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Anomaly Detection
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Searching for Resonances
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Searching for Resonances
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Supervised Classification
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Supervised Classification

Features Labels
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Supervised Classification

Features Labels

Supervised Classifier
ps (x)

pp (x)

R()ptimal (X ) —
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Supervised Classification

Features Labels
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Method: Clarification Without Labels (CWolL.a)

SR SB
@ @ * Any monotonic function of the optimal
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Here ensemble of 50 Boosted Decision Trees [arXiv:1708.02949, arXiv:2109.00546, arXiv:1805.02664]
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Method: CWolLa Hunting
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Here ensemble of 50 Boosted Decision Trees [arXiv:1708.02949, arXiv:2109.00546, arXiv:1805.02664]
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Method: Idealized Anomaly Detector (IAD)
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Model Agnostic Anomaly Detection

Two Goals: Where do we make assumptions?
 Model Agnostic: ¢« Method

As little assumption on the signal as

possible  Weakly supervised anomaly

. L detection — contracting a

* High Sensitivity:

Find signals with low cross-section background template (BT)

 Features

* Choosing specific observables

Model dependence Sensitivity
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More Features to be More Model Agnostic

Different families of features

Baseline ‘ a

Masses + Ty

e Jet masses

masses + N-subjettiness

Subjettiness [l 56 [arXive:2309.13111]
e Substructure observables

masses + EFPs

+ N-Subjettiness Somvine R -

0 200 400 600 300 1000
Number of input features

* Energy Flow Polynomials (EFPs)

The "kitchen sink" approach:

= Use all the features you have
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Data: Six Signals, One Background

Background: Name Prongs Masses
* Taken from the LHC Olympics R&D Dataset CHEO 9 Yo MY = 100 GeV,
o -prong +
[arXiv:2101.08320] s — 500 GeV
= 10° QCD dijet events + ~ 6 - 10° QCD my = 100 GeV,
dijet events in SR LHCO 3-prong | 3+3 s = 500 GeV
: _ 4
Signals: XYY =49 | 242 |™ 00 GeV,
L. . . . » = 500 GeV
* Six different resonance signals inspired by Ty °
[arXiv:2412.03747] Wkxk - WR —3W| 244 | mg = 500GeV
7' =TT —tZtZ | 5+5 » = 400 GeV
= Hadronic A — BC decays with T -
mA — 35 TeV Geuxg - HH — 4t | 6 4+6 | myg = 400 GeV
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Who doe we Know Iif a Classifier is Good?

Cut c
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Receiver operating characteristic (ROC) curve

Classifier Example
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Recelver operating characteristic (ROC) curve

35000 -+

30000 -+

25000 +

20000 +

15000 -

10000 -

1 Sig
] Bkg

.

0.2 0.4

RWTHAACHEN

UNIVERSITY

0.6 0.8
Score

1.0

1.0 -

0.8 -

0.6 -

0.4 -

0.2 -

0.0

Classifier Example

// - ==« Random
7 — (Classifier 1, AUC=0.89
| /’ — Cassifier 2, AUC=0.97
( | | | | |
0.0 0.2 0.4 0.6 0.8 1.0

EB

23 Sep 2026 - CRC Young Scientist Metting 2026 -Lukas Lang




Significance Improvement Characteristic (SIC) curve
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Significance Improvement Characteristic (SIC) curve
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Baseline: Some Signals are Easier

LHCO 2-prong Gyr = HH — 41
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Subjettiness: A Versatile Feature Set

LHCO 2-prong Gyr = HH — 41
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EFP: Sometimes Great, Sometimes Not

LHCO 2-prong Gyr = HH — 41
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Combined: Most Performant and Model Agnostic

LHCO 2-prong Gyr = HH — 41
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Individual Substructure Feature Drives the Performance

LHCO 2-prong Gyr = HH — 41
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Discovery Potential: What do We Need for 5S¢ ?
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The Combined Set is the Best!

3.5 TeV resonances / IAD
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Conclusion

GET THE DATA

 New signhal benchmarks
compatible with the LHCO
background

 The Combined set yielding on

average a factor of ~ 2.5 better
discovery potential than the
Baseline

 CWola hunting produces similar
results as the |IAD case
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Reducing Training Time with the Random Set

The Problem: The ldea:

* Jraining time of a BDT scales * | everaging the ensemble in our
linearly with the number of input classifier architecture
features

* [raining each ensemble member on
a different random subset of
features
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sssss + N-subjettiness

e So 50 BDTs each trained on 22

ot randomly drawn features from the
sncames v T 1034 Combined set
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22 r tr
random subset of Combined pe ee

masses + EFPs
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Number of input features
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Random: Same Performance But Faster

* Jraining a BDT on 22 features
" 3.5 TeV resonances / IAD
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CWolLa Results

3.5 TeV resonances / CWolLa
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Jet Observablesii
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6.21 ® constituents ": ®
6.0 - ° °
Jet Observables BN

IR IO
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 Probing jets for a specific number of T Py TR
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What are Energy Flow Polynomials?

Energy flow polynomials:
A complete linear basis for jet substructure

Patrick T. Komiske, Eric M. Metodiev, Jesse Thaler
Center for Theoretical Physics, Massachusetts Institute of Technology, Cambridge, MA 02139, USA

E-mail: pkomiske@mit.edu, metodiev@mit.edu, jthaler@mit.edu

ABSTRACT: We introduce the energy flow polynomials: a complete set of jet substructure
observables which form a discrete linear basis for all infrared- and collinear-safe observables.
Energy flow polynomials are multiparticle energy correlators with specific angular structures
that are a direct consequence of infrared and collinear safety. We establish a powerful graph-
theoretic representation of the energy flow polynomials which allows us to design efficient
algorithms for their computation. Many common jet observables are exact linear combinations
of energy flow polynomials, and we demonstrate the linear spanning nature of the energy flow
basis by performing regression for several common jet observables. Using linear classification
with energy flow polynomials, we achieve excellent performance on three representative jet
tagging problems: quark/gluon discrimination, boosted W tagging, and boosted top tagging.
The energy flow basis provides a systematic framework for complete investigations of jet
substructure using linear methods.

Xiv:1712.07124v2 [hep-ph] 3 Apr 2018

[arXiv:1712.07124]
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Mathematical representation

Energy Flow Polynomial for a graph G
Hadronic colliders

_ [ Pri 0 2
T Pty 6 = <Ayij + AP )

4
2

L Ay; =y, — Y
_ j= i)
Prg = ZPT,i -

Angular distance
between particle 1, and 1,

Energy fraction

[arXiv:1712.07124]
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Multigraph correspondence

A multigraph is composed of vertices
(N) which are connected by multiple

edges (k, ) Vertex correspondence

* Only loop-less multigraphs relate to

M
EFPs ‘j - 2 Zl}
l:]=1

Loop Cycle
: : : Edge correspondence
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