Spin-dependent azimuthal asymmetry of coherent vector
meson photoproduction In relativistic heavy-ion collisions
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Llnearly polarlzed photon

® Equivalent Photon Approximation

e Photon Flux o /2 Fermi, Z. Phys. 29 (1924) 315
Williams, Phys. Rev. 45 (1934) 729
* pT1 < ~30 MeV (Q2~0) Weizsacker, Z. Phys. 88 (1934) 612

® The photon is Imearly polarized
» Polarization direction (Zj) is parallel to E
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Zhou et al., PLB 88 (2019) 576
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@ Linearly polarized photons lead a cos(4A¢) modulation in
yy = [T~
e Ad = AP[IT + 1), (I = 7)) ~ AP[IT + [7), 1]

Zhou et al., PLB 88 (2019) 576
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Llnearly polarlzed photon

_— e —— ,_,————-—__?..,__. ~ e — — - et — e —e———————— ———— ——

1400 | | | | I | | | | B STAR, PRL 127 (2021) 122001
"STAR 045<M,<0.76GeV,P,<0.1GeV -
12 e 1 1 —
00: ¥ Au+AuUPC ¥ Au+Au 60%-80% x 0.65 -
1000 :_ —— Fit: Cx( 1 + A2A¢cos 2A0 + A4A¢cos 4A0 ) t1c _:
8 : $ [ I :
& 800  —— ) ‘ ]
~ = l l f ! 1 I :

L B00GAE . -mm e NG T ¥
= - | x 0 TTenenma Y g
g - ’I‘ __ | | ] _
© 400 y e X A o —
:l l ? 4‘\ = 5 ‘T I :
200/ | - o
B Polarized yy — e*e: Without Polarization : -
o — -QED == STARLight -
B ) -I- SlJpeIrChiCI | | ] | ] i
n

° 2 M=¢,-0¢, T

® Experimentally observed the linear polarization of equivalent photons
« ~6.70 In UPC and ~4.5¢0 in non-UPC
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Mcdulatlon of phc)toprc)duced vector meson
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Z Wu et al PRR 4 (2022) L042048
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® VM inherits the polarization because of s-channel helicity conservation

® cos(2A@) azimuthal modulation of decayed daughter w.r.t. the

polarization direction Xing et al., JHEP 10 (2020) 064
Zha et al., PRD 103 (2021) 033007
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Observed COS(2A¢) modulatlen ef Coherent pO in UPC
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STAR, Sci. Adv. 9 (2023) abg3903
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Observed COS(2A¢) modulatlen ef Coherent 00 in UPC

® Symmetrlc A+A collisions: Strong correlatlon between the pr and polanzatlon dlrectlons
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Observed COS(2A¢) modulatlen of Coherent 00 in UPC
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® Symmetrlc A+A collisions: Strong Correlatlon between the pr and polanzatlon dlrectlons
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® Asymmetric collisions: No/weak correlation between the pr and polarization direction
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Observed COS(2A¢) modulatlen of coherent pO in UPC
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® Symmetrlc A+A collisions: Strong correlatlon between the pr and polarlzatlon dlrectlons
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® Asymmetric collisions: No/weak correlation between the pr and polarization direction
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Ma, NST 34 (2023) 16

® Interference must happen between

two daughters
# Ui
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Ma, NST 34 (2023) 16

Interference
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two daughters
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Impact of the observed modulation
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Spin state dependence of COS(ZAgb) modulatlc)n
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Zha et al., PRD 103 (202 1 ) 033007
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Zha et al., PRD 103 (2021) 033007
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Challenge Of spln 1/2 measurement
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® |mpact parameter (b): a robust estimator of polarization direction

Rl

What else can we do’?
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» Valid in any collision system and rapidity range
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What else can we do’?

Reaction

plane \

%
(:v--/ : — — defines g

(direction of the impact parameter)

® b Is estimated by the second
order event plane technique
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What else can we do’?
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ALICE, PRL 116 (2016) 222307
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https://cds.cern.ch/record/2957192?ln=en
https://indico.cern.ch/event/1334113/contributions/6369533/

~ Extraction of COS(ZAgb) amplltude (Ao )
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- cos(2A¢) modulation in coherent J/i — -
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- cos(2A¢) modulation in coherent J/i — -
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® A negative modulation is observed in coherent J/{ — u*u-(spin-1/2)

® Provide the first observation of spin-state dependence in azimuthal asymmetry
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- cos(2A¢) modulation in coherent J/i — -
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® Demonstrate the feasibility of a complementary reaction plane probe
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- cos(2A¢) modulation in coherent J/i — -
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COS(2A¢) modulation in Coherent J/z,b —
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® Both models consider the correlations between polarization and b directions
® The model by Wu et al.
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© The model by Shao et al.

» Vector meson dominance framework » (Color dipole framework
» Accounts for the effects of participating » Ignoring the effects of participating
nucleons nucleons
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® A negative Ao of coherent J/v,b — Ut IS observed Ig hadronlc coII|S|ons
with significance of > 5¢

® Provide the direct observation of the spin-state dependence of Ao
® Demonstrate the feasibility of a complimentary reaction plane
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Ccordlnate system
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zI
V rest frame »

FIG. 1. The coordinate system for the measurement of a two-
body decay angular distribution in the vector meson rest frame.
The definition of the x, y, and z axes 1s described in the text. The
7' axis denotes the beam direction, and the x" axis represents the
linear polarization vector.
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