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Abstract：By taking into account the effects of shadowing and jet quenching, the production of high-

pT kaon and pion originating from photoproduction processes in pp and PbPb collisions is calculated

based on perturbative quantum chromodynamics(pQCD). The enhancement of K+/π+ is found in pho-

toproduction processes. The numerical results indicate that the photoproduction processes considering

in our calculation are a good modification for kaon and pion production.
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1 Introduction

The study of strange hadron production always

played a special role in the investigation of QCD

matter. In particular, K/π ratios are often used to

study strangeness production enhancement in heavy

ion collisions
[1]
. In recent years, the enhancement of

K+ production per π+ is observed by PHENIX, as

compared to pp collisions at this energy
[2]
, similar

to the NA49
[3]
, NA44

[4]
observations. These data

call for theoretical efforts to overcome the challenges

presented by the high-energy of nuclear collision.

To explain the strangeness enhancement, some

people consider the recent observation of enhanced

K/π ratios may be interpreted as the possible pro-

duction of the quark gluon plasma with enhanced

content of strange quarks and antiquarks
[5–7]

. Fur-

thermore, K+/π+ ratios are found to be most sensi-

tive to the density of the QGP
[8]
. However, there

are alternative explanations in terms of hadronic

scenarios[9−10] or double strings
[11]

. Such as the mi-

croscopic approach RQMD
[12]

and UrQMD
[13]

can

be employed to study the strangeness production.

These models are also able to account for some of

the strangeness enhancement.

In the present work, we extend the photopro-

duction mechanism[14−15] to the kaon and pion pro-

duction at the early stage of pp and PbPb colli-

sions at LHC. Jet quenching was an powerful tool

to investigate properties of the dense medium
[16]

,

it led to a suppression of single-particle inclusive

spectra
[17]

. If the partons traverse dense medium

they can loose energy[18−19]. Energy loss of the

parton before fragmenting into hadrons will modify

fragmentation
[16, 20]

. In our work, the high energy

photon emitted by a charged incident nucleus can

interact with the parton of another incident nucleon

through the interaction of γq→γq, γq→qg, γg→qq̄,

γg→gg, then the quark or gluon fragment into kaon

and pion.

In this paper, we study the photoproduction of

high-pT kaon and pion in pp and PbPb collisions. In

Sec. 2 we present the invariant cross section of large-

pT hadrons in pp and PbPb collisions respectively.

The numerical results of K+/π+ ratios at
√
s=2.76

TeV and
√
s = 7 TeV are presented. Sec. 3 is the

summary.
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2 Formalism

At LHC energies, the medium effects will re-

duce the running coupling constant αs ∼ 0.3
[21–23]

.

Hence we can use perturbative quantum chromody-

namics (pQCD) to study the production of large-

pT kaon and pion. The inclusive cross section is

given in terms of the constituent differential cross sec-

tion with fragmentation functions(FFs) of the quarks

and gluons into the outgoing hadrons. The FFs set

of kaon and pion are generated by experimental

progress and can be utilized in pQCD calculation
[24]

.

In photoproduction processes, the large-pT pho-

ton from the nucleus A can interact with the parton

from nucleus B. Fig. 1 shows the photoproduction of

hadrons via the fragmentation of quark or gluon.

Fig. 1 The photoproduction processes of large-pT
hadrons via the fragmentation of quark or gluon.

In semielastic photoproduction processes, the in-

variant cross section of large-pT hadrons in the pro-

cess A+B →h+X in a pp collision can be written

as
[25]

Eh
dσ

d3p
(A+B→ h+X;s,pT)=

2

π

∫
dxadxbfγ/p(xa)fb/p(xb,Q

2)×

dσ̂

dt̂
(ab→ cd; ŝ, t̂)

1

zc
Dh

c (zc, Q̂
2) , (1)

where dσ̂/dt̂ is the hard scattering cross section of

the subprocess ab→cd.

The photon spectrum function from the charged

proton is given by[26−27]

fγ/p(xa)=
α

2π(xa)

[
1+(1−xa)2

]
×(

lnA− 11

6
+

3

A
− 3

2A2
+

1

3A3

)
, (2)

where A = 1+0.71/Q2
min. At high energies Q2

min is

given by m2
px

2
a/(1−xa).

fb/p(xb,Q
2) is the parton distribution func-

tions(PDF) for the colliding partons b carrying frac-

tional momentum xb in the interacting protons.

Dh
c (zc, Q̂

2) is the FFs. The value of Dh
c (zc, Q̂

2)

corresponds to the probability for the parton c pro-

duced at short distance ∼ 1/Q̂ to form a jet that

includes the hadron h carrying the fraction zc of the

longitudinal momentum of parton c. In the factoriza-

tion theorem, Dh
c (zc, Q̂

2) functions are independent

of the process in which they have been determined,

and generated by experimental progress
[28–30]

. Here

we use the leading order set of FFs[30−31]. The mo-

mentum scales are Q=2pT and Q̂=Q/zc.

The results for our numerical calculation of pho-

toproduction processes of pp collisions in the mini-

mum bias case are plotted in Figs. 2 and 3. The total

point has been shifted slightly to the top for better

visibility.

Fig. 2 Differential cross section of charged kaon and pion for y = 0 in pp collisions at LHC
√
s = 2.76 TeV (the

contribution of photoproduction).
The dashed line corresponds to γq→γq, the short dotted line to γg→gg, the dash dotted line to γg→qq̄, the dash dot

dotted line to γq→qg, and the solid line to the total results.
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Fig. 3 Differential cross section of charged kaon and pion for y=0 in pp collisions at LHC
√
s=7 TeV (the contribution

of photoproduction).
The dashed line corresponds to γq→γq, the short dotted line to γg→gg, the dash dotted line to γg→qq̄, the dash dot

dotted line to γq→qg, and the solid line to the total results.

For PbPb collisions at LHC energy, the inclusive pro-

duction cross section of single high-pT hadrons is given by

Eh
dσ

d3p
(A+B→ h+X;s,pT)

=
2

π

∫
dxadxbfγ/A(xa)Gb/B(xb,Q

2)×

dσ̂

dt̂
(ab→ cd; ŝ, t̂)

1

zc
Dh

c (zc, Q̂
2) . (3)

In PbPb collisions at LHC energy jet quenching re-

duces the energy of the high momenta of quarks and

gluons produced from the photoproduction before frag-

mentation. We include this effect and apply the energy

loss spectrum to calculate the spectrum of hadrons by

modifying the mean energy loss pQCD formulas. The in-

clusive production cross section of single high-pT hadrons

in PbPb collisions is given by
[8, 32]

Eh
dσ

d3p
(A+B→h+X;s,pT)=

2

π

∫
dxadxbfγ/A(xa)Gb/B(xb,Q

2)×

dσ̂

dt̂
(ab→ cd; ŝ, t̂)

z∗c
zc

Dh/c(z
∗
c , Q̂

2)

zc
, (4)

where z∗c = zc/(1−∆E/pc), Q̂=Q/z∗c . The factor z
∗
c /zc ap-

pears because of the in-medium modification of the FF
[33]

.

The photon spectrum function from the charged nu-

cleus is given by[34−35]

fγ/A(xa)=
2Z2α

πω
ln(

γδ

ωR
) , (5)

where δ=1.7, R= bmin(is the cut-off of impact), w=xaE

is the energy of photon, E is the incident energy per nu-

cleon, Z is charged nucleon number and γ is relativistic

factor.

Gb/B(xb,Q
2) is the parton distributions of

nucleon[36−39]

Gb/B(xb,Q
2)=

Rb/B(xb)

[
Z

A
p(xb,Q

2)+
N

A
n(xb,Q

2)

]
, (6)

where Z is the proton number, N is the neutron number

and A is the nucleon number. p(xb,Q
2) and n(xb,Q

2)

are the parton distributions of the protons and neutrons,

respectively.

Rb/B(xb) is the nuclear modification factor[40−41]. We

Fig. 4 Differential cross section of charged kaon and pion for y = 0 in PbPb collision at LHC
√
s = 2.76 TeV (the

contribution of photoproduction).
The dashed line corresponds to γq→γq, the short dotted line to γg→gg, the dash dotted line to γg→qq̄, the dash dot

dotted line to γq→qg, and the solid line to the total results.
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Fig. 5 Differential cross section of charged kaon and pion for y = 0 in PbPb collision at LHC
√
s = 7 TeV (the

contribution of photoproduction).
The dashed line corresponds to γq→γq, the short dotted line to γg→gg, the dash dotted line to γg→qq̄, the dash dot

dotted line to γq→qg, and the solid line to the total results.

Fig. 6 K+/π+ ratios at
√
s=2.76 TeV and

√
s=7 TeV in pp and PbPb collisions.

The dashed line corresponds to pp collisions and the solid line to the PbPb collisions.

consider the shadowing effect of the nucleus and use the

following parametrization in HIJING
[42]

Rb/B(xb)=

1+1.19ln1/6B
[
x3b−1.5(x0+xL)x

2
b+3x0xLxb

]
−[

αB− 1.08(B1/3−1)

ln(B+1)

√
xb

]
exp(−x2b/x20) , (7)

where αB =0.1(B1/3−1), x0 =0.1 and xL =0.7.

The numerical calculation for photoproduction pro-

cesses of PbPb collisions in the minimum bias case are

plotted in Figs. 4 and 5. The K+/π+ ratios at
√
s= 2.76

TeV and
√
s=7 TeV are shown in Fig. 6. We plot K+/π+

ratios in pp and PbPb in one figure for better comparisons.

3 Summary

In summary, we have investigated the photoproduc-

tion processes of high-pT kaon, pion production and the

K+/π+ ratios in relativistic pp and PbPb collisions at

LHC. In photoproduction processes, the large-pT photon

from the nucleus A can interact with the parton from nu-

cleus B via the QED Compton scattering. In PbPb colli-

sion we consider the effect of shadowing and jet quench-

ing effect which can be described by replacing the vacuum

FF. The numerical results show that the modification of

photoproduction processes for kaon and pion production

cannot be negligible in relativistic heavy ion collisions at

LHC energies.
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pp和PbPb碰撞中大横动量K和 π的光生过程

蔡燕兵，余功明，李云德

(云南大学物理系，昆明 650091 )

摘要: 基于微扰量子色动力学 (pQCD)，计算了考虑核遮蔽效应和喷注淬火效应的 pp和PbPb碰撞中大横动

量K和π的光生过程的产额。在光生过程中可以看到K+/π+的增强。数值计算结果表明，所考虑的光生过程

对K和π产生是一个很好的修正。
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