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Boer-Mulder




“Anomalous Hall Effect” inside a proton

Boer-Mulders effect: Anomalous Hall effect: 5
correlation between quark transverse spin correlation between electron spin and

and quark transverse momentum in proton electron transverse motion in solid

(Quarks in the proton as analogous to electrons in a solid)



The common origin of three T-odd TMDs

» We proved (on the operator level) :

@ For a long time, these three functions were mistakenly thought to be independent.
But our work revealed their intrinsic connection!



TSSA in SIDIS process:

Left-Right asymmetry

QCD analog of the Aharonov—Bohm effect!




A novel strategy to enhance the asymmetry: 0-jettiness

Fang, Lin, Shao and ZJ, PRL, 2026

For more details:
ARERIE s talk
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Energy evolution of proton transverse deformation

XD (x.br) 47 g
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(Beam Momentum, \" Transverse Plar
z-direction) (x, y-space).

Hatta, ZJ, PRL, 2022
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Quark orbital angular momentum



Canonical vs. Kinematic: Two Faces of Quark OAM

» Jaffe-Manohar, 1990 (Canonical OAM)

»Ji, 1996 (kinematical OAM)

Canonical V.S. Kinematical

—

r X (p— uf) r X /_7

» Probing kinematical OAM(DVCS, DVMP)
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Operator commutation relation

Gauge invariance

Idxx[Hq(x,t,f)—I—Eq(x,t,f)] Ji, 1997
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First observable of canonical quark OAM since 1990

. em - sJ7

do (N2 —1)%aZ, aZ [268A%
dtdQ?dxpdep  2NA(1 — £2)Q10(1 + &)

S 2 L2 L2, S M? 52
[1+(1—y)?]x { [|f1_| + Gl + | Fia+Gial” —0-232 | Fi,2 + E—u.z|"}
= |

+cos(2¢)a [—|Fi1 + Gl + | Fira + Gral? HAsin(2¢) 2a Re ((iF1,4 + 1G1.4) (]-fl +G7)] }

Proton helicity ~ Distinguished experimental signature of F, ,

Hadronic plane

Bhattacharya, Zheng, ZJ, PRL 2024

Leptonic plane
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o) & -5 XIBII G A KEX

Xiao, Yuan, ZJ; PRL, 2020;
Ding, Yu, Zhang, Z], PRD, 2025

.l RuRu + ZrZr at \/syy =200 GeV
Y12 <0.8, P, >0.5 GeV Coherent J/u

gL <0.2GeV
¢ g1 <0.2 GeV sub hadronic




Linear Polarization at electron-positron Colliders

C1| M 1) + coe™| M)

(cos 2¢) x Re {MJFJFMJ”;_]

Jia, ZJ, Zhou, PRL, 2025
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How to access gluon linear polarization

l 5000 Hatta, Xiao, Yuan, ZJ, PRL, 2021
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Gluon Polarimetry with Energy-Energy Correlators

Song, Wei, Yang, ZJ, PRL, 2026

Z0

Inspired by Chen, Moult, Zhu, 2021
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