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Introduction and Motivation

Xi Wang ATLAS X → SH → bbγγ

Many BSM models predicts an extended Higgs sector where the 125 GeV Higgs is one of several physical states, such as 2-HDM, 
NMSSM and TRSM 

We search for two additional such scalars X and S with in the full Run 2 data 

We analyze the  final state with  and  in a mass grid of  and 

, using the full Run2 data 

Limits set on 

bbγγ H → γγ S → bb 170 GeV < mX < 1000 GeV
15GeV < mX < 500 GeV

σ(X → SH → bbγγ)

Gluon-gluon fusion production of a scalar X decaying
into a Scalar S and a Standard Model Higgs boson

Phase space probed by the present  analysis(in full blue),
Compared to other CMS and ATLAS equivalents

X → S(bb)H(γγ))
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we can go to low masses thanks to the di-photon trigger



Samples, backgrounds

Xi Wang ATLAS X → SH → bbγγ

 Signal MC samples generated to cover a large range and ensure smooth interpolation 

Main background processes 

Non-resonant backgrounds:  ,  and  

Resonant backgrounds: single Higgs, Di-Higgs

γγ + jets ttγγ Z( → qq)γγ

Main signal and background samples, split by production mode MC samples and interpolated mass points
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Event selection

Xi Wang ATLAS X → SH → bbγγ

 Event  preselection 

Trigger: g35_medium_g25_medium 

  > 0.35(0.25) on the leading/sub-leading photons 

  

 Signal region:  

 Side-bands:  

 Good agreement between data and MC samples in sidebands  

ET /mγγ

mγγ [GeV ] ∈ (120, 130)

mγγ [GeV ] ∈ 105, 120] ∪ [130, 160]
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Data-to-simulation comparison in the side-band for mγγ

Data-to-simulation comparison in the side-band for mbb



Event selection: two categories

Xi Wang ATLAS X → SH → bbγγ

 When , the particle S becomes so boosted that its decay  

     products, the 2 b-quarks are very collimated and hard to be resolved within .  

2 b-tagged category and 1 b-tagged category are split  

- expected limits are used to choose the category

mX > > mS + mH

ΔR = 0.4
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Topology of Boosted particle S

2 b-tagged category 1 b-tagged category



Analysis strategy: PNN

Xi Wang ATLAS X → SH → bbγγ

 Parameterised Neural Networks(PNN) is used to distinguish signal and background in the signal    

region. The PNN shapes depend on which  are chosen to target signals. 

 Two separate PNNs 

2 b-tagged: 
■ Parameter  
■ Training samples : signal, ttH, ggH, ZH and γγ + jets backgrounds 

                       (no HH – too signal like and confuses the network) 
■ Training variables :  and  

 1 b-tagged: 
■ Parameter  

■ Training samples : signal, VBFH, HH, ttH, ggH, ZH and γγ + jets backgrounds 
■ Training variables :  and   （  is not calibrated） 

 Good agreement between data and MC in side bands.

mX, mS

θ = mX, mS

mbb m*bbγγ

θ = mX

pT
b m*bγγ mb
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Analysis strategy: Interpolation

Xi Wang ATLAS X → SH → bbγγ

 To fully exploit PNN and set continuous limits, we interpolated between signal mass points: 

 Rescaling of 4-vectors of S and H in c.o.m. frame to match kinematics of nearby points 

 Resolution interpolation using Bukin probabilities interpolated through Delaunay triangulation 

 Additional interpolation systematic added 

 Grid granularity chosen after thorough signal  

      interpolation study 

 At low mass, the quality of PNN shape after interpolation 

     is too low to be useful 

 For the 1 b-tagged category, resolution interpolation  

     not possible 

 Implemented for mX > 300_GeV, mS > 70 GeV
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Comparison of MC direct prediction and interpolation for PNN and mbb



Systematic uncertainties

Xi Wang ATLAS X → SH → bbγγ

 Systematic uncertainties affect the overall normalization of backgrounds, but also the shape of the 
PNN distribution. 

 Main systematic uncertainties: Flavor tagging(up to 6% impact), Jets(up to 15% at low mass), 
Combined signal theory uncertainties(up to 10% at high mass), Modeling uncertainty(up to 20%)
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Summary of the systematic uncertainties included in the final results.



Results: maximum-likelihood fit

Xi Wang ATLAS X → SH → bbγγ

 a maximum-likelihood fit of the binned PNN output distribution 

 Post-fit distributions of PNN discriminant output 

 Nuisance parameters are ranked by their impact to POI
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Results: Expected and Observed Upper Limits

Xi Wang ATLAS X → SH → bbγγ

 Expected and observed 95% CL upper limits on the signal cross section times branching fraction for the  signal, in the 

 plane. The band at  is not shown as those points were probed in a previous analysis. 

 The upper limits improve at higher masses, consistent with the fact that signals with higher 𝑚𝑋 become easier to differentiate from 

SM processes. 

 In contrast, the upper limits are worsen at lower 𝑚𝑆 where the signal becomes predominantly boosted, while at low 𝑚𝑋 the sensitivity 

suffers from an increasing fraction of 𝑏-jets falling below the jet 𝑝T reconstruction threshold.

X → SH
(mX, mS) mS = 125 GeV
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Results: Observed Local Significance

Xi Wang ATLAS X → SH → bbγγ

 For most mass points good agreement is observed between data and the SM background-only 
expectation  

 A largest excess at  with a local significance of 3.546  

 The ‘look-elsewhere effect’ is taken into account using the asymptotic method, and the resulting global 

significance is calculated to be 2.0 .

(mX = 575 GeV, mS = 200 GeV ) σ

σ
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0  observed at the point   where CMS has a small excessσ (mX = 650 GeV, mS = 90 GeV )



Global significance

Xi Wang ATLAS X → SH → bbγγ

 The global significance (or, equivalently, the global  value), quantifies the probability of observing a local deviation from the 
expected background anywhere within the search range under the background-only hypothesis: 

 For a 2-dimensional search space, the expected Euler characteristic  follows the equation: 

20 Background only toys are generated and a 2-dimensional map of test statistic  are produced. 

 Global significance is obtained after evaluating and fitting Euler characteristics. 

p0

ϕ(Aμ)

q0
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Conclusion and prospects

Xi Wang ATLAS X → SH → bbγγ

 A search for a signal from a hypothetical scalar 𝑋 is performed, considering the case where it decays into another hypothetical scalar 

𝑆 and a Higgs boson, which subsequently decay into pairs of 𝑏-quarks and photons, respectively. 

 Two signal regions targeting resolved or boosted  decays are analysed using parameterised neural networks, which provide 

continuous sensitivity in the probed  plane. 

 No significant excess with respect to the Standard Model background is found. Therefore, 95% CL upper limits are set on 

 in the ranges  and , expanding earlier LHC results 
to lower masses and providing higher sensitivity. 

 The largest deviation from the background-only expectation occurs for  with a local (global) 
significance of 3.5 (2.0) standard deviations. 

 The paper has submitted to the arXiv. Run2+Run3  analysis is ongoing, using easy jet produced n-tuples and 
looking at the Run3 limits using G2N.

S → bb
(mX, mS)

σ(X → SH → bbγγ) 170 GeV ≤ mX ≤ 1000 GeV 15 GeV ≤ mX ≤ 500 GeV

(mX = 575 GeV, mS = 200 GeV )

X → SH → bbγγ
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https://arxiv.org/abs/2404.12915
https://atlas-glance.cern.ch/atlas/analysis/analyses/details?ref_code=ANA-HDBS-2023-24


Thanks for your attention
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Backup
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Systematic uncertainties

Xi Wang Atlas X → SH → bbγγ

 The full systematic uncertainties also allow additional checks on the validity of PNN – sideband 
data to background estimate in SB regions well covered by uncertainty estimates. 

 These checks show that the difference data to background in general is smaller than the difference 
data to alternative MC(+)QCD(+)Madgraph(+)PDF



Comparison with HH and CMS

Xi Wang ATLAS X → SH → bbγγ

 The expected limit for 𝑚𝑆 = 125 GeV is compared to the one of the resonant HH search in Ref. 

 CMS has reported an excess on  with a local significance 3.8. No 

  excess is found in our analysis. 

(mX = 650 GeV, mS = 90 GeV )
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https://doi.org/10.1103/PhysRevD.106.052001


Expected limits
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Normalization factors
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Number of events

Xi Wang Atlas X → SH → bbγγ

 Number of events for the different process categories obtained from a background-only fit to data 
in the signal regions and sidebands.


