Interferences effect in UPCs

Skl

‘ A ffrg(ﬁ-%)

SHANDONG UNIVERSITY, QINGDAO

Quantum Entanglement Studies in Nuclear and Particle Physics 8 - 2026F10H24-26H



Outline:

» A brief introduction to UPC physics
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»Spin interference effects in UPCs

»Summary



Young’s double-slit experiment:

Wavefront
'

“I will take just this one experiment, which has been designed
to contain all of the mystery of qguantummechanics”.




Relativistic heavy ion is extremely bright!

& Treated as a flux of quasi-photons

E. Fermi, 1924
Weizascker--Williams 1934

O Photon wave length > R, i.e. k<30MeV, enhanced by Z?

Two type interactions:

Time evolution of EM field > photon-photon collisions

Deng-Huang, 2012 . .
» photon-nuclear interactions



BSM & strong field QED

> Strong field QED Coulomb correction, vacuum birefringence, light by light scattering....
2 % %
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Zo. ~0.6 for Au and Pb, significant effect?

-

»BSM physics axion search, tau anomalous magneticg;oment, dark photons...

Pb - - Pb
v.s. pp collisions, EEKAFH =, a < !
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Pb Ze

Knapen-Lin-Lou-Melia, 2017
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The boosted Coulomb potential
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Li-JZ-Zhou, 2019
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Linear polarization of photons: induce cos4¢$ modulation in di-lepton production.
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Verified by STAR experiment
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Photon-nuclear reactions

diffractive vector meson



Optical Analogy
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» Reconstruct the size R of the obstacle and the optical “blackness” of the obstacle from the diffractive pattern.



Double-slit effect in UPCs

Klein-Nystrand, 1999

€ Remark: two different photons
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The first theoretical formulation

» Full cross section in CGC effective theory:
do ! 2A 427 1270 §2 Vi 7.\ V .1 /2
— = A d*k d®K 6%k + AL - YA ;
e ronoe ) KLU L SRR AR R ATy e

)P WLk [T (b)) A (Y, AL )AL (Y, A F(Y, kL) F(Y, KL + (A B)]
+ [P (v, A ) A (Y, A F(Y, k1) F(Y, K )

[ 4 )AL (Y ARV kPR

4 | A (VA )AL (<Y A F(Y k) F(-YSE))

1B R=AD) A YA VAR (Y, N F(=Y k) F(Y ) } (2.14)

Xing-Zhang-ZJ-Zhou, 2020
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oV diffractive pattern

Diffractive VM production in UPC

—— Theory
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Xing-Zhang-ZJ-Zhou 2020

» Double slit interference effect
» Smearing caused by finite photon kt

Diffractive VM production in eA

- Incoherent/Breakup
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» One slit interference
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Cos2¢ in p® production

@ Interference between two p waves

p° /,’-P\
(+1| = 1) ~ cos2¢ QI
+1 AN
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B STAR Signal =t~ pairs vs. Models
g L _'T_ Au+Au v =200 GeV
=04
Theory curve |l taken from
n B oo % o s ! y
9 Model I: R=6.38 fm, a=0.535 fm Xing-Zhang-ZJ-Zhou, 2020
o e e Model'll: R=6.9 fm, a=0.535 fm Theory curve Il taken from
0.2 g X — Wangmei Zha et.al. 2021
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ALICE measurement of Cos2¢ asymmetry
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ALICE Preliminary
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H. Xing et al.
% W.Zhaoetal

ALICE {5y, =5.02 TeV, p_<0.1 GeV/c, ly| < 0.8
STAR 5, = 200 GeV, p_ < 0.06 GeV/c
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SDU-SCNU4: Hongxi Xing, Cheng Zhang, Jian Zhou, Ya-Jin Zhou JHEP 10 (2020) 064

BNL4H: #  Heikki Mantysaari, Farid Salazar, Bjorn Schenke, Chun Shen, Wenbin Zhao Phys.Rev.C 109 (2024) 2, 024908



A different type Interference in UPCs

Coherent photonuclear Two-photon fusion
C-odd P wave C-even S wave

T £5(1270)/ fo(980)

p°—f, cross term + complex conjugate (c.c.)

¢ Same final state, coherent amplitudes

J. D. Brandenburg, S. Corey, S. Lin, ZJ, Y. j. Zhou, 2026
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Resonance phase interferometry

> f, (1270) 2—MvER (BER) skENF, HESXAR, ESEELieIRRS,
> fo (980) B—"MrENTF, (UERDS? ) , BE % Pstrange quark pair TaA?

BESIII: glue ball candidate X(2370)

Coherent photonuclear p° P wave provides the reference
2 2 2 _
T, + Tr|” =|T,|” + |Tr|” +2Re(T,T}) R =fo, T,

Interference probes the relative resonance phase

J. D. Brandenburg, S. Corey, S. Lin, ZJ, Y. j. Zhou, 2026

15



Pion interchange and odd harmonics

qJ- :pll+p2l PJ_ — (le_ _pzl)/z
AP=@p, — 0, Q*=(p +p) Odd under " < 11~

P wave x C-even wave

P,
/ ﬂ*_<—>13' Resonant contributions
Ag
> q.
do _ 20 1+ Aj cos(Ag) + Az cos(3A¢) + - -]
dA¢yp 27

A fo+ 1, As: f, helicity-2



Coherent two-source amplitudes

“ERAENTET" 5 Color dipole BIETHR

d?p1 1 d?p21 dyidy2d?b . Q*(2m)>  Ax "

X fkoL BPAL APk 6% (gL — kL — AL (PL-K))
x { = (k- ADDR@ME, + [20k1 - POAL - L)~ k- AL Dr@mE_}
: {eigi.(kl_ki)]:(xlakl)]:(@aAL)]:*(xlakl)Azo(fBQaAl)

+ P A P k) Faa, AL F (o2, K ) Al (21,80) |, R= fo, fo
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2(cos(Ag))
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f,(1270). odd harmonics
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Coupled channels in ,(980)
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Dfo(Q) — Qz - m?”() + imfo [FW(Q) + FK(Q)] :

Threshold opening: magnitude and phase

1T channel
threshold 2m_,
[(Q)

K \barK channel

threshold 2m,
M(Q)
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Coupling scenarios for f,(980)
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Fig. 3



Summary:
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HiHSZT in UPCs
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Diffractive vector meson production in UPCs
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