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The LHCD experiment is a forward arm spectrometer designed to make high precision measure-
ments of b-hadron decays at the LHC.

The efficient muon trigger allows to perform studies of B mesons decaying to charmonia with
high precision. An overview of the analyses of the LHCb experiment concerning B decays to
final states containing charmonia is given.
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1. Introduction

Charmonium states are often exploited in studies of CP violation in the b sector because of their
clean experimental signature and because of the many final states containing charmonia accessible
to both B mesons and their anti-particles B.

One of the difficulties in determining parameters of the CKM formalism from CP asymmetries
is the contribution to the final state from higher order processes (penguin topologies). Such contri-
butions are expected to become the dominant source of uncertainty once sufficient statistics will be
collected, but they are difficult to predict theoretically. Relying on U-spin symmetry, the penguin
contribution in B? decays can be easily related to the contribution in B® decays. The B? — J/yK_
effective lifetime measurement, presented here, is a first step toward a measurement of the penguin
contribution to BY decays.

Large size and high purity b — ¢¢ samples selected relying on the clear (¢¢) — 4Ty~ ex-
perimental signature allow to study relatively rare decays, as B(()s) — J/yf1(1285), and to draw

conclusions about the spectroscopy of light states.

Finally, at the LHC, the average flight distance of a B meson is much larger than the uncertain-
ties. Exploiting this feature it is possible to strongly suppress the combinatorial background and to
study relatively rare decays of charmonium states produced in b — ¢¢ transitions. Three notable ex-
amples are reported here. First, the branching fraction measurement Z(B* — (¢¢)K™ — ppK™)
decays (with (c¢) being a J/y, W(2S), Xc0, he, M, X(3872), or X(3915) meson), which can be
combined with previous measurements of Z(B* — (cc)K™) to obtain the branching fraction of
(c¢) — pp decays. Second, the first observation of both the B — w(4160)K™ decay, and the
subsequent y(4160) — u*u~ decay. Third, the observation of the BY — x.¢ decay, and a study
of BY — x.12K*0 decays.

2. The LHCDb detector

The LHCb detector [1] is a single-arm forward spectrometer covering the pseudorapidity range
2 < 1n <5, designed for the study of particles containing b or ¢ quarks. The detector includes a
high-precision tracking system consisting of a silicon-strip vertex detector surrounding the pp in-
teraction region, a large-area silicon-strip detector located upstream of a dipole magnet with a
bending power of about 4 Tm, and three stations of silicon-strip detectors and straw drift tubes
placed downstream. The combined tracking system provides a momentum measurement with rel-
ative uncertainty that varies from 0.4% at 5 GeV/c to 0.6% at 100 GeV/c, and impact parameter
resolution of 20 um for tracks with large transverse momentum. Different types of charged hadrons
are distinguished by information from two ring-imaging Cherenkov detectors [2]. Photon, electron
and hadron candidates are identified by a calorimeter system consisting of scintillating-pad and
preshower detectors, an electromagnetic calorimeter and a hadronic calorimeter. Muons are iden-
tified by a system composed of alternating layers of iron and multiwire proportional chambers [3].
The trigger [4] consists of a hardware stage, based on information from the calorimeter and muon
systems, followed by a software stage, which applies a full event reconstruction.
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3. Effective lifetime measurement in B — J/V/Kg

Measuring the B® — J/wK? mode allows the determination of the B® — B® mixing phase ¢y.
The average composed by the Heavy Flavour Averaging Group (HFAG) is sin¢; = 0.682 +0.019
[5] and is dominated by the results of Belle and Babar. Among the phases constrained by the
unitarity triangle, ¢, is the most precisely measured, and an improvement could help to resolve
a possible small tensions with other measurements constraining the unitarity triangle. However,
it is impossible to achieve a precision below the percent level without an accurate knowledge of
the double Cabibbo-suppressed higher order perturbative corrections, originating from penguin
topologies, which can’t be accurately predicted.

The BY — J/ V/Kg decay is related to the B® — J/l//Kg decay through the interchange of all
the d and s quarks (U-spin symmetry). Moreover, the BY — J/ l//Kg penguin topologies are not
CKM suppressed relative to the tree diagram. As discussed in detail in [6], it is thus important to
characterize the BY — J/l//Kg decay mode, measuring in particular the branching fraction and ef-

e > t(T(By(t)—J/wK?))d
fective lifetime, defined as TJe/ftprQ = fj‘?(;,fér((B; ((tt)):J//JfKSOS));d;, where (I'(By(t) — J/wK?Q)) =T(BY(t) —

JIWKD) +T(BY(t) — J/WKY) = Rye 1#' + Rpe "' is the untagged decay time distribution, under
the assumption that CP violation in BY — BY mixing can be neglected.

A two-dimensional data model for the invariant mass of the J/wK? combination and the BY
decay time is used to determine [7] the effective lifetime, from a sample corresponding to an in-
tegrated luminosity of 1.0 fb—!: T;/ﬁl;ll(_g = 1.75£0.12(stat) +0.07(syst) ps. The branching fraction
B(BY — J/yKY) has been measured to be (1.97£0.023) x 10~>. Where the uncertainty includes

both statistical and systematic sources.

4. First observation of B(()s) — J/yf1(1285) decays

Decays of BY and BY mesons into J/wn™x~ "~ final states, produced in pp collisions,
have been investigated [8] using data corresponding to an integrated luminosity of 3 fb=!. B(()S) —
J/wfi(1285) with f1(1285) — wfw w" 7w~ decays have been seen for the first time, and the
branching fractions relative to B(;) — J/ya* 7~ have been measured to be (3.82 4 0.52 %)%
and (2.3240.54+0.11)% for BY and B° respectively.

The ratio of these branching fraction Z(B® — J/y f1(1285))/2(B° — J/wf1(1285)) = 1.14%
differs by 3.3 standard deviation from the tetraquark interpretation (1.14%) including the systematic
uncertainty.

Using these branching fractions, the f;(1285) mixing angle between strange and non-strange
components of its wave function in the gg structure model has been determined to be i(24.0fgzéf8:g)°,

where the two uncertainties are due to statistical and systematic sources, respectively.

5. Branching fraction of Bt — ppK™ decays

The branching fractions of the decay B" — ppK™ for different intermediate states have been
measured [9] using data corresponding to an integrated luminosity of 1.0 fb~!. The total branching
fraction, its charmless component (M, < 2.85GeV/c?) and the branching fractions via the resonant
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cc states 1, and y(2S) relative to the decay via a J/y intermediate state are

%(B+_> PﬁKJr)total
PB(Bt—J/yK+t—ppK+)

‘%(BJF — pﬁK+)charmless

=4.914+0.19£0.14;
PB(Bt—J/yK+—ppK+)

=2.02£0.10£0.08;

B(BT— n (1)Kt — ppK™)
PB(Bt—J/yK+—ppK+)
PB(BT— y(2S) — KT ppK™)
PB(Bt—J/yK+—ppK+)

=0.5784+0.035+0.027;

=0.080+0.012+0.009

where the two values for the uncertainties are due to statistical and systematic sources, respectively.

gg(gﬁj };ﬁ@i;;fff ") < 0.017 has been obtained, from which a

B(X(3872) — pp)
PB(X(3872) —» J/yrntn~)

An upper limit on the ratio
limit of
<2.0x107°

was derived.

6. First observation of B™ — y(4160)K™ and y(4160) — utu~

A sample corresponding to an integrated luminosity of 3.0 fb~! has been used to study [10]
the dimuon spectrum of BT — K*utu~ decays in the kinematic region where the kaon has a
low recoil against the dimuon system. A structure consistent with interference between the B* —
Ktutu~ decay and a resonance has been observed with a statistical significance exceeding six
standard deviations. The mean and width of the resonance have been measured to be 41911’2
MeV/cZ, and 651’%% MeV/cz, respectively, where the uncertainties include statistical and systematic
contributions. These measurements are compatible with the properties of the y(4160) meson. This
was interpreted as the first observation of both the decay B™ — y(4160)K™ and the subsequent
decay y(4160) — utu~.

7. First observation of B — . ¢ decay and study of B® — x| 2K 0 decays.

Analysing a dataset corresponding to an integrated luminosity of 1.0 fb~!, the B — y.¢
decay has been observed [11], and studies on BY — Xc12K 0 decays were performed.
The following ratios of branching fractions have been measured

39(39 — XCI(P)

CCEYTON (18.9 4 1.8(stat) + 1.3(syst) £0.8(%)) x 1072

BB — x1K*)
PB(BY — J/yK*0)

= (19.8 4 1.1(stat) + 1.2(syst) £ 0.9(A)) x 10>
B(B° — x2K0)

-2
BB 1aK0) (17.1 £5.0(stat) &= 1.7(syst) =1.1(A)) x 10

where the third uncertainty is due to the limited knowledge on the branching fraction of y. — J/yy
modes.
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8. Outlook

Charmonia in the final states of b decays offer clear signature for several studies at LHCb,

reported here only very partially. All the analyses described are limited by the statistical uncer-

tainties. Among the topics not covered, it is worth to mention the studies of the B} meson, whose

observed decays often include a charmonium state in the final state. Our knowledge of the heaviest
ground-state meson in the Standard Model will benefit from the increased statistics expected in the
next years. LHCb has collected so far data corresponding to an integrated luminosity of 3.0 fb—!.
Other 5 fb~! are expected before the Long Shutdown 2, and 50 fb~! after the upgrade. At its restart
in 2015, the center-of-mass energy at the LHC will increase from 8 to 14 TeV, roughly doubling
the bb production cross-section.
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