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Why are the Light-Quark Yukawa couplings important?

Neutron-proton mass difference: quark Yukawa and electromagnetic interaction

Borsanyi, et al. Science 347, 1452–1455 (2015) 

We need precise detection on the quark mass.
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The missing  Light-Quark Yukawa couplings

universality of the 
Higgs mechanism

LHC sensitivity for light-quark Yukawa: 

No Direct Measurement



Current experiment constraints 

Higgs plus photon
CMS, one coupling varied

CMS, PRL 132 (2024) 121901

On/off-shell four leptons
CMS, profiled light and vector couplings

CMS, arXiv:2607.23352
PRD 112 (2025) 112001

Higgs transverse momentum
ATLAS data, theory recast

Soreq, Zhu, Zupan, JHEP 12 (2016) 045
ATLAS, PRL 115 (2015) 091801

|ℳY |2 ∝ y2
q
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|yu| < 0.03, |yd| < 0.026Best Constrain:



Chirality at gauge and Yukawa vertices
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Massless limit of a high-energy quark line
Gauge interactions
Γa,μ

g = igsTaγμ

Γμ
Z = iγμ(gLPL + gRPR)

L → L R → R

Yukawa interaction
Γh = − i yq/ 2
h(q̄LqR + q̄RqL)

L ↔ R

Traditionally no chiral odd fragment



Transverse spin resolves chiral interference
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Keep the outgoing-quark spin indices open.

ℳL ℳ*R

qL qR

ρ =
1
2 (

1 + sz sx − isy

sx + isy 1 − sz )
(R, L) basis

arbitrary hard process
ρLR ∝ ∑X ℳL(X)ℳ*R(X)

Transverse spin measures off-diagonal coherence



Dihadron fragmentation analyzes transverse spin
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A collider analogue of a Stern–Gerlach spin analyzer

q(sT) → π+π− + X

Chiral-odd spin analyzer

H∢
q sin(ϕR − ϕs)

The pair azimuth reads transverse spin.
No extra light-quark Yukawa factor.

Belle, PRL 107 (2011) 072004.

ℳL ℳ*R

L R

h1
h2



Three-body production and Yukawa interference
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e+e− → Zqq̄

One light-quark Yukawa insertion

ℋLR ∝ yq

Higgs recoil peak

M2
rec = s + m2

Z − 2 s EZ

≃ m2
h

Keep the two sides of the Higgs peak in separate bins.
Cao, Wen, Yan & Zhang, PRL 136 (2026) 231901. Representative diagrams shown; the calculation includes the full gauge amplitude.



Flavor tagging with an identified recoil hadron
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Identify a hadron in the opposite jet.

Dihadron spin analyzer

q → (π+π−) + X

H∢
q

Identified recoil hadron 
sensitive to Flavor

q̄ → h′￼+ X

Dh′￼

q̄

Species give different quark-flavor weights.



Azimuthal asymmetries and Yukawa sensitivity
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The pion-pair plane converts spin into an azimuthal modulation.

2π
σ

dσ
dϕR

= 1 + Sx sin ϕR + Sy cos ϕR

The harmonics include fragmentation weights.

AUD =
2Sx

π
ALR =

2Sy

π

dσspin ∼ ∑q ℋq
LR ⊗ H∢,q

q ⊗ Dh′￼

q̄

Fit both modulations across the identified-hadron channels.

(see backups)



Separating up- and down-quark Yukawa couplings
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Projection

s = 250 GeV

ℒ = 50 ab−1

68% CL, CP-even fit

π± : largest yield

K± : u sensitivity

p/p̄ : different band direction

Combined: 𝒪(10−4 − 10−3)

Combine the flavor weights to separate the two couplings.



Summary

➢ Light-Quark Yukawa couplings are extremely small and poorly constrained; 
conventional observables scale as  and lack sensitivity 

➢ The signal and background interference induces quark transverse polarization and the 
chiral-odd dihadron fragmentation functions, yielding azimuthal asymmetries linear 
in  

➢ Recoiling single-hadron could be used for Flavor discrimination and break  
degeneracy

y2
q

yq
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Thank you! 12



BackUps



Transverse spin effects of quark @ CEPC
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Transverse spin effects of quark @ CEPC
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ẑ

x̂
ŷ
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