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Motivation: X > ¢ ¢ > (yp) (}’}’)

e Xis higgs-like and ¢ is pseudo-goldstone Submitted to PRL (arXiv:2405.00834)
boson or axion-like particle: e Extends search to mass regions inaccessible by
o Loop production of X with cross-section the boosted (bb)(bb) search (PLB /arxiv:2203.00480)
depending on what's in the loop e Similar final state and techniques to H > AA >

e Search for resonant production of pairs of

merging photons

e Analysis Regime:
O 300 GeV <M, <3000 GeV

O 0.005<a <0.025, a:Mcp/Mx

O  Barrel Only

Merged Diphotons (PRL | arXiv:2209.06197)

Merged Diphoton
Reconstruction
requires new
analysis tools (ML)


https://arxiv.org/abs/2405.00834
https://doi.org/10.1016/j.physletb.2022.137566
https://arxiv.org/abs/2203.00480
http://dx.doi.org/10.1103/PhysRevLett.131.101801
https://arxiv.org/abs/2209.06197

Diphoton Object

e Analysis utilizes custom ‘diphoton clusters’
o Images made from ECal detector information
e Cluster images are then fed into two Convolutional Neural
Networks:
o Classification NN selects diphotons from monophoton
and hadronic background
o Regression NN predicts mass of the diphoton
o m,= diphoton cluster mass

e Combine clusters to get the Di-Cluster mass, M.,
e Final search is a bump hunt in M.
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Classification CNN Monophoton  Diphoton

e Convolutional Neural Net for diphoton (I)
classification, background rejection

e (lassifies images of clusters as Monophoton,

Diphoton, or

e CNN assigns a probability of belonging to

each class: P+P +P =1 Classifier score of true diphotons
Pyy
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Mass Regression CNN

e Now we need the mass of the
particle which produced the cluster

e Separate CNN estimates the
mass-to-energy ratio of the object
based on the image

o M =(Regressed M/E) x
(Measured Energy)

e Trained over a flat sample of M/E
to avoid bias; endpoints beyond the
scope of our analysis to avoid
edge-effects
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Eta meson reconstruction in data & MC

Reconstruct 1 = yy decays (inside jets) to
validate analysis tools
Event Selection:

o 30<E, <60GeV

o g <14

o 0.5<Isolation< 1

o P _>09 for pass, otherwise fail
Simultaneous fits of pass/fail  peaks allows for
Data/MC comparison
n peak fit with Gaussian, bkg fit with
exponential
Derive systematics:

o Classification efficiency: 10% per I

o a"“shape: 23% (dominant uncertainty)
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x107° 138 fb™' (13 TeV)

Analysis Strategy
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Res LlltS CMS Supplementary 138 fb! (13 TeV)
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Results

Strongest limits on this process at the
LHC!

o Limits range between 0.03-1.6 fb for X
masses between 0.3-3 TeV and «a
between 0.5%-2.5%

Results:

https://cms-results.web.cern.ch/cms-results/public-re

sults/publications/EX0-22-022/
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-022/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-022/

Event Display

Event display from data
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diphoton event!

CMS Experiment at LHC, CERN

Data recorded: Fri Apr 27 15:50:31 2018 EDT
Run/Event: 315322/533297660

Lumi section: 818
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Conclusion

e Search for X > ¢¢ > (yy) (yy) with boosted diphotons
o Diphoton Clusters containing two merged photons are formed from ECAL energy
deposits
o Classification Neural Network is used to identify diphoton clusters from background
events
o Regression NN predicts the mass of the diphoton clusters, M.
o The final search is conducted as a bump hunt in Di-Cluster Mass, M.
e Extended Higgs sector limits at 95% CL set on cross section times BR vs. mass of X
and ratio ozzM(p/MX
o Limits range between 0.03-1.6 fb for X masses between 0.3-3 TeV and o
between 0.5%-2.5%

® Results: https://cms-results.web.cern.ch/cms-results/public-results/publications/EX0-22-022
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Event Display
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CMS Experiment at LHC, CERN
Data recorded: Sun Jul 10 01:09:03 2016 EDT
Run/Event: 276545/45279933
Lumi section: 26
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Event Display

14

Highest M, event

CMS Experiment at LHC, CERN

Data recorded: Sat Jun 18 04:12:21 2016 EDT

Run/Event: 275311/410113074

Lumi section: 323
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Event Display
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Event near largest
significance

CMS Experiment at LHC, CERN

Data recorded: Fri Aug 18 02:34:48 2017 EDT
Run/Event: 301397/304513586

Lumi section: 411
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Classification CNN Monophoton  Diphoton

e Convolutional Neural Net for diphoton (I)
classification, background rejection

e (lassifies images of clusters as Monophoton,

Diphoton, or

e CNN assigns a probability of belonging to
each class: P +P_+P, . =1
y Ty had
Classifier score of true monophotons  Classifier score of true diphotons
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Signal Systematic Uncertainties

Nuisances (Normalization): Nuisances (Shape):
e Luminosity e Energy Scale per Cluster
o Run 2 combined, 1.6% o From Z-peak measurement- 0.5%
e Trigger per cluster
o 5% e Pileup Reweighting
e C(lassification efficiency o <21%, bin by bin
o From 7 reconstruction: 10%
o Applied to each cluster, total = 21% l
® ¢ Shape All sampled from Gaussian priors
o 23%

|

All sampled from Log-normal priors

Background Uncertainties: Only background systematic comes from the fit itself
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7Z->e e Reconstruction

Process:
e Reconstruct Z-e’e peaks after applying
Classification NN
e Note: each e forms a I candidate
© Mz,reco:Mrr
e Selection:
o P >0.75, Energy isolation > 0.8
Motivation:
® ¢/yleave similar signatures in ECAL
o No electron veto is used

e Useful to further validate ML
e Extract Data/MC systematic
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Significance Test

e Local Significance plot shown on right

: 138 b (13 TeV)
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