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B decays to charmonia at LHCb Ivan Polyakov

1. Introduction

The LHCb detector [1] is a single-arm forward spectrometer covering the pseudorapidity range
2 < η < 5, designed for the study of particles containing b or c quarks. LHCb’s efficient dimuon
trigger, excellent decay time resolution and separation of muons, kaons and pions allows to perform
studies of B mesons decaying to charmonia with high precision. During 2011 a total luminosity of
1.0 fb−1 was collected at

√
s = 7 TeV.

Decays of B mesons to final states containing a charmonium resonance such as a J/ψ or
ψ(2S) offer a powerful way of studying electroweak transitions. Such decays probe charmonium
properties and play a role in the study of CP violation and mixing in the neutral B system [2].

Different analyses based on an integrated luminosity of 0.37 – 1.0 fb−1 are presented here:
measurement of relative branching fractions and CP asymmetries of B decays to ψ(2S) and J/ψ
mesons, analysis of resonant components in B0

s → J/ψ π+π−, measurement of B0 → J/ψ K0
S de-

cay branching fraction and B0
s → J/ψ K∗0 decay branching fraction and angular amplitudes, first

evidence for the B0→ J/ψ ω and measurement of branching fractions of B0
s → J/ψ η(′) decays.

2. Relative branching fractions and CP asymmetries of B decays to ψ(2S) and J/ψ
mesons

The relative branching fractions of B+, B0 and B0
s mesons into J/ψ and ψ(2S) mesons have

previously been studied by both the CDF and D0 collaborations [3 – 5]. Since the current exper-
imental results for the study of CP violation in B0

s mixing using the B0
s → J/ψ φ decay [6] are

statistically limited, it is important to establish other channels where this analysis can be done.
One such channel is the B0

s → ψ(2S)φ decay. The relative rates of B mesons decay into J/ψ and
ψ(2S) mesons are measured for the B+→ ψK+, B0→ ψK∗0 and B0

s → ψφ decay modes, where
ψ represents J/ψ or ψ(2S). The mass distribution for selected B0

s → ψK+K− candidates is shown
in Fig. 1. The observed yields are corrected on total efficiencies estimated using simulation [7].
The key feature of the analysis is subtraction of non-resonant contribution from B0→ ψK+π− and
B0

s → ψK+K− decays using sPlot technique [8]. Since the selection criteria for J/ψ and ψ(2S)
modes are identical, most uncertainties cancel in the ratio. Full details of this analysis are given in
Ref. [9]. The measured relative rates are

B(B+→ψ(2S)K+)
B(B+→J/ψ K+) = 0.594 ±0.006(stat)±0.016(syst)±0.015(B) ,

B(B0→ψ(2S)K∗0)
B(B0→J/ψ K∗0) = 0.476 ±0.014(stat)±0.010(syst)±0.012(B) ,

B(B±→ψ(2S)φ)
B(B±→J/ψ φ) = 0.489 ±0.026(stat)±0.021(syst)±0.012(B) ,

where the third uncertainty is related to knowledge of the ratio of J/ψ → µ+µ− and ψ(2S)→
µ+µ− branching fractions. The results are compatible with, but more precise than, the previous
measurements [3, 6]. A comparison with the previous measurements is shown in Fig. 3.

The Cabibbo-suppressed decay B+→ ψπ+ proceeds via a b→ ccd quark transition. In con-
trast to the B+ → ψK+ decay the tree and penguin contributions have different phases and CP
asymmetries at the per mille level may occur [10]. An additional asymmetry may be generated,
at the percent level, from long-distance rescattering, particularly from decays that have the same
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Figure 1: Invariant mass distribution: (a) B0
s → J/ψ K+K− and (b) B0

s → ψ(2S)K+K−. The total fitted
function (solid) and the combinatorial background (dashed) are shown.

quark content (D0D−, D∗−D0 ...) [11]. Any asymmetry larger than this would be of significant
interest. In the analysis the CP asymmetries Aψπ and charge-averaged ratios of branching fractions
Rψ = B(B±→ ψπ±)/B(B±→ ψK±) are measured. The B±→ J/ψ K± acts as a control mode
in the asymmetry analysis because it is well measured and no CP violation is observed [6]. The
B+→ ψ(2S)h+ candidate invariant mass distributions are shown in Fig. 2. The ratios Rψ and CP
asymmetries are extracted from the observed yields by taking account of instrumental effects and
production asymmetries. The identification efficiency and detection and identification asymmetry
of kaons and pions are measured on data using sample of D∗+→D0π+, D0→ K+π− decays. The
production asymmetry, which describes different rates with which B+ and B− hadronize out of the
pp collisions, has been estimated using B+→ J/ψ K+ decays. The measured ratios of branching
fractions are

RJ/ψ = (3.83±0.11(stat)±0.07(syst))×10−2 ,

Rψ(2S) = (3.95±0.40(stat)±0.12(syst))×10−2 .

The resulting Rψ(2S) is compatible with the Belle measurement [12], while RJ/ψ is 3.2σ lower than
the world average at that time, (5.2± 0.4)× 10−2 [6]. A comparison with the previous measure-

 )
2

c
E

v
e
n
ts

 /
 (

 8
 M

e
V

/

50

100

150

 )
2

c
E

v
e
n
ts

 /
 (

 8
 M

e
V

/

50

100

150
  π(2S) ψ →


B LHCb   +π(2S) ψ →

+
B LHCb

5100 5200 5300

10

2
10

3
10

5100 5200 5300

10

2
10

3
10   


(2S) Kψ →


B LHCb

)2c) (MeV/±(2S)hψ(m
5100 5200 5300

)2c) (MeV/±(2S)hψ(m
5100 5200 5300

  
+

(2S) Kψ →
+

B LHCb

Figure 2: Distributions of B± → ψ(2S)h± invariant mass, overlain by the total PDF (thin line) which
represents a sum of correctly reconstructed decay, misidentified events, partially reconstructed decays and
combinatorial background. The dark (red) curve shows the B+ → ψ(2S)π+ component, the light (green)
curve represents B+→ ψ(2S)K+.
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ments is shown in Fig. 3. The measured CP asymmetries,

AJ/ψ π

CP = 0.005±0.027(stat)±0.011(syst) ,

Aψ(2S)π
CP = 0.048±0.090(stat)±0.011(syst) ,

Aψ(2S)K
CP = 0.024±0.014(stat)±0.008(syst) ,

have comparable or better precision than the previous results, and no evidence of CP violation is
seen. Full details of the analysis are presented in Ref. [13].
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B(B→ ψ(2S)X)/B(B→ J/ψ X)

Figure 3: Comparison of the obtained results with measurements from previous experiments: B(B+ →
ψ(2S)K+)/B(B+→ J/ψ K+), B(B0→ψ(2S)K∗0)/B(B0→ J/ψ K∗0), B(B0

s →ψ(2S)φ)/B(B0
s → J/ψ φ)

and B(B+→ψ(2S)π+)/B(B+→ J/ψ π+). The blue error bars represent statistical uncertainties, while the
black represent total uncertainties. The shaded regions represent the PDG averages.
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3. Resonant structure of B0
s → J/ψ π+π− decay

The decay B0
s → J/ψ f0(980), first observed by LHCb [14], has been used to measure the CP-

violating phase φs [15], in complement to measurements from B0
s → J/ψ φ [16 – 18]. It is possible

that a larger π+π− mass range could also be used for such studies. Therefore, to fully exploit the
J/ψ π+π− final state for measuring CP violation, it is important to determine its resonant and CP
content. Full details of this analysis are given in Ref. [19]. In the so-called modified Dalitz-plot
analysis the m2

J/ψ π+ , m2
π+π− and the J/ψ helicity angle ΘJ/ψ distributions are used to study the

resonant and non-resonant structures. No resonant structure is observed in m2
J/ψ π+ while there is

very clear structure in m2
π+π− , which is illustrated in Fig 4. The largest component is the f0(980)

resonance (∼ 70%), followed by the f0(1370) (∼ 21%) and a nonresonant component (∼ 8%).
There is also a D-wave contribution from the f2(1270), which accounts for around 0.5% of the
helicity 0 rate. The mixed-CP A2±1 amplitude is (0.2± 0.7)% of the total and the contribution
from ρ(770)0 is less than 1.5% at 95% CL. It is possible therefore to conclude that the decay is
dominantly CP-odd, > 0.977 at 95% confidence level. Thus, the whole mass range can be used
for CP violation studies. In addition, the first measurement of B(B0

s → J/ψ π+π−) relative to
B(B0

s → J/ψ φ) of (19.79±0.47±0.52)% is done.

Figure 4: Di-pion invariant mass squared, m2
π+π− , distribution of B0

s → J/ψ π+π− candidates in data with
the projections of the Dalitz-plot fit superimposed. The signal fit is shown with a (red) dashed line, the
background with a (black) dotted line, and the (blue) solid line represents the total.

4. Branching fraction of B0
s → J/ψ K0

S decay

The decay B0→ J/ψ K0
S has been used for the measurement of the CP-violating phase φd by the

B factories [20, 21]. To improve the existing measurements and determine possible small deviations
from the SM value a knowledge of penguin diagram corrections becomes mandatory. The B0

s →
J/ψ K0

S decay is the most promising candidate to extract the parameters related to the penguin
contribution [22]. The measurement of its branching fraction is an important first step. In the
selection of B0

s → J/ψ K0
S candidates a neural network (NN) classifier [23] was used. The NN was
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trained entirely on data using B0 → J/ψ K0
S decay for signal and mass sidebands for background.

The selection is separated for pions that both have hits in the vertex detector (long K0
S candidate)

or not (downstream K0
S candidate). The selected J/ψ K0

S candidates are shown in the Fig. 5. The
B0→ J/ψ K0

S decay is used as a control channel. The B0
s → J/ψ K0

S branching fraction is measured
to be (1.83± 0.21(stat)± 0.10(syst)± 0.14( fs/ fd)± 0.07(B(B0 → J/ψ K0

S )))× 10−5 which is
compatible, but more precise than previous measurement [24]. The analysis is described in detail
in Ref. [25].
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Figure 5: Full J/ψ K0
S sample after the optimal NN cut has been applied with downstream K0

S to the left and
long K0

S to the right.

5. Branching fraction and angular amplitudes of B0
s → J/ψ K∗0 decay

Similarly to the measurement of CP violation in B0→ J/ψ K0
S decay, the penguin contributions

could affect the measured asymmetries in B0
s → J/ψ φ . It has been suggested that the penguin ef-

fects can be controlled by means of an analysis of the angular distribution of B0
s → J/ψ K∗0 [26].

In this analysis the branching fraction of the B0
s → J/ψ K∗0 decay is determined with measurement

of its angular properties and non-resonant Kπ contribution. Full details of the analysis are pre-
sented in Ref. [27]. For the branching fraction measurement the B0→ J/ψ K∗0 decay is used as a
normalization channel. To determine K∗0 polarization fractions and non-resonant Kπ S-wave con-
tribution a simultaneous fit were performed for B0

s mass and three angular distributions. The Kπ

invariant mass distributions for B0 → J/ψ Kπ and B0
s → J/ψ Kπ decays are shown in Fig. 6. The

first measurement of polarization fractions gives fL = 0.50±0.08±0.02 and f||= 0.19+0.10
−0.08±0.02.

The determined S-wave contribution is |As|2 = 0.07+0.15
−0.07 in a ±40MeV/c2 window around the K∗0

mass. The B0
s → J/ψ K∗0 branching fraction was measured to be (4.4+0.5

−0.4± 0.8)× 10−5 which is
compatible to the CDF result [24]. It is also similar to naive quark spectator model prediction of
|Vcd |2/|Vcs|2×B(B0 → J/ψ K∗0) = (6.5± 1.0)× 10−5, although it is closer to the estimation of
2×B(B0→ J/ψ ρ0) = (4.6±0.4)×10−5 [26].
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Figure 6: Fit to the Kπ mass spectrum for (a) B0→ J/ψ Kπ events and (b) B0
s → J/ψ Kπ events. The pink

dashed-dotted line represents the P-wave, the red short-dashed line the S-wave and the black dotted line is
the K∗2 (1430). The black solid line is their sum.

6. First evidence for the B0→ J/ψ ω and branching fractions of B0
s → J/ψ η(′) decays

Decays of B mesons into a J/ψ and a light meson are dominated by color-suppressed tree
diagrams involving b→ ccs and b→ ccd transitions [28]. Measurements of branching fractions
can help to shed lights on the hadronic interactions. The B0

s → J/ψ η and B0
s → J/ψ η ′ decays

can be used for CP violation studies in the future [29] and the measurement of their branching
ratios allow to estimate gluonic component in the η ′ meson [30]. These decays were previously
studied by Belle [31] while the B0→ J/ψ ω has not been previously observed. In this analysis the
branching ratios of B0→ J/ψ ω and B0

s → J/ψ η(′) decays are measured relative to B(B0→ J/ψ ρ0)

and the ratio
B(B0

s → J/ψ η ′)

B(B0
s → J/ψ η)

is determined. The detailed description of the analysis is presented

in Ref. [32].
The light meson candidates are reconstructed in η → γγ , η → π+π−π0, η ′ → ρ0γ , η ′ →

ηπ+π− and ω → π+π−π0 final states. The invariant mass distribution of J/ψ ω candidates is
shown in Fig. 7, where a B0 signal is seen with statistical significance of 5.0 standard devia-
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Figure 7: Invariant mass distribution for selected B0 → J/ψ ω candidates. The thick solid blue line is the
total fit function, the blue dashed line shows the background contribution and the orange thin line is the
signal component of the fit function.
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Figure 8: Invariant mass distributions for selected B0
s → J/ψ η(′) candidates: (a) B0

s → J/ψ η (η → γγ), (b)
B0

s → J/ψ η (η→ π+π−π0), (c) B0
s → J/ψ η ′ (η ′→ ρ0γ, ρ0→ π+π−) and (d) B0

s → J/ψ η ′ (η ′→ π+π−η).
The thin solid orange lines show the signal B0

s contributions and the orange dot-dashed lines correspond to
the B0 contributions. The blue dashed lines show the combinatorial background contributions and the dotted
blue lines show the partially reconstructed background components. The total fit functions are drawn as
solid blue lines.

tions. The invariant mass spectra for B0
s → J/ψ η(′) candidates are shown in Fig. 8. The B0 →

J/ψ ρ0(ρ0→ π+π−) decay is used as a normalization channel, to study its dipion mass distribution
the sPlot technique [8] is used. The resulting π+π− invariant mass spectrum from B0→ J/ψ π+π−

decays is shown in Fig 9. The distribution is fitted with the sum of several components: P-wave
component describing ρ0, a D-wave describing the enhancement at 1260MeV/c2 and S-wave con-
tribution expected from f0(500). The final ratios are determined using an averaging procedure and
are

B(B0→J/ψ ω)
B(B0→J/ψ ρ0)

= 0.89±0.19(stat)+0.07
−0.13 (syst) ,

B(B0
s→J/ψ η ′)

B(B0
s→J/ψ η)

= 0.90±0.09(stat)+0.06
−0.02 (syst) ,

B(B0
s→J/ψ η)

B(B0→J/ψ ρ0)
= 14.0±1.2(stat)+1.1

−1.5 (syst)+1.1
−1.0 (

fd
fs
) ,

B(B0
s→J/ψ η ′)

B(B0→J/ψ ρ0)
= 12.7±1.1(stat)+0.5

−1.3 (syst)+1.0
−0.9 (

fd
fs
).

where the third uncertainty is related to a knowledge of b-quark factorization factors. The first

8
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measurement of B0→ J/ψ ω branching fraction is done. The determined ratio of B0
s → J/ψ η ′ and

B0
s → J/ψ η branching fractions is compatible, but more precise, than the previous Belle measure-

ment [31].
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Figure 9: Background-subtracted π+π− invariant mass distribution from B0→ J/ψ π+π− decays. A violet
solid line denotes the total fit function, the solid orange line shows the ρ0 signal contribution and the blue
dashed line shows the f2(1270) contribution. The blue dot-dashed line shows the contribution from the
f0(500). The region ±40MeV/c2 around the K0

S mass represented by the blue-dashed box is excluded from
the fit.

7. Summary

This contribution has reviewed studies of B meson decays to final states containing charmo-
nium resonances. A large variety of different decays are being studied in order to probe charmo-
nium properties, QCD effects and provide input for CP violation measurements. The analysis were
based on 0.37-1.0 fb−1 of 2011 data collected at

√
s = 7TeV. During 2011 and 2012 LHCb has

collected around 3.0 fb−1. The analysis of these data will produce even more exciting results in
this field.
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