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Reinterpretation
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Hypothesis testing
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q = − 2 ln
L (data |H0)
L (data |H1)

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

f(q̃μ) |μ)
H0 ≡ B+μS H1 ≡ B



Hypothesis testing
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H0 ≡ B+μS H1 ≡ B

Our hypotheses are composite: 
We have niussance parameters θ 

We have a parameter of interest μ

B

S μ = 0
μ = 1

signal strength

f(q̃μ) |μ)
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H0 ≡ B+μS H1 ≡ B

q̃μ =

−2 ln
L(μ, ̂ ̂θ(μ))
L(0, ̂ ̂θ(0))

̂μ < 0,

−2 ln
L(μ, ̂ ̂θ(μ))

L( ̂μ, ̂θ)
0 ≤ ̂μ ≤ μ,

0 ̂μ > μ

f(q̃μ) |μ) Our hypotheses are composite: 
We have niussance parameters θ 

We have a parameter of interest μ

   unconditional MLE 

 conditional MLE

□̂
̂□̂ (μ)



Full likelihood models by ATLAS Hist Factory)
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L (n, a |μ, θ) =
channels

∏
c

binsc

∏
b

Pois (ncb |νcb(μ, θ))∏
θ

pθ (aθ |θ)
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L (n, a |μ, θ) =
channels

∏
c

binsc

∏
b

Pois (ncb |νcb(μ, θ))∏
θ

pθ (aθ |θ)
free parameters

constrained parameters

channel data
auxiliary data

simultaneous measurement  
of multiple channels

constraint terms for  
"auxiliary measurements"

{{
Full likelihood models by ATLAS Hist Factory)



Computational bottleneck
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BSM model limit derivationLikelihood
computation

Full statistical model calculations enter here
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BSM model limit derivationLikelihood
computation

Machine learning enters here



The goal
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Use Machine Learning to create surrogates 
to Full Statistical Models that would be 

accurate but much faster to use.



The approach
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−2 log Lexp(μ1, . . . , μN)
Lexp(0,...,0)

n1
n2
n3

..
.

nN

yields likelihoods limits
regression

Fully connected network

−2 log
Lexp

Asimov(μ1, . . . , μN)
Lexp

Asimov(0,...,0)

−2 log Lobs
Asimov(μ1, . . . , μN)
Lobs

Asimov(0,...,0)

−2 log Lobs(μ1, . . . , μN)
Lobs(0,...,0)
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ATLASSUSY201804 1911.06660
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 Search for direct stau production in 
events with two hadronic τ-leptons 
in √s=13 TeV pp collisions with the 
ATLAS detector 

 2 signal bins, 3 control bins 

fit without the CRs
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expected observed

PRELIMINARY

PRELIMINARY



ATLASSUSY201908 1909.09926
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 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 √s=13 TeV 
with the ATLAS detector 

9 signal bins, 5 control bins 
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expected observed

PRELIMINARY

PRELIMINARY



ATLASSUSY201832 1908.08215
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Search for electroweak production of charginos and sleptons decaying into final 
states with two leptons and missing transverse momentum in √s=13 TeV pp 
collisions using the ATLAS detector 

 36 SRs and 3 CRs
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expected observed
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ATLASSUSY201816 1911.12606
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Searches for electroweak production of supersymmetric particles with 
compressed mass spectra in √s=13 TeV pp collisions with the ATLAS detector 

2 subanalyses: sleptons 326) and EWKinos 386



ATLASSUSY201816 1911.12606

Rafał Masełek

expected (sleptons) observed (sleptons)
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expected EWKinos) observed EWKinos)
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ATLASSUSY201909 2106.01676
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 Search for chargino-neutralino pair production in final states with three leptons and 
missing transverse momentum in √s=13 TeV pp collisions with the ATLAS detector 

 4 subanalyses: 

onshell W/Z when decaying) wino/bino 222 

offshell wino/bino minus (sign of the product of two neutralino mass eigenstates)  322 

offshell wino/bino plus  322 

offshell higgsino 322



ATLASSUSY201909 2106.01676

Rafał Masełek

expected (offshell Higgsino) observed (offshell Higgsino)
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Summary
Selecting the right BSM model enhances chances of new physics discovery 

Reinterpretation allows to constrain untested models 

Proper hypotheses testing is possible with published Full Statistical Models 

However, using these models constitute a computational bottleneck 

Machine Learning surrogates offer good accuracy with much faster 
computations 

Preliminary results with MLPs are promising 

Trained models will be published to be used by the community
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