
● Need lower # of b-tagging uncs. &  original b-tagging uncertainties ⇒ Eigenvector recomposition
● Eigenvector recomposition (EVR): Recovering the original SF uncs. in the analysis likelihood, starting from the eigenvector 

uncertainties. 
● In practice: eigenvector nuisance parameters θ can be expressed as a combination of  original nuisance parameters η 

in physics analysis likelihood⇒ the b-tagging uncertainties can thus  be correlated among physics analyses. ⇒ helpful in 
downstream combination analyses.

B-tagging is an algorithm to identify b-jets. Its efficiency for 
b-flavour jets is defined as:

Similar quantities for charm and light jets are referred to as 
the mis-tag rates.

For TeV scale jets, the data-based calibration uncertainties are complemented by 
MC-based extrapolation uncertainties:

 This method has been refined for the pseudo-continuous calibration to: :
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Eigenvector recomposition

2. Eigenvector Decomposition

● A Method to reduce the number of b-tagging uncertainties in physics analyses.
● Eigenvector decomposition applied to the covariance matrix V built from the systematic variations U.
● The resulting eigenvector (EV) uncertainties preserve correlations among uncertainties.

Eigenvector uncertainties
Eigenvector decomposition

Where Ũ-1
right is derived from covariance matrix V.

The likelihood function based on b-tagging EV uncs can be 
modified to depend on η
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high-pt extrapolation for the pseudo-continuous b-tagging calibration

EV decomposition pros & cons

Pros Reduce number of b-tagging uncs.

Cons Not easy to correlate b-tagging uncertainties 
properly if different analyses use different 
b-tagging setups(e.g. jet collection etc.). Since 
eigenvector base is in general not the same.

Highly correlated

The so-called "pseudo-continuous" 
calibration simultaneously calibrates a 
binned version of the continuous 
b-tagging discriminant, expressed in 
intervals of the b-tagging efficiency. 

Measured from data Extrapolated

The drawback of this method is it does 
not preserve the sign of the uncertainty. 
Therefore it is not ideal to apply this 
method on PCBT calibration.

Flavour tagging calibration & uncertainties in ATLAS
1. b-tagging Scale Factor (SF)

~O(10) N uncs.

~O(100)

~O(10) N uncs.

Working Point (WP/OP): 
tagging threshold to 

consider a jet as tagged

Therefore the likelihood is depending on original sources 
b-tagging uncertainties ⇒ b-tagging uncertainties could 
be correlated among physics analyses.

The advantage of this method is it could produce 
b-tagging original source uncertainties without having 
the knowledge of the analysis.

Standard approach of calibrating b-tagging efficiency is by using both data and MC simulation. 
However, there is limited data statistics in high pt region. Therefore, b-tagging efficiency need 
to be calibrated based on MC in high pt region. b-tagging efficiency can be calibrated with SF 
uncertainty at highest pt estimated with data(pt reference point) and uncertainty in high 
pt region purely based on MC (extrapolation term):

Θ = EV nuisance parameters
η= original nuisance parameters

Example: original uncertainty 
recovered at precision within 

0.5% in VH, H→bb analysis 
workspaceRecomposition matrix
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Extrapolation terms for the b-jet calibrations. black: total contribution

The efficiency in MC is corrected by the scale factors to 
match that in data: 

U corresponds to the uncertainties associated with SF . 

Method to reduce the number of b-tagging uncertainties in physics analyses:  eigenvector decomposition applied to the 
covariance matrix built from the systematic variations ΔSFs affecting the measured SFs. The resulting eigenvector (EV) 
uncertainties preserve correlations among uncertainties. 

In this new approach the sign of 
the single uncertainties preserved, 
to ensure:

The new uncertainties are 
implemented as a set of NPs and 
the eigenvector decomposition is 
used to reduce their number in 
the analysis. 

The sum of the calibrated 
efficiencies of each tag weight 
bin is imposed to be equal to 
1:

Pseudo-continuous WP, classify jets into 5 
categories according to their score.
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