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Signal Model
- Warped Extra Dimensions

- Hierarchy problem
- Dark matter

- Cascade decay is dominant
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Agashe et. al. 2017 Dedicated Strategies for Triboson 
Signals from Cascade Decays of Vector Resonances

https://arxiv.org/abs/1711.09920
https://arxiv.org/abs/1711.09920


Experimental Motivation

- Non-standard final state
- Two resonances
- Limits: Diphoton searches

- Photon shower shape selections reject partially 
merged photons

- No “resonance” for resolved scenarios

- Limits: Three W Searches
- Triphoton final state suppressed in models with 

electroweak gauge bosons in the extended bulk
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Phys. Rev. D 98, 092001 (2018) - Search for physics beyond the 
standard model in high-mass diphoton events from proton-proton 
collisions at $\sqrt{s}=13\text{ }\text{ }\mathrm{TeV}$ (aps.org)

Phys. Rev. Lett. 129, 021802 (2022) - Search for Resonances 
Decaying to Three $W$ Bosons in Proton-Proton Collisions at 
$\sqrt{s}=13\text{ }\text{ }\mathrm{TeV}$ (aps.org)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.092001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.092001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.092001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.021802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.021802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.021802


Tagger

- Convolutional Neural Network
- Classification (Photon, Diphoton, 

Hadron)
- Regression (mass/energy)
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[2405.00834] Search for new resonances decaying to pairs of merged 
diphotons in proton-proton collisions at $\sqrt{s}$ = 13 TeV (arxiv.org)

Steven’s talk

Monophoton Diphoton Hadron

https://arxiv.org/abs/2405.00834
https://arxiv.org/abs/2405.00834
https://indico.cern.ch/event/1358339/contributions/5899319/


Event Selection

- Double photon trigger
-  

- Discriminating variables
- Diphoton classifier score
- Diphoton isolation
- Hadronic energy fraction
- Delta R, Delta Eta

- Candidate selection
- Combination with highest 

diphoton score
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Parametric Models

- Characteristic quantities
- Invariant Mass

- Poisson Process
- Intensity function

- Model
- Falling Background
- Binned or unbinned
- Parametric Functions

- Dijet 
- Diphoton
- Power

- Parametric form depends on 
background composition and data size

[1207.7235] Observation of a new boson at a 
mass of 125 GeV with the CMS experiment at 
the LHC (arxiv.org)

https://arxiv.org/abs/1207.7235
https://arxiv.org/abs/1207.7235
https://arxiv.org/abs/1207.7235


Semi-parametric Models

- Semi-parametric alternative: 
Gaussian process (GP)

- Specified by a mean and covariance 
function

- A GP is said to specify a distribution 
over functions

- Parameters can be interpretable (e.g. 
smoothness)

- Natural uncertainty estimation
- Non-trivial choice of mean and 

covariance functions

Aidan Scannell

https://www.aidanscannell.com/post/gaussian-process-regression/


Building on previous work

Model selection and signal extraction using Gaussian Process 
regression | Journal of High Energy Physics (springer.com)

[1709.05681] Modeling Smooth Backgrounds and Generic Localized 
Signals with Gaussian Processes (arxiv.org)

[1501.02226] A Bayesian Search for the Higgs Particle (arxiv.org)

https://link.springer.com/article/10.1007/jhep02(2023)230
https://link.springer.com/article/10.1007/jhep02(2023)230
https://arxiv.org/abs/1709.05681
https://arxiv.org/abs/1709.05681
https://arxiv.org/abs/1501.02226


Other works using GPs

[2404.02992] Searches for pair-produced multijet resonances using data 
scouting in proton-proton collisions at $\sqrt{s}$ = 13 TeV (arxiv.org)

Phys. Rev. D 96, 032002 (2017) - Measurement of the top quark mass 
in the dileptonic $t\overline{t}$ decay channel using the mass 
observables ${M}_{b\ensuremath{\ell}}$, ${M}_{\mathrm{T}2}$, and 
${M}_{b\ensuremath{\ell}\ensuremath{\nu}}$ in pp collisions at 
$\sqrt{s}=8\text{ }\text{ }\mathrm{TeV}$ (aps.org)

https://arxiv.org/abs/2404.02992
https://arxiv.org/abs/2404.02992
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.032002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.032002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.032002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.032002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.032002


Semi-parametric Models

Remark: Count data is not Gaussian

- Gaussian likelihood with GP prior -> Gaussian predictive 
distribution

- Poisson likelihood with GP prior -> Intractable integral
- Estimate integral with Markov Chain Monte Carlo (MCMC)
- GP Approaches with count data

- Unbinned: Doubly stochastic Poisson process (Cox process)
- Binned: Latent variable GP with Poisson likelihood (this work)

Aidan Scannell

https://www.aidanscannell.com/post/gaussian-process-regression/


Semi-parametric Models

- Latent Gaussian process with Poisson 
likelihood

- Log transform to enforce positivity
- Mean function for stationarity

Inspired by: [1501.02226] A Bayesian 
Search for the Higgs Particle (arxiv.org)

https://arxiv.org/abs/1501.02226
https://arxiv.org/abs/1501.02226


GP: Open Questions

- Bias/Coverage
- Range of fit
- Mean vs. Covariance functions

- How to model trends and smoothness
- Priors are important

- Negative binomial likelihood?
- Monotonic GPʼs?

- SDEʼs
- Normalizing flow
- Conditional gradient
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Next Steps

- Define realistic/non-informative 
priors

- Extend to 2D
- Signal kernel model
- Extend mean/covariance functions 

(ARD)

- Define statistical procedure(s) for:
- Excluding null (no bump) hypothesis
- Exclusion limits

- Model/measure systematic effects


