependence cross sections
particularly for small impact parameters can help to understand many physical events in
STAR experiments.
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