
Semi-leptonic 𝑡 ҧ𝑡 Calibration  

for 𝑋 → 𝑏ത𝑏 tagger  

Qibin Liu [1][2] , Changqiao Li [1] , Shu Li [1] , Shih-Chieh Hsu [2]

[1] Shanghai JiaoTong Univ. & TDLI.

[2] Univ. of Washington, Seattle

Abstract

The identification of massive particles decaying into 

bottom quark pairs is important for the physics 

program of the ATLAS experiment at the Large 

Hadron Collider. A neural network (NN) based 

double b-tagging algorithm named 𝑋 → 𝑏ത𝑏 tagger 

is developed and calibrations of the tagger are 

performed using proton-proton collision data 

corresponding to 139𝑓𝑏−1 collected at a centre-

of-mass energy of 𝑠 = 13𝑇𝑒𝑉. 

The technique of 𝑋 → 𝑏ത𝑏 mis-tag rate calibration [1]

is developed based on semi-leptonic decay 𝑡 ҧ𝑡
events which provide typical non-𝑏ത𝑏 flavor 

combination and high statistics. The mis-tag 

efficiency is measured and the scale factor, which is 

defined as the ratio of the mis-tag rate measured in 

the data over the one in simulation, is found to be in 

a range of 1~1.1 with uncertainty less than 16%.

𝑿 → 𝒃ഥ𝒃 tagger

Event Selection

Pure semi-leptonic events are selected with the 

help of the leptonic decay of top quark, where the 

single lepton is used as trigger and the high 

transverse momentum requirement reduces the 

fake. Additional requirements of one-b-tagging and 

mass of lepton-jet system suppress the W+jet

background. The requirement of the angle between 

the probing large-R jet and the leptonic side, 

increases the probability to capture the hadronic 

decay where the tagging efficiency is measured. 

Calibration Strategy

Normalization correction of the 𝑡 ҧ𝑡 modelling and 

data efficiency (or scale factor) on top are extracted 

simultaneously with fitting on the large-R jet mass, 

in 4 regions covering large-R jet 𝑝𝑇 ranging from 

300GeV-1000GeV. 

Systematic Uncertainties

Dominant systematic uncertainties from modelling 

of 𝑡 ҧ𝑡 , especially the parton showering and 

initial/final state radiation and up to 16% in high 𝑝𝑇
region for medium working point of 𝑋 → 𝑏ത𝑏 tagger

Results

The mis-tag efficiency of 𝑋 → 𝑏ത𝑏 tagger in data is 

measured with semi-leptonic 𝑡 ҧ𝑡 events and the 

data-to-Monte-Carlo scale factors are derived as a 

function of large-R jet 𝑝𝑇 and found to be in the 

range between 1.1 ± 0.12 to 1.0 ± 0.16.

Other Calibrations

Related Publications

The signal efficiency of 𝑋 → 𝑏ത𝑏 tagger is 

calibrated with another dedicated 𝑍 → 𝑏ത𝑏 +

𝑗𝑒𝑡𝑠 and 𝑍 → 𝑏ത𝑏 𝛾 analysis. And the modelling 

of large-R jet kinematics in Monte Carlo simulation, 

after the application of 𝑋 → 𝑏ത𝑏 tagger, is checked 

in another calibration using multijet events enriched 

in 𝑔 → 𝑏ത𝑏 splitting. The details of the two 

calibrations are documented in reference [1].
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The neutral network (NN) based 𝑋 → 𝑏ത𝑏 tagger[2]

developed in ATLAS extends the flavor tagging to 

the large-R jet level and combines the strong b-

tagging discriminants of variable-radius (VR) 

subjets and the kinematics of large-R jet. It shows 

good ability to reject both boosted top quark jets 

and jets arising from multijet process.

Figure 1: Distribution of 𝑋 → 𝑏ത𝑏 tagger score

Figure 2: ROC curve of Multijet rejection

Figure 3: ROC curve of Top jet rejection

Figure 4: Topology of typical semi-leptonic 𝑡 ҧ𝑡 events 

Table 1: Summary of Systematic Uncertainties

Figure 5: Post-fit for pass- and fail-tag in one 𝑝𝑇 region

Figure 6: 𝑋 → 𝑏ത𝑏 mis-tag eff. in data/MC and scale factor

ቐ
𝑁𝑝𝑎𝑠𝑠
𝑑𝑎𝑡𝑎 = 𝑆𝐹 ∗ 𝑓𝑡 ҧ𝑡 ∗ 𝑁𝑝𝑎𝑠𝑠

𝑡 ҧ𝑡,𝑀𝐶 +𝑁𝑝𝑎𝑠𝑠
𝑛𝑜𝑛−𝑡 ҧ𝑡,𝑀𝐶

𝑁𝑓𝑎𝑖𝑙
𝑑𝑎𝑡𝑎 = 𝑆𝐹′ ∗ 𝑓𝑡 ҧ𝑡 ∗ 𝑁𝑓𝑎𝑖𝑙

𝑡 ҧ𝑡,𝑀𝐶 + 𝑁𝑓𝑎𝑖𝑙
𝑛𝑜𝑛−𝑡 ҧ𝑡,𝑀𝐶

𝑆𝐹′ ≡
1 − 𝜖𝑑𝑎𝑡𝑎

1 − 𝜖𝑀𝐶
=
1 − 𝜖𝑀𝐶 ∗ 𝑆𝐹

1 − 𝜖𝑀𝐶

𝑓𝑡 ҧ𝑡 ≡
𝑁𝑡 ҧ𝑡,𝑑𝑎𝑡𝑎

𝑁𝑡 ҧ𝑡,𝑀𝐶
, 𝜖𝑀𝐶 ≡

𝑁𝑝𝑎𝑠𝑠
𝑡 ҧ𝑡,𝑀𝐶

𝑁𝑡 ҧ𝑡,𝑀𝐶

Equation 1: Formulas used in the fitting

Figure 7: 𝑋 → 𝑏ത𝑏 signal eff. scale factor in 𝑍 → 𝑏ത𝑏
calibration(left) and large-R jet mass distribution after 

tagging in 𝑔 → 𝑏ത𝑏 calibration(right)
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