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

ATLAS searches for diphoton resonances focused on the

Simplified model predicts multi lepton final states

Low-mass range of 66—-110 GeV, and high-mass range 200- which are known as multi lepton anomalies.
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Signal Process Under Investigation and Kinematic Cuts

Timeline of growing
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@, - Trigger requirement

5.40 at 152.0 GeV

P « Select two analysis photons which pass Tight

S(=y7) +¢

S ) 4 2(0,7) ID and Loose Isolation.

» Eta acceptance:|n| < 2.37 excluding crack
region 1.37< n < 1.52 for both photons.

4.70 at 1561.5 GeV
In addition to the 2021
b

S(— yy)+ > 4 jets

3.90 at 151.5 GeV

S(i e BN b . S(—> WW*) + EZ,, * PTY1 >35 GeV and PTYZ >25 GeV
(- bb) + EL,,, . S(= )+ 2 16+ 1bjet
S(=77) + Epins
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s sims « Pr"'/m,, >035and Pr'2/m,, > 0.25

- Signal region: 130 GeV <m,, < 200 GeV
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Background Studies

Reducible backgrounds

* yy +jets - Dominant background, with two prompt photons and a jet A

misidentified as %7, e N\
o tfyy -a jet from top-quark decay is misidentified as a Thad_ ny'ySF — N % rﬁffSF_Tight_FixedCutLoose x ,YgffSF_Tight_FixedCutLoose X BR’W
- Single Higgs - H— yy, produces a real diphoton pair, while an associated —

~

reantae £ [ vrets,vypeyy ]

Irreducible backgrounds

- Vyy — Zyy— ttyy/Wyy— TVYY- One tau is reconstructed as a 4. —
« ttyy-top-quark decays produce a real t4¢, BRy—yy 0.002270

Data — (SingleHiggs + Vyy + tf’}”}f)

: SEF = .
Reducible backgrounds yyjets
* yy +jets- where a jet is misidentified as a lepton, or a non- . . _ .
prompt lepton passes the lepton selection. Photon TotalBkg,gesr = SingleHiggs + Vyy + ttyy + SF (yyjets)
conversions contribute mainly to the electron channel.
« Single Higgs - H— yy, with an associated jet or non-prompt . . .
lepton passing the electron/muon selection. SF — Data — (Smgleﬂlgigs + yvjets)
Irreducible backgrounds Voyy + ttyy
* Vyy — Dominant background with Wyy — evyy, Zyy— €8yy ‘ _ _ _
- ttyy where one W boson decays as W—&v TotalBkg, s = SingleHiggs + yyjets + SF (V’Y’}’ + tt’)”}’)
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Event yields for yy + 1t

Cut no Vyy ttyy  yy+jets Single Higgs Signal Cut no. Vyy ttyy v+ jets Single-Higgs Signal
0 Weighted no cuts 1739.16 53.36 127288.82 21630 12.35 Weighted no cuts 151621 46.50 118475.92 203.48 10.50
1 Trigger requirement 1739.16 53.36 127288.82 216.30 12.35 Trigger requirement 1516.21 46.59 118475.92 20348 10.50
2 Select two analysis Photons which pass 969.39 33.58 87211.66 161.02 9.8 Select two analysis photons which pass 815.61 28.53 79485.26 148.65  7.61

Tight ID and Loose Isolation. Tight ID and Loose Isolation
3 Tta acceptance |n| < 2.37 + crack veto for  964.34 3342  86848.86 160.37  9.12 Eti‘hac‘}’lelzt&nce Il < 2.37 + crack veto for - 811.33 28.39  79132.63 14801 7.57
both photons bl priotons
4 pl >35GeVand pl > 25 GeV 960.85 3340  86663.58 16030 9.11 Pr 2 35 GeV and py? > 25 GeV 808.15 28.37  78970.90 147.94 - 7.57
5 Photon pr/m., tatio: p}} /my, >0.35and ~ 817.86 28.05  69686.07 14313 820 Pg;ton pr/myy ratio: p}! fmy, >0.35 and  688.78 23.85 639318 132.77  6.82
V2 Py /My > 0.25
pr /My > 0.25 ; ~ 130 . s
6 Select eventsinm., ~ 130-200GeV: signal 11329 852  12598.28 322 813 f:;?;‘;eve“ts 0 My~ 130-200GeV: signal - 96.16  7.32  11955.88 32 6.1
region ' 85 151 11792. 323 6.57
7 bjetveto 11062 L78  12424.64 313 793 11:;:2 mcjr 0£17haq selection gg ig 0'21 11228 ig 208 237
8  Pass vy + 0f1maq selection 31.81 049 11889.69 288 278 o Ty T Thad SO ‘ ‘ '
9 EMe > 35Gev 1810 035  2725.00 090 119 B > 35 Gev 1692029 2784T LOL 099
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TotalBkg,¢...sp = SingleHiggs + Vv + ttyy + SF (yyjets)




Data and MC comparison for yy + 1t 2022
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Data and MC comparison for yy + 1t 2022

Events / bin
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Data and MC comparison for yy + 1t 2023

Events / bin

Data / Pred.
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Data and MC comparison for yy + 1t 2023

Events / bin
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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 l

* Medium Tau RNN ID - -
. N — N x effSF_Tight_FixedCutLoose % A eff SF Tight_FixedCutLoose
« Tight Tau RNN ID e o 2

x effSF_ RNN_Tau_workingpoint x BR.,.

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

* GNTau Loose ID

+ GNTau Medium }—

« GNTauTight
 ignificance formula used for the optimisation
| |
Z4 = \/2[(S+B)ln(1+g)—5‘] 0




Tau Working-Point Optimisation

Trigger requirement

Select two analysis Photons which pass Tight ID and Loose
Isolation.

Eta acceptance:|n| < 2.37 excluding crack region 1.37< 1 < 1.52
for both photons.

P;Y1 >35 GeV and P;"2 > 25 GeV
P;"'/m,, > 035 and P;"?/m,, > 0.25
Signal region: 130 GeV <m,,, <200 GeV
Resonance region: 145 GeV <m,, <155 GeV S
b-jet veto ZA = /2 [(S + B) ln(l + —) — S]
Select yy + 17 B

E; ™55 > 35 GeV

Pass tau working-point selection

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
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Tau Working-Point Optimisation
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Tau Working-Point Optimisation
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Tau Working-Point Optimisation
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Tau Working-Point Optimisation
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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 Z, = 0.0900. This suggests that

RNNTight provides the best balance between retaining signal events and suppressing
background contributions among the working-points considered.

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 yy + 1e/u and the Fake Factor method will be employed for estimating fakes for yy + 1t
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