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Abstract

A considerable number of CP violation measurements require the most possible accurate knowledge
of the flavour at production of the reconstructed B meson. The performance of different flavour tag-
ging methods will be measured from control channels. One of the possible tagging methods that can
be used is the one known as Same Side kaon. In this note we present how to calibrate the response of
the tagging algorithms using the data and combine the result with the so called Opposite Side tagging.
Also trigger and selection effects are briefly discussed.
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1 Introduction

Flavour tagging algorithms in LHCb are described in detail in [1]. In summary, for any B decay a set of
taggers, i.e. generic tagging methods, can be used. The so-called Opposite Side (OS) tagging exploits
the presence of a muon, electron, kaon or secondary vertex in the event coming from the opposite
(non-signal) B. Same Side (SS) kaon tagging in the case of a B; (or pion tagging for a B®), exploits the
presence of a particle from the fragmentation chain which is correlated in the phase-space with the
signal decay itself.

The final decision for the flavour of the signal at production is taken according to the charge of the
tagging particles. To improve the global performance of the tagging the sample is subdivided into a
number of tagging categories. This splitting can be made following different criteria. One possibility is
to sort the events based on the type of tagger (electron, p or kaon particle) which contributes to form
the tag decision (PID approach).

One other possibility is to consider a number of kinematic variables for each tagger and use them
as the input to a Neural Net that estimates a probability of the tagger decision to be correct. These
probabilities are then combined treating them as independent (Neural Net approach). This last way to
proceed gives the advantage of a higher effective tagging efficiency® e.q. In the case of the Neural Net
approach, which is the one considered in this note, the signal samples are sorted into 5 categories of
decreasing mistag probability.

aThe effective tagging efficiency is defined as o= (1 — 2w)2€tag, where w represents the fraction of wrongly tagged events
and etag the tagging efficiency or fraction of tagged events.
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Figure 1 Same Side kaon true mistag rate vs Neural Net output probability n for B, — J/¢¢ (black
triangles, solid fit) and B, — D,m (red circles, dashed fit) offline selected events after the first-level
(LO) trigger.

Such probability per tagger and per event, obtained from the Neural Net output 7, needs to be cal-
ibrated from data to get the real mistag or wrong tag fraction w, to avoid relying on Monte Carlo
(MC) predictions. For each tagger the dependence of this probability on 7 can be parametrized as
w = po + p1 - . The parameters py and p; can be fitted in control channels, where the tag of the B
meson is known from the charge of the particles identified in the final state, so that it can be compared
with the tagging decision.

The same side tagging almost doubles the global tagging power, so that it would be used in all anal-
yses that need to tag the flavour of a B; meson at production (in the case of B, and B,, the same side
tag will not be so effective, due to the presence of a pion instead of a kaon from the fragmentation
chain). The procedure that will be discussed in this note is rather general and the same principle can
be applied to different decay modes. In what follows we will refer to the specific case of the measure-
ment of the By mixing phase 3, through the decays of Bs — J/1¢, as this mode has been studied in
detail [2].

As control channels for this decay, for what concerns the OS taggers, it is planned to use the B* —
J/WwKTand B — J/$K* channels, due to their similar topology to By — .J/¢¢ and their high
statistics [3]. For SS kaons, a B, decay has to be used as control channel to perform the calibration.
The B, — Dpv, mode would be a good candidate to measure w of the SS kaon tagger, as its annual
yield is estimated to be approximately 1 million events for an integrated luminosity of 2 fb=! [4].
However, due to the presence of the invisible neutrino, it is not straightforward to extract the mistag
from the B; oscillations, as the reconstruction of the decay requires a good proper time resolution.
More studies will be needed to assess the feasibility of a measurement of the mistag with this channel.
For By, — D, uv* events a double tagging method can be used to obtain a global wgg for each of the 5
tagging categories. In this case one considers events where both OS and SS taggers are present: from
the knowledge of the OS tagging performance is it then possible to extract the SS mistag (see [5] for
details).

For B; — J/v¢¢ we expect to obtain e.g = 3.4% when only using OS taggers (with the Neural Net
approach, sorting events into 5 categories) . Including the SS kaon tagger as well in the analysis, the
effective efficiency increases up to 6.4%. Therefore there is a strong physics motivation to combine the
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Figure 2 SS kaon n distribution for right tag (darker blue histogram) and wrong tag (lighter red
histogram) LO triggered and offline selected B, — D 7 events.

decision of SS with OS taggers as soon as a calibration procedure for the SS tagger is available.

This note is organized as follows. Section 2 explains how to calibrate the SS kaon tagger with the data
using the B; — Dym mode. Section 3 discusses the combination of the individual tagger responses,
calibrated on control samples. Section 4 shows briefly how to deal with selection and trigger effects.
Finally, conclusions are given in Section 5.

2 Same Side kaon calibration with B, — D,w events

As already introduced, we plan to use Bs; — D, events to calibrate the Neural Net output for the SS
kaon tagger, fitting the Neural Net response with a simple linear polynomial w = pg + p1 - 0. As B;
mesons mix, the free parameters pg and p; need to be extracted in a simultaneous fit to the oscillations
of the B, taking also into account the presence of physics backgrounds.

The detailed procedure is explained later in this section.

A required condition is that the estimation of w as a function of the response of the Neural Net has to
be the same for the CP signal and the control channel, so that a calibration using B; — D,m events can
be used for the B, — J/v¢ events. Figure 1 shows the result of this proof-of-principle check (which
is possible by accessing the MC truth information®). The By, — J/¢¢ channel is indicated by black
triangles while B, — D,m by red circles. For the B, — J/1¢ channel a “lifetime unbiased” event
selection has been used [6], starting with 92k fully simulated and reconstructed Monte Carlo events.
For the B; — D, channel the available data sample consisted of 63k events. The results of the linear
fit in the Figure shows that the SS kaon tagging calibrations are compatible for the two channels. All
selected events are after the first-level (LO) trigger [7].

The offline selection of B, — D,7 events is described in [8]. The expected annual yield is around
175k events after the LO trigger and the background over signal ratio, B/S, is 0.4. The background
composition is mainly coming from 2 sources: from combinatorial background (50%), evaluated on an
inclusive bb sample, and from the specific decay mode B — D (35%). Other sources of background
(15%) include Bs — Dsp, Ay — A.m and Ay — D7 events.

Tables 7 and 8 summarize the tagging performance of the two channels By, — J/¢¢ and B, — D7 re-
spectively after the LO trigger. They are subdivided into three sections. The first block corresponds
to the performance of each individual tagger method, regardless on the number of active taggers

b All results shown in this note correspond to the so-called “Data Challenge 2006” Monte Carlo samples.
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Figure 3 True mistag vs n for SS kaons in events that are background for the B, — D,m channel. A
simple linear fit is superposed.

in a given event. In the second block, the information from the tagger responses are combined to
form a final flavour decision. The events are sorted into five bins of decreasing wrong tag fraction.
The effective efficiencies in each of these bins can be summed up directly and corresponds to the
global tagging power achievable, indicated by the “combined” label. Its value corresponds to 6.46%
for B; — J/v¢ and 8.67% in the case of B, — D events. The third block is the same as above with
the exclusion of the SS kaon tagger. The label “average” refers to the results where all events are put
together, as if only one tagging category existed. The main differences between the two modes come
from the effect of the trigger and from the different signal spectra as it will be discussed in the last
section.

The response from the Neural Net for the SS kaon tagger representing the raw estimate for the prob-
ability of mistag has the distribution shown in Figure 2, for right and wrong tags. The true mistag
has to be measured along with the oscillation amplitude and can not be extracted as easily as in the
Bt — J/¢YK™ case. In order to do so, data are fitted to extract po and p; with the help of the RooFit
toolkit [9], including both signal and backgrounds. In the signal component the wrong tag fraction is
about 33%, while in the background component it is approximately 50%, as can be seen from Figure 3.

An unbinned fit was performed with a B, — D, data sample where the background has been gen-
erated, due to the lack of statistics, with parameters extracted from the available background samples
(bb, By — D7, Ay — Dspand Ay — A .7 events).

The probability density function (PDF) consists of the exponential decay time distribution of the signal
B;, a double gaussian for the mass dependence, a term for the decay time acceptance and a PDF for
the expected eta distribution (see Figure 2). The explicit expression of the final PDF is given by:

PDst(m) = fm : G(m§MBaom1) + (]- - fm) . G(m;MB,O'mQ)

AT,
PDFy4(t,n,q) = A(t) -exp(—Fst’)-[cosh(Tt’H—q-(1—2-(p0+p1-77))-cos(AmS-t’)]®G(t—t’; Tt(sig))

27‘BS

PDF®! (m,t,n,q) = PDFyi4(m) - PDFg4(t,n,q)- PDF(n)

sig

where q is +1 for unmixed B; and -1 if mixed; the proper time acceptance is taken as A(t) = 11%

while AT’y = 0.06852 ps—!, Am,; = 20 ps—!, and 75 = 1.461 ps are kept fixed in the fits.
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For background parametrization, an exponential term for the mass, acceptance for proper time and
the observed PDF for 1 are considered:

PDFyig(m) = exp(m; —a)

PDFyry(t,q) = A(t) cexp(t’s Torg) - [14 a4+ (1 — 2wing)] @ G(t —t'; 04(bkg) )

2Tpkg

PDFRl(m,t,n,q) = PDFyrg(m) - PDFyy(t,q) - PDF(n)

The total PDF for signal and background is then:

PDF™ (m,t,0,q) = fsig - PDF(m,t,n,q) + (1 — fuig) - PDEE (m,t,1,q)

where f;, is the fraction of signal events.

Figure 4 shows the fit to the B, mass distribution (signal + background), Figure 5 shows the fit to the
proper time of unmixed and mixed events, and Figure 6 the corresponding asymmetry. In the top plot
of Figure 7 shows the same oscillation plot in the region of proper time up to 5 ps. It can be noticed
that the amplitude of the oscillations is slightly increasing with the proper time. This effect is due to
the dilution of the background which has a stronger impact at the small proper times, as indicated by
the bottom plot of Figure 7 from which the background component has been excluded.
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Figure 4 B, mass distribution for SS kaon tagged B, — D 7 events including background. The solid
red line shows the result of the fit of the signal+background components, while the blue dotted line
indicates the background component alone.

Results of the fitted parameters are shown in Table 1. The proper time resolution of signal has been
fixed (38 fs) to properly determine the contribution of the mistag to the overall dilution. Around 37k
events with a SS kaon tag have been used to perform the fit, which is equivalent to an integrated
luminosity of 1.4 fb~!. The tagging efficiency in this sample corresponds to €.t = 26%. The values
obtained for py and p;, which are compatible with the true ones, are py = —0.006 & 0.009 and p; =
0.97 £ 0.03, see Figure 1.

To assess the statistical sensitivity on the mistag parameters after one year of nominal LHCb data
taking (2 fb~'), a full toy study has been performed using 1348 toy Monte Carlo samples, each cor-
responding to 50k events. The resulting uncertainties correspond to +0.0028 on parameter po, and
+0.016 on p;. The first two plots of Figure 8 show the pull distributions for the fitted parameters p
and p;.
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Figure 5 B proper time distribution for SS kaon tagged B, — Dsw events including background.
Unmixed events (left plot) and mixed events (right plot).
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Figure 6 The B, proper time asymmetry, Mxﬂwd for SS kaon tagged B, — D,m events
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including background in the range of the proper time up 7108 ps.

The same procedure can be used to evaluate the sensitivity to the global mistag rate wgs, which corre-
sponds to £0.005 (i.e. 1.6% relative error). This estimate for the error has been obtained from 920 toy
experiments, including background. The third plot of Figure 8 shows the pull distribution for wgs.

Future studies will be needed to evaluate the possible systematics associated to the fit.

3 Combination of the taggers’ decisions

The combination of SS kaon tagger with OS taggers can increase e.¢ by almost a factor 2. This can
be seen in Tables 7 and 8, where the inclusion of the SS kaon tagger augments the combined effective
tagging efficiency from 3.4% to 6.46% in the case of B, — J/v¢, and from 4.53% to 8.67% in the case
of the B, — D m mode. Since the SS kaon tagger has a higher purity with respect to the other taggers,
it tends to contribute to the tagging categories from 2 to 5, i.e. the ones of lower mistag.

The function w(n) for OS taggers can be calibrated directly with Bt — J/¢K*. We need therefore a
general way to combine the probabilities of all taggers, OS and SS, to get a reliable event-per-event
probability of mistag to apply in B; — J/¢¢ events. However, due to the correlations among taggers,
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Figure 7 The B, proper time asymmetry, juamieed—fmized for SS kaon tagged B, — Dym events

including background in the range of the proper time up to 5 ps. The plot below corresponds to the
case with no background.
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Figure 8 Pull distributions of the mistag parameters pg, p1 and wgg respectively.

| parameter | fitted value |
B/S 0.306+0.005
Im 0.379+0.010

Mg (GeV/c?)

5.3683+8-10~°

om1 (GeV/c?)

0.0119+0.0001

oma (GeV/c?)

0.02040.0002

a (GeV/c?)! 3.440.2
a(ps™3) 7.4+0.4
o 0.015+0.005
P 0.920+0.014
7PKE (ps) 0.647+0.012
o8 (ps) 0.10+£0.07
wPkE 0.510+0.005

Table 1 Value of the fitted parameters on B, — D 7 signal + background events.

this can not be done straightforwardly, as the real mistag would become underestimated. Figure 9
shows the deviation of the estimated mistag from the true mistag when combining OS taggers.

i | e JOSK]|SSK] Quux

I 1.00 | 0.01 | 0.03 | 0.02 | 0.10

e 1.00 | 0.03 | 0.01 | 0.07
OSK 1.00 | 0.03 | 0.19
SSK 1.00 | 0.02
Qvtx 1.00

Table 2 Correlations of tagger decisions for By — J/v¢ decays.

Table 2 shows the correlation in the decision of the taggers in B, — J/1¢ events. The main source of
correlation is the secondary vertex tagger, Qvtx, with the other OS taggers. Note also that correlations

among OS taggers and SS kaon are much smaller.

A few strategies to correct or remove these correlation effects can be envisaged, from the most simple

to the one which offers the highest

Eeff:

1. Remove the Secondary Vertex Charge tagger from the combination.

2. Measure a posteriori a correction to apply to the event-per-event w from B™ — J/i) KT events.

3. Measure wog in each one of the 5 categories from B — J/¢K* events and combine with the SS
kaon tagger using the fact that the correlation with OS is very small.

4. Use an additional Neural Net which takes as input the response of the five individual taggers.

page 8



Combination of same-side with opposite-side flavour tagging Ref: LHCb-PUB-2009-027

Public Note

Issue: 1

3 Combination of the taggers’ decisions Date: February 11, 2010

X2/ ndf 41.52/33
1 po 0.03831 + 0.008627
pl 0.9855 + 0.02428

rue

os

[

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

\\‘\‘HH‘HH‘\T\H‘HH‘HH‘HH‘HH‘HH‘HH

Il ‘ L1 11 ‘ | ‘ L1 11 ‘ | ‘ L1 11 ‘ | ‘ L1 11 ‘ | ‘ | |
005 01 015 0.2 025 03 035 04 0.415 0.5
“Pos

"

Ofr

Figure 9 True wrong tag fraction of OS taggers versus the estimated probability to be wrong obtained
as a product of individual OS taggers probabilities. For B, — J/1¢ offline selected events after the LO
trigger. Full line corresponds to a linear fit and dashed line the expected behavior without correlations.

3.1 Excluding the Secondary Vertex Charge tagger

The effect of removing the Secondary Vertex Charge (SVC) tagger from the combination of taggers is
shown in Figure 10, to be compared with Figure 9 where the tagger is activated. The total effective
efficiency in this case is reduced from 6.46% to 6.05% for B, — J/1¢ events.

Bs — J/v¢
| ctag () | w (%) | eqr (%)
catl 26.98+0.15 | 42.7£0.3 | 0.57+0.05
cat 2 12.194+0.11 | 34.3+0.4 | 1.21+£0.07
cat3 7.34 £0.09 | 26.840.5 | 1.57+0.08
cat4 3.95+0.06 | 21.0+0.7 | 1.32+0.07
catb 3.17 £0.06 | 13.94+0.6 | 1.65£0.07

average 53.6+0.2 | 34.1+0.2 | 4.93+0.15
combined | 53.6+£0.2 | 32.840.2 | 6.33+£0.15

Table 3 Tagging performance in B, — J/v¢ decays after the LO, using Q.ix only if it is the only
available tagger or in presence of the SS tagger.

If we remove the SVC tagger when one of the other taggers is present, the effective efficiency decreases
to 6.26%. Since the SS tagger response shows a negligible correlation with the SVC tagger, we can use
SVC tagger also when SS tagger is present. The effective efficiency in this case goes from 6.26% to
6.33% in B, — J/¢¢ events. This can be done without introducing a bias in the correlation plot of
Figure 10. Table 3 shows the tagging performances obtained in this case.

This option has the advantage of being very simple, with a modest reduction of the tagging perfor-
mance with respect to the initial 6.46%. For its simplicity we plan to take this option as the baseline
for tagging. As seen from Table 2 correlations, albeit small, still exist among the other OS taggers, so
that also other possibilities are worth investigating.
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Figure 10 True wrong tag fraction of OS taggers versus the estimated probability to be wrong exclud-
ing the OS vertex charge tagger.

3.2 A posteriori correction of the OS mistag

One possible way to proceed is to use the observed bias in the determination of w in a control channel
to recorrect event-per-event a posteriori the mistag in the CP signal channel. In the measurement of the
B, mixing phase (3, [2] one could use Bt — J/{)K* events as a control channel, and export such
a correction to the CP signal channel (see top of Figure 11, where the difference westimated — Werue 1S
plotted as a function of westimatea). This is possible provided that the CP signal channel, in this case
B, — J/1¢, shows the same dependence on westimated (Se€ bottom of Figure 11). This is indeed the
case as the results of the fits are comparable for the two channels.

Table 4 shows the results for the tagging performances with the applied correction for westimated — Wtrue
evaluated on Bt — J/¢K™* events. The column labeled as “w from J/¢ K" shows the comparison
of the mistag rates in the five categories calculated using the correction evaluated with the control
channel Bt — J/yK*. All estimated mistags are compatible with the wi,ye values.

B, — J/y¢
| €tag (0/0) | Wtrue (0/0) | w from J/i/)K+ | Eeff (0/0)

cat1 18.43+0.13 | 40.44+04 40.6+0.4 0.67+0.05

cat2 9.90+0.09 33.3+0.5 33.1+0.5 1.01+0.06

cat3 6.95+0.08 27.64+0.6 27.2+0.6 1.394+0.07

cat4 4.04+0.06 20.4+0.7 21.3+0.7 1.414+0.07

cath 3.454+0.06 13.5+0.6 12.6+0.6 1.84+0.07

average | 41.96+0.14 | 32.60+0.24 - 5.08+0.14

combined | 41.96+0.14 | 30.57+0.24 - 6.34+0.15

Table 4 OS (corrected correlations) + SS flavour tagging performance in Bs; — J/1¢ decays after the

LO.

3.3 Useof B — J/¢K* events to measure OS mistag

One other possible recipe is to first tune each individual tagger on a control channel, like Bt —
J/¢Y K, and then build an estimator of the combined probability treating the taggers as independent,
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Figure 11 The difference westimated — Wirue 8S @ function of westimatea ON BT — J/9 K+ events (top)
and on B; — J/v¢ events (bottom) [2].

even if they are not, in order to sort them into the usual 5 tagging categories. At this point one can use
the B® — J/¥K* control channel to measure the correct w for the events in each of the 5 categories.
In this way any possible existing correlation among the initial taggers becomes irrelevant, since one
measures directly the combined OS mistag from the data in a control channel for a specific tagging
category.

Once an unbiased mistag evaluation for the combination of the OS taggers is obtained, the OS mistag
probability can be combined with the SS mistag probability, exploiting the fact that SS and OS tag-
gers are uncorrelated. An event-per-event mistag probability can be obtained by means of the simple
expression:

wror(£1) = wos(£1) - wss(£1)

_ maa:(wTOT(+1), UJTOT(_l))
wror(+1) + wror(—1)

The final probability w constitutes therefore an unbiased estimation of the mistag in the control chan-
nel which can be used for the CP channel. In [3] it has been shown that the results of the tagging
algorithms are comparable within errors for the two channels B — J/¢yK* and BT — J/¢Y KT, so
that the final performance achievable with this method is equivalent to the method described in the
previous section.

3.4 Use of a Neural Net for the combination of taggers

One valuable feature of Neural Nets is that they are insensitive to correlations in the input variables,
so that if, for example, one of the tagger decisions were an exact duplication of another one (i.e. 100%
correlated), its weight would be automatically set to zero by the Neural Net in the training phase.

The simple idea is therefore to feed the Neural Net inputs with the output w; from the individual
tagger probability estimation. In the case that the tagger decision is B, then 1 — w; is given as input.
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Treating B-tagged events as “signal” and B-tagged events as “background” is a convenient way to
exploit one of the multi-variate tools like TMVA [10]. Events which are tagged by one single tagger do
not obviously need any special treatment, so the Neural Net is only trained and applied on events with
multiple active taggers. As SS tagging is different for By, and B, channels, two different trainings
for the Neural Net combination would be needed in principle. As a matter of fact this turns out to
be unnecessary, as applying the tuning of a B, channel to a By channel shows the same tagging
performance that one obtains with a dedicated tuning. This is not so surprising if one considers that
in the case of the OS taggers, the correlations are similar in the B, and By, modes, while for the OS
versus SS they are anyway small. As a result the Neural Net is able to deal with both cases at once.

The results with this method are comparable with or even better than the two previous methods, (see
Table 5) giving a e.g=(6.551+0.15)% on Bs — J/¢¢ events, and e.4=(8.80+0.21)% for B, — Dsm. Other
channels have been studied without changing the tuning of the Neural Net itself, obtaining similar
or better tagging performances and successfully correcting the correlation issues. Figure 12 shows the
true mistag as a function of the estimated mistag for the three channels B, — J/¢¢, B; — D, and
Bt — J/¢K™. This procedure allows to have an event-per-event correct estimation of w which can
then be used as input to the CP fits.

Bs — J/¢é
| €tag (0/0) | w (0/0) | €Eeff (0/0)
cat1l 21.41+0.14 | 44.0+0.4 | 0.30+0.04
cat 2 13.2940.11 | 37.24+0.4 | 0.87£0.06
cat3 9.69 £0.10 | 30.1£0.5 | 1.54+0.08
cat4 6.24 +0.08 | 22.9£0.6 | 1.83+0.08
catb 4.01 £0.06 | 14.5+£0.6 | 2.02+0.07

average 54.63+0.2 | 34.2+£0.2 | 5.17+0.15
combined | 54.63+0.2 | 32.7+0.2 | 6.554+0.15

Table 5 Performance in B, — J/v¢¢ decays after the LO, obtained combining the taggers using a
dedicated neural net.

One additional possibility that has been explored is the application of a linear transformation to the
7n; of the taggers defined by ' = (1 — k;)n; + ki/2 where k; are 5 free parameters that minimize
|Wrue — Westimated|- The minimum is found at k. = k, = ki = 0, kxss = 0.1 and k¢, = 0.3. The tagging
performances are similar to those in the previous case, but the correction of the bias is not as good as
in the case of the combination with the Neural Net.

4 Trigger and selection effects

The calibration of the Neural Net outputs is independent on the offline selection differences among
decays, so when computing an event-per-event probability of the tagging decision to be right, there is
no need for further corrections. The reason is that given a point in the phase space of the reconstructed
B the mistag is found to be the same. See for instance Figure 13 which shows the mistag dependence
of OS and SS kaons with the transverse momentum, pr of the B,. The linear fit is compatible among
different decays.

However, since there is a dependence of the mistag with the pr(B), which can be different for each
of the taggers, differences on w have to be taken into account if it is measured globally (i.e. on events
already sorted into tagging categories), because of the differences in the spectrum of the control chan-
nels and in the B; — J/¢¢ spectrum. Figure 14 shows the pr(B;) distributions before and after the
LO trigger. This differences in spectra can be introduced by offline selections and also by the trigger.
For instance, most B; — J/1¢ pass the LO trigger due to the muons while B; — D m events due to
hadrons. To cope with these differences, the samples can be split into Triggered Independently of Sig-
nal (TIS) and Triggered On Signal (TOS) categories. Table 6 gives the fraction of TIS and TOS events in
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Figure 12 True wrong tag fraction versus the estimated wrong tag fraction from the Neural Net
combination for the three channels B; — D (top), B4 — =nr (center) and BT — J/¢y K™ (bottom).

different decays, where TIS also includes TIS+TOS events (Bt — J/¢ KT and B® — J/¢K* channels
have similar fractions as By — J/¢¢).

Figure 15 shows the pr(B) distributions of TIS and TOS samples. The performance of tagging on TIS
events is expected to be similar among different decays and higher than in TOS events, because in the
case of TIS events there is a higher probability that the trigger was fired by some decay products of
the opposite B. This explains why for example e.¢ is 6.4% for B, — J/1¢ and 8.7% for B; — D,.
Because of the selection cuts in the signal B, TOS events can exhibit larger differences among different
decays, that can be corrected for knowing the w,,,. 5y dependence of each tagger, as explained in detail
in [11, 12, 13]. OS taggers w increases with pr of B, while SS just does the opposite. When estimating
the global mistag of each one of the 5 categories including all taggers, this dependence is compensated,
and as a result, similar values of w are found for B; — J/v¢ and Bs — D,m despite their differences
in spectrum.
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LO TIS (%) | LO TOS (%)
B, — J/{¢ 235 74.3
By — Dy, 36.8 61.0
B, — Dym 55.1 442

Table 6 Fraction of Triggered Independently of Signal (TIS) and Triggered On Signal (TOS) events.
For the BY — J/yK* and Bt — J/y K™ modes the corresponding fractions are the same as for the
Bs; — J/v¢ channel due to the same topology of the decay.

5 Conclusions

A way to calibrate the response of the Same Side kaon tagger using B; — D,m events has been
presented along with different possible procedures to combine Same Side with Opposite Side tag-
ging. Each one may show advantages or disadvantages depending on the specific physics analysis
involved. In all cases, the inclusion of the Same Side implies a very significant improvement, increas-
ing the final effective tagging efficiency by almost a factor 2.

The absolute precision that can be achieved with B; — D,m events on the determination of wgg using
the number of events equivalent to one year data taking is £0.005.

In order to combine the tagger algorithms to give a final decision for the flavour of the B, the baseline
choice would be to remove the secondary vertex charge in the presence of other OS taggers, because
of the simplicity of the method. On the other hand, the Neural Net method provides a better final
tagging performance in different decay modes with the same initial tuning. Both ways to proceed can
correct the bias issue between the estimated and the true wrong tag fraction and will allow to have an
event-per-event correct estimation of w that can be used as input to the CP fits.
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B, - JJ49
| €tag (0/0) | w (0/0) | Eeff (0/0)
Individual taggers
1 6.02+£0.08 | 31.1£0.6 | 0.86+0.06
e 2.91+0.06 | 31.0+0.9 | 0.42+0.04
OSK 15.604+0.12 | 35.3+0.4 | 1.3440.07
SS K 26.75+0.15 | 34.94+0.3 | 2.4340.10
Qvtx 34.64+0.16 | 40.9+0.3 | 1.1440.07
Combination of all taggers
cat 1 27.46+0.15 | 42.840.3 | 0.5740.05
cat 2 11.064+0.10 | 35.1+0.5 | 0.9840.06
cat 3 7.61+£0.09 | 28.9+£0.5 | 1.35+£0.07
cat 4 5.14+0.07 | 23.24+0.6 | 1.484+0.07
cath 4.20+£0.07 | 14.840.6 | 2.0840.08
average | 55.47+0.16 | 35.8+0.2 | 4.50+0.13
combined | 55.4740.16 | 32.934+0.2 | 6.46+0.15
Combination of OS taggers only
cat 1 27.18+0.15 | 44.940.3 | 0.2840.04
cat 2 6.97+£0.08 | 35.5+0.6 | 0.59+0.05
cat 3 5.02+0.07 | 30.840.7 | 0.74+0.05
cat 4 3.68+0.06 | 26.0+0.8 | 0.84+0.06
cath 2.13+£0.05 | 16.7£0.8 | 0.95+0.05
average 45.04+0.2 | 39.0+0.2 | 2.194+0.10
combined | 45.0£0.2 | 36.2+0.2 | 3.40+0.11

Table 7 Flavour tagging performance for offline selected B, — J/1¢ events passing the Level-0
trigger, for the individual taggers and for their combination. Results using opposite side tagger only
are shown as well. Uncertainties are statistical.
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Figure 13 Wrong tag fraction calculated using MC information of OS kaon tagger (top Figure) and
SS kaon tagger (bottom Figure) vs pr of the reconstructed B;. Results for offline selected By, —
J/v¢ (black triangles, full line fit), B, — D,m (red circles, dashed line fit) and B, — D,uv, (blue
squares, dotted line fit) events after the LO trigger.
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By — Dgm
€rag (%) w() | er (%)
Individual taggers

u 9.2+0.1 | 29.0£0.6 | 1.6+0.1
e 29+0.1 | 30.6£1.1 | 0.434+0.05

OSK 15.0+0.1 | 31.6+£0.5 | 2.04+0.1

SSK 26.0+£0.2 | 30.9+04 | 3.8+0.2

Qvix 39.5+0.2 | 40.0£0.3 | 1.640.1

Combination of all taggers
cat1 27.81+0.18 | 43.1+0.4 | 0.53+0.06
cat2 10.77+0.12 | 33.3£0.6 | 1.214+-0.08
cat3 8.22+0.11 | 27.3+0.6 | 1.70£0.10
cat4 6.18+0.10 | 23.7+0.7 | 1.70£0.09
cat5 6.83+0.10 | 14.0£0.5 | 3.54+0.12
average 59.8+£0.2 | 33.840.2 | 6.25+0.19
combined | 59.840.2 | 31.0£0.2 | 8.6740.20
Combination of OS taggers only

cat1 27.88+0.18 | 44.24+0.4 | 0.38+0.05
cat2 7.93+0.11 | 34.4+0.7 | 0.77+0.07
cat3 5.95+0.09 | 28.9£0.7 | 1.06+0.07
cat4 4.33+£0.08 | 25.0£0.8 | 1.0940.07
cat5 3.11+0.07 | 18.4£0.9 | 1.2440.07
average 49.2+0.2 | 37.4+0.3 | 3.10+0.14
combined | 49.240.2 | 34.8£0.3 | 4.53+0.15

Table 8 Flavour tagging performance for offline selected B, — D,m events passing the Level-0
trigger, for the individual taggers and for their combination. Also results using opposite side tagger
only are shown. Uncertainties are statistical.
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