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Abstract: The transverse momentum spectrum of K{ and A in relativistic heavy-ion collisions is cal-
culated based on perturbative quantum chromodynamics. It is found that the initial parton production
processes are prominent and the contribution of photoproduction processes is evident at LHC energies.
By taking into account the photoproduction processes, the theoretical simulations could give nice de-
scriptions of experimental data. The numerical results indicate that the modification of photoproduction

processes of K and A cannot be negligible in relativistic heavy-ion collisions.
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1 Introduction

In relativistic heavy-ion collisions the strange par-
ticle production is an important tool to investigate
the properties of the hot and dense matter created in
the collision, since there is no net strangeness content
in the initially colliding nucleil’. Tn particular, neu-
tral strange particles such as KO and A are of great
interest because of their associated production and
the fact that they are not influenced by the Coulomb
interaction!®.

The transverse momentum spectra of K¢ and A
have been measured in pp collisions at different energy
range by the RHIC-STAR collaboration at /s = 200
GeV and by the LHC-ALICE collaboration at /s =
2.76 TeV. These data call for theoretical efforts to over-
come the challenges presented by the high-energy of nu-
clear collision. Perturbative quantum chromodynam-
ics has proven to be successful in describing inclusive
hadron production in elementary collisions. This cal-
culation applies the factorization theorem to calculate
hadron production[?’*‘”.
are calculable in perturbative quantum chromodynam-

The partonic cross sections

ics at high energy to leading order using Feynman
diagrams.
functions and fragmentation functions are obtained by

The non-perturbative parton distribution

parameterizations of experimental data.
In this paper, we investigate the production of
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high-pr K2 and A induced by photoproduction pro-
cesses in pp collisions at /s =200 GeV and 2.76 TeV.
High-p1 processes involve a large momentum transfer,
so the running coupling may be small enough to jus-
The photo-
production processes play a fundamental role in the

tify the use of perturbative techniques.

ep deep inelastic scattering at Hadron Electron Ring
Accelerator(HERA)® %1 At high energies, the nu-
cleus or the charged partons can emit high-energy pho-
tons (and hadronlike photons) in relativistic nucleus-

(78] These photons can interact with

nucleus collisions
the parton of another incident nucleon, then the final
partons fragment into K¢ and A.

The paper is organized as follows: In Sect. 2, we
present the production of large-pp K2 and A in pp
collisions. The direct and resolved photoproduction
processes are presented. In Sect. 3, the numerical re-
sults of K¢ and A with three different scale at /s = 200
GeV and 2.76 TeV are presented. Finally, a conclusion

is given in Sect. 4.

2 K? and A production

The high-pp K{ and A can be produced by ini-
tial parton collisions, which are illustrated in Fig. 1.
Parton a of the incident nucleon A can interact with
the parton b of another incident nucleon B, then the
parton c(quark or gluon) produced by this interaction
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fragment into K¢ and A. The corresponding invari-
ant cross section(LO) is described in the perturbative
quantum chromodynamics parton model on the basis

of the factorization theorem as convolution[g_ll]

dO'LO

- %deadxbfa/p(maa Q2)fb/p(xb, Q%)%

(j{‘tf( b%cd;é,f)ziD?(zC,Q% , (1)

C

where dé/df is the hard scattering cross section of
the subprocesses ab — cd. These subprocesses are
qd — 4'd’, qd'—qd’, 44— d'q’; qa—qq, 9d—qq;
ag —qg, a4 — 88, g8 — qd, 88 — &8

Fig. 1 The initial parton production processes of
large-pp K2 and A via the fragmentation of quark
or gluon. p, = PAa%a, pb = PBTb, Ph = PcZe-

fa/p(xa,QQ) and fb/p(xb,QQ) are the parton dis-
tribution functions for the colliding partons a and
b carrying fractional momentum z, and xp in the
interacting protons, respectively[12]. The function
D! (z, QQ) gives the probability for parton c to frag-
ment into hadron h with momentum fraction z. at
scale Q[l?’*M]. We use LO parton distribution func-
tions from MSTW 2008!*? and a NLO set of fragmen-
tation functions!*¥.

For pp collisions, the whole proton is a source of
photons[w} In these semielastic direct photoproduc-
tion processes, the high energy photon from the proton
A can interact with the parton from proton B by the
interaction of yq—vq, yq—qg, vg—qq, 7g—eg(Fig. 2).
The invariant cross section for semielastic direct pho-
toproduction processes(semi.dir.) in pp collisions can
be written as

do,semi,dir.

Ey e (A+B—=h+X; s,pr)

- %deadxbf’Y/p(xa)fb/p(xb, Q%) x
do

a1 R
df( b%cd;s,t)z—cD?(zc,QQ) , (2)

where f,/,(xa) is the photon spectrum function from
the charged proton, it can be obtained from the

Weizsacker-Williams approximation[l&lg],

Frp(wa) = 5o T+ (1= )]

1,3 31
6 A 242 343 |°

InA— (3)

where A =1+ (0.71/Q%,,). At high energies Q2,;, is
given by m222/(1—xa).

Fig. 2 The semielastic direct photoproduction processes
of large-pp K2 and A. p. = Paza, p» = Prap,
Ph = Pcic-

In ultrarelativistic condition, a hadron can also
be' regarded as a beam of freely moving elemen-
tary constituents, which is same as the quark-parton
model97201 Therefore, the ultrarelativistic fermion
also can emit photons, then the high energy photon
interacts with the parton b of another incident pro-
ton B by the interaction of vq—+vyq, yq—qg, vg—qq,
~vg—gg(Fig. 3). The invariant cross section for inelas-
tic direct photoproduction processes(inel.dir.) can be
written as

do_inel.dir.
d3pn
1
= |azadendzfu (@0, oo (0 Q%)
do N A
Fr/an(za) 5 (@D = ed;8,8) =D (26,Q%) - (4)

C

En (A+B—h+X; s,pr)

where f, /4, (za) is the photon spectrum from the quark
of the incident nucleon in relativistic hadron-hadron
collisions. The probability of finding a photon in an
ultrarelativistic fermion f is given by[lg’ 21

fyye(x) = :QQ{H(I_:E)Q (mE _ 1) n

x m 2

z [m(i—z)ﬂ] + (2;)2 In (22__2;> } , (5

where z is the photon’s momentum fraction, @, m, FE
(22]
, and energy of the parton,

and are the charge, mass
respectively.
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Fig. 3 The inelastic direct photoproduction processes
of large-pr K% and A. p., = Paza, p» = Psap,
Pa’ = PaZa, Ph = PcZc-

Besides, the uncertainty principle allows the high
energy photon for a short time to fluctuate into a
quark-antiquark pair which then interacts with the
partons of the proton(Fig. 4). In such interactions
the resolved photon can be regarded as an extended
object consisting of quarks and also gluons. The in-
teractions are the so-called resolved photoproduction
p]rocesses[2
resolved photoproduction processes(inel.res.) can be
written as

3 . . . . .
]. The invariant cross section for inelastic

do_inel.res.

Exy (A+B—h+X; s,pr)

d3pn
1
— - | dradmndzadan fuyp (0,0 o (20, Q) s 10, X
dé 1" A7 1 h A2
~(a"'b—cd;§,t) —D:(zc, ,
7 (a cd; § )Zc (2¢,Q7)
(6)

where fq ,, /~(zar, Q?) is the parton distribution of the
[24]

(Za)fqa// /'y(za’ ) Q2)

resolved photon'™ . The elementary cross sections are

similar to the cases of the initial parton processes.

o

P
~n, Z'g_zp :

A

Fig. 4 The inelastic resolved photoproduction pro-
cesses of large-pp K and A. p. = Paza,
Pb =PRI, Par =PaZa, Par’ =Pa’Za’ Ph = PeZe-

3 Numerical results and discussions

The choice of the factorization scale Q((pt/3) <
Q < 2pyp) will influence the cross section®). In this
paper, we choose the momentum scales as Q) = pt and
Q = @/zc. The total contribution is shown with the

uncertainty band from the different choice of the fac-
torization scale (Q = pr/2 and 2p1 ). To compare with
experimental results we need treat the production rate
by scaling the results for proton proton collisions in the
form (1/27pr)(d®N /dprdy) = (1/0t0ta1) E(do/d?p). y
is the rapidity of the produced hadron. o¢ota1 =30 mb
is the measured non-singly diffractive cross section?®.
The numerical results of our calculation for K¢ and
A production in relativistic heavy ion collisions at
/=200 GeV and 2.76 TeV are plotted in Figs. 5~ 8.
For better visibility, the initial parton hard scattering
spectrum is multiplied by 0.5 at /s =200 GeV.

In Figs. 5 and 6, we present the transverse mo-
mentum distribution of K? and A in pp collisions at
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Fig. 5 The transverse momentum spectrum of K¢ for
y=0 in pp collisions at /s =200 GeV.
The dashed line is for the initial parton hard scattering
processes(LO), the dotted line is for the photoproduction
processes(semi.dir.+inel.dir.+inel.res.), the solid line is
for the total contribution, the band is the uncertainty
from the different choice of the factorization scale. The
data(filled circles) are taken from STAR[?7],

10
% 10° B A pp 200 GeV
O 2
g
'c'?_ 10°
<)
= -6
Z 0k
2
& 0
a
- ]0-?‘ 1 1 1 1 1
20 25 3.0 33 4.0 45 5.0

p,/GeV

Fig. 6 The transverse momentum spectrum of A for y =0
in pp collisions at /s =200 GeV.
The dashed line is for the initial parton hard scattering
processes(LO), the dotted line is for the photoproduction
processes(semi.dir.+inel.dir.+inel.res.), the solid line is
for the total contribution, the band is the uncertainty
from the different choice of the factorization scale. The
data(filled circles) are taken from STAR[?7,



. 9284 . [ S R 7/ B N I 7

%33 4%

/s =200 GeV. Also, we compare the results of our
calculation to the existing data. The experimental re-
sults are taken from Ref. [27]. We can see that, when
@ = pr, there is fine coincidence between the trans-
verse momentum distribution and the experimental
data. When @ =py/2, the transverse momentum dis-
tribution is larger than the experimental data. When
@ = 2p7, the transverse momentum distribution is
smaller than the experimental data.

In Figs. 7 and 8, we present the transverse mo-
mentum distribution of K¢ and A in pp collisions at
/5 = 2.76 TeV. The data are taken from ALICE®®.
Similar trend could be seen at the RHIC energy and
LHC energy. However, the contribution of photopro-

=
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Fig. 7 The transverse momentum spectrum of K¢ for
y=0 in pp collisions at /s =2.76 TeV.
The dashed line is for the initial parton hard scattering
processes(LO), the dotted line is for the photoproduction
processes(semi.dir.+inel.dir.+inel.res.), the solid line is
for the total contribution, the band is the uncertainty
from the different choice of the factorization scale. The
data(filled circles) are taken from ALICE[?8].
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Fig. 8 The transverse momentum spectrum of A for y =0
in pp collisions at /s =2.76 TeV.
The dashed line is for the initial parton hard scattering
processes(LO), the dotted line is for the photoproduction
processes(semi.dir.+inel.dir.+inel.res.), the solid line is
for the total contribution, the band is the uncertainty
from the different choice of the factorization scale. The
data(filled circles) are taken from ALICE[?8].

duction processes is different. At high energies,
the proton equivalent photon spectrum obtained
from Weizsacker-Williams approximation is f,/, o
In(s/m?), where my is the proton mass. For the
resolved photoproduction processes, the equivalent
photon spectrum for the charged parton is f,,q oc
In(E/mq) = In(y/s/2mgq) + In(z), where mq is the
charged parton mass. Hence the photon spectrum be-
comes prominent at higher energies. Since the collision
energy at LHC is larger than that energy at RHIC,
the photon spectrum becomes important at LHC en-
ergies. Therefore the contribution of photoproduction
processes is evident at LHC. Indeed, the contribution
of photoproduction processes at LHC is larger than
RHIC.

4 Conclusions

We investigate the production of large-pp K¢ and
A production in relativistic pp collisions by initial par-
ton production processes and photoproduction pro-
cesses. There are two kinds of photoproduction pro-
cesses which should be considered. For the direct pho-
toproduction process, the high energy photons, emit-
ted from the whole proton or quarks inside the proton,
interact with partons in the target proton directly. For
the resolved photoproduction process, the high energy
photon interacts with the partons in the target proton
like a hadron. It is shown that with the increase of
energy the contribution of photoproduction processes
becomes important. Indeed, the photoproduction pro-
cesses have contributed to over 10% of the total K¢
and A production at /s =2.76 TeV. With the consid-
eration of photoproduction processes, the factorization
theorem with scale QQ = pt could give nice descriptions
of K¢ and A transverse momentum spectrum. The
numerical results indicate that the photoproduction
processes can improve the perturbative quantum chro-
modynamics calculations.
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