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Introduction

- New physics may appear in signatures S o —mmy
that traditional searches miss O o Do
o - .
- Goal is to find rare events without a —_— e e
signal model 5ol i

T F

« Search for new particles that may
appear as invariant-mass peak

[2412.03747, 2512.20395, 2509.13635] o
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Analysis Strategy

Basic selection Keep anomalous
criteria events
o000
Iin S0 -> -> .\ '
0 oie A As) D EDD
Real Data Trained Model ~ Anomaly Metric Bump Hunt New Physics

Anomaly Detection Method
/N Weakly supervised

. . . CwoLA [1902.02634]
Unsupervised Semi-supervised TNT [2002.12376]

VAE-QR [2412.03747] | | QUAK[2011.03550] | | GATHODE [2109.00546]
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Unsupervised Anomaly Detection

VAE-QR (Variational Autoencoder - Quantile Regression)

« Encodes 100 particles per jet to 12 fneorer

dimensions, then decodes I

« Trained in background-dominated
sideband TeREE I e 0T

« Learns to reconstruct background, not R -

. ecoder

signal ,— )

« Per event score: Worst reconstructrion I
loss of the two jets

@]
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Semi-supervised Anomaly Detection

QUAK (QUasi Anomalous Knowledge) Hypothetical QUAK Space

« Hybrid approach, uses a prior from simulated
signal events

« Train separate models on simulated signal

and background % __
. Assign signal and background loss scores to 5
events _; 12D QUAK © Signal
« Selected events are signal- but not o | Seace IS
background-like 3
w

0,0 .
‘Bkg-like’ Loss n

[2011.03550]
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Weakly supervised Anomaly Detection

Assume signal is narrow resonance and choose a
mass window that is defined as SR (signal region)

« Define the SB (side bands)

« Train a classifier between data and background-like
events

pdata(f) _ (1 - E)pbkg(f) + Epsig(f) 1 _ ¢ 4oe psig(f)
DPbke (Z) DPbkg () Dbke (T)
data vs background signal vs
background

»

dN/dmres

00000 | (ee0e®
00000 | | @CO®®
00000 | | ©O®®
00000 | | @e0E®
®@0000 | | 60000
N
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[1708.02949]
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Weakly supervised Anomaly Detection

CWoLA
« Background from SB, directly into classifier training G
TNT (Tag N’ Train) _
. jLé?ée Autoencoder to tag events with two anomalous **fx.
s i :
« Classify between accepted jets, rejected jets and i
SB jets |
CATHODE H
» Density estimator trained on SB data can sample . >
background-like data in SR B SR P sBom
. Classification between SR data and sampled SR Paaalrln € 38 panalalm e 5m) Pl € 58)
background [2109.00546]
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Performance on benchmark signal

« Pick one benchmark model:
X =YY — 4q

« Check significance for varying cross
sections

o Four methods with similar
performance

o Detection with fewer events
compared to traditional, cut-based
methods
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Complementarity

« Study correlations between anomaly scores of different methods
« Do different methods flag the same events as background/signal?
« Pearson correlation matrices show small correlations
— signals are found in different ways background signal

CMS Simulation ___(18Tev) CMS Simulation (13 TeV)
2 BT T T T T
VAE] 028 008 019  0.05 - vael 015 047 039 044 |
. CMS simulation (13 TeV) [ i
o 5 T T T T T [
é SM background L i
@ 4f Linear correlation = 0.051 1 CWola Huntingf- 0.28 0.52 -0.02 0.24 - CWola Hunting|- 0.15 0.65 0.18 0.14
UDJ DisCo correlation = 0.009 I F
O 3t & B k I
£ s f —
S . g e . 1 TNT|- 0.08 0.52 -0.00 022 - TNT| 0.17 0.65 0.25 0.30 -
2% B ] I I
b o} Yaw WY N E L |
X(3000) = YY'—aqqaqq {7 - e f :
251 2 20395] s ‘ A e CATHODE[- 0.19 ~ -0.02  -0.00 0.05 CATHODE| 0.39  0.18  0.25 0.62 |
[ - 4E grn i
1 ] M 005 024 022 005 4 QuAK|- 044 014 030 062
S = O S R e e
Normalized VAE 3 \ & 9 F
ormalize score Q &S N '&O N Q & A\ '&O S
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Finding the top quark

 Run weakly-supervised anomaly x106 138 o' (13 TeV)
detection in data
CMS ¢ Data

« Jet mass as the resonant variable == QCD multijet

. Setup adapted for pair-produced eVt
boosted resonances

o Initially, QCD dominates

Events / bin
NN
o [6)]

—
9]
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00780 100 150 200 250

J1 mgp (GeV)
[2512.20395]
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Finding the top quark: After Anomaly Detection

« The top-quark shows up as peak in jet

mass distribution
« Reminder:
- Trained on data

- Evaluated on data
- No MC involved
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138 b (13 TeV)

- CMS
2000
| Pass anomaly tag
- 105-220 GeV SR

Events / bin
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T 06
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[2512.20395]
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Finding the top quark: Excess Interpretation

« In case of excess more characterization of the signal is needed
« Looking at properties of most anomalous events, we can spot the top

CMS 138 fo-' (13 TeV) CMS 138 fb~' (13 TeV) CMS 138 fb~' (13 TeV)
[7)] T T T T LI | wn T T | I T T ] ﬂ T T T T
£ T Al jets =8 7 e Alljets T — Alljets 1 q,¢
57* — 1% most anomalous 257 — 1% most anomalous | :, — 1% most anomalous
Se g g4
5y 54 T
<7t < < 3L w+
4 3F
3L 2r t _
: 2r q,Ve
g1 1
1E L o s T R
: s = T : b
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Decay products
contain b-jets

17.09.26

Signal resonance
around 190 GeV

ML4Jets

Signal decay in
3-prong structure
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X — HY, where Y is anomalous jet

« Covers many models

X — H(bb)Y(4q)

X — H(bb)Y(ud)

X — H(bb)Y(it(6q)) T — H(bb)t(bqq)
« Search for a bump in a 2D (myx, my) plane

T — Ht, t — bqq

[2509.13635]
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(PP = X = HY)B(H - bb)B(Y » WW - 2q24) [fb]

138 fb-1 (13 TeV)
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Summary

ML methods used for dijet bump-hunting in CMS
[2412.03747]

138 fo" (13 TeV)
C B
- Weak supervision: CWoLA, TNT, CATHODE o [ CMS ;ggtg et
. ~ 2000 multije
- Quasi-anomalous knowledge (QUAK) 2~ Fassmnomaliisg W
.. . . . r W
—  Variational autoencoder with quantile regression (VAE-QR) Ij>j15°° —

« Study and comparison of the methods
[2512.20395]

— Performance on benchmark signal

- “Rediscover” the top quark

« Search for anomalous Jet-Higgs resonances
[2509.13635]

« Studies for extension to LLPs and multi-jets ongoing

Data / fit

50 100 150 200 250 300
J1 mg, (GeV)

17.09.26 ML4Jets Tore von Schwartz



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14

