
1. Motivation
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6. 𝜿𝒄 and 𝜿𝒃 Interpretation 

➢ 𝒁 → 𝑸𝜸 offers a reference channel and a test of QCD factorisation

o Receive analogous contributions from 𝒜𝑑𝑖𝑟 and 𝒜𝑖𝑛𝑑

o 𝐵𝑅𝑍→𝑄𝛾
SM ≈ 10−8 − 10−7‡

Indirect

𝒜ind𝒜dir

Direct

➢ 𝐵𝑅𝐻→𝜓 𝑛S 𝛾
SM ≈ 10−6 †

➢ 𝒜ind ≈ 20 × |𝒜dir|

Charmonium: 𝑸 = 𝐉/𝝍,𝝍(𝟐𝐒) Bottomonium: 𝑸 = 𝚼(𝟏𝐒, 𝟐𝐒, 𝟑𝐒)

➢ 𝐵𝑅𝐻→Υ 𝑛S 𝛾
SM ≈ 10−9 − 10−8 †

➢ 𝒜ind, 𝒜dir almost cancel in SM
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5. Results

➢ 2D unbinned maximum-likelihood fit in 𝑚𝜇+𝜇−𝛾 and 𝑚𝜇+𝜇−

o Distinguishes all signal and background sources from each other

➢ Statistics limited: Systematic uncertainties contribute at most 1% (5%) to the total 
uncertainty in the strength of the 𝐻 (𝑍) signals

o Main systematic uncertainty is the shape of the inclusive background

➢ Define 𝜅𝑞 coupling modifier as the ratio of Yukawa coupling 𝑦𝑞 over the SM-

expectation: 𝜅𝑞 =
𝑦𝑞

𝑦𝑞
SM

➢ Combine with 𝐻 → 𝛾𝛾 result§ to interpret in terms of 𝜅𝑐,𝑏/𝜅𝛾, e.g.:

𝜇𝐻→J/𝜓 𝛾

𝜇𝐻→𝛾𝛾
≈

𝒜ind +
𝜅𝑐
𝜅𝛾

𝒜dir

2

Γ𝐻→J/𝜓 𝛾
SM

➢ Observed (expected) bounds @ 95% CL:

o 𝜅𝑐/𝜅𝛾: −136, 178 ([−123, 164]) from 𝐻 → J/𝜓 𝛾

o 𝜅𝑏/𝜅𝛾: −38, 40 ([−37,40]) from combined 𝐻 → Υ 𝑛S 𝛾
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𝜇 is the observed rate, 
normalised to the SM rate

¶arXiv: 2112.00650 [hep-ex]; Phys. Lett. B 786 (2018) 134; JHEP 07 (2018) 127

4. Signal Modelling

➢ Model 𝐻 mass with double Gaussian 
distributions

o Simulate 𝑔𝑔𝐻, VBF, 𝑉𝐻, and  𝑡 ҧ𝑡𝐻 production 
modes separately

o Acceptance ~ 19 − 21%

➢ Model 𝑍 mass with double Voigtian 
distributions × mass-dependent efficiency

o Acceptance ~11 − 14%

➢ Resolution 1.6 − 1.8% for all signals

2. Event Selection

➢ Target 𝑄 → 𝜇+𝜇−: Distinct signature

o Low QCD backgrounds compared to inclusive 𝐻 → 𝑞ത𝑞

➢ Dedicated single photon + muon triggers with 139 fb-1 of 𝑠 = 13 TeV data

o Split Υ 𝑛S 𝛾 into barrel and endcap categories for better distinction between 
Υ(1S, 2S, 3S) states

3. Background Modelling

➢ Exclusive background: 𝑞ത𝑞 → 𝜇+𝜇−𝛾

o Analytical shape derived from a fit to simulated events

➢ Inclusive background: 𝛾 + jet and multi-jet events involving 𝑄 or 𝜇+𝜇−

o Non-parametric data-driven background model, based on ancestral sampling¶

➢ Assess performance in three validation regions

➢ Determine normalisation and constrain shape systematics using data
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➢ 𝑯 → 𝑸𝜸 sensitive to magnitude and sign of 𝑐- and 𝑏-quark Yukawa couplings

o 𝒜dir and 𝒜ind contributions to decay amplitude destructively interfere
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