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Measure the Higgs couplings
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The next target is the 2nd generation fermions: c, s, 𝜇

Nature 607 (2022) 52 Nature 607 (2022) 60

See my 2nd talk at 3:20pm for Higgs-muon interaction 

c?



Measuring the charm quark Yukawa 
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G.P. Bowin’s idea



Recall the history a bit...
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and Higgs 



Non-relativistic QCD (NRQCD)
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Generate a 𝑸ഥ𝑸 pairt and then hadronized it into the bound state (quarkonia)  

Color-octet can be enhanced by  kinematics
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Why Bodwin’s process does not work well?

Dominated by “vector meson dominance” (VMD)

New process

• Enhanced by charm fragmentation
• Hcc diagrams dominate

More details to consider:

• Apart from Hcc, there are also Hzz, Hgg, and Hɣɣ diagrams
• Include both color-singlet and color-octet
• Consider both QCD and QED contributions

Look for a proper process

T. Han, A. K. Leibovich, YM and X.-Z. Tan, 2202.08273



More fragmentations
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Single photon fragmentation (SPF) 



SM Results
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With VMD 



Who is contributing?
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pT distributions
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Double charm tagging Single charm tagging



Probe charm Yukawa with charmonia
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Color-octet uncertainties from the LDMEs
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Background at colliders: 𝑝 𝑝 → 𝐽/𝜓
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1710.11002

P. Artoisenet, J.P. Lansberg, F. Maltoni, 

NPB  653, 60-66



Background from other channels
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This can be the signal for 
Bottom quark Yukawa 



A rough estimate
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I shall admit that we are too optimistic on the results… 



For bottom Yukawa
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Two channels: 

Similar to the charm case

Dominated by CO

T. Han, YM and X.-Z. Tan, coming out soon



Summary
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There are chances to measure the Yukawa couplings via quarkonia production

• Benefit from the clean J/𝜓 and Υ decay 
• In NRQCD frame, these processes are perturbatively calculable
• The QCD contribution dominates, but there is also something else

• May not be able to bypass c tagging
• May suffer from the QCD hadron production background
• May receive corrections from higher orders
• Call for the better LDME fitting

QED, HZZ, VMD

Concerns and the wishlist:



Backup: fragmentation functions 
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Backup: HEFT for the Yukawa sector
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More about the final state
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