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Signal & Background

signal: H −→ ZZ ∗ −→ 4ℓ, the ”Golden channel”
one Z boson is off-shell (m < mZ ≈ 92 GeV)
background: any process with leptons as final products;
irreducible background has exactly 4 leptons, possibly compatible with
the signal

Figure: (left) Feynman diagram of the signal process; (right) Higgs decay modes
branching ratios
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Cut-and-count method

The cuts applied fall in these categories:

lepton flavor: 4e, 4µ or 2e2µ

null total lepton charge

trigger matching

reconstruction validity

lepton isolation

numerical, e.g. pT thresholds: leading pT > 20 GeV, sub-leading
pT > 15 GeV and third-leading pT > 10 GeV

Data set: Run 2 p p collisions from ATLAS Open Data,
√
s = 13 TeV ,

containing ≤ 4 leptons in final state;
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Optimization over pT

Figure: Distributions of events and S/B in terms of leading pT (top) and sub-leading pT
(bottom) 4 / 10



Machine learning algorithms

combine all parameters into a score =⇒ correlation handling

require lesser implication at the cost of control

Boosted Decision Trees: Neural Networks :

5 / 10



Separation power

Figure: BDT(top) and NN(bottom) separation, S/B and ROC curves
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Comparison

Figure: (from left to right) cut-based, BDT and NN result on the m4ℓ distribution

S,B = total weight of sig./bkg. MC events in [115-135] GeV range

Excess Significance Z (σ) 4.8 5.7 5.5

Asimov Significance ZA(σ) 6.9 7.3 8.7

Relative Error E 16% 16.5% 13.2%

Z =
S√

B + 0.25 ∗ B2
, ZA =

√
2((S + B) ln (1 + S/B)− S)
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Conclusions

the H −→ ZZ ∗ channel is considered one of the most efficient, due to
not including hadronization, neutrinos or fast-decaying particles (eg.
tauons);

cut-based methods give full transparency but fall behind machine
learning algorithms, which are much more versatile;

cut-based and machine learning algorithms give the best results when
combined;

correlations and numerical optimization is handled by default by such
algorithms;

Supervisors: CS I Dr. Călin Alexa, , Lect. Dr. Roxana Zus,
Mrd. Daniel Costache, Drd. Ioana Duminică
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Thank you for your attention!
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Parameters

code meaning

lep pt[i] ith leading lepton pT
lep eta[i] ith leading lepton η
jet n number of jets per event
met pt missing pT
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