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Introduction: What is b-tagging?
Quarks don’t exist in a free state and are combined into hadrons, which in 
turn form hadronic jets. It’s important to understand what type of jets we have 
in every event. 

B-tagging plays crucial role in many analysis: 
• decay of t-quarks (t→Wb); 
• the Higgs boson (h→bb̄ ); 
• searching new BSM physics.  

Jets classification in simulation: explore a ∆R cone of less than 0.3: 
• If a b-hadron is found so the jet is labeled as a b-jet; 
• If b-hadron wasn't found, the search is repeated for c-hadrons, then for 

τ-leptons; 
• If neither b-hadrons, nor c-hadrons and τ-leptons was found, so it's a 

light-flavour jet.
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Process:  tt¯ events corresponding to 13 TeV proton-proton collisions (Run2). 
• A factory of b-hadrons production 
• Decays of W-bosons from t->Wb events also produce light- and c-jets 
• Simulated with Powheg+Pythia6 Monte Carlo generators

B-tagging with high energy jets

Jet selection: 
• pT > 20 GeV; 
• |η| < 2.5; 
• JVT>0.59 for jets with 

pT < 60 GeV and  
|η| < 2.4 

(rejecting pileup-jets). 
JVT - method based on 
jet vertex fraction (JVF).
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1. Impact Parameter based Algorithm uses the 
significance of the impact parameter of the tracks 
matched to the jet. The probability density 
functions (PDFs) for this value is used to define 
ratios of the b- and light-flavour jet hypotheses. 

2. Secondary Vertex Finding Algorithm (SV) based 
on the reconstruction of the secondary vertex 
inside the jet. 

3. Decay Chain Multi-Vertex Algorithm (JetFitter) 
uses the topological structure of weak b- and c-
hadron decays inside the jet and tries to 
reconstruct the full PV → b → c-hadron decay 
chain.

B-tagging Algorithms
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MV2 is defined as an output of BDT that uses 24 variables from 
3 basic algorithms as input parameters.  
BDT - a boosted decision tree (BDT) is an algorithm that can 
discriminate b-jets from light (u,d,s-quark or gluon) jets and c-
jets.

Combined tagging algorithm



DARIA KOSHELENKO, CERN SUMMER STUDENT SESSION               10.07.2017

b-jets efficiency, % cut value
60 0,925
70 0,795
77 0,585
85 0,075
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Efficiency:             Rejection: ε =
Npassed

Nall
r = 1

ε

Combined tagging algorithm

ROC-curve
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! The idea is to improve the algorithm by 
adding the number of clusters in the IBL 
and in each layer of Inner Detector.

Decays of b hadrons between 
pixel layers more important at 
run-2 due to the decay length.

Update of the Multivariate Algorithm

ΔR = Δφ 2 + Δη2 < 0.04
T h e r e l a t i v e 
multiplicity jump fj 
between layers j 
and j+1 is:

A “hit” is defined as a pixel segment in which 
at least 0.05 MeV had been deposited.

f j =
N j+1 − N j

N j

=
ΔN j

N j
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b-jets efficiency cut value
background rejection 

without number of 
clusters

background rejection 
with number of 

clusters
60 0,995 1.71 1.72

70 0,948 1.45 1.48

77 0,644 1.38 1.43

85 -0,048 1.16 1.23

Preliminary results: 
• MV2 algorithm was enhanced; 
• First retraining of MV2 including cluster counting variables; 
• Rejection increased so the jet reconstruction should be better; 
• Seeing the background rejection has increased, it is possible to 

make a preliminary conclusion that the idea works. 

Future plans: 
• Check the new MV2 Algorithm using the higher statistics sample.

Conclusion
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Thank you for the attention!

daria.koshelenko@cern.ch 
EP-UAT 

Office 32/2-A10

mailto:daria.koshelenko@cern.ch

