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Fig. 1. Illustration for the dilepton photoproduction in the

heavy ion collisions [*2l.
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KT AL Fht i 53 A . B 7 B A SO [43)

Fig. 2. (a) Differential cross section as a function of transverse momentum; (b) transverse momentum distributions for dilepton pho-
toproduction at 60%-80% centrality in /sy = 200 GeV Au-Au collisions [*.

A5, SRR B/ (@) Bl O B AN
3G R B30 SR Ry g1 T R FE LA,
BRI TSGR B i A3 A AR R S AR
PE. AT TS I B0, AR TR R BT
MIZEAL, K 2(b) R B, X SRR 5 25
IR T SEgE ot o5, X w22 T RESR A RSB
RO FA K1 Sudakov PRI 104547500 w7
KERTEHN T L EHT B 45,

& 3 Ry il g & T 4 4 il e OB X
AR . SET RO (32) 20, 5 QED M
SuperChic P25 (13144 78 #5 RHIC-STAR 5256
Bolla 1 AT &, IR B cos(4o) BRI HIAT . T Ak
TEEHOE T STARlight 17845 5 733 5505
BEAR 2R, HLBA B T A AT A

Mz, 2 FE 3 ¥R, SEROLFkEE A
AT AT 2 A AR I TG T o B b A A R
TFXHE S HE. BLAh, L BEIE— R, N

1600 F x4 Au 200 Gev @STAR —— Wang et al. (XnXn)

1400 f 0-45 < Mee <0.76 GeV/c*>  — — Wang et al. (1nln)
* UPC - — - STARLight

1200 | & Centrality: —-- Zha et al.'s QED

1000F 60%—80% %0.65 —--- SuperChic

800 F
600 L
400 F
200 F

Counts/(n/20)

K3 /snn =200 GeV filf 8 i i T Au-Au filf 8 L
B X 7 A B A AT LR R SO [43]

Fig. 3. Azimuthal angle distribution for dilepton photopro-
duction in \/Syn = 200 GeV Au-Au collisions! .
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ik [47]

Fig. 4. (a) cos(4¢) azimuthal asymmetry in dielectron production in Au-Au collisions at RHIC energy (+/s =200 GeV). The

rapidity and transverse momentum integration regions for ete™ are [-1, 1] and [0.2 GeV, 0.4 GeV], respectively. (b) cos(4¢) azi-

muthal asymmetry in dimuon production in Pb-Pb collisions at LHC energy (/s = 5.02 TeV). The rapidity and transverse mo-

mentum integration regions for ptp~

are [-1, 1] and [4 GeV, 45 GeV], respectively. The horizontal axis in both figures represents

the total transverse momentum of the lepton pair. The figures are taken from Ref. [47].
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V) =e [ a A )
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TN B B E MR RO 0. 62 2—ANZ04ME

(57)

0.35

F(b)
0.30 F

0.25 F
0.20 F

0.15 F

—2(cos(49))

0.10 f

0.05 F

0 L
0 10 20 30 40

) 4-x X e (BULAE /5 = 200 GeV) 2 FXI 7 A B i by 5 Py 2 A1 cos 4 J7 37 1 I, B R by ; (b) 45-4 0
LE /5 = 5.02 TeV) B T-XT cos 4 J7 3 i AXHFR, 56T X HeBE B B4 IX W [-1, 1), FEA BB SCifk [48)
)

cos4¢p azimuthal correlation between the impact parameter b, and the transverse momentum P, of the lepton pair

produced in Au-Au collisions at /s =200 GeV. The horizontal axis represents b, . (b) cos4¢ azimuthal asymmetry of lepton

pairs produced in Pb-Pb collisions at /s = 5.02 TeV. The rapidity integration range is [—1, 1]. The figures are taken from Ref. [48].
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M,

Fig. 6. Ratio R = f]'/f] ; between the dipole-type photon TMD f] and the WW-type photon TMD f/: (a) R as a function of

ki
My

X EIC 5 EicC g X AEUE TR M, A 3HiE X
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FRIFEM, A RHIC SEREEZS H T8 mEE
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for a point like charged particle; (b) R as a funciton of k; for lead. The figures are taken from Ref. [83].
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Fig. 7. A shematic diagram for diffractive p° meson pro-

duction in ultraperipheral heavy ion collisions.
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Fig. 8. Illustration diagrams for azimuthal asymmetry: (a)
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Fig. 9. lllustration diagrams for cos4¢ azimuthal asym-

metry: (a) Contributions from elliptic gluon Wigner distri-
bution; (b) contributions from final state soft photon radi-

ation.
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Fig. 10. Unpolarized cross section for coherent p° photo-
production in XnXn events at RHIC energy. The red dots
are experimental data points taken from Ref. [97]. The blue
line shows our numerical result for this unpolarized cross

section. The figure is taken from Ref. [56].
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Fig. 11. The cos2¢ azimuthal asymmetry of the XnXn
events for the photoproduction of p® at RHIC. The blue
solid line represents the numerical calculation result, and
the red dots represent the experimental result from
STAR[55], where the errors are not shown here.
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Fig. 12. Invariant mass distribution of the unpolarized cross
section for mTn~ production. The blue dashed line repres-
ents the decay of p® mesons, which is calculated using for-
mula (72). The magenta dotted line represents the direct
production of wta~, which is calculated using the amp-
litude A, from equation (80). The cyan dash-dotted line
represents the interference term between them. The red sol-

id line is the total result.
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Fig. 13. (a) cos4¢ asymmetry as a function of g, for the ntn~ photoproduction process for RHIC Au-Au collision at 200 GeV,
where the integration range of the rapidity yi, y2 of nT and n~ mesons is [—1,1], and the integration range of the invariant
mass Q is [0.6 GeV, 1 GeV]; (b) cos4¢ asymmetry as a function of g, for the ntn~ process in electron-nucleus collisions at a
center-of-mass energy of 100 GeV at EIC, where yi1,y2 is integrated over [2,3], and Q is integrated over [0.6GeV,1GeV]. The
blue solid line in the figure represents the total result, the black dashed line is from the contribution of final state radiation, and the
red dotted line is from the contribution of the elliptic gluon Wigner distribution. The figures are taken from Ref. [58].
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Fig. 14. Azimuthal averaged cross section of coherent J/1 production as a function of ¢ in unrestricted UPCs at RHIC and LHC
energies: (a) For RHIC kinematics, the rapidity of the J/ 4 is integrated over the range [-1, 1]; (b) for LHC kinematics, the rapid-
ity is integrated over [-0.8, 0.8]. The figures are taken from Ref. [59].
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Fig. 15. Azimuthal averaged cross section of coherent J /1 16 7€ RHIC, LHC Fl EIC 88X J /4 #1724 14 cos 2¢

production in unrestricted UPCs at LHC energy. The trans-
verse momentum of the J/4 is integrated over the range
[0, 0.2] GeV. (a) ALICE&CMS +/s =276 TeV; (b)
ALICE&LHCb +/s = 5.02 TeV. The figures are taken from
Ref.[59].
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LAY (a) RHIC BEIX, BURF 3T 1Y PR BT X
% [1, 1); (b) LHC R I, XU T %F ) He B U4 X il S
[-0.8, 0.8]; (c) EIC BE X, RU4%F X (1 P B2 143 X T g [2,
3J(EEER). ¥E RHIC M EIC I, J/vilid J/yp — ete™
TR EHE, /£ LHC FiEd J/¢ — ptp~ S IR
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Fig. 16. cos2¢ azimuthal asymmetry in coherent J/1) pro-
duction at RHIC, LHC and EIC energies: (a) At RHIC kin-
ematics, the rapidity of the di-lepton pair is integrated over
the range [-1, 1]; (b) at LHC kinematics, the rapidity of the
di-lepton pair is integrated over the range [-0.8, 0.8]; (c) at
EIC kinematica region, the rapidity of the di-lepton pair is
integrated over the range [2, 3] in the Lab frame. The J/¢
is reconstructed via the decay mode J/1 — ete™ at RHIC
and EIC, and J/vy — pTp~ at LHC, respectively. The fig-
ures are taken from Ref. [59].
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SPECIAL TOPIC—Spin and chiral effects in high energy heavy ion collisions

Coherent photons induced high energy reactions in
ultraperipheral heavy ion collisions”

Pu Shit  Xijao Bo-Wen?*% Zhou Jian®  Zhou Ya-Jin 3#

1) (Department of Modern Physics, University of Science and Technology of China, Hefei 230026, China)
2) (School of Science and Engineering, The Chinese University of Hong Kong, Shenzhen 518172, China)
3) (Key Laboratory of Particle Physics and Particle Irradiation, Ministry of Education, Institute of Frontier and
Interdisciplinary Science, Shandong University, Qingdao 266237, China)

( Received 15 January 2023; revised manuscript received 5 February 2023 )

Abstract

We review the recent progress in the studies of coherent photons induced high energy reactions in
ultraperipheral heavy ion collisions. The strong electromagnetic field created by a fast moving charged heavy
ion can be effectively viewed as a flux of quasi-real coherent photons. In this paper, we mainly discuss two
different type processes that coherent photons take part in: lepton pair production via photon fusion and
diffractive vector meson production in UPCs. We focus on investigating the impact parameter dependent effect
and the final state soft radiation effect. On the other hand, a series of recent work have revealed that coherent
photons are highly linearly polarized with its polarization vector being parallel to its transverse momentum. It
has been shown that the linearly polarized photons can lead to cos4¢ azimuthal asymmetries in di-lepton
production. This theoretical predication soon has been confirmed by the STAR measurement. With this new
development from both theory and experiment sides, the linearly polarized photons provide a new experimental
avenue to explore novel QCD phenomenology. For example, the linearly polarized photons can give rise to
various different azimuthal asymmetries in diffractive vector meson production. These observables provide us
unique chance to study two source interference effect in high energy scatterings, Coulomb-Nuclear interference
effect as well as extracting gluon Wigner distribution. We will discuss these novel phenomenology studies and

the possible future developments.

Keywords: relativistic heavy ion collisions, equivalent photon approximation, polarization effect, diffractive

vector meson production
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