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“‘Classification without labels: Learning from mixed samples in high energy physics” [1700.02949I, E. Metodiev, B. Nachman,
J. Thaler
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2. CWola Hunting: SB data
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“The LHC Olympics 2020: A Community Challenge for Anomaly Detection in High Energy Physics” [2101.08320], G.

Kasieczka, B. Nachman, D. Shih et. al.

« Benchmark dataset for anomaly detection
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s Nobs — Nexp
NN+ o)
* €p Working point (determined on samples)
* Nyps(€p) Observed number of events
* Nexp(€p) Expected number of events (background-only assumption)
* Oexp(€B) Relative error on expectation (from determination of working point)
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"Asymptotic formulae for likelihood-based tests of new physics” [1007.1727], G. Cowan, K. Cranmer, E. Gross, and O. Vitells

1/2

Nobs(Nax, + 0 1 14 Nypsoé
S — [2 (Nobs In obs( exp exp) . In obs exp)]

2 2 2
1+ NobsOéxp Oexp 1+ NexpTéxp

* €p Working point (determined on samples)

* Nyps(€p) Observed number of events

* Nexp(€p) Expected number of events (background-only assumption)

* Oexp(€B) Relative error on expectation (from determination of working point)
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Define a relative systematic shift per window n

Nobs,n — EBNSR,n
€gNsRr 1

5sys, n

and its average over all windows Jys.
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Define a relative systematic shift per window n

Nobs,n — EBNSR,n
€gNsRr 1

5sys, n

and its average over all windows Jys.

|AD CWolLa & CATHODE
Nexp €pNsr EBNSR(l + 5sys)
Oexp Ocp \/ O'EZB + agsys
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Define a relative systematic shift per window n Data: LHCO R&D (Pythia)
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Add a feature correlated with m;.

— — 2 _ 2
1-0-%%'( —— AR —\/(05]1 ®52)° + Mj1—1j2)
0.8
-\%0.6-
0.4
— Data
0.2 MC
=== XO0stat
0.0
0 noe Fm=—e
g% 025_ ___________
o T T T T e e e e
25 -025] __omm=m=TT 7T
T T

8/11/2024 Resonant Searches as Cut and Count Experiments — Marie Hein



Breaking the Assumptions: CWola i &, | RWIHAACHEN

and Cosmology

Add a feature correlated with m;.

— — 2 _ 2
0.8 4
S U U Y SO S S --- 50 i
0.6 —_— Qo
e N $ =001
¢ £3=0.001
0.4 - £5=0.0001
[0)
2 3
— Data ©
0.2 — MC o
.E 2_
=== *O0stat o
0.0 n
o ~— 1
82 025{ TTm=—all_____
< R e S
B 20.25] _mmm=mmTT T
T T T T T T T —T T T T T T T T T _1 T T T T T T T T T
1074 103 10-2 1 2 3 4 5 6 7 8 9
€5 Sliding window #

8/11/2024 Resonant Searches as Cut and Count Experiments — Marie Hein 31




Conclusion 'ITK wwer | RNNTTHAACHEN

AT UNIVERSITY

« Alternative approach to bump hunts with direct
Accurate and robust methods

for direct background estimation
IN resonant anomaly detection

* No false discoveries observed R. Das, T. Finke, MH, G. Kasieczka, M.
Kramer, A. Muck, D. Shih

background estimation instead of fits

 Robust

* Even when method assumptions are violated
* Simple

 Statistical procedure

« Systematic bias evaluation

 Powerful

» Significant deviations observed
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