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Searches for Di-Photon Resonances at ATLAS and Multi-Lepton Excesses

Searches for Di-Photon Resonances at ATLAS and Multi-Lepton Excesses

ATLAS searches for diphoton resonances focused on the
Low-mass range of 66–110 GeV, and high-mass range 200-
3000 GeV regions
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• Simplified model predicts multi lepton final states 

which are known as multi lepton anomalies.

• Run 1 data confirm the multi lepton anomalies.

• Using Run 1 data particularly observing the dilepton 

component of the excesses with an assumption 

𝑺(𝑾+𝑾−) →ℓ+ℓ−𝝊𝝊, the mass of 𝑺 is determined to 

be 150 ± 5 GeV.

• Using Run 2 data set these anomalies are further 

corroborated.

•  Phenomenological studies using ATLAS and CMS Higgs 

sidebands suggest a possible narrow scalar resonance 

near 150 ± 5 GeV in 𝜸𝜸 and 𝒁𝜸 final states.

•  Thus, the interest in the 130-200 GeV mass region.
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𝐻(GeV) 𝑆 (GeV) 𝑆’ (GeV)

Benchmark 
masses

250 150 95

𝑵 = 𝒈𝒆𝒏𝒆𝒓𝒂𝒕𝒐𝒓𝑾𝒆𝒊𝒈𝒉𝒕 × 𝑷𝒊𝒍𝒆𝒖𝒑𝑾𝒆𝒊𝒈𝒉𝒕 × 𝑱𝑽𝑻 𝑺𝑭 ×
𝝈 × 𝒈𝒆𝒏 𝑭𝒊𝒍𝒕 𝑬𝒇𝒇 × 𝑳

σ𝒘𝒈𝒆𝒏𝒓𝒆𝒓𝒂𝒕𝒆𝒅

• Trigger requirement

• Select two analysis photons which pass Tight 

ID and Loose Isolation.

• Eta acceptance: 𝜼 ≤ 𝟐.37 excluding crack 

region  1.37< 𝜼 < 1.52 for both photons.

• 𝑷𝑻
𝜸𝟏 ≥35 GeV and 𝑷𝑻

𝜸𝟐 ≥25 GeV 

• 𝑷𝑻
𝜸𝟏/𝒎𝜸𝜸 > 𝟎.35 and 𝑷𝑻

𝜸𝟐/𝒎𝜸𝜸 > 0.25

• Signal region: 130 GeV < 𝒎𝜸𝜸 < 200 GeV

• 𝒃-jet veto

• Select 𝜸𝜸 + 𝟏𝝉

• 𝑬𝑻
𝒎𝒊𝒔𝒔 > 𝟑𝟓 GeV
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Background Studies

Background Studies

Single tau final state: 𝜸𝜸+ 𝟏𝝉

Single-lepton final states : 𝜸𝜸+ 𝟏𝒆/𝝁

Reducible backgrounds

Irreducible backgrounds

• 𝜸𝜸 +jets - Dominant background, with two prompt photons and a jet 

misidentified as 𝜏ℎ𝑎𝑑.

• 𝒕 ҧ𝒕𝜸𝜸 - a jet from top-quark decay is misidentified as a 𝜏ℎ𝑎𝑑.

• Single Higgs - H→ 𝜸𝜸, produces a real diphoton pair, while an associated 

jet can fake 𝜏ℎ𝑎𝑑.

• V𝜸𝜸 − 𝒁𝜸𝜸→ 𝝉𝝉𝜸𝜸/𝑾𝜸𝜸→ 𝝉𝝂𝜸𝜸- one tau is reconstructed as a 𝜏ℎ𝑎𝑑.

• 𝒕 ҧ𝒕𝜸𝜸- top-quark decays produce a real 𝜏ℎ𝑎𝑑.

Reducible backgrounds
• 𝜸𝜸 +jets- where a jet is misidentified as a lepton, or a non-

prompt lepton passes the lepton selection. Photon 

conversions contribute mainly to the electron channel. 

• Single Higgs - H→ 𝜸𝜸, with an associated jet or non-prompt 

lepton passing the electron/muon selection.

Irreducible backgrounds

• V𝜸𝜸 − Dominant background with 𝑾𝜸𝜸 → ℓ𝝂𝜸𝜸, 𝒁𝜸𝜸→ ℓℓ𝜸𝜸
• 𝒕 ҧ𝒕𝜸𝜸 where one 𝑾 boson decays as 𝐖→ℓ𝝂

Weighting of the Events

𝜸𝜸jets , V𝜸𝜸 , 𝒕 ҧ𝒕𝜸𝜸

Single Higgs

𝐵𝑅𝐻⟶𝛾𝛾= 0.002270
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Event yields for 𝜸𝜸 + 𝟏𝝉
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2022 Event yields 2023 Event yields

𝜸𝜸 + 𝟏𝝉 2022 2023

𝑵𝑺𝑭 1.19 1.31

𝑳 29.3 fb−𝟏 26.7 fb−𝟏
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Data and MC comparison for 𝜸𝜸 + 𝟏𝝉 2022 
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Data and MC comparison for bold italic gamma bold italic gamma plus bold 1 bold italic tau  2022 

Data and MC comparison for 𝜸𝜸 + 𝟏𝝉 2022 
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Data and MC comparison for bold italic gamma bold italic gamma plus bold 1 bold italic tau  2023 

Data and MC comparison for 𝜸𝜸 + 𝟏𝝉 2023 
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Data and MC comparison for bold italic gamma bold italic gamma plus bold 1 bold italic tau  2023 

Data and MC comparison for 𝜸𝜸 + 𝟏𝝉 2023 
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Tau Working-Point Optimisation

Tau Working-Point Optimisation

Tau identification working-points used for the optimisation

• Tau RNN Loose ID

• RNNLoose eleid→Loose tau RNN ID+electron-fake rejection

• Medium Tau RNN ID

• Tight Tau RNN ID 

Tau identification working-points that are not going to be used for
the optimisation

• GNTau Loose ID

• GNTau Medium

• GNTauTight

Will be implemented in future work 

Significance formula used for the optimisation

Weighting of the events when
appliying working-points
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Tau Working-Point Optimisation

Tau Working-Point Optimisation

Working point Signal Total Background Significance

Tau RNN Loose ID 1.070 891.293 0.079

RNNLoose eleid 1.070 891.270 0.079

Medium Tau RNN ID 0.910 571.848 0.084

Tight Tau RNN ID 0.720 310.890 0.090

• Trigger requirement

• Select two analysis Photons which pass Tight ID and Loose 

Isolation.

• Eta acceptance: 𝜼 ≤ 𝟐.37 excluding crack region  1.37< 𝜼 < 1.52 

for both photons.

• 𝑷𝑻
𝜸𝟏 ≥35 GeV and 𝑷𝑻

𝜸𝟐 ≥ 𝟐5 GeV 

• 𝑷𝑻
𝜸𝟏/𝒎𝜸𝜸 > 𝟎.35 and 𝑷𝑻

𝜸𝟐/𝒎𝜸𝜸 > 0.25

• Signal region: 130 GeV < 𝒎𝜸𝜸 < 200 GeV

• Resonance region: 145 GeV < 𝒎𝜸𝜸 < 155 GeV

• 𝒃-jet veto

• Select 𝜸𝜸 + 𝟏𝝉

• 𝑬𝑻
𝒎𝒊𝒔𝒔 > 𝟑𝟓 GeV

• Pass tau working-point selection 

SF = 1.9315
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Tau Working-Point Optimisation
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Tau Working-Point Optimisation

Tau Working-Point Optimisation
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Tau Working-Point Optimisation

Tau Working-Point Optimisation
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Tau Working-Point Optimisation

Tau Working-Point Optimisation
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Summary

Summary

✓ The 2022 and 2023 data show good agreement with the Monte Carlo predictions after applying 

the scale factors derived using the single-bin normalisation method with the recent ntuples.

✓  For the working-point optimisation, the RNNTight working-point performs better than the 

other working points, yielding the highest significance of 𝒁𝑨 = 0.090𝝈. This suggests that 

RNNTight provides the best balance between retaining signal events and suppressing 

background contributions among the working-points considered.

Future Prospects
Steps to complete for the analysis in the coming months

❑ We are going to perform Background fake estimation studies where we will use the ABCD method for 
the 𝜸𝜸+ 𝟏𝒆/𝝁 and the Fake Factor method will be employed for estimating fakes for 𝜸𝜸+ 𝟏𝝉
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THANK YOU

THANK YOU
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