
Introduction to Flavour Tagging
Flavour Oscillation
• The LHCb experiment has a diverseB physics program, including the
measurement of time-dependent CP violation which is particularly
challenging in the presence of B − B̄ oscillations.

• By oscillating, the B meson flavour at production time might differ
from the flavour at its decay time.

Flavour Tagging algorithms allow to access the initial B flavour.
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Flavour Tagging algorithms
Flavour Tagging algorithms exploit the correlation between the B meson flavour at production time
and the charge of specific particles to provide a tagging decision (d).
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• Same side taggers (SS)
- use charged kaon, pion, proton created in
the hadronization process of the signal B
meson (SSKaon, SSPion, SSProton)

• Opposite side taggers (OS)
- exploit the decay chain of non-signal b
hadron originated by the b quark from the
initial bb pair

dpredicted = x ∗Qcharge

where x = ±1 depends on the particle type (OS/SS) and the decay used.

Flavour Tagging characteristics
• Tagging efficiency
Fraction of events with tagging decision:

εtag =
Nright + Nwrong

Nright + Nwrong + Nuntagged

• Mistag probability
Fraction of events with wrong tagging decision:

ω =
Nwrong

Nright + Nwrong

• Effective tagging efficiency (tagging power)
A measure for the statistical power of a flavour tagged sample:

εeff = εtagD
2 = εtag(1− 2ω)2

A trade-off between high
tagging quality and high
efficiency has to be made
[2]

The uncertainty on mea-
sured mixing amplitudes
scales with σA ∼ 1√

Nεeff
.
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Tagging algorithm performance from
B0

s → Ds Kππ and B0
(s) → ππ(K K ) Run 2 data
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Higher luminosity at LHCb
In LHC Run 3 the luminosity at the LHCb experiment is increased by a
factor of five with respect to Run 2, implying more pile-up vertices and
a higher track multiplicity which affect Flavour Tagging performance [3]

Figure 3.1: E↵ective tagging e�ciency of (left) di↵erent HEP experiments and (right) LHCb flavour
tagging algorithms [40]. The white lines indicate contours of constant tagging power.
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Figure 3.2: E↵ective tagging e�ciency of OS and SS kaon taggers, and their combination, (left) in bins
of pile-up vertices and (right) in bins of track multiplicity. These results are obtained from Upgrade I
simulation of B0

s ! D�
s ⇡+ decays. The OS performances correspond to those obtained from combination

of the individual OS taggers.

if 50–100 ps time resolution can be obtained in the VELO, the PV misassociation rate can
be kept down to ⇠ 5%, and comparable FT performance to that achieved with the current
detector can be expected. Further improvement in FT performance may be achieved by using
more sophisticated multivariate techniques, from better understanding of the hadronisation
processes, and from additional information from new instrumentation in the Upgrade II detector.
In particular, particle identification for low momentum tracks from the TORCH detector, and
additional acceptance for tracks through magnet side stations should both help. Therefore, it is
assumed in the remainder of this section that the FT performance from existing LHCb results
can be maintained for Upgrade II, although detailed simulation studies will be necessary for a
precise quantification.

3.3 Measurements of �s and �d in theoretically clean modes

3.3.1 �s from B0
s ! J/ � and related modes

Measurements of decay-time-dependent CP asymmetries in the B0
s system using b ! ccs

transitions are sensitive to the CKM phase �s ⌘ arg [�(VtsV
⇤
tb)/(VcsV

⇤
cb)]. If penguin loop
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Development of Run 3 taggers
Strategy
• Pre-selections: train a Decision Tree to distinguish the different tagging particles as exclusive
classes (OSKaon, OSElectron, OSMuon, SSPion, SSProton, SSKaon).

B_Tr_T_PIDK ≤ 5.904
gini = 0.565

samples = 4266483
value = [426784, 130154, 206692, 2719592, 310635, 420555, 52071]

class = SSPion

B_Tr_T_PIDe ≤ 1.413
gini = 0.285

samples = 3051496
value = [64736, 106187, 127816, 2571458, 89370, 76812, 15117]

class = SSPion

True

B_Tr_T_BVIPSig ≤ 2.805
gini = 0.778

samples = 1214987
value = [362048, 23967, 78876, 148134, 221265, 343743, 36954]

class = OSKaon

False

B_Tr_T_PIDmu ≤ 7.0
gini = 0.239

samples = 2936737
value = [64148, 105377, 30944, 2556489, 88667, 76095, 15017]

class = SSPion

gini = 0.27
samples = 114759

value = [588, 810, 96872, 14969, 703, 717, 100]
class = OSElectron

B_Tr_T_PIDP ≤ 12.755
gini = 0.219

samples = 2891880
value = [64052, 66851, 30930, 2550505, 88591, 75952, 14999]

class = SSPion

gini = 0.245
samples = 44857

value = [96, 38526, 14, 5984, 76, 143, 18]
class = OSMuon

gini = 0.199
samples = 2844365

value = [63252, 66514, 30763, 2541849, 58381, 75175, 8431]
class = SSPion

gini = 0.543
samples = 47515

value = [800, 337, 167, 8656, 30210, 777, 6568]
class = SSProton

gini = 0.72
samples = 756874

value = [77709, 3898, 26982, 126437, 195740, 314547, 11561]
class = SSKaon

B_Tr_T_PIDe ≤ 2.13
gini = 0.588

samples = 458113
value = [284339, 20069, 51894, 21697, 25525, 29196, 25393]

class = OSKaon

gini = 0.5
samples = 407339

value = [282647, 20003, 3489, 21568, 25382, 28993, 25257]
class = OSKaon

gini = 0.09
samples = 50774

value = [1692, 66, 48405, 129, 143, 203, 136]
class = OSElectron

• Training: Neural Network to predict the mistag probability η associated to a certain tagging deci-
sion. Labels are assigned by comparing the dpredicted and the true B flavour (extracted from the
Monte Carlo simulation).

label = 0→wrong tagging decision label = 1→correct tagging decision

• Calibration: to get tagging efficiency, mistag probability, tagging power.

– If there are multiple tracks assigned
to the same process in a single
event, the tagging decision with the
lowest mistag is taken.

– To get a per event mistag probabil-
ity, the predicted mistag η is cali-
brated on data with a linear calibra-
tion function of type:

ω (η) = p0 + p1 (η − 〈η〉)

– The calibration recovers any harm-
ful effects from overfitting (and un-
derfitting) before the performance
is evaluated.
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