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Abstract: The cold component of large transverse momentum dilepton production via semi-coherent two-

photon interaction is calculated. The cold contribution is essential to the dilepton spectra in the soft region for
different mass bins. The results are compared with the PHENIX experimental data at RHIC, and we find that
the modification of semi-coherent two-photon processes is more evident with the rising dilepton mass bins.

Key words: relativistic heavy ion collisions, quark-gluon plasma, two-photon processes

PACS: 12.38.Mh, 25.75.Nq, 21.65.Qr

1 Introduction

The main purpose of ultrarelativistic heavy ion
collisions is to probe the thermal information of the
dense thermalized matter which is named quark-
gluon plasma (QGP). The electromagnetic radiation
emitted from the center of the collision is a kind
of very clean information due to the real and vir-
tual photons which do not interact strongly, there-
fore photons and dileptons can escape from the dense
medium without strong interactions, and may carry
information on the center dynamics [1-10]. However,
so far no evident experiments have shown that some
information is exactly produced from the thermalized
medium [11-21].

The p meson couples to the m™7m~ channel
strongly, and the lifetime of the p meson is much
shorter than the one of the expected hot hadronic gas.
The yield of the p mess spectrum may be modified in
the hot medium due to the chiral symmetry restora-
tion. The scenario of mass dropping or melting in a
hot medium successfully interprets the dilepton yield
enhancement in the low mass region at Super Proton
Synchrotron (SPS) for Pb-Au 158 A GeV collisions
[22-28]. Recently, the measurement of the dilepton
continuum at Relativistic Heavy Ion Collider (RHIC)
energies has been performed by the PHENIX experi-
ments for Au-Au 200 A GeV collisions [29, 30]. The
dilepton yield in the low mass range between 0.2 and
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0.8 GeV is enhanced by a factor of 2-3 compared
with the expectation from hadron decays. However,
such a modifying scenario can not well explain the
enhancement in the Au-Au collisions at RHIC. The
imperfect modifying models of hadron decays present
other probable mechanisms to explain the enhance-
ment of the dilepton yield at low mass. Moreover,
the dilepton enhancement at RHIC implies that such
phenomena are related strongly to the hot plasma
scenario.

The contribution of thermal dileptons at the low
mass is covered by the cocktail of hadron decays be-
cause the vector meson peaks are more pronounced
than the thermal spectrum. The thermal information
is dominant in the intermediate mass region between
the ¢ and J/1 vector meson for the phase transition
theory, but the contribution of dileptons in this re-
gion also can be explained by the decays of charmed
mesons. The NAG60 collaboration has also observed
an enhancement at intermediate mass. The data sug-
gest that such an enhancement may include thermal
information and not just charm decays [31].

Except for the above problems, a new puzzle was
performed by PHENIX collaboration [32]. The pr
spectra of dileptons in p+p collisions for different
mass bins are in agreement with the expectation of
the cocktail, charm decays and direct contributions.
The agreement also exists in the Au-Au collisions at
high pr (pr >1 GeV). The excess contribution above
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the cocktail and charm decays is consistent with the
contribution from direct dileptons. In the soft region
of pr <1 GeV, pQCD is out of use, and the spec-
tra are still higher than the expectation of cocktail
and charm decays. If fitted with exponential in this
soft window, one has a slope T, =~ 100 MeV, which
is almost twice smaller than the typical slope of the
standard thermal component. Another candidate in
the soft window is the new “cold” component which
is still valid in the low pr region. In Ref. [33] the au-
thors suggest a new cold dilepton production mech-
anism which is not discussed in the standard theory
list before.

2 General formalism

The semi-coherent two-photon processes are the
so-called dilepton source for small mass bins and low
pr. Shuryak E. et al. use the equivalent photon ap-
proximation to determine the differential cross section
for the yy processes in Au-Au collisions, and have
concluded that the semi-coherent production of dilep-
tons does not contribute significantly to the PHENIX
data [33]. However, we derive the yield of dileptons
for vy processes with the restriction b < 2R, and
finally find that the production of double photon in-
teraction has a positive contribution to the cocktail
and charm decays in the soft region. One notes that
the impact parameter b is smaller than the transverse
dimension of the system R, and that the dense hot
medium can not be created in the heavy ion collisions
if b> 2R, because the QGP is centrality dependent.

The equivalent photon spectrum corresponding to
a point charge Ze, moving with a velocity v is given
by
,0252

2
where the argument of the modified Bessel functions
is £ =wRmin/ YV, and Ry, corresponds to the radius

2
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of the radiation system with the maximum energy
of the photons. After the MacDonald approximation
the above formulation can be written into a compact
form as [34, 35]

27%« Y
=— lnw R (1)
where R, ~ 7 fm and y =106 for Au-Au 200 A GeV
collisions at RHIC. In this article we use the natural
units, namely h = ¢ = 1. The differential cross sec-

n(w)

tion of two-photon interaction for Au-Au collisions is
given by

do =0, dn;dna, (2)

where the total cross section of yy —eTe™ is [36]
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and

In the semi-coherent case, ¢, > gor, the total trans-
verse momentum of dileptons is pr = ¢y + Gor = qir,
where ¢;r is the transverse momentum of a photon.
Therefore the differential cross section can be written
in the terms of dilepton transverse momentum as the
following

7(10 =2 (2Z2a)21n Y v
d?prdMdy PrRmin DY

/Rmin 1
x F m— e —dgr, (3)
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where the minimum transverse momentum of pho-
ton gy iS Qormin ~ 0.2 GeV due to the single track
acceptance condition [33]. If both the photon trans-
verse momenta (g, and gor) are the same large (non-
coherent) or small (coherent), the total transverse
momentum would have a very small value (|pr| =
|@it—g2r| — 0), then a dilepton could not obtain large
transverse momentum in the yy — e*e™ interaction.
The single track condition gyt > 0.2 GeV allows us to
discuss large transverse momentum dilepton produc-
tion in the two-photon reaction, the contribution of
non-coherent and coherent photon-photon processes
is weak compared with the semi-coherent processes.
This is the reason why the semi-coherent approach is
essential in the two-photon interactions.

In the semi-coherent case (¢; = (w1,q17,q1z) and
qs & (wz,ﬁ, —¢2z7)), a non-coherent photon with large
transverse momentum is radiated from a nucleus and
a coherent photon with small transverse momentum
is radiated from a proton of another nucleus in the
relativistic heavy ion collisions. The large transverse
momentum yield for different mass bins is given as
follows

dN 2 dN
dzprdy le d2prdMdy (4)

where the yield relates to the differential cross section
do/d*prdMdy for nucleus-nucleus collisions with the
total cross section oy, in the form dN/d*prdMdy =
(1/0401)(do/d®prdMdy). The authors in Ref. [33] use
Oior ~ 1.4%10* GeV~2 for the Au-Au 200 A GeV col-
lisions at RHIC.
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3 Numerical results

From Fig. 1 one can see that the contribution
of two-photon processes is only valid in the region
of pr <3 GeV due to the radiation limit condition
W < Y/Rumin- It also implies that the spectra of yy
interaction depend on the nucleus radiation energies.
The energy of photons radiated from nuclei is local-
ized in the range of relatively small ¢;r. Shuryak E. et
al. have discussed the two-photon processes by using
a charge distribution form factor [33]. A charge distri-
bution is necessary to the form factor, but the Woods-
Saxon approximation they used has depressed the
value of the form factor, therefore the spectra of dilep-
tons under yy — eTe™ interaction are also depressed
quickly with the rising dilepton transverse momen-
tum. In this article we derive the yield of dileptons for
YY processes with the restriction b < 2R , where the
quark-gluon plasma may be created, and it is found
that the spectra for different mass bins are essential
in the soft region.

At low mass, m. <200 MeV, the contribution
of cocktail and charm decays is in agreement with

the PHENIX data. However, in the soft region
(pr <1 GeV) the data are still higher than the expec-
tation of cocktail and charm decays at m,. >200 MeV.
The yield enhancement is more evident with the in-
creasing of dilepton mass. In order to avoid the in-
fluence of ete™ decays of narrow resonance vector
mesons, the mass regions around the w meson and
¢ meson are excluded by PHENIX Collaboration.

In Fig. 2 we plot the large transverse momen-
tum dilepton yield under yy — eTe™ interactions
for different mass bins. As we discussed above the
yield enhancement is not evident for the mass bins
as 100 MeV< me, <200 MeV and 200 MeV< m,. <
300 MeV, so the correlation of cold yy component
is weak; In the mass region of 300 MeV< me <
500 MeV, 500 MeV< m., <750 MeV and 810 MeV<
Mee <990 MeV the data are almost one order higher
than the expectation of cocktail and charm decays,
and the modification of the yy reaction is now es-
sential. Therefore the two-photon interaction plays
an important role in the large transverse momentum
dilepton production in the soft pr region.
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Fig. 1.
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The cold component dilepton production via the two-photon processes Yy — eTe™ for different mass

bins. (Panel a) The solid line: the sum of cocktail and charm decay; the dotted line: the sum of cocktail

and charm decay plus the contribution of direct dileptons [32]; (Panel b) the contribution of yy — e

+em

the dotted line: 100 MeV< mee <200 MeV; the solid line: 200 MeV< mee <300 MeV; the dashed line:
300 MeV < mee <500 MeV; the dash dot line: 500 MeV < mee <750 MeV; the dash dot dot line: 810 MeV<

Mee <990 MeV.
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Fig. 2. The dilepton spectra of two-photon processes for different mass bins. The dilepton transverse momen-

tum is in the soft region pt <1 GeV. The dotted line is the contribution of the cocktail and charm decay,

the dashed line is the photon-photon production, and the solid line is the total contribution.

4 Conclusion

We derived the two-photon processes from the
passage of yy — ete™.
mentum dilepton can be created in the semi-coherent
two-photon interaction. The yy processes may be an
essential complementarity to the previous standard

The large transverse mo-

cold dilepton production. In the MacDonald approx-
imation the energy of the radiated photon is limited
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