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Based on [2508.05914] – lots of follow-up work in progress!

https://arxiv.org/abs/2508.05914
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Thanks to the organizers, the local admin staff, and the catering and restaurant staff 
for a fantastic (and delicious!) conference!
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… also many thanks to Italian trade unions 
for giving me a captive audience on a Friday afternoon 
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The mystery of 1st (and 2nd) generation Yukawa couplings

[ATLAS, 2207.00092]
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What we’re after

How to get a non-SM value?

[Erdelyi, Gröber, Selimović, 2410.08272]

In a survey of viable UV models, current EW precision data still admit:

Take dim-6 coefficients to be diagonal at     → see talk by P. Meade for caveats!
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Existing probes of light-quark Yukawas and HL-LHC projections

Direct searches using advanced c-tagging
[See talk by A. Zaza!]

Modifies total Higgs width, 
constrain e.g. from offshell/onshell ratio
[See talks by P. Meade and R. Gargiulo!]

HL-LHC
[J. de Blas et al., JHEP 01, 139 (2020), arXiv:1905.03764]

Many more, interesting proposals: 
rare exclusive decays, Higgs kinematics...

[Bodwin, et al. ‘13; Kagan et al. ‘15; König, Neubert, ‘15;
Perez et al. ‘15; Brivio et al. ‘15; Bishare et al. ‘16; 
Soreq et al. ‘16; ...]
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Challenges in existing probes of light-quark Yukawas

1. 1st and 2nd generation Yukawa couplings are small (duh)

2. Irreducible backgrounds from other SM processes 
and the Yukawa-couplings of heavier quarks

▸ Require high-order theory, theory systematics nightmare
e.g. yc from total Higgs pT, rare exclusive decays

▸ Related problem: Lack of flavor separation 
e.g. in the total Higgs width

3. Quarks originate from/fragment into strongly bound hadrons

▸ Need rigorous statements of factorization

Goal: Turn       into a virtue and use the nonperturbative 
properties of QCD to overcome      and      . 
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Yukawa couplings: Not just small, but small2

Recall: For massless fermions, the left and right-handed field components
also propagate separately and map onto definite initial-state helicities.
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Yukawa couplings: Not just small, but small2

“Chiral Suppression”
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Transverse polarization to the rescue
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(Not so) straightforward to get transverse polarization

[R. Boughezal, F. Petriello, K. Şimşek, 2407.12975]

For quarks: I.e., IF we could polarize high-energy proton beams...
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Nonperturbative physics of tagged forward hadrons

Parton Distribution Function

(Extended) Fracture Function
[Trentadue, Veneziano, ‘94, ‘97]
[Grazzini, Trentadue, Veneziano, ‘97]
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Nonperturbative physics of tagged forward hadrons

Boer-Mulders Fracture Function
[Boer, Mulders ‘97; Sivers ‘08, ‘09]
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Kinematics of VH production with a tagged pion
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Forming the asymmetry
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Factorized asymmetry cross section

polarized partonic cross section 
(at tree level – straightforward to extend!)
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Key theory properties of YFAs

1. Tagged hadron asymmetry uniquely picks out active light-quark Yukawa.
(Can prove that top-quark mass/Yukawa insertions cancel to all orders!)

2. Quark and antiquarks have relative sign due to (approximate) CP in SM.
→ Heavier sea quarks cancel, disentangle valence quarks by hadron channels.  

3. Cosine modulation gives unique sensitivity to CP-odd Yukawa interaction.

4. Get Boer-Mulders Fracture Function (not yet known) from NC/CC Drell-Yan, 

Companion paper with field-theoretic proofs forthcoming – stay tuned!
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Other processes, future colliders, and dihadron fragmentation

Just a small sample of them – you can do this anywhere the Higgs shows up... 

VBF at LHC/LHeC ZH at FCC-ee
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Summary and outlook

● Introduced Yukawa Fragmentation Asymmetries, a new class of 
observables linearly sensitive to light-quark Yukawa couplings.

● Pull out all the stops: confinement, chiral symmetry breaking,
valence/sea structure of hadrons, and weak parity violation. 

● Exciting new territory to explore for theory & experiment,
with deep synergies between Higgs and confinement studies.

● Stay tuned for full off-shell sensitivity estimate in VH!
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Thank you for your attention!
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What about quark masses?

Treat it as a perturbative Lagrangian insertion:
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What about transverse gluon polarization?


