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Motivation for non-resonant Di-Higgs

• Probing the Higgs self-coupling
• Improve experimental constraints on the Higgs self-coupling
• Many BSM models predict enhanced production rates 

• Starting to explore non-resonant Di-Higgs production in the 
HH → bb𝜏𝜏 final state at KIT

• This analysis is based on CMS 2018 data
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Signal Processes

→ Different by a factor ≈ 1500
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Signal Processes

• Branching fraction  ≈ 7.3 %

• b quarks reconstructed as b-tagged jets 
• Considered 𝜏𝜏 final states

• Full-hadronic final state (𝜏!𝜏!)
• Highest branching fraction
• Larger QCD multijet background and 

higher 𝜏"trigger thresholds
• Semi-leptonic final states: (𝑒𝜏! & 𝜇𝜏!)

• Efficient 𝑒	/ 𝜇 triggers
• Strong 𝑡 ̅𝑡 background and more 

challenging 𝑚## reconstruction
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𝜏𝜏 final states [2]

[1]: DOI:10.3390/sym14020260
[2]: https://pdg.lbl.gov Accessed on March 2nd.

HH final states [1]

87.6 %

https://doi.org/10.3390/sym14020260?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://pdg.lbl.gov/


Object Selection

Kinematic selection 
requirements

ML-based 𝜏!
identification [1]
• choose two tau candidates 

with oposite charge and the 
highest pT

ML-based identification 
of b-quark induced jets
• One b-tagged jet must pass 

the medium working point
• The second b-jet is selected 

as the one with the highest 
b-tag discriminant

Lepton vetos 
• Reject events with other 

electrons or muons
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[1] DeepTau v2.5 arXiv:2511.05468

[2] DeepJet arXiv:2008.10519

[2]

https://arxiv.org/abs/2511.05468
https://arxiv.org/abs/2008.10519


Background Processes

Simulated backgrounds:
• Top quark pair (tt̅)
• Drell-Yan (Z → ll)
• Diboson
• Single t
• Others like Single Higgs and Triboson

Data-driven estimation of QCD multijet 
production
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Cut based analysis?

03.09.2610 Leading b pT / GeV Trailing b pT / GeVb-pair invariant mass / GeV Trailing b tag score



NN Training

• Multiclass classification
• Cross Entropy Loss function
• Single parameter update per epoch
• L2 regularization and Dropout
• Balancing weights by the number of 

simulated events

03.09.26 simon.daigler@kit.edu - Di-Higgs11



Analysis categories - Examples
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Result snapshot

To be compared with the previous publication by CMS [1]: 8.2 95% CL upper limit  
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https://arxiv.org/abs/2206.09401


Conclusion

• Complete HH → bb𝜏𝜏 (resolved) analysis in 
𝜏h𝜏h, µ𝜏h, e𝜏h final states based on 2018 UL data by 
the CMS Collaboration

• Good data understanding achieved

Further improvements:
• Expand to full Run 2 and Run 3 data
• Improve modelling of backgrounds
• Work on improved sensitivity
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Object Selection



Object selection
Kinematic requirements
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𝑝! transverse momentum
𝜂 pseudo rapidity

𝑑 impact parameter

𝐼rel relative isolation

𝑚! transverse mass



NN Input Parameter



NN Input Parameter
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Confusion Matrices



𝜏!𝜏! final state
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Equal balancing by simulated events



Control Plots



Control Plots - 𝜏!𝜏!
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Control Plots - 𝜇𝜏!
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Control Plots - 𝑒𝜏!
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Systematic uncertainties



Systematic uncertainties
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ABCD Method



ABCD Method

For QCD multijet production estimation
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