Probing Quark Electromagnetic Properties via Entangled Quark
Pairs in Fragmentation Hadrons at Lepton Colliders
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QCD factorization and Fragmentation Functions

QCD factorization:
c=fQRQRiQRQD

£ : parton distribution functions D : fragmentation functions

Hadron <27~ Parton =27~
Parton distribution func;i:)ﬁ T,
describes the probability of
finding a quark or gluon

Fragmentation function R T
describes the probability of
producing a specific hadron.
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The process from partons to hadrons can be described with un-perturbative fragmentation functions. ==



Spin Effect in QCD and Interference Fragmentation Functions

TMD fragmentation: Di-hadron fragmentation:

(Ph, Sh)
h : hadron
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Quark Polarization
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Azimuthal Angle Asymmetry and Spin Correlation

BaBar Collaboration, Phys. Rev. D 90 (2014) 052003
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quark pair spin density matrix: P

(cos(1 £ 2)) o (S1aS2a) F (S1yS,) = 7 (Cow F )

41 at SM, only C,, — Cy, nonzero @
(sin(¢1 & @2)) o (S1252y) £ (S1yS22) = Z(Cwy + Cye) 4

|:> Asymmetry:



Spin Correlation within SMEFT

Chirality-Flip operators in SMEFT provide unique spin structure:
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Observables

> Dihadron pair: (t*n™) + (ktm™) + X

1 do(efe” = (ntn™)(n¥7m7)X)
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Unpolarized DiFFs

— B, cos(¢y — ¢2)>] Interference DiFFs (transverse polarized)

where, B1 = Cpp == Cy,y

>, Q2H<’q(z1,M1)H (29, My) B+
ZZngDg(zlaMl)Dl(z27M2)

Ax = 2(cos(p1 = ¢2)) =+

R A_ S'U2 Zq:u,d([Resz]Q — [Imcg]z) Hf?u — _H<I,d H<I,S,§,C,(—3,b,b — 0’
diFF = —— =~ —
i A+ 27T04A4 Zq:u,d Q?] H<I,q _H<’q

independent of FFs values !




Sensitivity

We proposed revisiting existing data at Belle and BaBar within both the collinear and
TMD factorization frameworks to constrain light-quark dipole couplings.
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SUMMARY

“£New unique cos(¢p1 — ¢2) absent in the SM can probe the quark MDM / EDM.
“£The ratios of cos(¢p1 — ¢p2) and cos(¢p1 + ¢2) insensitive to nonperturbative FFs.

~=Revisiting existing data at Belle and BaBar within both the collinear and TMD
factorization frameworks yields O(1) bounds on light-quark dipole couplings.
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