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Status and open guestions

m CMS and ATLAS measure excess at low mg

m well-understood and motivated variables for signal extraction: my , Chel, Chan

m Excess interpreted as pseudoscalar singlet Toponium

m Both experiments reporta 1:4 higher cross section than predicted by theory

m With more data, the measurements will be increasingly dominated by systematic uncertainties

1. Are the used observables optimal?
2. Can we find an observable with reduced impact from systematic uncertainties?
3. How can experiments provide useful inputs for theory?

m The Optimal Observable Machine can provide a unified solution to all three questions!
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MC setup, object definition, and uncertainties

m Use NLO tt simulation for background and NRQCD inspired
model for signal
B m=343GeV, = 2:8GeV, pseudoscalar singlet

m ME generation with MadGraph5_aMC@NLO version 3.5.6 and
parton showering with Pythia8

m Use Delphes for detector response simulation
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m ME generation with MadGraph5_aMC@NLO version 3.5.6 and
parton showering with Pythia8

m Use Delphes for detector response simulation

m Studies performed in dileptonic channel: Ny = 2, Njet = 2, Ny jer 1
m Electrons (Muons) with pt > 25GeV and j j < 2:5(2:4)
m Jets with pt >30GeV,andj j<2:4

m Consider uncertainties from:

m ISR and FSR

m Jet energy scale corrections
m Luminosity

m tt cross section
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Increasing the sensitivity

1. Are mg , Chel, and Cphan the optimal observables?

2. Can we find an observable with reduced impact from systematic
uncertainties?

m MLP trained using my , Chel, Chan @S @ baseline

m Resulting r 14% is comparable to CMSresultof ()= () 15%
¥ Gives confidence in chosen uncertainties

m MLP utilizing more event information clearly outperforms the
three-variable approach
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Hitting the systematic boundary

1. Are mg , Chel, and Cphan the optimal observables?

2. Can we find an observable with reduced impact from systematic
uncertainties? —

Bl Classical training

300fb~" (13.6 TeV)
——

m Limiting factor: MLP can rely on variables, which we know that are
affected by systematic uncertainties
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Reducing the systematic boundary
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m Can improve significantly with systematic-aware training

m Use binned likelihood approach including nuisance parameters to estimate r during training
m Learn a reconstruction level observable with less impact of systematic uncertainties
m mg ranks lower, lepton variables rank higher
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What did we learn

High sensitivity and low systematics

1. Are the observables used by CMS and ATLAS optimal?
My , Chel, @Nd Chan are well-motivated and modeled, but using more information significantly improves the

sensitivity!
2. Can we find an observable with reduced impact from systematic uncertainties?
A uncertainty-aware MLP can learn to rely on variables with low impact by systematics!

Usability for theory

3. How can we provide usable inputs to theory?
Classical solution: Think of a suitable generator observable Ogen, construct the corresponding detector-level

observable Oget
= E.g. unfold mg€tector to m"

Combining both boxes is a highly non-trivial optimization problem!

Sar = @
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The idea of an optimal observable machine

m Can we find an observable with reduced impact from systematic uncertainties?
m How can we provide usable inputs to theory?

m Goal: Find a generator-level distribution S5 that

m maximizes sensitivity to the the physics parameter(s) of interest (here signal strength r)
m remains precisely measurable in the presence of systematic uncertainties

m is defined exclusively through particle-level information

m exhibits reduced theoretical uncertainties

m Make O learnable and include systematic uncertainties in the training process
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Implementation of the OOM

r: signal strength of
I nuisance parameters
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