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Abstract: The large transverse momentum distribution of lepton pairs produced in heavy-ion colli-

sions has been studied, making use of the perturbative QCD. The contribution of the two-parton

production process into lepton pairs in Au-Au collisions is calculated. Lepton pair production

with the direct single photon process and the resolved single photon process are introduced. We

believe that the photon processes are significant. The complete processes at large transverse mo-

mentum are included, and moreover, the effect of shadowing and isospin of nucleus are also con-

sidered in heavy-ion collisions. Dilepton signals to regard the background of QGP have a good

correction.
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1 Introduction

Hadronic processes producing a large trans-
verse momentum (Py) photon play a fundamental
role in heavy-ion collisions. Dilepton production in
ultrarelativistic heavy-ion collisions is intimately
related to many signals and their backgrounds for
physics processes or new physics.

From the earlier Relativistic Heavy Ion Colli-
der(RHIC) to the Large Hadron Collider (LHC),
many efforts have been trying to probe the proper-
ties of the quark-gluon plasma(QGP), which has
become the most important issue in the study of

L1 In probing

relativistic heavy-ion collisions
the properties of QGP, the production of lepton
pairs is ineluctable at large transverse momentum.
In the circumstances, we consider that the produc-
tion of lepton pairs is not ignored at large trans-

verse momentum. Dilepton signals produced from
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the initial nucleus-nucleus collisions are significant
to regard the background of QGP.

The PHENIX collaboration at RHIC has re-
cently measured the transverse momentum distri-
bution of electron-positron pairs, with the pairs’
invariant mass as low as 100 MeV<<M<C300 MeV,
in both p-p and Au-Au collisions. Experimental re-

sults from the RHIC have established that in Au-

Au collisions at /s = 200 GeV matter is created
with very high energy density"! 1,

In our case, a virtual photon could subse-
quently decay into a lepton pair, which can be de-
tected. This case thus corresponds to a “Drell-
Yan” type situation, with a lepton pair at large
P71 Perturbative QCD theory should work
well at large transverse momentum (P+) in ultra-

relativistic heavy-ion collisions. In our calculation,

Au-Au scattering takes place in the region 1 GeV
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<P;<10 GeV.

We further calculate the dilepton production in
Au-Au collisions, making use of nuclear parton
distribution functions. Inside, parton distribution
functions are from Ref. [20], parton distributions

of real and virtual photons are from Ref. [21].

The total energy of nucleon-nucleon collisions isys
=200 GeV at large transverse momentum distri-
butions of lepton pairs in Au-Au collisions. We
discuss the whole processes of the lepton pair pro-
duction at large transverse momentum in Au-Au
collisions at RHIC. Then the contribution of above
processes is calculated.

In Sec. 2, we discuss the whole processes of
the lepton pair production at large transverse mo-
mentum in Au-Au collisions. There are four major
processes in here. The effect of shadowing and
isospin of nucleus are introduced in the parton
model. In Sec. 3, the numerical results are dis-
played. In order to compare with data from RHIC,
we deal with results which are calculated. Finally,

Sec. 4 presents our summary and conclusions.

2  Lepton Pair Production at Large

Transverse Momentum

The process for Drell-Yan type inclusive lep-
ton pair production in hadronic collisions is A+ B
—v* (—=>1"1")+X. We can express in terms of the
cross section for producing a virtual photon that
decays into the observed lepton pair. The cross
section is in the following:

dUA[s»y “ X

dt ’

doap-1t 1 x o

dM?d:  3mM? (L

where the variables M is the invariant mass of a

lepton pair.

2.1 Lepton pair production with the leading order

process

In the process, parton-parton is a direct
process without the fragmentation of parton.
There are two channels in here (q+q—>7v" (—

11" )+g, qtg>v  (—=1"1")+q). The cross sec-

tions of the two channels are in the following™*

do 1 (! .
B Py~ |GG @
Ly d&ab*'li I x

dM? dz

Gy, (5 Q) s 2)

X, — X

where doy.y . /dt ¥ is for parton scattering. For
the rapidity y is zero, «/s and Py are the total ener-
gy of nucleon-nucleon collisions and transverse
momentum of the lepton pair, respectively, We
have the Mandelstam variables in the cross section
ass =2, au5 » L = — .57, + M? and u = — 251, +
M?. Besides, t=M*/s a0 =2P+/ s +» 21 =215 =
(2% +40)V? /2 and 2y = (xoxs — ) /(2o —x1) . The

min

minimum momentum fraction in the integral is x}
=(z;, — o)/ —x,) .

For the nucleus-nucleus collisions, we choose
the parton distribution G(x, Q*) of the nucleus
from M. Gluck et al. ™ in the following:

G(x, Q@) =R(x, A)[ZP(x, Q) +

where R(x, A) is the EMC shadowing factor®!, Z
is the proton number of the nucleus, A is the nu-
cleon number, P(x, Q%) is the proton distribution
and N(x, Q%) is the neutron distribution. Since
protons and neutrons have different up and down
valence quark distribution, the isospin of the nu-
cleus can be represented by the sum of the proton

and neutron distribution™**,

2.2 Lepton pair production with the fragmentation

process

In this process, lepton pairs emit from the
fragmentation of quarks in the final state. There
are six channels (qq —~qq » 99—>qq. q9—>q q » qq
—qq, gq—>gq and gg—>qq) about large transverse
momentum. The cross sections of the six channels

are in the following:

L_LJ“ : J" o
AV dyd Py ) o 870 ] 420G (200 Q@) X
S 2 y 2 Xy Xy d(} ab—>cd
(J};/h(l‘l, 1) Q )Dq(zc 9Q ) ZC([I‘al‘b — ‘L') dMZ dz 1)

€Y)
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where do,,../dt 'is for parton scatterings is . We
have the Mandelstam variables in the cross section
ass=x,ay5 » L =— sr,(x,/z.) and u= — sz, (x,/
z.). Besides, 2™ =(r+x2)/(1—x,) , " =(c+
x.x2)/(x, — x1) and z. = (x, 2, T 22, /(2,20 —
7).

A factor of ma?/s* which is used in the process
has been factored out of the purely strong-interac-

251 Here the strong running coupling

tion process
constant is

47

T Rn(Q /A )

as

where the QCD scale parameter A=0.2 GeV , 8, =
11 — 2n:/3, and n; is the flavor number of quarks.

The fragmentation function of photons is giv-
en by the following:

2
aey

2mz.

Di(z., Q) = ln%DJr(l—z(.)Z], (6)

and one should note that D.(z., Q*) =0 due to a

photon is not coupled with a gluon directly™*.

2.3 Lepton pair production with the direct single

photon process

In the process, a photon which is fragmented
from a parton reacts with the other parton (y+q—>
I"1" +q). The cross section is in the following:

do _ 2 Jl
A dydViPy ) 0T

"1
|| deGa s @G (s @D (s @) %

“b
doygerti g

dM?* dt

X, XX

, D)

T Xy — X2

where do,, .,*,/dz is for parton scattering. We have
the Mandelstam variables in the cross section ass =
Toxu2es s L =M — sx.x92e » u =M? — xy5x,. Be-
sides, ™" = (x;, — ) /(1 — z) » 8" = (z,20 —

) /(x, —x) and 2. = (xyx; — )/ (2,2, — 2.22)

2.4 Lepton pair production with the resolved single

photon process

In the process, a parton of photon which is
fragmented from a parton reacts with the other

parton. Principle allows a photon for a short time

also to fluctuate into a quark-antiquark pair.
Therefore a high energy photon looks like surroun-
ded by a quark cloud, and can be interpreted that it
has a inner parton structure. There are two chan-
nels in here (q,+q—>1"1 +g, q, Fg=>1"1 +q).
The cross sections of the two channels are in the

following

do 2 J] Jl
dMPdyd* Py o J o Za i ay, X

1
J i dZZGA/a(Ia 1) QZ )Gp,/b<l'\) ’ QZ )DZ(ZC ) QZ) ><

%2
do 1t .

dM* dt

X, XpZe2s

G(l,ry(Zzy Q2> ’ (8)

T, XpTy — LaZo Xy

where doy, ., . /dt * is for parton scattering. We
have the Mandelstam variables in the cross section

- 2 2 - 2
as s =X, p2228 s L =M° — x,2.2,510, and u = M* —

aysx1. Besides, 2™ = (&, — ) /(1 — x5) , 2P =
(oxs — O/ (x, —21) s 28 = (2 — )/ (xaxy, —
x.x2) and 2. = (xyx; — ) /(T2 20 — TuZ222) .

2.5 Other process

In addition, the two processes are not calcu-
lated because they are far smaller than the resolved
single photon process, much less the leading order
process. The two processes are the resolved two-
photon process and the commixing process which

includes direct and resolved mechanism.

3 Numerical Results

In this section, we discuss the dilepton pro-
duction in Au-Au collisions at RHIC. We define

the invariant cross section for producing lepton

pairs in a mass range between M, and M., (sl

2

do :J "M do
dyd® P+ M dM?dyd® P+

, (9

where 0. 2 GeV<AM<C0. 3 GeV, 0.3 GeV=<IM<
0.5 GeV and 0.5 GeV<{M<C0. 75 GeV.

In order to present our results in a way that
allows them to be compared with data from RHIC,
we will study the invariant yield which is given by:

1 1 d’N

Y=
Ny /2 20Py dPrdy
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- - 9 1
N2 0o 22P; dPrdy (10

where o ~ 47R? ~ 1.4 X 10'[GeV 2], The data
from PHENIX correspond to a minimum bias situ-
ation, so the collisions considered have centrality
in the range 0—92% which corresponds to N, =
109[26*29].

In Fig. 1, the contribution of the fragmenta-
tion process at large transverse momentum produc-
tion of lepton pairs in Au-Au collisions is changing
along with the increase of transverse momentum.
The contribution of the fragmentation process ex-
ceeds the contribution of the leading order process
when the transverse momentum is not very high.
The contribution of the leading order process is the

biggest when the transverse momentum is high. In

addition, the resolved single photon process is
smaller than the direct single photon process at
large transverse momentum production of lepton
pairs in Au-Au collisions. At large transverse mo-
mentum , it is not neglected to consider the low-or-
der processes. In the condition, the result will be
exact as having the contribution of the low-order
processes.

The calculated mass range is various (0.2
GeV<IM=<00. 3 GeV, 0.3 GeV<{M=<00.5 GeV and
0.5 GeV<{M=C0. 75 GeV). At invariant mass be-
tween 0. 2 GeV and 0. 75 GeV, the experimental
data at PHENIX is higher than the the oretical pre-
diction. The dilepton production sources in the en-
ergy region are: thermal dileptons which are pro-

duced in the QGP phase; the hadronic cocktail
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Fig. 1 The large transverse momentum production of lepton pairs in Au-Au collisions atys =200 GeV, y=0.

which is decayed from the hadronic phase; the cold 4 Summary
component which is emitted from the initial parton ' o

o ) ) ) The production of lepton pairs is discussed at
collisions. Discussing the production of lepton . .
4 o o . large transverse momentum in Au-Au collisions.
pairs from the initial parton collisions will help us The complete processes are considered. Inside, the

to comprehend the above phenomenon. four major processes of large P lepton pair pro-

Moreover, the direct photon process and the duction are calculated in the region 1 GeV<{P;<C

resolved photon process are the important part of 10 GeV. The total energy of nucleon-nucleon colli-

stituting th . Th h th search of th . . . . . .
constituting theory roug ¢ research o ¢ sions is s = 200 GeV. Invariant mass which is

resolved photon process, we can prove the charac- . .
_ p o P ’ p considered is low. In the parton model, the effect
ter of distribution and structure as a parton of pho- . . . .

) ) o of shadowing and isospin of nucleus are intro-
ton. High energy heavy-ion collisions can create o )

: . . duced. The data which is calculated is exact as

the experimental condition. The high energy pho-
. some effects and complete mechanisms in the
tons produced from the hard parton-parton colli-

sions may be hadron-like. processes are included.
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In our results, the contribution of the produc-

tion of lepton pairs in Au-Au collisions is substan-

tial. Dilepton signals are comparable with QGP

signals. So regarding the cold dilepton signals as

QGP background is necessary while we try to

probe the properties of QGP.
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