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1. Introduction

The b-hadron decays to charmonium resonances mainly proceed via the b — ccq tree-level
transition and have negligible contributions from electroweak (penguin) loops. Experimentally,
the presence of charmonium in the final states of b-decays is a very clean experimental signature.
All these features grant the efficient collection of large samples of these decays, which are ideal
for testing the Standard Model (SM). Two of the latest analyses featuring b-hadron decays to
charmonium are reported in this proceeding.

2. Measurement of CP Violation in B® — y/(— (*¢7)K(— n*n~) decays

The Cabibbo—Kobayashi—-Maskawa (CKM) mechanism describes the quark mixing in the SM
and its unitarity leads to a series of triangles. The area of these triangles accounts for the degree of
CP violation in the SM, making the measurement of its angles an excellent test of CKM consistency.
Such angles can be measured through the study of the properties in B-meson oscillations. The so-
called 8 angle can be measured through B-meson decays to a CP eigenstate. A relative weak phase
appears between the direct B-meson favored-CKM decay to a CP eigenstate, and the one that occurs
after a B0-B? oscillation. Such phase is defined as twice the 8 CKM angle. The B°-B° decay-rate
difference to a common CP-invariant final state periodically changes due to the interference of B’
decays with and without mixing. The CP-asymmetry depending on the decay-time can be expressed
as:

F(B(t)—> f)-T(B(t)> f) _ Ssin(Amgat) — C cos(Amgt)

L(BO(H)— f)+T(B () — f) cosh($AT 1) + Asrsinh(§ATr)

AF (1) = (1

where S is the mixing-induced CP-asymmetry, C is the direct CP asymmetry, Am is the B°-B°
mixing frequency, and Al'y is the decay width difference between the B mass-eigenstates. The Al'y
is measured to be compatible with zero and, thus, neglecting it simplifies the denominator to one.
The S parameter and the 8 CKM angle can be related as S = sin(28 + A¢ZM + Agbljp), where AqﬁZM
is an additional phase-shift from penguin contributions which are CKM suppressed in the SM,
and thus, neglected; and A¢ij are potential contributions from New Physics. As a consequence,
deviations from S = sin(24) are expected to be small and an indication of physics beyond the SM.

The golden mode to measure the 8 CKM angle is the B® — ¢ K2, where ¢ = [J/r, y(25)]
is a charmonium resonance. The LHCb collaboration performed such measurement using Run 1
(2011-2012) data analyzing B® — Jjy(— ,u*;f)Kg decays [1], and B® — Jjy(— e*e‘)Kg and
B = ¢/(28)(— putu K g decays [2]. This proceeding reports on the update of these measurements
using the three decay channels and exploiting LHCb Run 2 (2015-2018) data corresponding to an
integrated luminosity of 6fb~! collected at a center-of-mass energy of vs =13TeV [3]. The
flavor of the produced B-meson (B° or BY) is identified by means of flavor-tagging (FT) [4]. The
BY — JWK* and B* — JyK* decays are used to calibrate the FT algorithm. The achieved
tagging power is around 6% for the B® — Jjy(— e+e_)K(S) decay mode, and around 4% for
B — [Jj, ¢ (29)](— ;ﬁ,u‘)Kg decay modes. An unbinned, extended maximum-likelihood fit
to the invariant-mass distribution of flavor-tagged signal candidates is performed for each final
state, as can be seen in Fig. 1. The obtained yields are Ngo — Jjy (— /ﬁ,u‘)Kg = 306090 + 570,
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Figure 1: Invariant-mass distribution of the B® — Jjy(— p*u~,e*e™)K and B — ¢(28)(— p*u™)KY
selected candidates with an identified flavour at production.

Npo — Jy(— e+e‘)Kg = 42700 + 220 and Ngo — ¥ (2S)(— /1+,u_)Kg = 23560 + 160. This
invariant-mass fit is used to derived a background-subtracted sample. From this sample, the S and
C CP-violation parameters are derived by means of a fit to the time-dependent decay rate, expressed

as

P(t,d,n) x<e” "t/h{[l +d(1- 2a)+(77))]PBo(t) + [1 +d(1- Zw_(n))]PBo(t)} 2)

with

PBO,(EO)(f) o< (1 Fa)(1 FA€yg)[1 F Ssin(Amgt) = C cos(Amgt)], 3)

and where d, 17, w* and Ag,g are FT parameters, « is the BC-BY production asymmetry, and Iy is
the BY decay width. The projections of this fit to the decay-time and CP asymmetry as a function
of the decay time can be seen in Fig. 2. The CP violation in the neutral kaon system and the effect
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Figure 2: (Left) Decay-time distribution of the BY signal with an identified flavor at production, from the
background-subtracted sample. The projections of the time-dependent fit for the individual contributions of
the three decay modes and for the total are superimposed. (Right) Time-dependent CP asymmetry with the

fit result overlaid.

of kaon regeneration are accounted for. From the fit to each of the decay channel, the CP-violation



Beauty to charmonium decays at LHCh Luis Miguel Garcia Martin

parameters are measured to be

SJ/¢(—’F+/1_)K§ =0.716 + 0.015 (stat) + 0.007 (syst),
=0.010 = 0.014 (stat) + 0.003 (syst),
= 0.649 = 0.053 (stat) + 0.018 (syst),

Cop (ot n K

Sy 28) (ooptum) K

C = —0.087 = 0.048 (stat) + 0.005 (syst),

¥ (28) (-ptu)KY

S Jju(rereyk? = 0.754 +0.037 (stat) = 0.008 (syso),

C.I/zp(—w*e’)Kg = 0.042 + 0.034 (stat) + 0.008 (syst).

These measurement are in agreement with current predictions [5, 6] and the world average [7]. A
simultaneous fit of the three decay modes is performed and results in

Sng =0.717 £ 0.013 (stat) + 0.008 (syst) ,

Cyxp = 0.008 +0.012 (stat) = 0.003 (syst).

¥

This result has higher precision than the current world average.

3. Measurement of the branching fraction of B’ — J/yn® decays

The B® — Jjyn® decay proceeds via the Cabibbo-suppressed b — ccd transition. The SM
predicts relations between the decays of the B® meson to charmonium and a paseudoscalar [8],
namely B® — Jjyr°, B® = Jjyn and B® — Jjyn’. Additionally, the B® — J/yn® decay amplitude
could receive contributions sizable contributions from intermediate pairs of charm mesons [9].
As a result, a precise B (B® — J/yn®) measurement is an interesting probe SM relations and of
final-state interaction effects. The BY — J/yn® decay can also be studied to probe CP violation.
As aforementioned, the b — ccs tree-level transition provides accurate measurements of the
CKM angle. However, in such measurements, penguin pollutions are neglected. The effect of such
pollutions can be assessed by means of b — ccd transitions as those mediating the B® — J/yn®
decay. Particularly, the BaBar and Belle collaborations reported evidence of indirect CP violation
in this decay [10, 11]. The reported values where compatible with those from B® — J/szg pointing
to small contributions from penguin pollutions. As a consequence, high precision measurement are
required to identify such small contributions.

The LHCD collaboration reported the 8 (B® — J/yn") measurement using data from Run 1
(2011-2012) and Run 2 (2015-5018) corresponding to an integrated luminosity of 9 fb~!, collected at
center-of-mass energies of v/s = 7, 8 and 13 TeV [12]. The B* — J/yK** decay with K** — K*n°
is used as normalization channel, given the similar topology to that of the signal channel. The
7 candidate for both signal and normalization channels are reconstructed from a yy pair. The
observable is

_ B(B > Jjyn®)  Ngo— Jjyn’ L EB JWWK**
~ B(B*— JWWK*)  Np+— JWWK* " gg0— Jyn0

x B(K** > K*n¥), 4)

where ex is the efficiency, derived from simulated samples and Nx stands for the yield of signal
and normalization channels, which is derived from a fit to the invariant-mass distribution. Several
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sources of background need to be considered. For the B® — J/y7° signal decay, B* — J/yp* decays
with p* — n*7¥ and the 7" is not reconstructed can mimic the signal. The B — J/ng decay
with Kg — 797° and only one of the ¥ is reconstructed will be partially reconstructed as signal.
The B — JiyK**n decay where the 7 is lost can be partially reconstructed as the normalization
channel. For signal and normalization channels, the 7° or one the photons from the B meson decay
can be replaced by a random 7° or y from the underlying event. The last source of background to
consider is combinatorial background, which consist of random combination of tracks and photons
from the underlying event. Fig. 3 shows the result of the fit to invariant-mass distribution of the
signal and normalization samples. The yields derived from the fit are Ngo — Jjyn® = 1232 + 55
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Figure 3: Invariant-mass distribution and fit projections for (left) B* — J/yn° signal and (right) B* — J/y K**
normalization candidates. The dashed lines represent B — J/yn® or B* — JjyK** decays while the colored
regions represent different sources of background.

and Ngo — JyK** = 13052 + 115. From here, the obtained ratio of branching ratios is

B(B°— Jjyn)

BB JWK~ = (1.153 + 0.053(stats.) + 0.048(syst.)) X 1072, (5)

where systematical uncertainty is dominated by the choice of the signal model. The signal branching
fraction can be extracted from the ratio by using 8 (B* — JiyK**) from PDG [13]. Then, the
obtained signal branching fraction is

B(B®— Jjyn®) = (1.670 + 0.077(stats.) + 0.069(syst.) + 0.095(ext.)) x 1072, (6)

where the precision of the B (B* — JiyK**) is the dominant uncertainty. This new results is in
good agreement with the previous Belle and BaBar measurements.
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