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~otatus of the Particle Physics
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K’Status of the Particle Physics
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F{fStatus of the Particle Physics

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
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Searches for BSM at the LHC
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f%Searches for BSM at the LHC

WIMPs

o AXIONS
| EPTOQUARK
DARK SECTOR

LR-SYMMETRY
COMPOSITENESS

SUPERSYMMETRY
NEUTRINO MODELS
EXTRA DIMENSIONS

TWO HIGGS DOUBLETS
MILICHARGED PARTICLES

Rafat Masetek



Rafat Mdsetek



j?.\'pothesis testing
q)

By the Neyman-Pearson lemma,
for testing simple hypotheses
the most powerful test statistic is
the likelihood ratio

L (data | H())

=—-2ln———
! nL(data\Hl)
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Ker’ypothesis testing

Our hypotheses are composite:
f (q ) %€ We have niussance parameters 6

'\. ./o

< We have a parameter of interest

signal strength
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K’;Hypothesis testing

Our hypotheses are composite:

f(q’u | ,l/l) 9% \We have niussance parameters 6
H, = B+uS H, =B € We have a parameter of interest
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N=Fulllikelihood models by ATLAS (Hist Factory)

auxiliary data

channe da\tf / channels bins
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of multiple channels
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\=Full likelihood models by ATLAS (Hist Factory)

auxiliary data
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“Why bother?

ATLAS-SUSY-2018-32

—— ATLAS official
SMODELS === SModelS: best SR
— = SModelS: comb. 36 SRs (pyhf, simp. HF)

—— SModelS: comb. 36 SRs (pyhf, full HF)

observed exclusion
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K{Computational bottleneck

Likelihood
computation

T

Full statistical model calculations enter here

BSM model limit derivation
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ﬁComputational bottleneck

BSM model j limit derivation

Rafat Mdsetek



R‘:iThe goal

Use Machine Learning to create surrogates
to Full Statistical Models that would be
accurate but much faster to use.
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fﬁThe approach

If we have a regressor for profiled likelihoods, we can calculate limits.

L (data

His - - nuNa H(/’tla . o nuN))

A(//ip---ﬂN) = In
data o

L (data

0....0: 5(0,...,0))
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K’sThe approach

varying signal
In each bin independently

/ l \ N profiling

L | data His ooy Hps 6’(,141,---,/41\])

A(//ip---ﬂN) = In
data o

L | data

0.....0: 6(0.....0)

Four data sets are used:
1) expected data

2) expected Asimov data
3 ) observed data

4) observed Asimov data
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R?The approach

regression

likelihoods = [imits

yields
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\-ATLAS-SUSY-2018-04 (1911.0660)

3% Search for direct stau production in
events with two hadronic t-leptons

In vs=13 TeV pp collisions with the
ATLAS detector

$¢ 2 signal bins, 3 control bins

J¢ fit without the CRs
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"ATLAS-SUSY-2018-04 (1911.0660)

expected observed
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\~ATLAS-SUSY-2019-08 (1909.09926)

3% Search for direct production of
electroweakinos in final states with one
lepton, missing transverse momentum
and a Higgs boson decaying into

two b-jets in pp collisions at Vs=13 TeV

with the ATLAS detector

3¢ 9 signal bins, 5 control bins
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N-ATLAS-SUSY-2018-32(1908.08215)

%€ Search for electroweak production of charginos and sleptons decaying into final
states with two leptons and missing transverse momentum in s=v13 TeV pp
collisions using the ATLAS detector

$¢ 36 SRs and 3 CRs
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ATLAS-SUSY-2018-32 (1908.08215)
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N-ATLAS-SUSY-2018-16 (191112606)

9% Searches for electroweak production of supersymmetric particles with
compressed mass spectra in vs=13 TeV pp collisions with the ATLAS detector

$€ 2 subanalyses: sleptons (32+6) and EWKinos (38+6)

3% Subanalyses combination: 70 SRs + 12 CRs (disjoint in this particular case)

Rafat Mdsetek



®
.y

ATLAS-SUSY-2018-16 (191112606)

expected (sleptons) observed (sleptons)
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\+-ATLAS-SUSY-2018-16 (191112606)
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N-ATLAS-SUSY-2019-09 (2106.01676)

$¢ Search for chargino-neutralino pair production in final states with three leptons and missing
transverse momentum in vs=13 TeV pp collisions with the ATLAS detector

5€ 4 subanalyses:
5¢ onshell (W/Z when decaying) wino/bino (22+2)
5¢ offshell wino/bino minus (sign of the product of two neutralino mass eigenstates) (32+2)
3¢ offshell wino/bino plus (32+2)
3¢ offshell higgsino (32+2)

%% Subanalyses combination: 54 SRs + 4 CRs (full overlap for offshell subanalyses)
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~Kolmogorov-Arnold networks

from Liu et al (240419756)

Model | Multi-Layer Perceptron (MLP) | Kolmogorov-Arnold Network (KAN)
Theorem Universal Approximation Theorem Kolmogorov-Arnold Representation Theorem
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K‘sKolmogorov-Arnold networks

ATLAS-SUSY-2018-04 (1911.0660)

Contour Plot of nLL_exp _mul with SR1 and SR2
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ﬁSummary

$¢ Selecting the right BSM model enhances chances of new physics discovery
$¢ Reinterpretation allows to constrain untested models

5% Proper hypotheses testing is possible with published Full Statistical Models
5% However, using these models constitute a computational bottleneck

5% Machine Learning surrogates offer good accuracy with much (orders of
magnitude) faster computations

$€ Preliminary results with MLPs are promising
%€ The next step will be to try KANs

$¢ Trained models will be published to be used by the community
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