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Professor Yaquan Fang
Renowned Physicist & Esteemed Collaborator

(1974 - 2025)

It is with deep sadness that we acknowledge the passing of our collaborator and 
friend, Prof. Yaquan Fang.

We gratefully remember Prof. Fang’s invaluable contributions to our 
ongoing research on the 152 GeV scalar excess. His deep insights, 
collaborative spirit, and scientific excellence continue to inspire us. 
Beyond the science, he will be remembered for his kindness, 
humility, and dedication.

In memory and gratitude.
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V = W/Z



● The discovery of the Brout-Englert-Higgs boson at the 
LHC by ATLAS  and CMS  has opened a new chapter in 
particle physics.

● Does not exclude the existence of additional scalar bosons. 

● “Multi-lepton anomalies” emerged as deviations from the 
SM predictions in several analyses of multi-lepton final 
states from ATLAS and CMS.

● These Multi-lepton anomalies consistently predict a 
possible new resonance with a mass around 150 ± 5 
GeV.

●Recent measurements have reported excesses in diphoton, 
Zγ, and WW final states, suggesting the presence of a new 
Higgs-like scalar particle S with a mass around 152±1 GeV. 

Introduction
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Ref. Anomalies in particle physics and their implications for physics 
beyond the standard model (Nature Reviews Physics volume 6, 

pages 294–309 (2024) by Andreas Crivellin & Bruce Mellado)

Anatomy of Multi-lepton Anomalies (2024)



Current Status
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Global 

Significance 

5.33σ at 

152 GeV
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New Result from CMS (2506.23012)
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NEW

https://arxiv.org/pdf/2506.23012
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NEW

https://arxiv.org/pdf/2506.23012


Experimental Inputs
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Motivation
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● Interestingly, no excess has been observed in the ZZ channel, despite clear hints in diphoton, 
Zγ, and WW final states near m

S
≈152±1 GeV.

●This pattern is difficult to accommodate within models involving only Higgs doublet 
extensions, where a scalar typically couples to both WW and ZZ at tree level.

In contrast, the Real Higgs Triplet Model (RHT) — featuring a triplet scalar with hypercharge 
Y=0 - naturally explains the absence of a signal in the ZZ channel:

● The scalar S (triplet-like) does not couple to a pair of Z bosons at tree level, due to the 

structure of the custodial symmetry.

● Leads to positive shift in the W-mass at tree-level, as preferred by the CDF-II 

measurement.
Ref :CDF Collaboration, T. Aaltonen et al., “High-precision measurement of the W boson 
mass with the CDF II detector,” Science 376 no. 6589, (2022) 170–176.



 Description of the Real Higgs Triplet Model
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● The Higgs sector of the real Higgs triplet model (RHT) is composed of the SM Higgs SU(2)
L
 

doublet (Φ) with Y = 1/2 (in our convention). 

● The Higgs triplet (∆) with Y = 0 transforming in the adjoint representation of SU(2)
L

● The most general scalar potential of the RHT model is ( all couplings can be assumed to be real)

Ref:  Anatomy of real Higgs Triplet model
JHEP 04 (2025) 003
arXiV: 2411.18618[hep-ph] 
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h0 Φ,∆are real scalar fields

vΦ and v
∆

 are the respective 
vacuum expectation values 
(VEVs)

● Note that in the limit A → 0, the potential possesses a global O(4)Φ × O(3)∆ symmetry and the discrete 
Z2,∆ (∆ → −∆) symmetry. Therefore, a non-zero A leads to a soft breaking of this symmetry



Production Mechanism
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● Example Feynman diagrams showing the production of the triplet-like 
Higgs at the LHC: Drell-Yan (left and middle) and ggF (right).

Dominant 
branching ratios 

of ∆0

Dominant 
branching 

ratios of ∆±

Drell-Yan 
production 

cross-sections for 
the triplet-like 

Higgses (including 
the NLO+NNLL 

QCD corrections)

Ref:  Anatomy of real Higgs Triplet 
model
JHEP 04 (2025) 003
arXiV: 2411.18618[hep-ph] 



Phenomenology of Triplet Scalars at the LHC
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● Drell-Yan production of the triplet-like Higgs bosons, pp → ∆0∆± and pp → ∆+∆−, with their 
decays ∆0 → W+W− and ∆± → W±Z lead to final states with multiple charged leptons..

Neutral current Charge current

● The model can be explored to understand if it can account for excesses observed in 
tri-boson production at the LHC, which could be evidence for physics beyond the Standard 
Model. 
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WVZ study (V = W, Z)

3 lepton Signal 
Region

4 lepton Signal 
Region

Inclusive 5 lepton 
Signal Region

SR31:3l - 1j

SR32: 3l - 2j - 
in V

SR33: 3l - 2j - 
out V

SR41:4l - DF

SR42:4l - SF 
- in Z

SR43:4l - SF - 
out Z

WVZ (V=W/Z) Study (ATLAS)

Ref: ATLAS Collaboration, G. Aad et al. arXiv:2412.15123 [hep-ex].
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Cutflow for 3 leptons Signal Region
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SR31 : pT and η distributions of 3 leptons
SR31:3l - 1j
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SR31 : di-lepton mass distribution
SR31:3l - 1j
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SR32 : pT and η distributions of 3 leptons
SR32: 3l - 2j - in V
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SR32 : di-lepton mass distribution
SR32: 3l - 2j - in V
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SR33 : pT and η distributions of 3 leptons
SR33: 3l - 2j - out V
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SR33 : di-lepton mass distribution
SR33: 3l - 2j - out V
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Cutflow for 4 leptons Signal Region
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SR41 : pT and η distributions of 4 leptons
SR41:4l - DF



Background Processes
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ATLAS Collaboration, G. Aad et al. 
arXiv:2412.15123 [hep-ex].



Conclusion
● Hints for “multi-lepton anomalies” , accumulated by the analysis of LHC  data, pointing 

towards the existence of BSM Higgs.

● With these anomalies one predicts a scalar, S, with a mass 150±5 GeV from the decay of a 
heavier H.

● Excesses in diphoton, Zγ, and W W spectra hint at a Higgs-like scalar S with mass mS ≈ 152±1 
GeV, while the ZZ channel remains SM-like. 

● This pattern aligns with a Real Higgs Triplet (RHT) model with hypercharge Y = 0, where S does 
not couple to ZZ at tree level. 

● Triplet scalars can be Drell–Yan produced and decay to electroweak bosons, enhancing 
triboson final states such as WWZ, WZZ, and WWW .

● Intriguingly, both ATLAS and CMS have reported significant excesses in such triboson 
channels

● We investigate whether the RHT model can account for these triboson excesses through 
electroweak production and decay of triplet scalars. 25



Thank you 
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Back up slides
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 Decays of the triplet-like Higgses ∆0 and ∆±
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Neutral current

Charge current

where,

and


