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Flavour Tagging in ATLAS

Calibrating b-tagging algorithms

SF =  
εbsim.

εbdata

Single cut on b-tagger output in simulation gives a 
certain probability a b, c, or light-flavour jet is b-tagged  
→ b-tagging efficiency, εb 

→ 4 operating points (OPs) at 60%, 70%, 77%, and 85% 
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Scale factors (SFs) for each 
OP quantify differences in 
→ detector modelling  
→ description of       
  underlying physics       
  processes 
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Smoothing scale factors

Degree of smoothing is 
controlled by the bandwidth
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Optimising the bandwidth

Continuous kernel function  
→ continuous (smoothed) 

SF distribution

The bandwidth thus determines the smoothness of the 
resulting SF distribution, so we develop an optimisation

Secondary vertices from long lifetime 
of b-hadrons (cτ ~ 0.45 mm)

Chain of b→c→s 
weak decays with 

tertiary vereex

High charged-track 
multiplicity from decay 

products

Results

The risk is the sum of the mean-squared error between the smoothed 
estimate, , and SFs, , and the effective degrees of freedom in the local fit̂Y Y

Risk(h) = 2df(h)𝔼[Y − ̂Y(h)]2 +

The risk is calculated as a function 
of bandwidth in the range [0.4, 2.0]

The b-tagging efficiency SF distribution at the 
70% WP, is smoothed with the optimal 

bandwidth of 0.6 and a bandwidth that 
interpolates the data (0.2) for comparison
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What quark flavour 
produced these jets?

tracks

b jet?

light 
flavour 
jet?

Neural network (DL1) combines charged-particle 
trajectories and vertex information to distinguish 
jets in data originating from b-quarks 
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We use local kernel 
regression to smooth SFs 
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Bandwidth, h, is the width of the Gaussian kernel function 

Select bandwidth that  minimises 
Stein’s unbiased risk estimator

Larger invariant mass than light-flavour jets

SFs are applied in analyses as a per-jet weight in the simulation 

SFs are measured in bins of jet transverse 
momentum (pT), but we give analyses 
smoothed SFs since we assume  
SFs are smoothly varying  
functions of jet kinematics 

Due to the broad minimum, the optimal bandwidth is defined as the 
average bandwidth of the four minima, rounded to one significant digit  
→ this corresponds to a bandwidth of 0.6

OP Min. Risk
60% 0.55
70% 0.60
77% 0.53
85% 0.54

The SF curve smoothed with a bandwidth of 0.6 represents the optimal degree to which 
we believe the underlying b-tagging efficiency is smooth, given the measured SFs
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SF Scale factor (smoothed, bandwidth = 0.6)

Uncertainty (smoothed, bandwidth = 0.6)

Scale factor (smoothed, bandwidth = 0.2)

Uncertainty (smoothed, bandwidth = 0.2)

Scale factor (data-based, total unc.)

Risk (bandwidth = 0.2) = 83.1
Risk (bandwidth = 0.6) = 12.3

ATLAS Preliminary
-1= 13 TeV, 139 fbs
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