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Why flavour tagging?

Just look at the talks in this conference!

Fundamental tool for: 

• Higgs physics (H→bb, ttH) 

• SUSY 

• Heavy exotic resonances 

• Top physics, SM
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HF tagging @ CMS — BTV-15-001
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• Adaptive Vertex Reconstruction (AVR): 
applied on tracks associated to the jet 

• Inclusive Vertex Fitter (IVF): on the full 
set of tracks recorded in the event (SV 
DR-matched to jet).  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combined:  
Combined Secondary Vertex (CSV) 
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cMVA — BTV-15-001
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cMVA — BTV-15-001
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cMVA — BTV-15-001
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c-tagger — BTV-16-001
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}c-Tagger

All the input features directly fed 
into the discriminator training.  

Minimal information loss
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Use TWO BDTs — BTV-16-001

19

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

Je
ts

3−10

2−10

1−10

c
b
udsg

CMS
Preliminary

 simulationtt

(13 TeV)

CvsL

discriminator value
1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

Je
ts

3−10

2−10

1−10

c
b
udsg

CvsB

charm efficiency
0 0.2 0.4 0.6 0.8 1

3−10

2−10

1−10

1

lig
ht

 e
ffi

ci
en

cy
3−10

2−10

1−10

1

bo
tto

m
 e

ffi
ci

en
cy

3−10

2−10

1−10

1

c-tagger CvsL c-tagger CvsB

cMVAv2 CvsL cMVAv2 CvsB

CSVv2 CvsL CSVv2 CvsB

CMS
Preliminary

 simulationtt

(13 TeV)

M. Verzetti, U. Rochester

http://cds.cern.ch/record/2205149?ln=en


Use TWO BDTs — BTV-16-001
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Boosted tagging @ CMS — BTV-13-001
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Boosted tagging @ CMS — BTV-13-001
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Boosted tagging @ CMS — BTV-15-002
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Boosted tagging @ CMS — BTV-15-002
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Why to measure performance on data?

Simulation is not perfect! 

We need to correct simulation by introducing scale factors 

SFf =
"DATA

"MC
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Distribution of the CSVv2 (left) and cMVAv2 (right) discriminators for ak4 jets in events fulfilling the top 
quark pair event selection. The markers correspond to the data. The stacked, coloured histograms 
indicate the contributions of different jet flavours in the simulation. Jets originating from pile up 
collisions are defined as jets for which no matching generated jet is found with a transverse momentum 
exceeding 8 GeV/c. No requirements are imposed to remove jets originating from a different primary 
vertex (pile up). The small "bump" around CSVv2 (cMVAv2) discriminator values of 0.55 (-0.85) are due 
to jets with a low transverse momentum and a single displaced track from pile up collisions. This is not 
observed in the other topologies because of the higher threshold on the jet transverse momentum in the 
selection. The last bins of the histograms contain all entries above the histogram range. The underflow 
bin is included in the first bin.  

Discriminators in ttbar events 

6 

performance on data — CMS-DP-2016-018

Distribution of the CSVv2 (left) and cMVAv2 (right) discriminators for ak4 jets in events fulfilling the top 
quark pair event selection. The markers correspond to the data. The stacked, coloured histograms 
indicate the contributions of different jet flavours in the simulation. Jets originating from pile up 
collisions are defined as jets for which no matching generated jet is found with a transverse momentum 
exceeding 8 GeV/c. No requirements are imposed to remove jets originating from a different primary 
vertex (pile up). The small "bump" around CSVv2 (cMVAv2) discriminator values of 0.55 (-0.85) are due 
to jets with a low transverse momentum and a single displaced track from pile up collisions. This is not 
observed in the other topologies because of the higher threshold on the jet transverse momentum in the 
selection. The last bins of the histograms contain all entries above the histogram range. The underflow 
bin is included in the first bin.  

Discriminators in ttbar events 

6 

Extensive performance 
programme based on QCD multi-
jet and tt events.
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performance on data — CMS-DP-2016-018

Extensive performance programme 
based on: 

 — QCD multi-jet 

 — tt events.

Individual and combined measurements of the 
ratio of the b-jet tagging efficiencies of the data 
to that in simulation for the CSVv2L tagger. The 
top panel shows the individual measurements 
from the muon pTrel (“PtRel”), System8 
(“System8”) and lifetime tagger (“LT”) methods 
on muon-jet events and from the Kinematic fit 
("Kin") method on ttbar events. The inner and 
outer error bars indicate the statistical and the 
combined uncertainties, respectively. The grey 
hatched areas represent the combined 
measurements. In the lower panel, the same 
combined values are shown with the result of a 
fit function superimposed. The error bars 
attached to the function have the same size as 
the uncertainties from the combined 
measurement in each bin. The efficiency to 
identify b jets for the CSVv2L operating point is 
around 83% obtained for jets in simulated top 
quark pair events.  

B-tag SFs 
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performance on data — CMS-DP-2016-018

The top panel shows the misidentification (mistag) probability for light jets in data (solid 
markers) and simulation (open markers) for the CSVv2L tagger as a function of the jet 
pT. In the bottom panel the data-to-MC ratio or scale factor for the misidentification 
probability is shown.  

Mis-tag SFs 
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Extensive performance programme 
based on: 

 — QCD multi-jet 

 — tt events.
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A harder challenge: charm tagging performance — 
BTV-16-001
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Figure 1: Left and middle: Leading order production of W+c signal with opposite sign charges
(OS). Right: Production of W+charm final state through gluon splitting process. In gluon split-
ting there is an additional charm quark with the same sign as the W boson (SS).

1 Introduction1

The identification of jets produced in the fragmentation of charm and bottom quarks is called2

heavy flavour tagging. The heavy flavour jet tagging program is crucial to characterize the3

diversity of Standard Model (SM) processes and New Physics (NP) scenarios. In the study4

of these processes, the suppression of backgrounds that contain light (u,d,s,g) jets is needed,5

and several tagging algorithms have been developed to separate light-jets from c- and b-jets6

[1]. Heavy flavour tagging algorithms exploit the hard fragmentation, long lifetimes and high7

masses of B and D hadrons to identify heavy flavour-jets. Despite the tagging algorithms are8

optimized to select b-jets, they can also be used to identify c-jets[2].9

In most of the cases simulations do not perfectly describe all the effects that are relevant for the10

heavy flavour-tagging, due to this, the performance of the tagging algorithms is not expected11

to be the same in data and simulation. This problem is solved using tagging scale factors that12

correct this differences in the performance. The tagging scale factors for b- and c- jets, SFb13

and SFc, are computed by measuring the ratio between the tagging efficiency, eb and ec, in14

data and simulation. The b-tagging efficiency eb is defined as the probability for a b-jet to be15

identified as a heavy flavour-jet by a certain algorithm. Analogously, the c-tagging efficiency, ec,16

is defined as the probability in which a c-jet is identified as a heavy flavour-jet. For each tagging17

algorithm, a minimum threshold defines a Loose (”L”) and Medium (”M”) working point with18

a misidentification probability for light-jets into heavy-jets of 10% and 1% respectively, at an19

average jet pT of about 80 GeV.20

This note describes a method to evaluate the c-tagging efficiency, ec, using 2.6 fb�1 collected21

by the CMS detector at
p

s = 13 TeV. Results are presented as c-tagging scale factors, SFc, for a22

new c-tagger[3] algorithm and standard Combined Secondary Vertex (CSVv2) and Combined23

(cMVAv2) b-tagging algorithms in their Loose, Medium and Tight working points.24

One of the difficulties for a study aiming to determine ec and SFc is the selection of a c-jet25

enriched sample. This study uses associated W + charm quark production, denoted as W+c26

in the note. At the LHC, W+c production is dominated by q̄g ! W+ + c̄ and qg ! W� + c27

contributions at the hard scattering level. A key property of a general qg ! W + c process28

is the presence in the final state of a charm quark and a W boson with opposite sign charges29

(OS). Gluon splitting processes like dū ! W� + g ! W� + qq̄ also give rise to final states30

with a W and a charm quark, but in this case, there is an additional charm quark with the same31
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Figure 9: Data and MC distributions of leading and sub–leading W–jet energy (top left and
right, respectively), lepton pT (bottom left), and lM (bottom right) after full selection

A harder challenge: charm tagging performance — 
BTV-16-001
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Take home messages

• CMS has a wide range of heavy flavour taggers 

• Calibration is performed on data with multiple, 
complementary methods 

• New charm tagger tool 

• New methods to calibrate on c jets
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Back up



LT Method
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July 19, 2016 BOOST 2016 43

LT method
● JP template �ts before and after tagging

July 19, 2016 BOOST 2016 43

LT method
● JP template �ts before and after tagging

• Requires muon in the jet to increase 
purity 

• Template fit of the lifetime tagger (JP 
discriminator) distribution before and 
after the tag 
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Boosted b tagging performances
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Medium double-b tag

double muon
stat

 syst⊕stat 
single muon
stat

 syst⊕stat 

CMS
Preliminary

 (13 TeV, 25 ns)-12.6 fb

• Efficiency measured with the 
LT method 

• Mis-tag rate measured with 
the Negative tags method
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Measurements for subjet CSVv2

● ETciency SFs measured 
using template �ts (LT 
method) to JP tagger 
distributions for muon-
tagged subjets

● Mistag rate SFs measured 
using negative tag 
method applied to 
subjets of inclusive fat 
jets

● Good agreement with SFs 
for the “standard” anti-k

T
 

R=0.4 jets

Data from 2015Sub-jet b tagging



Discriminator reshaping

36 M. Verzetti, U. Rochester

• Di-leptonic tt events + Z+jets 
events 

• Iterative method to extract SFb 
and SFL
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Flavour Matching

37 M. Verzetti, U. Rochester

👻 ghost 
hadron

Similar definition to particle-level b-
quarks in top physics: 

• Generated B/C hadron w/ scaled-
down momentum 

• Add the hadrons to the stable 
particle collections 

• Re-run jet clustering 

• Jets containing the hadron are 
assigned the hadron flavour 
(priority to Bs over Cs)



Negative tags method (l → b mistag)

38 M. Verzetti, U. Rochester

cMVAv2 Discriminator
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• Builds tagger using only information from tracks with 
positive/negative IP 

• Assumption: IP for light jets is a resolution effect / due 
to fake tracks 

• Measure SF with the negative tagger only 
• Used for: 

• b-tagging 
• c-tagging 
• boosted tagging
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Negative tag method



c tagging with tt events

39 M. Verzetti, U. Rochester

• Histogram-based template fit.
• 1 parameter of interest: SFc 
• No SFc binning: impossible with this statistics 
• Systematic effects added and profiled in the fit 
• 4 categories according to hadronic W jets 

that pass B/C-tagging WP

(A)
No c-tagged jet

(C)
Subleading  
c-tagged jet

(B)
Leading  

c-tagged jet

(D)
Both  

c-tagged jet
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