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Summary. —

The determination of the C' P-violating phase in B — J/1¢ decays is one of the key
goals of the LHCb experiment. Its value is predicted to be very small in the Standard
Model but can be significantly enhanced in many models of New Physics. The steps
towards a precise determination of this phase with a flavour-tagged, time-dependent
angular analysis of the decay BY — J/1¢ are reviewed and first studies performed
with data collected in 2010 at LHC in pp collisions at 7 TeV center-of-mass energy are
presented for the first time. In particular, we report the first LHCb measurements
of lifetime in the channels Bt — J/¢K', B — J/¢K*?, B® — J/yK2, B? — J /¢,
Ay — JAbA; the polarization amplitudes in B® — J/¢K*® and B! — J/v¢¢; the
width and mass differences of the B mass eigenstates, ATy and Ams. The data
sample used corresponds to an integrated luminosity of 36pb~1.

PACS 12.15.Hh — Determination of Cabibbo-Kobayashi & Maskawa (CKM) matrix
elements.

1. — Introduction

The interference between B? decays to JAb¢ either directly or via BY-B? oscillation

gives rise to a C'P-violating phase qﬁ‘s]/ “? In the Standard Model, this phase is predicted
to be =~ =20, where s = arg(—VisVih/VesVe). The indirect determination via global
fits to experimental data gives 20, = (0.036340.0017) rad [1], within the Standard Model.
The direct measurement of this phase is one of the key goals of the LHCb experiment.
Indeed, QS;W¢ is one of the C'P observables with the smallest theoretical uncertainty in
the Standard Model, and New Physics could significantly modify this prediction, if new

particles contribute with a new phase to the BY-BY box diagram. Both CDF and D@

have reported constraints on ¢2/¥¢ with large uncertainties [2, 3].

In this document, we present the steps towards a measurement of ¢;'/ Y9 at LHCb and
give the first preliminary results obtained with the 2010 data. The C P-violationg phase
will be extracted from a tagged time-dependent angular analysis of B — Jip¢ decays.
Therefore, the following steps are required:

— in sect. 2, we present the selection and lifetime of B — J/(uu)é(KK) channel,
together with other b— Ja)(up)X control channels;
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Fig. 1. - BY mass (left) and proper time (right) projections of the two-dimensional fit to the
Bt — JWK* candidates with ¢ > 0.3 ps. The total fit is represented by the blue solid line, the
signal contribution by the green dashed line and the background contribution by the red dashed
line. The mass range for the fit is m € [5.15,5.40] GeV /c*.

— in sect. 3, we report on the untagged angular analysis of B — Jib¢, together with
the control channel B? — JA/K*Y;

— the tagging of the BY flavour at production is discussed in sect. 4, together with
the measurement of Amg and Amy;

— other channels can be used to measure the mixing-induced C'P violation in
Bl-decays amongst which the B? — JAbfy channel. The first observation of this
decay is reported in Sect. 5.

2. — Selections and lifetime measurement

The trigger and selection of BY — Jb(uu)$(KK) and control channels are described

in [4]. The measurement of ¢>;W¢ requires a good understanding of detector effects such
as the proper time acceptance and resolution, angular acceptance, mistag fraction and
background. The strategy is to trigger and select several b — Ji)X decay modes in a
similar way and use them as control channels to calibrate the detector and validate the
analysis procedures used when studying B? — Jibé.

The b-hadron lifetimes are extracted from a maximume-likelihood fit to the proper time
distributions of the fully reconstructed candidates. In order to avoid as much as possible
a proper time dependent efficiency both the trigger and the offline selection are chosen
to be lifetime unbiased: the selections avoid cutting on variables that are correlated with
the b-hadron proper time, such as impact parameters of final state particles with respect
to the primary vertex. The only exception is a cut on proper time ¢ > 0.3 ps which allows
to remove the huge prompt background dominated by combinations of tracks originating
from the primary vertex.

The reconstructed mass and proper time projections of B¥ — JiK*, B — JaK*,
B — JWKY, BY— JAb¢ and A, — JipA are shown in figs. 1 to 5. The extracted lifetimes
and the signal yields in the proper time range ¢t € [0.3,14] ps are shown in table I.
They are compatible with the PDG values [5]. The proper time resolution measured in

BY — JAp¢ event is 50 fs. The systematics uncertainties are given in table IT and detailed
in [4].
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Fig. 2. — BY mass (left) and proper time (right) projections of the two-dimensional fit to the
B? — J/wK*O candidates with ¢ > 0.3 ps. The total fit is represented by the blue solid line, the
signal contribution by the green dashed line and the background contribution by the red dashed
line. The mass range for the fit is m € [5.20, 5.36] GeV /c*.
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Fig. 3. — B” mass (left) and proper time (right) projections of the two-dimensional fit to the
B? — J/ng candidates with ¢ > 0.3 ps. The total fit is represented by the blue solid line, the
signal contribution by the green dashed line and the background contribution by the red dashed
line. The mass range for the fit is m € [5.15,5.40] GeV /c?.

o 240 i~
2 LHCb o LHCb
> 220 L 0 i
$ Preliminary N Preliminary
~ 200 Vs =7TeV Data 2 5 =7TeV Data
=3 ~
S 180 @
e T
< 160 H
2 140 “
o
o 120
100

80

60

40

20

Reetobestotntet Botit s sgipnbiipbabiins, - k3 I
g.z 5.25 5.3 5.35 5.4 5.45 5.5 5.55 6 10 12 14
Jhy¢ invariant mass (GeV/c?) Jhy¢ proper time (ps)

Fig. 4. — BY mass (left) and proper time (right) projections of the two-dimensional fit to the
B? — Jab¢ candidates with ¢ > 0.3ps. The total fit is represented by the blue solid line, the
signal contribution by the green dashed line and the background contribution by the red dashed
line. The mass range for the fit is m € [5.20,5.55] GeV/c?.
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Fig. 5. — Ay mass (left) and proper time (right) projections of the two-dimensional fit to the
Ay — JAA candidates with ¢ > 0.3 ps. The total fit is represented by the blue solid line, the
signal contribution by the green dashed line and the background contribution by the red dashed
line. The mass range for the fit is m € [5.47,5.77] GeV/c?.

TABLE 1. — Signal event yields and lifetimes extracted from the likelithood fits to the candidates
with proper time t € [0.3,14] ps. A single exponential is used to fit the proper time distribution.

Channel Lifetime (ps) Yield
BT — JyK*T 1.689 + 0.022(stat.) & 0.047(syst.) 6741 + 85
B — JK*° 1.512 + 0.032(stat.) & 0.042(syst.) 2668 + 58
B® — JWK? 1.558 + 0.056(stat.) 4 0.022(syst.) 838 + 31
B — Jipo 1.447 + 0.064(stat.) & 0.056(syst.) 570 + 24
Ay — JAA 1.353 + 0.108(stat.) & 0.035(syst.) 187 £+ 16

TABLE II. — Systematic uncertainties in the lifetime measurements (ps).

Bt — JWK"™ B°—= JYK*® B{— Ji¢ B°— JWKE A, — JAA

Signal mass model 0.002 0.002 0.010 0.014 0.012
Signal time model 0.043 0.038 0.040 0.015 0.022
Bkg. mass model 0.009 0.020 0.005 0.008 0.023
Bkg. time model 0.003 0.006 0.003 0.006 0.006
Time resol. model 0.005 0.005 0.005 0.005 0.005
Momentum scale 0.001 0.001 0.001 0.001 0.001
Decay length scale 0.001 0.001 0.001 0.001 0.001
Quadratic sum 0.047 0.042 0.056 0.022 0.035

3. — Untagged angular analysis of BY — J/K** and B? — JAb¢

The decays BY — Jip¢ and BY — JK*? are both pseudo-scalar to vector-vector
transitions. Both decays are described by three time-dependent decay amplitudes corre-
sponding to transitions in which the J/) and ¢ (or K*°) have a relative orbital momentum
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Fig. 6. — Fitted PDF with S-wave included projected on the transversity angles compared to
the data distributions for the selected B® — JK*® candidates. Shown are the total PDF, the
PDFs for signal (blue), S-wave (green), total background (red) and wrong-signal (purple).

L of 0, 1, or 2. In the transversity formalism [6], the initial amplitudes at time ¢ = 0,
A(0) and A} (0) describe the decays with L = 0,2 while A, (0) describes the L = 1 final
states. The arguments of these complex amplitudes are strong phases denoted do, d] and
01 . The measurement of the polarization amplitudes and strong phases using untagged
events is presented in [7]. For the B® — JAK*0 channel, we find:

|A(0)]* = 0.252 £ 0.020 £ 0.016,

|A1 (0)]* = 0.178 4+ 0.022 4+ 0.017,
6 = —2.87£0.11+0.10,
51 =3.02+0.10 £ 0.07.

The first error is the statistical uncertainty from the 5-dimensional fit (mass, proper time
and 3 angles). The second error is the systematic uncertainty, details of which are given
in [7]. The 1-dimensional projections of the 5-dimensional fit function are compared to
the measured data in fig. 6.

For the B — J/ib¢ channel, assuming (b;Wd):O, we measure:

I's = 0.680 +0.034 + 0.027ps~*,
ATy = 0.084 +0.112 + 0.021 ps ™+,
|A1 (0)]* = 0.279 + 0.057 4+ 0.014,
| Ap(0)|* = 0.532 4+ 0.040 & 0.028,
cos 0 = —1.24 £ 0.27 £ 0.09,

where the first error is the statistical error from the fit and the second error is the system-
atic uncertainty detailed in table III. The 1-dimensional projections of the 5-dimensional
fit function are compared to the measured data in fig. 7.

4. — Flavour tagging and measurement of Am, using B — D (3)7+

The tagging of the initial B-flavour in LHCDb is a key step towards the measurement of
gb‘S]/ “? Tt is described in [8]. The algorithm exploits charged tracks originating from the b-
hadron opposite to the signal B-meson (kaon, muon, electron and vertex charge) and also
tracks close to the signal B-meson (same-side tagging). The algorithm is optimized using
BY— D*~ v, and BT — JRKT events and calibrated using BT — JK*, B®— JAK*°
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TABLE III. — Systematic uncertainties assigned to the extracted physics parameters of the decay

BY— Jio.
Systematic effect Ts[ps™ '] AT[ps™] [AL(0) |4 (0) cos |
Proper time resolution 0.0001 - - - -
Angular acceptance - - - 0.0007 -
Acceptance parametrisation 0.0002 0.001 0.0017 0.0013 -
Proper time acceptance 0.0272 0.001 0.0003 0.0002 -
S-wave treatment 0.003 0.003 0.013 0.028 0.09
Background treatment 0.0002 0.02 0.0016 0.0012 -
Mass model 0.0004 0.004 0.0032 0.0006 -
Total (quadratic sum) 0.0274 0.0206 0.0136 0.0281 0.09
+ data
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Fig. 7. — Fitted PDF projected on the lifetime and the transversity angles compared to the
data distributions for the selected B — Jip¢p candidates. Shown are the total PDF, the PDFs
for signal, the PDF's for the CP-even and CP-odd signal components and the total background

PDF.
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TABLE IV. — Number of BY signal candidates used in the Amsmeasurement.

Decay mode # signal candidates
By — Dy (¢pr )m ™t 515 £ 25
Bs — D (K*K)nt 338 + 27
Bs — D (KtK 77 )rt 283 £ 27
Bs — D, (KYK 77 )3n 245 + 46

events. In [9], the calibration is cross-checked using B® — K*7~ events and the B°-BY
mixing frequency is measured to be

Amg = 0.499 + 0.032 (stat.) = 0.003 (syst.) ps " .

An additionnal crucial test is performed in [10], by measuring the B?-BY mixing frequency
using BY — D (3)7" events. In that case, only opposite side tagging is used. The
effective tagging efficiency is (3.8 £2.1)%. Using the events sample given in table IV, we
measure:

Amg = 17.63 +0.11 (stat.) + 0.04 (syst.) ps !,

which is compatible and competitive with the world best measurement [11]. The details
of the systematics uncertainties are given in [10]. The likelihood profile as a function of
the mixing frequency Amg is shown in fig. 8. The statistical significance of the signal is
evaluated by comparing the likelihood value at the measured Am, value of 17.63 ps~*
with the likelihood value obtained on the same sample in the limit of infinitely high
mixing frequency. We find a significance of 4.6 o for the observed mixing signal. The
statistical size of the sample is not large enough to illustrate the oscillation pattern of the
time dependent asymmetry. However we can more clearly observe the oscillation if we
plot the asymmetry as a function of the proper time modulo AQ;ES (fig. 9). Additionally
we provide an amplitude scan in fig. 9, with all details given in [10].
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Fig. 8. — Likelihood scan for Amy in the range from [0.0,25.0] ps~'. The line at 20.94 indicates
the likelihood value evaluated in the limit of infinite mixing frequency.
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Fig. 9. — Left: Mixing asymmetry for signal B? candidates as a function of proper time modulo
AZT‘: . The fitted signal asymmetry is superimposed. Right: Fitted amplitude as a function of

Amss. See the text for further explanation.

5. — First observation of BY — JAf,

When LHCb will have accumulated more data, the measurement of ¢4 will not only
be done in BY — J/ip¢, but also in other similar channels. One of them, B? — Jjfy, has
been observed for the first time in LHCb [12]. The Jayrt7n~ and 7T 7~ invariant masses
are shown in fig. 10. We measure

R = D(BY — J/¢fo, fo—ntm) 0.952+0-046+0.027
fo/d = I'(BY = J/vg, ¢ — KTK~) = Y.492_0.032-0.033 *

Despite a smaller branching ratio, with respect to B? — Jib¢, the fact that Japfy is a
pure CP-odd final state makes the measurement of ¢4 simpler, since no angular analysis
is required.
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Fig. 10. — Left: The invariant mass of J7" 7~ combinations when the 7+ 7~ pair is required
to be within £90 MeV of the f5(980) mass. The data have been fit with a signal Gaussian
and several background functions. The thin (red) solid curve shows the signal, the long-dashed
(brown) curve the combinatorial background, the dashed (green) curve the BT — J/% K™ (™)
background, the dotted (blue) curve the B® — J/¢K*° background, the dash-dot curve (purple)
the B® — J/uwn™m~ background, the barely visible dotted curve (black) the sum of BY — J /¢’
and J/1¢ backgrounds, and the thick-solid (black) curve the total. Right: The invariant mass
of 777~ combinations when the Jiy7" 7~ combination is required to be within £30 MeV of the
B2 mass. The dashed curve is the like-sign background that is taken from the data both in
shape and absolute normalization. The dotted curve is the result of the fit described in [12].
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6. — Epilogue

While completing these proceedings LHCb has released its first preliminary results on
(Z);]/ Vo [13]. The dataset was too small to calibrate the same-side tagger; the opposite side
tagger has a measured effective efficiency of 2.2 +0.4%. Although it was not possible to
give a point estimate contours in the ¢s-Al's space could be calculated.

7. — Conclusions

The B? — JAp¢ channel will allow LHCb to probe possible New Physics effects in

the BJ-BY box diagram. We have presented, for the first time at this conference, the

preliminary results needed for a ¢;Wd> measurement, obtained with the data taken in

2010. The data sample used corresponds to an integrated luminosity of 35pb~!. We
have measured the lifetime of BT — JAKT, B® — JK*, B — JWK2, BY — Jie,
Ay — JAPA, the polarization amplitudes in B — JAK*? and B? — JAbe, the width and
mass differences of the B? mass eigenstates, ATy and Amg. In particular, we measure:
Amg = 17.73 4 0.11 (stat.) 4= 0.04 (syst.) ps—!. With the data currently being taken in

2011, we expect to obtain this year the world best measurement of qbg/ v,

Xk ok

I wish to thanks the organizers of the “Rencontres de Physique de la valle d’Aoste”,
for the very nice atmosphere during the conference in La Thuile, and all my LHCb
colleagues who make possible the first presentation of these 17 new beautiful results.
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