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Introduction
• Higgs Boson: a key piece of the SM and a portal to BSM physics at the LHC

• Higgs couplings to SM particles are well predicted from mass 
measurements

• Any deviations in Higgs couplings implies new physics that couples to the 
Higgs boson

• I will leave out Higgs self coupling results from this presentation
• Multitude of HHH and HH results with CMS and ATLAS dedicated plenaries

• I will summarize the most recent 2024 results from both ATLAS and CMS  
• Detailed discussion of SMEFT interpretations saved for Ken Mimasu’s talk
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Relative Sign κ𝑤/κ𝑧 at the LHC

• If EW gauge symmetry broken by Higgs doublet

• Therefore λ𝑊𝑍 ≠ 1 clear signal for BSM physics
• Run-2 combinations sensitive to κ𝑤

2  κ𝑧
2 and 

assumed positive. However: |λ𝑊𝑍| consistent with 1

Custodial Symmetry

• Target λ𝑊𝑍 = κ𝑤/κ𝑧

• Amplitude of 𝑞𝑞 → 𝑞𝑞𝑊 → 𝑙ν 𝐻 → 𝑏ത𝑏  proportional to (κ𝑤κ𝑧) at tree-level with 

enhancement at high 𝑝𝑇 for negative λ𝑊𝑍  
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Relative Sign κ𝑤/κ𝑧 on ATLAS [5] 

• Two different analysis tuned for each scenario (similar selection):
• SM:  𝑠𝑖𝑔𝑛(λ𝑊𝑍) = 1

• Observable: Yield in Signal Region (2 orthogonal SR used)
• BSM: si𝑔𝑛(λ𝑊𝑍) unconstrainted

• Observable: Yield in signal region 
• All backgrounds in SR: normalized with respect to best fit in control region



Relative Sign κ𝑤/κ𝑧 at CMS
• Two different analysis tuned for each scenario (similar selection):

• SM:  𝑠𝑖𝑔𝑛(λ𝑊𝑍) = 1
• Observable: BDT score (SM VBS WH vs Bkg)

• BSM: λ𝑊𝑍 unconstrainted
• Observable: Yield in signal region

• Background estimated from orthogonal regions
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Relative Sign κ𝑤/κ𝑧 Comparison

• Observed (Expected) 95% CL on SM-like VBF 𝑊𝐻

• σ𝑞𝑞𝑊 →𝑙ν 𝐻 →𝑏 ത𝑏 < 9.0(8.7) x σ𝑞𝑞𝑊 →𝑙ν 𝐻 →𝑏 ത𝑏
𝑆𝑀

• λ𝑊𝑍 = −1 excluded with significance > 5σ

• Observed (Expected) 95% CL on SM-like VBF 𝑊𝐻

• σ𝑞𝑞𝑊 →𝑙ν 𝐻 →𝑏 ത𝑏 < 14.3(9.0) x σ𝑞𝑞𝑊 →𝑙ν 𝐻 →𝑏 ത𝑏
𝑆𝑀

• λ𝑊𝑍 = −1 excluded with significance > 5σ

Consistent with SM

Consistent with SM

Both measurements consistent with each other and the SM
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Anomalous Couplings in 𝐻 → 𝑊𝑊on CMS

•Dedicated analysis targeting HVV couplings with full Run-2 
dataset using the 𝐻 → 𝑊𝑊 channel

• Full detector simulation of anomalous couplings

• Optimized observables for each targeted coupling

•Results presented using amplitude formalism 

•SM Tree Level (+Kinetic Terms), CP-Even Dim-6, CP-Odd Dim-6

• Measure effective fractional cross sections
• Many systematics cancel

Ex: 𝑓𝑎2 = 0.5 →
1

2
 measured 𝐻 → 𝑊𝑊 

cross-section from anomalous coupling 𝑎2
𝑊𝑊 



Anomalous Couplings in 𝐻 → 𝑊𝑊on CMS

• Three separate analysis strategies

• 𝑎𝑖 = 𝑎𝑖
𝑧𝑧 = 𝑎𝑖

𝑊𝑊(Approach 1)
• 4 Independent AC

• 𝑆𝑈 2  × 𝑈(1) (Approach 2/SMEFT)
• 3 Independent AC

• ggH+2jet analysis targeting 𝑓𝑎3
𝑔𝑔𝐻

 

• Note: 𝑎𝑖  can be related to Wilson coefficients in SMEFT basis
• 𝑎𝑖  strongly correlated to Eigenvectors in global EFT fits

3 Matrix Element based observables
• 𝐷𝑠𝑖𝑔: SM Signal vs Bkg

• 𝐷𝐵𝑆𝑀: Dim-6 ^2 vs SM
• 𝐷𝑖𝑛𝑡: Dim-6 x SM 

𝐷𝐵𝑆𝑀 for 𝑓𝑎3(𝐷0−)
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Anomalous Couplings in 𝐻 → 𝑊𝑊on CMS

• Constrain Anomalous HVV couplings in 𝐻 → 𝑊𝑊
• All 𝐻 → 𝑊𝑊 candidates use common selection

• FS and 𝑚𝑙𝑙 cuts orthogonal to 2𝑙2ν analysis 
• Candidates further categorized by production mode
• Ex: Observables for 𝑓𝑎2 (Scheme 2)

• 𝑚𝑙𝑙, 𝐷𝑉𝐵𝐹, 𝐷0+

• First constraints on 𝑓𝑎𝑖 in 𝐻 → 𝑊𝑊 channel (Run-2)
• All results consistent with the SM 
• Ready for combination with other channels!

Consistent with SM Consistent with SM

SCHEME 1 SCHEME 2
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Anomalous Couplings in 𝐻 → 𝑊𝑊on CMS
• Constraints on anomalous Higgs-gluon couplings
• Same Selection as before
• New Categorization (2-jet ggH vs others)

• Further Split 
• VBF-like (𝐷𝑉𝐵𝐹>0.5)

• 𝑠𝑖𝑔𝑛
𝑔4

𝑔𝑔

𝑔2
𝑔𝑔  

• First constraint on CP structure of gluon vertex in 𝐻 → 𝑊𝑊
• Constraints looser than 𝐻 → ττ but tighter than 𝐻 → 4𝑙 

Consistent with SM
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γH Production at the LHC

SM-Tree Level

Dim-6 EFT 
VH-like

Dim-6 EFT 4-Point

Target of γH 
XS Analysis!

Well constrained by 
precision EW data

Extremely small 
cross section

• Non-Zero Wilson coefficients greatly enhance 
high 𝑝𝑇 region

• Signal: Higgs with associated high 𝑝𝑇 photon 
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γH Production on CMS
• Combined channels
• 𝐻 → 𝑏ത𝑏 + H → 4𝑙

• Observables

• Hbb (MParticle Net)

• HZZ (ME based Discriminant)

• Results consistent with SM

Signal regions for each channel

𝑝𝑇γ > 150𝐺𝑒𝑉 

𝑝𝑇γ > 300𝐺𝑒𝑉 

Consistent with SM Consistent with SMConsistent with SM
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Evidence for 𝐻 → 𝑍γ at the LHC 

• Leading order 𝐻 → 𝑍γ single loop in SM 

• Rarest H decay to vector bosons Γ𝐻→𝑍γ
𝑆𝑀 ~0.0015%

• Only observable in 𝑍 → 𝑙𝑙

• Enhancement of 𝐻 → 𝑍γ signal of BSM physics  
• Higgs is Composite,Singlet, pseudo Nambu–Goldstone?

• Heavy,charged BSM particles in the loop? 
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Evidence for 𝐻 → 𝑍γ at the LHC 

Consistent with SM Consistent with SM

• Evidence for 𝐻 → 𝑍γ at 3.4σ with signal strength μ = 2.2 ± 0.7
• Interpret signal strength in terms of coupling strength modifier 

Assuming SM H production

μ = Or model BSM particles in loop 
with new effective coupling 
Ex: κ𝑞
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𝐻 → 𝑍𝑍 + 𝐻 → γ γ Run-3 ATLAS
• ATLAS published the first Run-3 cross section measurements of 𝐻→𝑍𝑍 and 
𝐻→γγ (13.6 TeV)

• Analysis Strategy: Fit to 𝒎𝜸𝜸 or 𝒎𝟒𝒍

• Results: Fiducial cross section (assumes SM BR and Selection Efficiency)

Consistent with SM Consistent with SM
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𝐻 → 𝑍𝑍 + 𝐻 → γ γ Run-3 CMS
• CMS recently published their first Run-3 cross section measurements of 𝐻→𝑍𝑍 

and 𝐻→γγ (13.6 TeV)

• Analysis Strategy: Fit to 𝒎𝜸𝜸 or 𝒎𝟒𝒍

• Results: Fiducial cross section (assumes SM BR and Selection Efficiency)

Consistent with SM

[12] [13] 



Conclusion 

• Presented recent couplings measurements from ATLAS and CMS

• Relative sign 
κ𝑤

κ𝑧
 on ATLAS (published) and CMS (PAS)

• λ𝑊𝑍 = −1 excluded with significance > 5σ

• First evidence for 𝐻 → 𝑍γ on ATLAS and CMS
• Currently at 3.4σ awaiting more in Run 3

• Dedicated anomalous coupling with 𝐻 → 𝑊𝑊on CMS
• Most precise direct-HWW coupling constraints in Run 2 on CMS

• γ𝐻 cross section measurement on CMS
• First constraints on anomalous 𝐻γγ, 𝐻𝑍γ from this production mode

• First Run 3 results from both CMS and ATLAS 
• First fiducial cross-section measurements at 13.6 TeV using 𝐻→𝑍𝑍 + 𝐻→γ γ 

• Expect to see more results in the future!
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