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Dipole Moments

Its investigation is essential for internal structure and intrinsic property of particles

U, = +2.002319 pg
. = +2.002332 g
w, = +2.792847 uy
L =—1.913043 uy

Elementary

Composite

How about:
Electroweak (Weak) dipole moments?
Light-quark dipole moments?
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Dipole Moments
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Its measurement is crucial for testing the Standard Model and probing New Physics




Dipole Moments

Chirality-flip of fermion = Difficult to probe at colliders

> Lack interference
> Poor constraint
> Much contamination
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Lepton Dipole Moments

Transverse spin effect of initial leptons = Interference of the different helicity amplitudes
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CP-conserving

Transverse Spin Asymmetry

Much stronger sensitivity: O(107*~1073), others: 0(1072~1071)
Probing potential CP-violating effects
Without contaminations
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Light-quark Dipole Moments

QCD color confinement prevents a direct measurement of the quark dipole moments

Nucleon dipole moment measurements?

nonperturbative input of
nucleon spin structure!
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Light-quark Dipole Moments @ EIC

Light-quark dipole moments produce transverse spin of quarks via interference
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Dihadron chiral-odd interference fragmentation function projects out transverse spin

O_f quarks with azimuthal asy mmetry Xin-Kai Wen, Bin Yan, Zhite Yu and C.-P. Yuan, arXiv: 2408.07255




Light-quark Dipole Moments @ EIC
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'Light-quark Dipole Moments @ e*e™ colliders

dihadron-hadron pairs disentangle the up and down quark dipole moments exclusively,
giving individual and stronger constraints.
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'Light-quark Dipole Moments @ e*e™ colliders

Requiring parity-violation effects, the electron longitudinal polarization and C.M. energy
effectively distinguish the photon and Z-boson dipole moments separately

Photon dipole:
» Low energy
» Electron longitudinal polarization
2 (wg Im I‘?y e w% Im I‘%) Z-boson dipole:
» Z-pole energy
» 7 boson axial vector couplings
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'Light-quark Dipole Moments @ e*e™ colliders

Flavor relations due to SM couplings, isospin and charge conjugation symmetries

different channels provide different constraints, enabling them to be separately constrained
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Summary

v Measuring light-quark dipole moments is crucial for testing the Standard Model and
probing New Physics, but quark cannot be directly seen due to QCD confinement

v" Rate observables are difficult to bound them since their leading effect is from 1/4*

v" Light-quark dipole moments linearly produce transverse spin effect of quarks

v" Dihadron azimuthal asymmetry projects out transverse spin of quarks via interference
fragmentation function, exclusively probe light-quark dipole moments from 1/A42,
independent of hadron spin and without impact from other NP

v By combining all possible channels of hadron-dihadron, we resolve the degeneracy
issue of the up and down quark dipole moments, giving individual constraints

v" Both real and imaginary parts can be well constrained, offering a new opportunity for
directly probing potential CP-violating effects.

v" Our bounds are much stronger than other approaches by 1~2 orders of magnitude
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