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z,y ~ p(z|0)p(y|z)
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ATLAS

EXPERIMENT

Candidate Event:

pp—-H(=bb) + W(—=pv)
= Run: 338712 Event: 335908183
2017-10-19 23:31:18 CEST
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Bump hunting at the LHC

Assuming a background+signal model

pvsps(z) + vppp(T)
p(z|p) = :
UVs + VB

the discovery of a signal can be formulated as a statistical hypothesis test of
the null hypothesis u = 0 against the alternative hypothesis pu > 0.

Theory Predictions

Data

Background-only model

Count
Count

Signal model

Measure signal strength p



Because of Neyman-Pearson's lemma, the likelihood ratio

el 1 (20 )

p(zlp=0)  pvs+vs pe ()

is the most powerful test statistic.

For a well-chosen summary statistic s(z), the signal-to-background ratio can be
approximated as

ps(z) - ps(s(z))
pe(z) pe(s(2))

by filling histograms of s(x) for signal and background events.
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0?

m

Wait a minute...

e How do we pick the right summary statistic s?

e Don't we lose in statistical power by binning the data?

9/13



Neural simulation-based inference

Observed data Prior
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1. Simulation 2. Machine Learning 3. Inference

Run simulator and save data Train NN classifier, interpret as

Amortized: cheap
likelihood ratio estimator

to repeat for new data

Learn the statistic s(+) with a neural network approximating the per-event

likelihood ratio r(z|u) = % itself!

Credits: Cranmer et al, 2015; Brehmeret al, 2018.


https://arxiv.org/abs/1506.02169
https://arxiv.org/abs/1805.00020

From a prototype to a full ATLAS analysis

Measurement of the off-shell Higgs boson production inthe H* — ZZ — 44
decay channel, while

e accounting for quantum interference effects,
e accounting for systematic uncertainties,
« extending the Neyman construction for unbinned analysis,

e validating, validating, validating to convince the collaboration.

ATLAS

EXPERIMENT
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- ATLAS Preliminar
Vs =13 TeV, 140 fb!

—— Obs NSBI

-—- Exp NSBI

—-= QObs Histogram
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Huge sensitivity gain in
interference rich regions

\V/# - pi(x) > p - py(x)

IJ offshell

ATLAS CONF Note @

ATLAS ATLAS-CONF-2024-016 ~ZA
''''''''' November $,2024

Measurement of off-shell Higgs boson production in
the H* — ZZ — 4( decay channel using a neural
i ion-based il i with the
ATLAS detector at Vs = 13 TeV

‘The ATLAS Collaboration

ATLAS-CONF-2024-016
November 2124

ATLAS CONF Note y

ATLAS ATLAS-CONF-2024-015 7

280 October 2024

Anil ion of Neural Si ion-Based
for P imation in ATLAS

‘The ATLAS Collaboration

\TLAS-CONF-2024015
Octber 224

+0.75

The off-shell Higgs boson production signal strength is = 0.87 “z5.

Credits: ATLAS Collaboration, 2024a; ATLAS Collaboration, 2024b.
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https://cds.cern.ch/record/2916090
https://cds.cern.ch/record/2915316

Next steps

e The ATLAS NSBI analysis is the first of hopefully many.

e Methodological and computational challenges remain for its wider
adoption.



The end.
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