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EWSB and Higgs Mechanism 

Xin-Kai Wen (CCAST / IHEP) No.200

All fundamental par.cles get their mass from Higgs boson VEV via Higgs mechanism 

The Higgs mechanism has been verified for the 
third-genera6on fermions and gauge bosons 

It’s 6me for the second-genera6on fermions

ATLAS, PRL 135 (2025) 231802 

Higgs à dimuon @ 2025

How about light quarks ? 
Opportunity and Challenge !



The Opportunity for Light Quark Case
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Most exis.ng studies rely on indirect constraints derived from precision measurements: 

Ø Rare exclusive radia8ve decays: 

Ø Rapidity or 𝑝!  distribu8ons in Higgs produc8on: 

Ø Global analyses and machine learning strategies: 

Ø Hadronic event shapes 

Ø Lots of rate-approaches ……

Current analyses: 
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The Challenges for Light Quark Case
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Directly measuring the light-quark Yukawa couplings is extremely challenging 

Ø Tiny couplings

Yukawa couplings flip chiralityØ The cross sec8ons or decay rates 

propor.onal to 𝒚𝒒𝟐 with 𝑦$ ≪ 1

Ø Huge QCD backgrounds

Ø QCD confinement

Ø No independent sensi.vity to up- and down-quark Yukawa couplings 



Solution to the Challenges
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Ø Tiny couplings à Special and Unique Probe to “ZOOM IN”

Ø Huge QCD backgrounds à Lepton Collider, Spin Asymmetry

Ø The cross sec.ons or decay rates: 𝒚𝒒𝟐, (𝒚𝒒 ≪ 𝟏) 

Yukaw  a couplings flip chirality

üQuark transverse spin ∝ 𝒚𝒒
Chiral-flipping Yukawa interac8ons generate quark chiral-odd transverse spin via the 
interference between the different helicity states of signal and background amplitudes
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Qing-Hong Cao, Xin-Kai Wen, Bin Yan, and Shu-Tao Zhang, arXiv: 2512.16492

Xin-Kai Wen, Bin Yan, Zhite Yu, C.-P. Yuan, PRL 131 (2023) 241801 , PRD112 (2025) 053004, 2408.07255 

How to Measure ? 



Solution to the Challenges

Xin-Kai Wen (CCAST / IHEP) No.600

Ø QCD confinement à QCD asympto.c freedom and factoriza.on pave an avenue to study

Particle Data Group,  Phys.Rev.D 110 (2024) 3, 030001

Low energy
High energy

How to probe the spin informa.on of 

quarks? 

Ø Heavy quarks: decay products

Ø Light quarks: non-perturba0ve func0ons, i.e., 

the PDFs and the fragmenta;on func;ons

Hard process in high energy

Transi1on from high energy to low energy

Low energy so8 regime

Hard sca(ering

D: Non-perturbative 
fragmentation 
function



QCD Spin Probe and Dihadron FFs

Xin-Kai Wen (CCAST / IHEP) No.700

Ø Spin-dependent Chiral-odd FFs project out Chiral-odd quark transverse spin
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Kang, Prokudin, Sun, Yuan, Phys.Rev.D 93 (2016) 014009;  
Zeng, Dong, Liu, Sun, Zhao, Phys.Rev.D 109 (2024) 056002;
TMD Handbook, arXiv: 2304.03302; ......

Independent of hadron spin ?
Collinear factoriza4on ? 
ü Dihadron FFs !
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Leading Quark TMDFFs
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JAM Collaboration, Phys. Rev. Lett 132 (2024)  091901 
JAM Collaboration, Phys. Rev. D 109 (2024) 034024 

Belle Collaboration, Phys. Rev. Lett. 107 (2011) 072004

Belle

Ø Artru-Collins asymmetry and dihadron FF



Dihadron FFs and Yukawa coupling 

Xin-Kai Wen (CCAST / IHEP) No.800

Yukawa interac.ons generate transverse spin of quark through interference between 

different helicity states of signal and backgrounds rising 𝒚𝒒𝟐 to 𝒚𝒒

Dihadron interference FFs provide a direct azimuthal probe linear in the Yukawa couplings

Single-hadron tagging li]s degeneracies among up- and down-quark Yukawa couplings  
Qing-Hong Cao, Xin-Kai Wen, Bin Yan, and Shu-Tao Zhang, arXiv: 2512.16492



Unpolarized DiFFs Interference DiFFs (transverse spin)

Dihadron FFs and Yukawa coupling 
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Qing-Hong Cao, Xin-Kai Wen, Bin Yan, and Shu-Tao Zhang, arXiv: 2512.16492

h2

Z

e+

e�

incoming plane

H

�R

q̄

F

p0

h0

event plane

q

sT
H h

1

2R

Ph

RT

dihadron plane

F

ẑ
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three-body kinema8cs

Different spin and CP dependence due to 
three-body nontrivial property

Dis5nguish CP or not ?



Dihadron FFs and Yukawa coupling 
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Collinear and LO: the integra8on of the hard coefficients and FFs can be factorized 

ü The single hadron as flavor tags for up- and 
down-quarks, enabling flavor separa.on 

ü Yukawa couplings: 𝑶(𝟏𝟎%𝟒 − 𝟏𝟎%𝟑)

Qing-Hong Cao, Xin-Kai Wen, Bin Yan, and Shu-Tao Zhang, arXiv: 2512.16492



No.1100

Thank you 

Summary
ü The light quark Yukawa couplings are poorly measured due to tiny size, QCD 

background, quark confinement, and quadratic effect 𝑦$( at rate-based methods

ü Chiral-odd dihadron fragmentation projects out the quark transverse spin sourcing from 

the linear interference effect 𝑦$ between Yukawa signal and background amplitudes

ü Spin-independent single-hadron tagging disentangles the quark flavor structure and 

resolves degeneracy between 𝑦) and 𝑦*

Xin-Kai Wen (CCAST / IHEP)

ü This azimuthal asymmetry achieve 𝑂(10%+ − 10%,) 

bound on Yukawa couplings, much stronger than 

current results at 𝑂(10%, − 10%()

ü It is flexible to extend to probe the potential CP-

violation Yukawa interactions


