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Background and motivation

Ultraperipheral collisions(UPCs)

relativistically moving ions will introduce electromagnetic field.

Equivalent photon approximation(EPA) UPC: ) ) )
1924, Fermi: Two nuclei physically miss eagh other,
interact ( only ) electromagnetically

Weizéascker and Williams, 1930’s;
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But! strong interaction dominant in
center collisions clean baokground
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Photon TMD

photons can be formulated in the context of TMD factorization:

2K K,

L

Zdy‘dzyL i y
IW Y(PIFL(0)F}(y)IP)

yoo = LA k2)+( 6‘”) hy? (x, k),

A nucleus moves along P*, A* dominant, F; o kK| A*, F{FY o K kK ATA*,
implies,

flG kD) = b7 (kD)

coherent photons are linearly polarized

how to probe: azimuthal asymmetry

Yajin Zhou (SDU) Azimuthal asymmetries in diffractive po productic DIS 2022 3/19



dilepton production in UPCs

Azimuthal asymmetries in yy — e*e”
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coherent photons are linearly polarized is verified by STAR |
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Motivation

@ The fact that the coherent photons in UPCs are highly linearly
polarized can be used as a probe to study QCD phenomenology.

@ Significant cos 2¢ and cos 4¢ asymmetries for p° meson production in
UPCs have been observed by STAR collaboration.

@ Huge amounts of data for p° at STAR and LHC.
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o production in UPC: illustration diagram

¢=pl ANqL

q.: p° transverse momentum

P’ . s transverse momentum.
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observable:

f % cos(ng) dP.S.

{cos(ng)) = [ 2dp.S.
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Azimuthal asymmetries in p production at RHIC and LHC dipole model, joint 5, and ¢, dependent amplitude

scattering amplitude

Use color dipole model to calculate the scattering amplitude

Y
y "= g\: : 0
For polarization averaged calculation, see: <\ — P
- C
= g

AAL) = ifdzbleiA*'b*f%ﬁldz fl’y_’qq(n_,z, EI]){V(FJ_, bLNPV_’q‘-I*(rJ_,z, ef)}
/_,,><’

photon (vector meson) wave function,
calculated in light-cone perturbation theory.
polarization dependent.

dipole scattering amplitude. color dipole
from nucleus A multi re-scattered with
the CGC gluon in nucleus B
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dipole model, joint 5, and ¢, dependent amplitude
joint b, and g, dependent amplitude

v from B produce a pair of quarks
(dipole), mteract with the CGC gluon
in A, produce p° (inside A due to
color confinement)

set the center of nucleus B as the zero point,

bl. impact parameter, the relative position of the two nuclei in the transverse plane
b, : the position of the produced p° (1, < k,)

v from A produce a pair of quarks
(dipole), interact with the CGC gluon
7, in B, produce p° (inside B due to
color confinement)
A B
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Azimuthal asymmetries in p production at RHIC and LHC dipole model, joint 5, and ¢, dependent amplitude

coherent production amplitude:

MY, by o [Fyp(Y, by = bNA(Y,b.) + Np(=Y, by = b )Fa(=Y,b,)]

Fourier transform b, — ¢,
MY, b,) < f Ak PN 5% (g - AL —ky)

(ERr NG, A P4 4 F Yk Np-Y, A e )

‘ Double slit like interference effect‘
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Azimuthal asymmetries in p production at RHIC and LHC cos 2¢ asymmetry in p° production

p° production cross section ‘
d
Wi‘;d% = g JPMLRPH o+ A= qu)e] ko] R f d*b,
x P WD [Ty (b) AW, AT, (Y ADF (Y kOF (V. K) +(A © B)]
+ (e LR Ay (Y, A DALY, NDF (Y, kDF (V)
+ [P+ LAV A (—Y, A L)AL (Y, N)F (=Y, k )F (<Y, K]

+ [c,)(Y, AT (Y. N)F (V. k)F (Y, k;)}
+ [y( o (=Y, AT (Y, N )F (~Y Kk )F (YK, )]

the interference terms ensure the perfect peak and valley structure

(€ kel - k) — [(Ro- k) + cos29) (2(ks - g, - 41) — k- R, )]
the spin vectors of y and p° result in the cos 2¢ asymmetry
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coherent p° production: compare with STAR

Au-Au 200GeV UPC
— theory
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Azimuthal asymmetries in p production at RHIC and LHC cos 2¢ asymmetry in p° production

coherent p° production: compare with STAR
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Azimuthal asymmetries in p production at RHIC and LHC cos 2¢ asymmetry in p¥ production

cos 2¢ asymmetry: illustration diagram

0 s 0
P i np
_\+1;—1,
+1 S~ -1
0 0

(+1| — 1) ~ cos2¢
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Azimuthal asymmetries in p production at RHIC and LHC cos 2¢ asymmetry in p° production

cos 2¢ asymmetry: numerical results

STAR . B STAR Signal p*p- pais vs. Models

—4— AuHAU |5,,=200 GeV

-+ Model I: R=6.38 fm, a=0.535 fm

2 (cos(2f) )
-

Moger 1i: R=6.9 fm, a=0.535 fm

L
0 0.05 0.1 0.15

5

02 02
P; (GeV)

Pb-Pb 5020 GeV.

upc
===== contrally: 70-90%

Y108

0.00 0.05 0.10 0.15 0.20
q. [GeV]

The linearly polarlzed photon and the interference effect together make the

< cos(2¢) > shape.
At pA/EIC, no interference term, the first peak absent.
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Azimuthal asymmetries in p production at RHIC and LHC cos 4¢ asymmetry in p° production

cos 4¢ asymmetry: STAR experiment
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Azimuthal asymmetries in p production at RHIC and LHC cos 4¢ asymmetry in p¥ production

cos 4¢ asymmetry: theory

1. final state soft photon radiation

NN\N\L - pl]
— 43 -1}
+1 WW\,_: - —1

(+3| - 1) ~ cos4¢

cross section,

do(qy) , doo(q') ,
od.) =fdzq £S(q1 — q1)

dP.S. L dP.S.

soft factor at leading order:

@,
SUL)=6(1, )+ -2 {co + 20 cos 26 |[+2¢4] cos ¢ +}
o
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Azimuthal asymmetries in p production at RHIC and LHC cos 4¢ asymmetry in p¥ production

2. elliptic gluon Wigner distribution

T
a //3\‘ )
- RN
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! S - (+3] = 1) ~ cos 4¢
S ly~
+2 o 0

elliptic Wigner gluon

dipole amplitude,
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Nbi.ro) ~1-exp|-0Q2(2) 2 /4] + E(b2.12) 2%5L@ -

cross section,
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Azimuthal asymmetries in p production at RHIC and LHC cos 4¢ asymmetry in p° production

cos 4¢ asymmetry: numerical results
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QED alone is not adequate to
describe the STAR data, elliptic gluon
Wigner distribution also contribute to
cos(4¢) asymmetry

at EIC, contribution from the elliptic
gluon distribution flip sign due to the
absence of the double-slit interference
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Summary

Summary

@ The coherent photons in UPCs are highly linearly polarized can be
used as a probe to study QCD phenomenology.

@ Diffractive p production in UPCs induce cos 2¢ asymmetry, shape like
Young'’s double slit experiment, consistent with STAR experiment.

@ QED effect alone severely underestimates the observed cos 4¢
asymmetry, might signal the very existence of the nontrivial quantum
correlation encoded in elliptic gluon distribution.

Thanks!
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