(T4 38 1730

wwwapracen  Nuclear Physics Review
Started in 1984

FERHICHILHCH St T T RIS ™A R S B XU 7

18K ik R

Large Transverse Momentum Dilepton Production from the Photon-nucleon Collisions at RHIC and LHC
FU Yongping, YANG Haitao, YU Gongming

TEZR R View online: https:/doi.org/10.11804/NuclPhysRev.37.2020008

TS

K, A, AR DA FERHICAILHC A OGR4 B R i SR (0. B TR BT, 2020, 37(2):166-171.
doi: 10.11804/NuclPhysRev.37.2020008

FU Yongping, YANG Haitao, YU Gongming. Large Transverse Momentum Dilepton Production from the Photon—nucleon Collisions at
RHIC and LHC[J]. Nuclear Physics Review, 2020, 37(2):166—171. doi: 10.11804/NuclPhysRev.37.2020008

FETT BRI HoAh S EE

Articles you may be interested in

AFHXS VR T B Rl A A s T
Transport Model Studies on Relativistic Heavy—ion Collisions

JRFRZYBEPEE. 2017, 34(3): 370-373  https://doi.org/10.11804/NuclPhysRev.34.03.370

AFDRT 1 8 -l AR AR A7 0 B BN RIS
Study of Chiral Charge Separation Effect in Relativistic Heavy lon Collisions
JR T YIS, 2017, 34(3): 557-562  https://doi.org/10.11804/NuclPhysRev.34.03.557

A ED O o 2 [ A R IR Y A AS = N INE 'S
Status of the Chiral Magnetic Effect Search in Relativistic Heavy—ion Collisions
JRFRZYBEPEE. 2018, 35(3): 225-242  https://doi.org/10.11804/NuclPhysRev.35.03.225

A 2 K ) TR A58 B HE X LN 14 52 i
Impact Parameter Smearing and Its Influence on Heavy lon Collision Observables

JR TR, 2019, 36(4): 400-407  htips://doi.org/10.11804/NuclPhysRev.36.04.400

Au+ Au £ Tl H15~200 Ge VAL RE LT AR BLHE 5 HEIEES0)
Temperature Fluctuation and the Specific Heat in Au+Au Collisions at Collision Energies from 5 to 200 GeV
JRF PR, 2019, 36(4): 395-399  https://doi.org/10.11804/NuclPhysRev.36.04.395

M BT A% T IAAEAZY) BT AR X R RN (9 30)
Relativistic Effects in Nuclear Matter with Lattice NN Potential
JRF Y BEIEE. 2017, 34(3): 505-508  https://doi.org/10.11804/NuclPhysRev.34.03.505


http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.37.2020008
http://www.npr.ac.cn/
http://www.npr.ac.cn/
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.34.03.370
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.34.03.557
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.35.03.225
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.36.04.400
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.36.04.395
http://www.npr.ac.cn/article/doi/10.11804/NuclPhysRev.34.03.505

3T 2 W H 7 &Y E T r Vol.37, No.2
2020 4 6 H Nuclear Physics Review June, 2020

Article ID: 1007-4627(2020)02-0166-06
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Abstract: We study the large transverse momentum dilepton produced by the photon-nucleon interac-
tions in the peripheral Au-Au collisions at RHIC and Pb-Pb collisions at LHC. We calculate the dilepton
production yield by using the perturbative QCD factorization approach and the Weizsicker-Williams ap-
proximation. The numerical results indicate that the photon-nucleon collision processes is negligible by
comparing with the conventional large transverse momentum dilepton production at RHIC energies.
However, in the large transverse momentum region, the photon-nucleon collision could be an important
large transverse momentum dilepton source in the peripheral heavy ion collisions at LHC.
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1 Introduction

The high energy hadronic collisions producing the
large transverse momentum dileptons play a funda-
mental role in high energy physics. Since dileptons do
not participate in strong interactions, it is relatively
easy to probe the dilepton information emitted from

the hard scattering[l_Q]

. The cold dileptons produced
from the initial parton collisions can verify the cor-
rectness of the standard model and identify the dy-
namical mechanism in the different stage of the re-
lativistic heavy ion collisions!3).

The PHENIX experiments indecate that the
transverse momentum spectra of the dileptons in the
Au-Au collisions for the different mass bins are in
agreement with the expectation of the cocktail, the
charm decays and the direct contributions when the
greater than 1GeVH.
However the spectra of the cocktail and the charm de-

transverse momentum is

cays can not explain the experimental data if the
transverse momentum is less than 1GeV. The semi-

Received date: 09 Feb. 2020; Revised date: 22 Mar. 2020

coherent photon-photon interaction was considered to
be the best theoretical candidate to explain the exper-
imental data at low transverse momentum!”).

Recently, the STAR experiments present new res-
ults of the dilepton continuum in Au-Au collisions at
low transverse momentum (< 0.15GeV) of the dilepton
pair. The experiments find a large excess at all masses
that is particularly clear in the peripheral centrality
bin. The coherent photon-photon scattering is pro-
posed as a potential source of this excessl0).

The photon-photon collisions produce only small
transverse momentum dileptons. In this paper, we
consider the large transverse momentum dileptons
produced from the photon-nucleon collisions. In the
inelastic nucleon collisions, the high energy photon is
emitted from the charged nucleons or partons due to
the bremsstrahlung. The dileptons can be produced by
the interaction ~(v*)n — {*]1~X . In the perturbative
QCD (pQCD) the transverse momentum of dileptons
can arise by the photon-parton hard scattering. If the
momentum transfers are large, the calculations of the
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interactions can be calculated perturbatively.

2 Large transverse momentum dilepton
production

2.1 Leading order and fragmentation dilepton pro-
duction

The conventional large transverse momentum
(Pr) dilepton can be directly produced by the hard
parton scattering in the relativistic heavy ion colli-
sions. The leading order subprocesses are the quark
anti-quark annihilation (gg — gl™l~) and Compton
processes (qg — ¢ltl7). According to the perturbat-
ive QCD factorization approach, the cross section of
the leading order dileton production A+ B —
I*I- + X (Fig. 1) can be written asl’

doye, 1
7dM2d21PTdy = Lgﬂn Ao faya(@a, @) form (s, Q%)%
4
Tatv ST (b — It d), (1)
To — 1 dM?2dt

where dé/dM?dt are the cross section of the subpro-
cesses of parton collisions, and

5 Am? om?
b5 rtmd) =9 f1 = A <1+ m’>x

dM2dt T 3nM? M?2 M?2
dé R
—(ab — ~v*d, 8,1,1),
¥ (a ~*d, §,1,t) (2)

where « is the QED coupling constant, Af is the in-
variant mass of the dilepton pair and m, is the lepton
mass. These subprocesses are given by the leading or-
der QCD calculations of the interactions ¢g — gv*
and qg — ¢v* (7.

5 ) P Dy
B b \ 3 b
R
Fig. 1  The sketches of the leading order and the frag-

mentation dilepton production.

The Mandelstam variables of these subprocesses
are § = x,xps, U= M? — szyx, and t = M? — sx,x,.
The momentum fractions of the parton a and b of
the nucleons A and B are defined as ™ = (x; — 7)/
(1—-z;)and 2, = (2,29 — 7)/(x4 — x,) ,where 7 = M?/
s,z = (P? + M?)'/2ev/\/s and x, = (P? + M?)'/%e7v/
V5. /s is the center-of-mass energy of the colliding
nucleons.

The parton distribution function f,/4(z,Q?) in-

cluding the iso-spin effect of the nucleon is in the form

A-Z

Fogale. @) =R(e. @2 ) Gt @1 0,02

3)

where R(x,Q?% A) is the nuclear modification factorls],
7 is the proton number of the nucleus and A is the
nucleon number. p(z,Q?) is the proton's parton distri-
bution function, and n(z,@?) is the neutron's parton
distribution function”). The scale of the transverse
momentum is P = Q.

In the hard parton scattering, the final states ¢
of hard parton collisions ab — ¢d can smash into
dileptons by using the Born approximation of the vir-
tualphotonbremsstrahlung ¢ — ¢y* (v* — I117)(Fig.1).
The cross section of the fragmentation dileptons is

dafra _ 1 1 2
dMQdZPTdy - le&’lin dxa J‘zgﬁ“ dxbfa/A (xa7 Q )X

fb/B(xvaz)%(ab — cd) x

1
;Dl+l*/c(zcaQ2)a (4)

c

where the momentum fractions are z™" = z,/(1 — z,),
i =g,y /(v, — 1) and 2z, = (T,T2 + TyT1) /X0
The cross sections dé/df(ab — cd, 3,1,t) of the sub-
processes of the hard parton collisions (¢q’ — q¢’,
qq¢ —4qq', 99 —qq, 94 —94'q, 97— qq, 99— 4qq,
q9 — qg, 97 — g9 and gg — gg ) can be found in Ref. [7].
Here the Mandelstam variables are §= z,x;s,
G = —sryry /2. and = —sx,x5/2.. The full QCD
evolution of the dilepton fragmentation function
Di+1-o(2.,Q%) of quarks and gluons is studied in
Ref. [10].

2.2 Dileptons from the photon-nucleon collisions

The electron-proton deep inelastic scattering at
HERA reveals the parton structure of the photon and
the nucleon. Since the leading order yn — X is the
QED processes, the photon-nucleon collisions play an
important role at HERA[1-12], However, leading
dilepton production from the central heavy ion colli-
sions is in the order of «aqy,, the photoproduction pro-
cesses is in the order of a?«,. The QED coupling con-
stant reduces the contribution of the photon-nucleon
collisions in the central heavy ion collisions!13 714/,

In the peripheral heavy ion collisions, the aver-
age number of binary nucleon-nucleon collisions
((Neon)) of the leading QCD processes is decreased.
However, because of the electromagnetic interaction is
a kind of the long range interaction, all of the nucle-
ons in the ion can participate in the photon-nucleon
collisions. In the overlap area of the two colliding ions,
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high energy photons are emitted from the charged
partons in the nucleon due to the inelastic scattering
of nucleons. In the non-overlap area the photons emit-
ted from the protons of the ion.
2.2.1 Photon flux from proton

Inthe Weizséicker-Williams approximation (WWA),
the electromagnetic field emitted from the high en-
ergy charged nucleon A may be treated as a flux of
nearly-real photons[w—lﬁ]. The
dileptons produced from the interaction of high en-
ergy photon v and the nucleon B (Fig. 2) is given by
the following

cross section of

do proton

nuc! Zx
dM2:12PTldy fm dzFa(2) for (0, @) = 231 %
do
b I*I-d
FIYerT (v ), (5)

where F.,4 is the photon distribution function from
the proton, and we have,

a [1+(1-2)° P&
Fyalz) =5 [ In —mex

Z Pﬂz‘lln
1 1
v () o

where z denotes the fraction of the proton energy
taken by the photon. The
P2 = 2?s/4 and P,

max

kinematic limits are
2.2 4
on = m2z? /(1 — z), m, is the mass

of proton. The momentum fractions are defined as
Zoin = (21 = 7)/(1 — ) and x, = (zxa — 7)/(2 — x1).

Fig. 2 The sketches of the dilepton production from

the photon-nucleon and resolved photon-nucleon
collisions.

In the subprocesses of the photon-nucleon colli-
sions, the real photon emitted from the charged nucle-
on A interacts with the parton b of nucleon B by
the QED Compton process ¢y — gv*. The Mandel-
stam  variables of the subprocesses d&/df
(yb—*d, 8,1,t) are §= zm,s, @ = M?— sx,r; and
t = M? — szx,. One can find the cross sections of sub-
process of ¢y — ¢v* in the Ref. [7].

The Heisenberg's uncertainty principle allows the
flux of the high energy photons to fluctuate into a
such interactions, the
photons emitted from the charged nucleons can be re-
garded as an extended object consisting of quarks and

quark-antiquark pairs. In

also gluons. These photons are the so-called resolved
photons[llflz}. In the factorization approach, the
structure of the resolved photon can be defined by the
photon parton distribution function. In stead of the
QED subprocess( ¢y — ¢v*) of the real photon-nucle-
on collisions, the subprocesses of the resolved photon-
nucleon collisions are the hard parton scattering
(9 — g7 and qg9 — ¢7*).

The cross section of dileptons from the resolved
photon-nucleon collisions (Fig. 2) can be written in

the form
pmton
resy —nucl
szdzPTdy f dzf Ao Fypa(2) far 2 (@ar, Q%)
oy Rl T
foys(@,Q )72%/ — 5
=(a'b— 1717d), (7)

dM?2dt

where  for,.(z,,Q%) is the parton distribution func-

7 The momentum frac-

tion of the resolved photon
tions are Zy, = (1 —7)/(1 — ) and 27" = (z; — 1)/
z(1 — z,).

The Mandelstam variables of the cross sections
dé/dt(a’b —vy*d, 5,10,t) are 0= M>*—
and t= M?—szz,x,. In the subprocesses

§ = 2xxpS,
STyTy
a’b—y*d of the resolved photon-nucleon collisions,
the parton a'(=
hard scattering of parton a’ and b are the quark anti-
quark annihilation (g7 — gv*) and QCD Compton
(qg — gv*) processes.
2.2.2 Photon flux from charged parton

In the inelastic nucleon-nucleon collisions,

q,9) is from the resolved photon. The

high
energy photons can be emitted from the charged par-
tons. The cross section of dileptons produced from the
interaction of high energy photon v and the nucleon
B (Fig. 3) is given by the following

d parton
'y nucl

1
2
F’y/a(xav Za)fb/B(xbv Q2)X

TolpZq do "
2, 2.2, M ~(yb = 1T17d), (8)

where the photon distribution function from the
charged parton in the nucleon is

O[ei ]' + (1 - Za)2 Pm2.'ix
(o) <5 [FE e
1 1
win (pe—pr )| @
where e, is the charge of the charged parton, here the
kinematic  limits are P2 = (2,%,)%s/4  and

P2 =m?222/(1—2,), m, is the mass of the quark.
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The momentum  fractions are  defined as
it = (ry = 7) /(1 —23), 2" = (Taw2 — 7) /(T4 — 71)
and z, = (vpx; — 7)/(Xap — T,x2). The Mandelstam
variables of the subprocesses d&/di(yb—y*d,3,1,t)

are §=1x,T,2,5, 4=M?*—sxyr; and t=M?—sx,752,.

Fig. 3 The sketches of the photon and resolved

photon-nucleon collisions, but the photons is from
the charged partons.

The cross section of dileptons from the resolved
photon-nucleon collisions (Fig. 3) can be written in
the form

da_parmn 9 1 1 1
resy —nucl _ , 2
dM2dPrdy =) dx“Lgind“Lg}ndz‘l Joia 2 Q)

F'y/a(xaa Za)fa’/'y(za’a QQ)fb/B(-rb7 Q2)X

, ds
TalvZaZa 7 _(a'b— I17d),
TqTpZal — TaZe!To dM2dE
(10)

min
Ta

where the momentum fractions are ™ = (x; —71)/
(1—=,) and 2" = (z,x2 —7)/(Ta — 1), 20" =
(o1 — 7))/ (Xay — Toxz)andz, = (xyxy — T)/(TaTp2ar —
TaZq'T2). The Mandelstam variables of the cross sec-
dé/dt(a’b —v*d, 5,4,1) are
= M? — szyzy and t = M? — 52,2070 %0 -

tions 8§ = XuTpZaZa’S,

3 Results and discussion

The production yield of dileptons can be scaling
by the total cross section of the inelastic nucleon-nuc-
leon collisions o},

nucleon-nucleon collisions (N.) in the form

dN _ <Ncoll> dU (11)
AVPEPdy o™ dM?dPrdy’

inel

and the average number of binary

in this paper we discuss the 20%~40% centrality coll-
sions. In the overlap area of the colliding ions, the
component of partons inside the nucleons is import-
ant, the WWA photon is from the charged parton(Eq.
(9)). The binary nucleon-nucleon collision numbers
are (Neon)aowton = 297at RHIC!S and 438 at LHC[M.
We use o} = 40mb at RHICPY and 72mb at
LHCRY, In the non-overlap area, there is no parton
scattering of the nucleons, the interaction of nucleons

is photon-nucleon inelastic scattering. Here the WWA

photon is emitted from the proton(Eq. (6)), the cor-
responding binary nucleon-nucleon collision numbers
are <Ncoll>b=0 - <Nc011>20%~40%7 where <Ncoll>b=0 =
975at RHIC and 1670at LHC[Y. Finally, the produc-
tion yield of photon-nucleon collisions can be ex-
pressed as

dN’y—nucl _ <Ncoll> 20%~40% dgf/aftrﬁllcl +
dM?2d? Prdy o, dM?2d? Prdy
<Nc0||>b:0 - <Nc0||>20%~40% do’f/rit‘n)ﬁcl (12)
om dM2d2Pdy’

we have taken into account the effective proton num-
ber of Eq. (6) as Z/A in this calculation. The calcula-
tion of resolved photon-nucleon collisions is similar to
the above formula.

In Figs. 4 and 5 we plot the large P; distribu-
tion of the dileptons produced from the photon-nucle-
on collisions at RHIC and LHC energies. In order to
avoid the influence of dilepton decays of the narrow
vector mesons such as ¢ and w, we choose the invari-
ant mass of the dilepton pair as M = 500MeV. The
numerical results show that the resolved photon-nuc-
leon collisions is more important than the real photon-
nucleon collisions. In Eq. (5) and (8) the subprocesses
qy — qv* is the QED interaction, and the coupling
constant is a?. The coupling constants of the QCD
subprocesses qq — gy* and ¢qg — ¢v*in Eq. (7) and
(10) are aa,. Since «a; > a the QCD subprocesses is
more prominent in the photon-nucleon collisions.

10K LHC Au-A
N u-Au 200 GeV/4
A
==L

1071\ ca
7’> . N e Frag
) NN ——- yenuel
S 10sFs Y y-nuc
= K IS ----- Res y-nucl
— N, ~ o
T
o \ ‘\. S ~ - ~-
3 S
S 10N . =

~\. = ~. o
N, Se.
10 F o e
S S SO
2 4 6 8 10 12 14 16 18
P;/GeV
Fig. 4  (color online)The large transverse momentum

dilepton spectra in the Au-Au collisoins for /s =
200GeV, M = 500MeV and y = 0. The dash line
and dot line denote the leading and fragmenta-
tion dilepton production, respectively. The
dileptons produced from the real photon-nucleon
collisions (dash-dot line) and resolve photon-nuc-
leon collisions (dash-dot-dot line) are also shown.

The spectra of the photon-nucleon collisions is at

least one order of magnitude less than the leading and
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10
10 LHC Pb-Pb 5.5 TeV/4
---Lea
o7 o
L \ ) Frag
3 10-¢ "\‘.\ . —-—- y-nucl
EN S ---=- Res y-nucl
1000 N~
3 RN .
. \ R .
SI00r N Tl
% o S ~<l
107" ~. e R
102 r \.\-\.\'~. ----------------------
107 e
2 4 6 8 10 12 14 16 18
P,/GeV
Fig. 5 (color online)The large transverse momentum

dilepton spectra in the Pb-Pb collisions for /s =
5.5TeV, M = 500MeV and y = 0.

fragmentation processes (Fig. 4) at RHIC. The role of
the photon-nucleon collision is negligible in Au-Au
200GeV/ A collisions at RHIC. In Fig. 5 we plot the
large transverse momentum dilepton distribution for
the mass bins 300 MeV < M <500MeV and 500 MeV
< M <750MeV. The solid line denotes the sum of the
hadronic decays and the contribution of leading and
fragmentation dilepton production. The results of the
hadronic decay cocktail and charmed meson decay are
from Ref. [4]. The numerical results agree with the ex-
perimental data, the contribution of the photon-nucle-
on collisions is indeed negligible at RHIC energies.
The transverse momentum spectra of dileptons for a
mass bin in Fig. 6 can be calculated by the integral:

2MAN (13)

dN fM2
vy dM2d2Pdy

*Pdy

where M, and M, are the lower and upper limits of
the mass bins.

10

A 300 MeV<M<500 MeV
¥ 500 MeV<M<750MeV 10"

10

>
(o
@)
= 107
2
5 10°
z
2 10°
z |
o
~ 10| PHENIX Au-Au
200GeV/4
—11 L 1 1
10 1 2 3 4 5
P,/GeV
Fig. 6  (color online)The Pr spectra of dilepton in Au-

Au 200GeV/ A collisions at RHIC. The solid line
is the sum of the leading and fragmentation con-
tribution and the the hadronic decays. The data
are from the PHENIX eXperiments[4].

The dilepton production mechanism of the
photon-nucleon collisions becomes important in the
Pb-Pb 5.5TeV/ A collisions at LHC (Fig. 5). We note
that the dilepton yield from the resolved photon-nuc-
leon collisions and the leading processes are compar-
able in the region of Pr <2GeV. The contribution of
the photon-nucleon collisions may be probed by the
enhancement effect in the large transverse mo-
mentum spectra at LHC energies. The enhancement
rate due to the photon-nucleon collision is about 10%
for the 20%~40% centrality Pb-Pb collisions.

4 Conclusion

In conclusion, the dilepton production from the
photon-nucleon collisions in the peripheral heavy ion
collisions is studied. The photon-nucleon collisions in-
clude the real photon and resolved photon-nucleon
collisions. We also calculate the dilepton production of
the leading processes (Compton scattering and quark
anti-quark annihilation) and fragmentation processes
(hard parton scattering) for the comparation. The nu-
merical results of 20%~40% centrality collisions of
heavy ion at RHIC and LHC energies show that the
photon-nucleon collisions could be an important
dilepton source of peripheral heavy ion collisions in
the large transverse momentum region at LHC.
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