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Abstract: We calculate the photoproduction processes of light vector meson(p, w and ¢) in heavy ion

collisions. Based on the narrow-width approximation, we rigorously derive the exclusive and inclusive

cross sections of p, w and ¢ produced by the semielastic and inelastic photoproduction processes in

relativistic heavy ion collisions. The numerical results indicate that contribution of photoproduction

processes of light vector meson is not prominent for p-p collisions, but the contribution becomes evident
for pp > 2.5 GeV in Au-Au collisions and p >3 GeV in Pb-Pb collisions.
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1 Introduction

Recently, the ALICE collaboration" ) has per-
formed the data of light vector meson(p, w and ¢)
for 2.5 <y < 4.0 in p-p collisions with /s =7.0 TeV
and y = 0 in Pb-Pb collisions with /s = 2.76 TeV.
The differential cross section of p, w and ¢ produc-
tion was measured. Furthermore, ¢ production was
also measured by the STAR collaboration'® in Au-
Au collisions with /s =200 GeV. Moreover, the re-
sults indicated that the ¢ mesons are not produced
predominantly by kaon coalescence. The light vec-
tor meson can be produced from various processes
in relativistic nucleus-nucleus collisions: The purely

[5—11]

diffractive mechanism that a real or virtual pho-

ton fluctuates into a vector meson through the ex-
change of the pomeron; the double diffractive pro-
cess(BFKL effects)[l%m] v*vy" —=VV, through the
scattering of two virtual photons; the recombina-

[15]; dynamical quark coales-

cence based on multiphase transport model[lﬁ]; the

underlying-event model in PYTHIA 6.4!'7).

tion of thermal partons
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In the present work, we extend the vector-
dominance two-photon exchange model™® that has
been used to calculate ete™ — y*y* -VV exclu-
sive differential cross section with each virtual pho-
ton converting to a light vector meson in eTe™
annihilation to the Drell-Yan type process qq —
YY" —VV in relativistic nucleus - nucleus colli-
sions. However, we also consider the photoproduc-

. . [19-24
tion mechanlsm[ ]

which appears to be the dom-
inant mechanism for light vector meson production
in relativistic heavy-ion collisions. In the semielastic
photoproduction processes, the low energy quasireal
photon emitted from the incident nucleus interacts
with the parton of another incident nucleus by the
interaction of qy — qV and vy-g fusion. In the in-
elastic photoproduction processes, the charged par-
ton of the incident nucleus can emit a high energy
photon that can interact with the parton of another
incident nucleus by the interaction of qy — qV and
v-g fusion. Through perturbative quantum chromo-

dynamics (pQCD) calculation, we determine the in-
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clusive differential cross section of semielastic photo-
production processes and inelastic photoproduction
processes of light vector meson.

In Sec. 2,
we present the production for Drell-Yan type pro-

This paper is organized as follows.

cess and photoproduction processes of light vector
meson based on the vector-dominance two-photon
exchange model in relativistic nucleus-nucleus colli-

sions. Finally, the conclusion is given in Sec. 3.

2 General formalism

The light vector meson can be produced by
Drell-Yan type initial parton annihilation qq —
vY*v* =VV with each virtual photon converting to
a light vector meson based on the vector-dominance
two-photon exchange model. The exclusive cross sec-
tion for Drell-Yan type process of light vector meson

production in relativistic nucleus-nucleus is given by

do_DY.exclusive

Y [arura G (20, @) Gh (20, @)
do , _ _
7 (@=Y Y = VV), (1)

where x, and x}, is the parton’s momentum fraction.
G (z:,Q?) is the parton distribution function of the
nucleus®®.

The cross section of subprocess qq — y*y* —=VV

in the narrow-width approximation[lg] can be writ-
ten as
dé v ma’ed 2lp

o 1 .,v

— —VV)=—- ~

a4 (qq Y'Y ) 3f1 2 3 NG

2(m? +m3)sat + (£ +02)(af —mim3) @)
0242 ’

where m; is the mass of light vector meson, |p| is the

momenta, of light vector meson, §, ¢ and @ are the
Mandelstam variables of subprocess. We choose the
momentum scale as Q2 = 4p=.

The effective coupling coefficient f¥ for photon-

to-V is given by[ls}
3Fe+e_
=St )

where I3 \°}+e_ is the electronic width of light vector
meson, « is the electromagnetic coupling constant.
Furthermore, the inclusive cross section for light

vector meson produced by the inclusive Drell-Yan

type processes is given by

DY .inclusive
doaB VX

_ a 2 a 2
e =4G22, Q°) OB (,Q%) ¢

Tty 0 A vx), ()

Ta—x1 di

where dé/di(qq — VX) is the cross section of
subprocesses(qq — Vg, q-g Compton process and g-g
fusion) based on narrow-width approximation[ls].
In semielastic photoproduction process, the inci-
dent nucleus can emit a quasireal photon, then pho-
ton interacts with the parton of another incident nu-
cleus by the interaction of qy — qy*(y* — V) and
v-g fusion. The invariant cross section of light vec-
tor meson produced by semielastic photoproduction

processes can be written as

dosep
STRE 3 [y )G Q)

zazp  do(qy —qV)
Ta—2T1 dt

; (5)

where x, is the low energy photon’s momentum
fraction, xzp is the parton’s momentum fraction.
Jy/n(xa) is the equivalent photon spectrum function
of nucleus.

For the p-p collisions, the low energy equiv-
alent photon spectrum function of proton in the

Weizsdacker-Williams approximation can be written

as[%}
a[l+(1-2)?]
fV/P(m) _TX
11 3 3 1
[IHA6+A2A2+3A”> (6

where z is the photon’s momentum fraction, my, is
the mass of proton, A=140.71 GeV?/Q2,, with

1
Qnin == 2mp, + 5 —[(s +mp) (s — w5 +mp) -

(s— mf,)\/(s —xs—m3)2—4m2xs, (7)

at high energies Q2;, is given to a very good approx-
imation by m2z?/(1—x).

For the nucleus-nucleus collisions, The equiva-
lent photon spectrum function for the nucleus can
be obtained from a semiclassical description of high
energy electromagnetic collisions. A relativistic nu-

cleus with Z times the electric charge moving with
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a relativistic factor y > 1 with respect to some ob-
server develops an equally strong magnetic field com-
ponent; hence, it resembles a beam of real photons,

where the photon spectrum function of low photon

energies can be written as?7~28!,
£m0) = 2220 (Y .
v/N al— R

where w is the energy of photon, R = by is the
radius of nucleus (bmin is the cut-off of impact).

In the inelastic photoproduction processes, the
parton of the incident nucleus can emit a high energy
photon, then the high energy photon interacts with
the parton of another incident nucleus by the inter-
action of qy —qy*(y* —V) and y-g fusion. The in-
variant cross section of light vector meson produced

by inelastic photoproduction processes is given by

do,inel
ﬁ = 2deadbeaA(xa, Q™GB (2v, Q%)%

TaTbZa dé(qy — qV)

fY/q(Za) dlf )

9)

Talp — Tall

where x, and xp are the parton’s momentum frac-
tion, z, is the photon’s momentum fraction. dé/d#

is the invariant cross section of subprocesses qy —
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qy*(y* —V) and y-g fusion based on narrow-width
approximation[ls} .

The photon spectrum function from the quark in
the Weizsacker-Williams approximation can be writ-

ten as[Qg}

2
Fya()= 2@ { X (1 )

* f(2-2) 1]+ 2220 (22 ) o

where E, m and @ is the energy, mass and charge of

ultrarelativistic fermion, respectively.

The numerical results of light vector meson(p,
w and ¢) production for our calculation in rel-
ativistic nucleus - nucleus collisions are plotted in
Fig. 1, Fig. 2 and Fig. 3. In comparison with the
ALICE data?73 the STAR data[4], the results from
the recombination model[ls], the result fitting by
Boltzmann-Gibbs Blast Wave functions® and the
underlying-event model in PYTHIA 6.4[17],

that the modification for ¢ meson production of the

we find

photoproduction process is evident for pp > 2.5 GeV
in Au-Au collisions(Fig. 3(a)) and pp >3 GeV in Pb-
Pb collisions(Fig. 3(b)), but for p-p collisions with
V/s=T TeV is not prominent(Fig. 3(c)).
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Fig. 1 The invariant yields of p meson production for y =0 in Pb-Pb collisions(y/s =2.76 TeV) and 2.5 <y < 4.0

in p-p collisions(y/s =7.0 TeV)

The dash line is for the exclusive Drell-Yan type process(qq —VV), the dot line for the inclusive Drell-Yan type
process(qq —gV), the dash-dot line for the g-g Compton process, the dash-dot-dot line for the g-g fusion processes,

the short-dash line for the semielastic photoproduction processes, the short-dot line for the inelastic photoproduction

processes, the solid line is the total of all above.
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o meson at LHC
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Fig. 2 The invariant yields of w meson production for y =0 in Pb-Pb collisions(y/s =2.76 TeV) and 2.5 <y < 4.0

in p-p collisions(y/s="7.0 TeV).
Same as Fig. 1.
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Fig. 3 The invariant yields of ¢ meson production for y =0 in AA collisions(y/s =200 GeV and /s =2.76 TeV)
and 2.5 <y < 4.0 in p-p collisions(y/s =7.0 TeV).

The data points are from STAR and ALICE, respectively. The dash line is for the inclusive Drell-Yan type

process(qq —gV), the dot line for the the g-g Compton process, dash-dot line for the g-g fusion processes, the

dash-dot-dot line for the semielastic photoproduction processes, the short-dash line the inelastic photoproduction

processes, the short-dot line for the sum of leading order(LO) and photoproduction processes, the short-dash-dot

line are the results from the recombination model, Boltzmann-Gibbs Blast Wave functions and underlying-event
model in PYTHIA 6.4, respectively. The solid line is the total of all above.
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3 Conclusion

Based on the narrow-width approximation, we
have investigated the photoproduction processes of
light vector meson(p, w and ¢) in relativistic pp and
AA collisions. In semielastic and inelastic photopro-
duction process, the photons from the early stage of
relativistic heavy ion collisions can interact with the
parton from the incident nucleus via y-q Compton
scattering and y-g fusion. The numerical results in-
dicate that the contribution of the vector-dominance
two-photon exchange process is negligible. However,
the modification for photoproduction processes of ¢
meson becomes evident for pr > 2.5 GeV in Au-Au
collisions and pt > 3 GeV in Pb-Pb collisions. The
modification for photoproduction processes of light
vector meson is not prominent in pp collisions, but

can not be negligible for nucleus-nucleus collisions.
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