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Explore double slit interference effect with
linearly polarized photons in UPCs
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Outline

» Linearly polarized photon distribution
» Cos2¢ in rho production
» Cos4¢ in di-pion production

» Summary and Outlook

“Spin Polarization Effects in (peripheral /central) Heavy lon Collisions”,
yesterday’s talk by Zuo-tang Liang.

We focus on ultraperipheral collisions.



Coherent photon distributions

Equivalent photon approximation(EPA)
1924, Fermi;
Weizascker and Williams, 1930s;
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The boosted Coulomb potential
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Transverse momentum phase space
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How to probe it”?

Cos4¢ in di-lepton production



Cos 4¢ asymmetry in EM dilepton production
YIP + ki) + Y0P + ko) = F(py) + 1 (p)
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b, dependent cos(4¢)) V.S. STAR experiment
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Cos2¢ in p production



As a probe to study novel QCD phenomenology

A COS(Zgb) azimuthal asymmetry is induced by linearly polarized photons.
is the angle between ¢ | and pi
q1 : pY transverse momentum

m .
P| : pion's transverse momentum.



cos(2¢) STAR measurement
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Dipole model calculation

Diffractive scattering amplitude(based on dipole model)
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Formulated in the Glauber multiple re-scattering model:
W. Zha, J. D. Brandenburg, L.J. Ruan, Z.B. Tang and Z.B. Xu, 2020



Spin dependent wave function
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Joint BL& 4 | dependent cross section |

A and B are two incoming nuclei
(head on view)

Assuming pOis locally produced at position b |

The probability amplitude of producing " at position bJ_

MY,b1,01) o< Fp(Y, b )NA(Y, b — b))

EM potential Gluon density
induced by B inside A



Joint EJ_& ({ | dependent cross section I
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Making Fourier transform:
M(Y, b1, q1) o / Py d?A 6% (q) — Ay — k)

X {J—"B(Y, k INA(Y, AL)e ™0k 4 7, (=Y, k) Np(-Y, AL)e_iBL'A-L}

> The ELdependence enters via the phase.
» The relative phase leads to the destructive interference effect.

S. R. Klein and J. Nystrand,2000



» Young’s double-slit experiment
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Joint I;L& (| dependent cross section lll

> Full cross section: ki +AL =k +A)
do | .o .
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H.X. Xing, Z. Zhang, ZJ, Y.J. Zhou, 2020
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pY production in UPCs

Unpolarized cross section Cos2¢ azimuthal asymmetry
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Gold target Skin depth  Strong interaction radius

Standard value 0.54fm 6.38fm
Fitted to STAR data 0.64fm 6.9fm



Cos4¢ in di-pion production
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Elliptic Gluon GTMD distribution

The operator definition Y. Hatta, B. W. Xiao and F.Yuan, 2016
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The interference contribution

direct production via p decay

+1
+2

Elliptic gluon GTMD Unpolarized gluon GTMD

» Elliptic gluon GTMD effectively carries 2 units of OAM!

» The nonperturbative transition from quark pair to di-pion is
described by di-pion distribution amplitude



Azimuthal dependent cross section
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Numerical results
RHIC EIC
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Remarks:
» Final state soft photon radiations also induce the same cos4¢ asymmetry

»  Elliptic gluon GTMD is a necessary ingredient to describe STAR data
» The difference between RHIC and EIC double slit interference effect
>

Dipion v.s. diffractive dijet Y. Hatta, B.w. Xiao, F. yuan and ZJ 2020,2021
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Summary

» Coherent photons excited by charged heavy ion are linearly polarized
» Explore novel QCD phenomenology with linearly polarized photons

» cos4¢ for di-pion is a promising way to access elliptic gluon GTMD

Thank you!
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