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Abstract: This paper describes a measurement of the Λ0
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determined relative to that of B0 → J/ψK0

S decays,

B(Λ0
b → J/ψΛ)

B(B0→ J/ψK0
S)

= 0.750 ± 0.005 ± 0.022 ± 0.005 ± 0.062 ,

yielding B(Λ0
b → J/ψΛ) = (3.34± 0.02± 0.10± 0.08± 0.28)× 10−4, where the first uncertainty

is statistical, the second systematic, the third due to external inputs on branching fractions
and the fourth due to the ratio of Λ0

b baryon and B0 meson hadronisation fractions. In
addition, the isospin asymmetry between the rates of B0→ J/ψK0

S and B+→ J/ψK+ decays
is measured to be

AI = −0.0135 ± 0.0004 ± 0.0133 ,

where the first uncertainty is statistical and the second systematic.
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1 Introduction

Decays of b hadrons to final states with J/ψ mesons provide clean experimental signatures
that have been used extensively to calibrate measurements at the B-factory experiments, the
LHC and the Tevatron. At the Tevatron and the LHC, these decays have also played an
important role in normalising event yields in analyses of rare or forbidden processes, such as
the B0

s → µ+µ− decay [1–4]. The branching fractions of the B0→ J/ψK0
S and B+→ J/ψK+

decays are known precisely from measurements by the BaBar, Belle and CLEO experiments [5–
10].1 The branching fractions of b-baryon decays to final states with J/ψ mesons are known
much less precisely as b baryons are not producible in the B-factory experiments. At the
Tevatron, the D0 [11] and CDF [12] experiments have measured the product of the fraction
of b quarks that hadronise to form a Λ0

b baryon and the branching fraction of the Λ0
b → J/ψΛ

decay, f(b → Λ0
b) × B(Λ0

b → J/ψΛ). The Λ0
b production fraction is known to be strongly

pT-dependent and different assumptions on f(b → Λ0
b) have a significant impact on the

determination of B(Λ0
b → J/ψΛ) [13]. The pT dependence of f(b → Λ0

b) has been studied
by the LHCb collaboration in pp collisions at the LHC [14, 15], allowing for a more precise
determination of B(Λ0

b → J/ψΛ).
This paper describes a measurement of the Λ0

b → J/ψΛ branching fraction using a dataset
collected by the LHCb experiment from 2016 to 2018 in proton-proton collisions at a centre-
of-mass energy of

√
s = 13 TeV. The dataset corresponds to an integrated luminosity of

5.4 fb−1. To account for the pT dependence of the b-hadron production, and to validate the
1The inclusion of charge-conjugate processes is implied throughout.
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analysis procedure, the data are analysed in bins of pT using intervals of 1 GeV/c in the range
[4, 14] GeV/c and 2 GeV/c in the range [14, 20] GeV/c. The observed yields of Λ0

b → J/ψΛ decays
are normalised with respect to those of B0→ J/ψK0

S decays, exploiting the similar topology
of the two decays in the detector when the K0

S meson and Λ baryon are reconstructed through
the decays K0

S → π+π− and Λ→ pπ−.
A comparison of the rates of B+→ J/ψK+ and B0→ J/ψK0

S decays as a function of the
B-meson pT is used to validate the reconstruction and selection of the long-lived hadrons
in the LHCb detector. In the Standard Model, it is expected that the partial widths of the
B+→ J/ψK+ and B0→ J/ψK0 decays are almost identical, as the only difference between
the decays is the flavour of the light spectator quark (see e.g. ref. [16]). The resulting
isospin asymmetry,

AI[B→ J/ψK] =
τB+
τB0

B(B0→ J/ψK0) − B(B+→ J/ψK+)
τB+
τB0

B(B0→ J/ψK0) + B(B+→ J/ψK+)
, (1.1)

where τB+/τB0 = 1.076 ± 0.004 [17] is the ratio between the B+ and B0 meson lifetimes,
is expected to be zero. Previous measurements of AI by the Belle [5] and Belle II [18]
collaborations and the reinterpretation of BaBar and Belle data in ref. [19] are consistent with
this expectation. In this analysis, AI is determined from the B+→ J/ψK+ and B0→ J/ψK0

S
samples assuming B(B0→ J/ψK0

S) = 1
2B(B0→ J/ψK0). Kaon regeneration in detector

material, and neutral-kaon mixing modify this assumption at the per-mille level [20]. It is
assumed that f(b → B0) and f(b → B+) are equal for pp collisions at

√
s = 13 TeV.

2 Detector and simulation

The LHCb detector [21, 22] is a single-arm forward spectrometer covering the pseudorapidity
range 2 < η < 5, designed for the study of particles containing b or c quarks. The detector
elements that are particularly relevant to this analysis are: a silicon-strip vertex detector
surrounding the proton-proton interaction region that allows c and b hadrons to be identified
from their characteristically long flight distance; a tracking system that provides a mea-
surement of the momentum, p, of charged particles; two ring-imaging Cherenkov detectors
(referred to as RICH 1 and RICH 2) that are able to discriminate between different species of
charged hadrons; an electromagnetic calorimeter to reconstruct electron and photon energy
deposits; a muon system to identify muons. Events are selected online using a trigger [23, 24]
that comprises a hardware and a software stage. In preparation for analysis, they undergo
a centralised, offline processing step to deliver physics-analysis-ready data across the entire
LHCb physics programme [25].

Simulated samples are used to determine the efficiency of the candidate selection as well
as the distributions of specific sources of background. In the simulation, pp collisions are
generated using Pythia [26] with a specific LHCb configuration [28]. Decays of unstable
particles are described by EvtGen [29], using Photos [30] to generate final-state radiation.
The interactions of the generated particles with the detector, and its response, are simulated
using the Geant4 toolkit [31] as described in ref. [33]. The simulated samples are corrected
to account for known differences between simulation and data. Corrections are applied to the
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simulated tracking and particle-identification performance, and to the production kinematics
of the b hadrons. The kinematic corrections are derived from B+→ J/ψK+ decays that
satisfy the candidate selection procedure described below. It is assumed that B0 and B+

mesons are produced with the same kinematic distributions. The measured hadronisation
fractions from refs. [14, 15] are used to derive kinematic corrections for Λ0

b baryons from
those of B+ mesons. The angular distributions of simulated Λ0

b → J/ψΛ decays are weighted
to reproduce those in ref. [34].

3 Candidate selection

At the hardware trigger level, events are selected if they contain at least one high-pT muon.
In the software trigger, at least one muon is required to have a large pT and a large impact
parameter (IP) with respect to every pp interaction point (PV). Further, events are required
to contain a pair of opposite-charge muons that are displaced from every PV.

In the offline selection, B+, B0 and Λ0
b candidates are formed by combining a muon

pair consistent with originating from the decay of a J/ψ meson with a K+ meson, K0
S

meson, or Λ baryon candidate, respectively. The J/ψ, K0
S and Λ candidates are required

to have masses in the ranges [3030, 3150] MeV/c2, [468, 528] MeV/c2 and [1105, 1125] MeV/c2,
respectively. The K0

S and Λ candidates are formed from two opposite-charge tracks and are
split into two categories depending on whether or not the tracks are reconstructed in the
vertex detector: tracks reconstructed with (without) segments in the vertex detector are
categorised as long (downstream). Candidates in the long (downstream) category are required
to have a decay vertex displaced along the beam axis from the origin of the experiment’s
coordinate system by less than 400 mm (2250 mm), to ensure they are well reconstructed. The
motivation for these requirements is twofold: long-category candidates with displacements
larger than 400 mm leave only a small number of hits in the vertex detector, making their
reconstruction efficiency highly sensitive to detector inefficiencies, while downstream-category
candidates with displacements beyond 2250 mm are affected by material interactions at the
interface between RICH 1 and the tracking system. The K+ candidate is required to be
positively identified as a kaon by the detector’s particle-identification systems. No particle-
identification requirements are applied to the tracks used to form the K0

S and Λ candidates,
as the narrow mass window requirements around the known K0

S and Λ masses [35] reduce
the level of cross-feed background from K0

S mesons identified as Λ baryons, and vice versa,
to a manageable level. All reconstructed tracks are required to have a significant IP with
respect to every PV in the event. The π+π−, pπ− and µ+µ− candidates are required to be
consistent with originating from vertices corresponding to the decays of the K0

S meson, Λ
baryon or J/ψ meson, respectively. The decay products of the b hadron are also required to
be consistent with originating from a single point. The b-hadron candidate is required to
be displaced from every PV in the event and be consistent with originating from a PV. To
improve the resolution on the reconstructed b-hadron mass, a kinematic fit is performed [36]
that constrains the J/ψ mass and K0

S or Λ mass to their known values [35], and constrains
the b hadron to originate from its associated PV, defined as the PV with the smallest IP
with respect to the b-hadron candidate.

– 3 –
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Gradient-boosted decision-tree classifiers [37] are used to further suppress combinatorial
background, where tracks from multiple different sources are combined, in the B0 and Λ0

b long-
category datasets. This is not necessary for the downstream-category datasets, which already
have good signal purity. A separate classifier is trained for each dataset, using B0 and Λ0

b

candidates from simulation as a signal proxy and data candidates with a b-hadron mass in the
high-mass range [5900, 7000] MeV/c2 as a background proxy. The classifier uses information
on the displacement of the K0

S/Λ and the b-hadron candidates from their associated PVs,
the K0

S/Λ pT, the vertex-fit quality of the b-hadron candidate and the angle between its
momentum vector and the vector connecting its production and decay vertices. The working
points of the classifiers are chosen to maximise the expected statistical significances of the B0

and Λ0
b signals in the data. The expected signal yield at each working point is obtained by

scaling the yield without any classifier requirement by the relative efficiency of the working
point in simulation. The expected background yield is determined from a fit to the upper-mass
sideband region of the data. After applying the full selection procedure, 99% of the selected
events contain only a single b-hadron candidate. If more than one candidate is reconstructed
in an event, a single candidate is selected arbitrarily.

In addition to combinatorial background, the other sources of background in the se-
lected samples are: Λ0

b → J/ψΛ (B0→ J/ψK0
S) decays that are reconstructed as B0→ J/ψK0

S
(Λ0

b → J/ψΛ) decays in the B0 (Λ0
b) sample; B+→ J/ψπ+ decays where the pion is misidentified

as a kaon in the B+ sample; B0
s → J/ψK0

S decays in the B0 sample; and Ξb
+,0→ J/ψΞ+,0 de-

cays, where the Ξ+,0 baryon decays to Λπ+,0 and the pion is not reconstructed, in the Λ0
b sam-

ple. It is also possible for Ξ0
b baryons to decay directly to J/ψΛ, but the branching fraction of

this process is sufficiently small, B(Ξ0
b → J/ψΛ)/B(Ξ0

b → J/ψΞ0) = (8.2±2.1±0.9)×10−3 [38],
that its contribution can be safely neglected.

4 Signal yield determination

The yields of the B+→ J/ψK+, B0→ J/ψK0
S and Λ0

b → J/ψΛ decays are determined in bins of
b-hadron pT by performing extended unbinned maximum-likelihood fits to the reconstructed
J/ψK+, J/ψK0

S and J/ψΛ mass distributions, respectively. The fits are performed using the
RooFit software package [39]. The mass distributions for the different pT bins are shown
in figures 5–9 in the appendix. The distributions obtained by combining the pT bins are
shown in figure 1. The B0 and Λ0

b decay samples are fit simultaneously to take into account
cross-feed from B0→ J/ψK0

S decays reconstructed in the Λ0
b → J/ψΛ sample and vice versa.

The long and downstream samples are included separately in the simultaneous fit.
In the fits, the B+, B0 and Λ0

b signals are described using Hypatia functions [40] with tail
parameters fixed from simulation. The peak positions and widths of the functions are allowed
to vary in the fits to data separately in each bin of the b-hadron pT. Combinatorial background
is described using exponential functions. The cross-feed backgrounds from B0 decays in the
Λ0

b sample and Λ0
b decays in the B0 sample are described using Johnson SU distributions [41].

Their shape parameters are fixed from simulated B0→ J/ψK0
S and Λ0

b → J/ψΛ decays. The
parameters of the signal and background shapes are allowed to differ between pT bins and
decay modes. The yield of the Λ0

b (B0) cross-feed background in the B0 (Λ0
b) samples is
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Figure 1. Mass distributions of selected (top) J/ψK+, (middle) J/ψK0
S and (bottom) J/ψΛ candidates

obtained by combining the data in the pT range [4, 20] GeV/c. The line and shaded regions indicate
the result of the fits and are obtained by summing the results of the fits to the individual pT bins.
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constrained from the corresponding yield of Λ0
b (B0) decays in the Λ0

b (B0) samples and the
efficiency to correctly/incorrectly reconstruct the Λ0

b (B0) candidates from simulation.
The background from B+→ J/ψπ+ decays in the B+ sample is described by a Gaussian

function with power-law substituted tails on the left- and right-hand side of the distribu-
tion [42], with shape parameters fixed from simulated B+→ J/ψπ+ decays. The yield of
this background is constrained by the yield of the B+ signal, the known branching-fraction
ratio B(B+→ J/ψπ+)/B(B+→ J/ψK+) [35], and the relative efficiency to reconstruct and
select B+→ J/ψπ+ and B+→ J/ψK+ decays in simulation.

The background from B0
s → J/ψK0

S in the B0 sample is modelled using the same Hypatia
function describing the B0 signal, but with a peak position shifted by the known B0

s –B0

mass difference of 87.37 MeV/c2 [35]. The yield of this background is constrained relative
to that of the B0 signal using the branching-fraction ratio B(B0

s → J/ψK0
S)/B(B0→ J/ψK0

S)
from ref. [43], the production fraction ratio f(b→ B0

s )/f(b→ B0) from ref. [15] and the
relative efficiency to reconstruct and select B0

s and B0 decays. The latter is determined
from simulation.

The background from Ξb
+,0→ J/ψΞ+,0 decays in the Λ0

b sample is described by a Johnson
SU distribution with parameters determined from simulation. Due to the long lifetime of the
Ξ− and Ξ0 baryons, the contribution of these backgrounds to the long-track samples is very
small and is neglected. The contribution in the downstream-track sample is also suppressed
by the long lifetime. The yield of Ξb

+,0→ J/ψΞ+,0 decays is expected to be O(1%) of that
of the Λ0

b → J/ψΛ signal based on ref. [38], and is allowed to vary freely in the fit.

5 Branching fraction and isospin asymmetry determination

The ratio of the yields of the Λ0
b → J/ψΛ and B0→ J/ψK0

S decays in a b-hadron pT interval
can be expressed in terms of branching fractions and production fractions as

N [Λ0
b ]

N [B0] = f(b→ Λ0
b)

f(b→ B0)
B(Λ0

b → J/ψΛ)
B(B0→ J/ψK0

S)
B(Λ→ pπ−)

B(K0
S → π+π−)

ϵ[Λ0
b ]

ϵ[B0] . (5.1)

Here, ϵ is the efficiency to reconstruct and select the given decay determined from simulation.
The efficiencies are pT-dependent mainly due to the long lifetimes of the Λ and K0

S hadrons,
and a correlation between the b-hadron pT and the typical boost of final-state particles along
the beam axis. The ratio ϵ[Λ0

b ]/ϵ[B0] is less pT dependent and is shown separately for the
long and downstream categories in figure 2.

The known values of the K0
S and Λ branching fractions are B(K0

S → π+π−) = 0.6920 ±
0.0005 and B(Λ→ pπ−) = 0.641 ± 0.005 [35], respectively. The production fraction of Λ0

b

baryons in pp collisions has previously been studied by the LHCb collaboration at
√
s = 13 TeV

using semileptonic decays in ref. [15]. The ratio of f(b → Λ0
b) and the sum of f(b → B0)

and f(b → B+) is well described by the function r(pT) = A(p1 + exp(p2 + p3 · pT)), with
A = 1.000 ± 0.061, p1 = (7.93 ± 1.41) × 10−2, p2 = −1.022 ± 0.047 and p3 = −0.107 ±
0.002 GeV−1c. The ratio does not show any significant dependence on pseudorapidity [15].
Assuming isospin symmetry in high-energy pp collisions, f(b → Λ0

b)/f(b → B0) is twice
the value given by this function.

The Λ0
b → J/ψΛ branching fraction is determined by fitting the ratio of the Λ0

b and B0

yields as a function of pT simultaneously between the long and downstream categories. In this
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Figure 2. Efficiency ratio between Λ0
b → J/ψΛ and B0→ J/ψK0

S decays determined from corrected
simulation samples in intervals of b-hadron transverse momentum for the (left) long-track and (right)
downstream-track samples.

fit, the efficiency ratio, the parameter A, and the external branching fractions of the Λ and K0
S

decays are allowed to vary around their measured values with their uncertainties as a Gaussian
prior, while the parameters p1, p2 and p3 of r(pT) are constrained according to the covariance
matrix reported in ref. [15]. The analysis is validated using pseudoexperiments generated
with yields that are Poisson distributed as appropriate for the respective dataset. The
pseudoexperiments are found to provide an unbiased estimate of the ratio of the Λ0

b → J/ψΛ

and B0→ J/ψK0
S branching fractions. The isospin asymmetry is determined in bins of pT

from the efficiency-corrected yields of the B+→ J/ψK+ and B0→ J/ψK0
S decays in data.

6 Systematic uncertainties

The analysis procedure is designed to minimise sources of systematic uncertainty in the
measurement of B(Λ0

b → J/ψΛ)/B(B0→ J/ψK0
S). The dominant sources of uncertainty on the

measurement arise from the knowledge of f(b→ Λ0
b)/f(b→ B0). A systematic uncertainty

is also assigned on the external measurements of the K0
S → π+π− and Λ→ pπ− branching

fractions. The estimated sources of systematic uncertainty on B(Λ0
b → J/ψΛ)/B(B0→ J/ψK0

S)
and AI are summarised in table 1 and are described below. The statistical uncertainties
on the branching fraction ratio and AI measurements are determined by fixing all of the
external parameters in the fit to their central values.

In the determination of the branching-fraction ratio from the yields of Λ0
b → J/ψΛ and

B0→ J/ψK0
S decays, f(b→ Λ0

b)/f(b→ B0) is evaluated at the bin centre of each b-hadron
pT bin. In reality there will be a distribution of candidates in pT over the bin. Taking
instead the value of f(b → Λ0

b)/f(b → B0) one-third or two-thirds of the way across the
bin changes the branching-fraction ratio by 1.4%.

Two sources of systematic uncertainty are related to the determination of the efficiencies
from the simulation samples. The first of these is due to assumptions made in the matching
of reconstructed candidates and true decays in the simulation, for which new efficiency values
are derived from the simulated samples with a looser set of association criteria between
detector energy deposits and the true particle trajectories. The second source of uncertainty

– 7 –
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is due to the finite size of the simulated samples, and is determined by comparing the baseline
fit result to the one obtained fixing the efficiency ratio to its central value in the fit.

A systematic uncertainty is estimated on the choice of models used for determining the
signal yields from data in section 4. The mass distributions are instead fit using a signal
function with a Gaussian core and power-law substituted tails on the left- and right-hand
side of the distribution. The difference in signal yields between the baseline fit results and
those with the alternative fit functions is used to assign a systematic uncertainty.

Material interactions of K±, K0
S (K0 and K0) and Λ hadrons in the detector could lead

to a biased estimate of B(Λ0
b → J/ψΛ)/B(B0→ J/ψK0

S), or AI, if the detector material or
hadronic cross-sections are not correctly described by simulation. For reference, in simulation
3% (3%) of K0

S (Λ) hadrons interact before they could decay in the long sample and 5% (9%)
before they could decay in the downstream sample. The most relevant material interactions
happen in the vertex detector and in RICH 1. The amount of material in the vertex detector
is known at the level of ±6% [44, 45]. The material in RICH 1 is well described by the
simulation. Dedicated studies are performed using simulated samples of kaons and Λ baryons,
comparing the results of the Geant4 toolkit [31] to measurements of hadronic cross-sections
on various materials reported in ref. [35]. To assess a systematic uncertainty, the survival
probabilities of different particles are determined in the simulation when varying the amount
of material in the vertex detector and when varying the hadronic cross-sections between
different models in the Geant4 toolkit.

The B(Λ0
b → J/ψΛ)/B(B0→ J/ψK0

S) and AI measurements are determined with a simul-
taneous fit that includes long and downstream samples. The ratio of Λ0

b and B0 yields as
a function of pT is found to be in good agreement between the two samples (see section 7).
Comparing the efficiency-corrected yields of the individual decays between the long and down-
stream samples, the yields of Λ0

b → J/ψΛ decays are compatible, but the yields of B0→ J/ψK0
S

decays differ by 3.6%. Half of the difference on the values of B(Λ0
b → J/ψΛ)/B(B0→ J/ψK0

S)
obtained separately from the long and downstream samples is assigned as a systematic
uncertainty. The same approach is used to assign a systematic uncertainty on AI.

Systematic uncertainties are estimated for the corrections applied to simulation to
reproduce the data, namely due to the finite size of various calibration samples, and
the choice of binning used for determining the corrections. For the measurement of
B(Λ0

b → J/ψΛ)/B(B0→ J/ψK0
S), these systematic uncertainties are completely dominated by

corrections on the production kinematics of the b hadrons. For the measurement of AI, the
systematic uncertainties due to the corrections applied to simulation are negligible because
it is assumed that B0 and B+ mesons have the same kinematic distributions. However,
additional sources of systematic uncertainty arise due to the need to reconstruct an additional
track for the B0→ J/ψK0

S decay and the use of particle-identification requirements to select
the K+ meson. They are determined taking into account the individual contributions to
differences in track reconstruction efficiency between data and simulation. The efficiency for
a kaon to satisfy the particle-identification requirements used in the reconstruction of B+

candidates is determined from data using samples of D∗+→ D0π+ decays, with D0→ K−π+,
as a function of the kaon momentum and the multiplicity of charged particles in the event [46].
The measurement of AI is also sensitive to the knowledge of the lifetime ratio τB+/τB0 ,
which is taken from ref. [17].

– 8 –
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Source B(Λ0
b → J/ψΛ)

B(B0→ J/ψK0
S)

[%] AI [×10−2]

f(b→ Λ0
b)/f(b→ B0) 8.27 –

K0
S and Λ branching fractions 0.78 0.01

f(b→ Λ0
b)/f(b→ B0) pT-binning 1.40 –

Truth matching 1.40 0.60
Simulation sample sizes 1.20 0.04

Mass line shapes 0.10 0.10
Material interactions 0.50 0.35

Long/downstream compatibility 1.80 0.85
Data-simulation corrections 0.60 –

Pion track reconstruction efficiency – 0.50
Kaon particle identification – 0.50

b-hadron lifetimes – 0.18

Table 1. Summary of sources of relative systematic uncertainty on the B(Λ0
b → J/ψΛ)/B(B0→ J/ψK0

S)
measurement and absolute systematic uncertainty on the AI measurement. All uncertainties are
treated as uncorrelated.

7 Results

Figure 3 shows the measured isospin asymmetry between B0 and B+ decays, in bins of
the B-meson pT, averaging the value of the B0→ J/ψK0

S branching fraction between the
long- and downstream-track categories. The measured asymmetry shows no significant pT
dependence and the two distributions are found to be compatible at the percent level. There
is also no evidence for any significant deviation from the expectation that AI ≈ 0. An average
value of AI is obtained by performing a χ2 fit to the measurements in intervals of pT in
the long- and downstream-track samples, under the assumption of isospin symmetry in the
production of B0 and B+ mesons. The resulting value of AI is

AI = −0.0135 ± 0.0004 ± 0.0133 ,

where the first uncertainty is statistical and the second systematic. This AI value is consistent
with recent measurements of the same quantity by other experiments [5, 18]. Assuming
instead isospin symmetry between decays, the ratio of production cross-sections of B+ and
B0 mesons is determined to be

f(b→ B+)/f(b→ B0) = 1.027 ± 0.001 ± 0.027

where the first uncertainty is statistical and the second systematic.
Figure 4 shows the measured ratio between the yields of Λ0

b → J/ψΛ and B0→ J/ψK0
S

decays in bins of pT. The data for the long- and downstream-track samples provide consistent
results considering the ratio of efficiencies to select and reconstruct Λ0

b and B0 signal in those
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(total) uncertainty on the data points. The green (blue) band indicates the average isospin asymmetry
across the pT bins and its statistical (total) uncertainty.

categories. The fit to the ratio of yields in bins of pT gives

B(Λ0
b → J/ψΛ)

B(B0→ J/ψK0
S)

= 0.750 ± 0.005 ± 0.022 ± 0.005 ± 0.062 ,

where the first uncertainty is statistical, the second systematic, the third due to external
inputs on B(K0

S → π+π−) and B(Λ→ pπ−) and the fourth due to f(b → Λ0
b)/f(b → B0).

The fit has a χ2 of 23.9 with 25 degrees of freedom.
Using the world average value of B(B0→ J/ψK0

S) = (4.45 ± 0.11) × 10−4 from ref. [35],
the branching fraction is determined to be

B(Λ0
b → J/ψΛ) = (3.34 ± 0.02 ± 0.10 ± 0.08 ± 0.28) × 10−4 ,

where the third uncertainty also includes the uncertainty on B(B0→ J/ψK0
S). Note that the

value used for B(B0→ J/ψK0
S) averages measurements with slightly different assumptions

on the relative production of B0B0 and B+B− mesons in Υ (4S) decays. However, a rein-
terpretation of older measurements of the branching fraction, taking possible production
asymmetries into account, gives a very consistent value [19].

8 Summary

A measurement of the branching-fraction ratio between Λ0
b → J/ψΛ and B0→ J/ψK0

S decays
has been performed. The measurement uses a dataset corresponding to an integrated
luminosity of 5.4 fb−1 collected in proton-proton collisions at

√
s = 13 TeV by the LHCb

experiment. The ratio B(Λ0
b → J/ψΛ)/B(B0→ J/ψK0

S) is found to be 0.750±0.066, combining
all sources of uncertainty in quadrature. This value can be compared to the ratio of lifetimes
between Λ0

b baryons and B0 mesons, τΛ0
b
/τB0 = 0.964 ± 0.007 [17, 35]. Accounting for

the 50% probability for a K0 meson to produce a K0
S, the partial width of the Λ0

b → J/ψΛ

– 10 –
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S decays in bins of b-hadron pT for
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event yields and uncertainties on the external parameters entering the branching-fraction ratio fit.

decay is found to be approximately 39% of that of the B0→ J/ψK0 decay. The resulting
Λ0

b → J/ψΛ branching fraction is compatible with estimates based on perturbative QCD and
QCD factorisation approaches obtained in refs. [47] and [48], respectively. The partial widths
of the B+→ J/ψK+ and B0→ J/ψK0 decays are compatible at the percent level.
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Figure 5. Reconstructed J/ψK+ mass distribution of selected B+→ J/ψK+ candidates in bins of
B+ meson pT. The line and shaded regions show the result of the fit described in the text.
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Figure 6. Reconstructed J/ψK0
S mass distribution of selected B0→ J/ψK0

S candidates in bins of B0

meson pT, reconstructed from long-category tracks. The line and shaded regions show the result of
the fit described in the text.
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Figure 7. Reconstructed J/ψK0
S mass distribution of selected B0→ J/ψK0

S candidates in bins of B0

meson pT, reconstructed from downstream-category tracks. The line and shaded regions show the
result of the fit described in the text.

– 14 –



J
H
E
P
0
1
(
2
0
2
6
)
1
5
9

5400 5500 5600 5700 5800

]2c) [MeV/Λψ/J(m

0

100

200

300

400

500)
2

c
E

n
tr

ie
s 

/ 
(5

 M
eV

/ LHCb
1−fb5.4

cGeV/4,5][∈
T

p

Data

ΛψJ/ → 
0
bΛ

0

S
KψJ/ →

0
B

Comb. bkg.

Total

5400 5500 5600 5700 5800

]2c) [MeV/Λψ/J(m

0

50

100

150

200

250

300

350

400

)
2

c
E

n
tr

ie
s 

/ 
(5

 M
e
V

/ LHCb
1−fb5.4

cGeV/5,6][∈
T

p

5400 5500 5600 5700 5800

]2c) [MeV/Λψ/J(m

0

50

100

150

200

250

300

350)
2

c
E

n
tr

ie
s 

/ 
(5

 M
e
V

/ LHCb
1−fb5.4

cGeV/6,7][∈
T

p

5400 5500 5600 5700 5800

]2c) [MeV/Λψ/J(m

0

50

100

150

200

250

)
2

c
E

n
tr

ie
s 

/ 
(5

 M
e
V

/ LHCb
1−fb5.4

cGeV/7,8][∈
T

p

5400 5500 5600 5700 5800

]2c) [MeV/Λψ/J(m

0

20

40

60

80

100

120

140

160

180

)
2

c
E

n
tr

ie
s 

/ 
(5

 M
e
V

/ LHCb
1−fb5.4

cGeV/8,9][∈
T

p

5400 5500 5600 5700 5800

]2c) [MeV/Λψ/J(m

0

20

40

60

80

100

120

140

)
2

c
E

n
tr

ie
s 

/ 
(5

 M
e
V

/ LHCb
1−fb5.4

cGeV/9,10][∈
T

p

5400 5500 5600 5700 5800

]2c) [MeV/Λψ/J(m

0

20

40

60

80

100)
2

c
E

n
tr

ie
s 

/ 
(5

 M
e
V

/ LHCb
1−fb5.4

cGeV/10,11][∈
T

p

5400 5500 5600 5700 5800

]2c) [MeV/Λψ/J(m

0

10

20

30

40

50

60

70

)
2

c
E

n
tr

ie
s 

/ 
(5

 M
e
V

/ LHCb
1−fb5.4

cGeV/11,12][∈
T

p

5400 5500 5600 5700 5800

]2c) [MeV/Λψ/J(m

0

10

20

30

40

50

)
2

c
E

n
tr

ie
s 

/ 
(5

 M
e
V

/ LHCb
1−fb5.4

cGeV/12,13][∈
T

p

5400 5500 5600 5700 5800

]2c) [MeV/Λψ/J(m

0

5

10

15

20

25

30

35

40

45

)
2

c
E

n
tr

ie
s 

/ 
(5

 M
e
V

/ LHCb
1−fb5.4

cGeV/13,14][∈
T

p

5400 5500 5600 5700 5800

]2c) [MeV/Λψ/J(m

0

10

20

30

40

50

)
2

c
E

n
tr

ie
s 

/ 
(5

 M
e
V

/ LHCb
1−fb5.4

cGeV/14,16][∈
T

p

5400 5500 5600 5700 5800

]2c) [MeV/Λψ/J(m

0

5

10

15

20

25

30)
2

c
E

n
tr

ie
s 

/ 
(5

 M
e
V

/ LHCb
1−fb5.4

cGeV/16,18][∈
T

p

5400 5500 5600 5700 5800

]2c) [MeV/Λψ/J(m

0

2

4

6

8

10

12

14

16

18)
2

c
E

n
tr

ie
s 

/ 
(5

 M
e
V

/ LHCb
1−fb5.4

cGeV/18,20][∈
T

p

Figure 8. Reconstructed J/ψΛ mass distribution of selected Λ0
b → J/ψΛ candidates in bins of Λ

baryon pT, reconstructed from long-category tracks. The line and shaded regions show the result of
the fit described in the text.
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Figure 9. Reconstructed J/ψΛ mass distribution of selected Λ0
b → J/ψΛ candidates in bins of Λ0

b

baryon pT, reconstructed from downstream-category tracks. The line and shaded regions show the
result of the fit described in the text.
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