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Abstract

The Ξ0
b → Ξ+

c D−
s and Ξ−

b → Ξ0
cD

−
s decays are observed for the first time using

proton-proton collision data collected by the LHCb experiment at a centre-of-mass
energy of

√
s = 13TeV, corresponding to an integrated luminosity of 5.1 fb−1. The

relative branching fractions times the beauty-baryon production cross-sections are
measured to be
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) = (16.9± 1.3± 0.9± 4.3)%,

where the first uncertainties are statistical, the second systematic, and
the third due to the uncertainties on the branching fractions of rel-
evant charm-baryon decays. The masses of Ξ0

b and Ξ−
b baryons

are measured to be mΞ0
b
= 5791.12± 0.60± 0.45± 0.24MeV/c2 and

mΞ−
b
= 5797.02± 0.63± 0.49± 0.29MeV/c2, where the uncertainties are sta-

tistical, systematic, and those due to charm-hadron masses, respectively.

Submitted to Eur. Phys. J. C

© 2023 CERN for the benefit of the LHCb collaboration. CC BY 4.0 licence.

†Authors are listed at the end of this paper.

CERN-EP-2023-173
22 August 2023

https://creativecommons.org/licenses/by/4.0/


ii



1 Introduction1

Hadrons are systems of quarks bound by the strong interaction, described at the funda-2

mental level by quantum chromodynamics (QCD). The production and decay of hadrons3

involve the nonperturbative regime of QCD, making calculations challenging. Much4

progress has been made in recent years in experimental and theoretical studies of beauty5

mesons, with the aim of testing the Standard Model and searching for new physics through6

measurements of branching fractions, CP asymmetries and rare decays [1]. However,7

many aspects of beauty baryons are still largely unknown, due to the difficulties to produce8

and detect them in experiments other than those operating at the Large Hadron Collider.9

So far, the Λ0
b baryon has been more widely studied than the other beauty baryons,10

including Ξ0
b and Ξ−

b .1 Very few decay modes have been measured for Ξ
0(−)
b baryons [2].11

According to the quark model, the three beauty baryons Λ0
b , Ξ

0
b and Ξ−

b (referred to as12

Hb in the following) form an SU(3) flavour multiplet, as do the Λ+
c , Ξ+

c and Ξ0
c states13

(referred to as Hc in the following). The Hb decay is dominated by the weak transition of14

the b quark while the two light quarks serve as compact spectators [3, 4]. According to15

heavy quark effective theory, the three decays of bottom baryons into two charm hadrons,16

Hb → HcD
−
s , should have approximately the same partial width [5, 6]. The Λ0

b → Λ+
c D

−
s17

decay has been measured to have a branching fraction (B) at the percent level [7], but18

no measurements for Ξ
0(−)
b → Ξ

+(0)
c D−

s decays are available. Measurements of these19

decays not only test the SU(3) symmetry but also give insights into the dynamics of20

beauty-baryon weak decays.21

Beauty baryons of all species are abundantly produced at the LHC [8–11], allowing22

them to be intensively studied. This analysis presents the first observation of Ξ0
b → Ξ+

c D
−
s23

and Ξ−
b → Ξ0

cD
−
s decays, using data from proton-proton (pp) collisions at a centre-of-mass24

energy of
√
s = 13 TeV collected by LHCb detector and corresponding to an integrated25

luminosity of 5.1 fb−1. The relative production rates of the decays, R, defined to be26
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are measured, where σ denotes the production cross-section. Given the similar lifetimes27

of the three beauty baryons [2], if the decay widths of the three beauty-baryon decays are28

also similar, the variables defined in Eq. 1- 3 provide measurements of the Hb production29

cross-section ratios, i.e. b-quark fragmentation fraction ratios. Isospin symmetry assures30

that σ (Ξ0
b ) /σ

(
Ξ−

b

)
≈ 1 to a good approximation, resulting in R

(
Ξ0

b

Ξ−
b

)
≈ 1 at leading31

order, which is tested in this analysis. The masses of the Ξ0
b and Ξ−

b baryons and the32

mass differences between the three beauty baryons are also measured.33

1The inclusion of charge-conjugate processes is implied throughout.
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2 Detector, samples and analysis strategy34

The LHCb detector [12,13] is a single-arm forward spectrometer covering the pseudorapidity35

range 2 < η < 5, designed for the study of particles containing b or c quarks. The detector36

includes a high-precision tracking system consisting of a silicon-strip vertex detector37

surrounding the pp interaction region, a large-area silicon-strip detector located upstream38

of a dipole magnet with a bending power of about 4 Tm, and three stations of silicon-39

strip detectors and straw drift tubes placed downstream of the magnet. The tracking40

system provides a measurement of the momentum, p, of charged particles with a relative41

uncertainty that varies from 0.5% at low momentum to 1.0% at 200 GeV/c. The momentum42

scale is calibrated using samples of J/ψ → µ+µ− and B+ → J/ψK+ decays collected43

concurrently with the data samples used for this analysis [14,15]. The relative uncertainty44

of this procedure is determined to be 3 × 10−4 using samples of other fully reconstructed45

B, Υ, and K0
S-meson decays. The minimum distance of a track to a primary pp collision46

vertex (PV), the impact parameter (IP), is measured with a resolution of (15 + 29/pT)µm,47

where pT is the component of the momentum transverse to the beam, in GeV/c. Different48

types of charged hadrons are distinguished using information from two ring-imaging49

Cherenkov detectors. Photons, electrons and hadrons are identified by a calorimeter50

system consisting of scintillating-pad and preshower detectors, an electromagnetic and a51

hadronic calorimeter.52

The data used in this analysis come from pp collisions at
√
s = 13 TeV, collected by53

LHCb between 2016 and 2018. The total integrated luminosity is 5.1 fb−1. The online54

event selection of LHCb is performed by a trigger [16], which consists of a hardware stage,55

based on information from the calorimeter and muon systems, followed by a software56

stage, which applies a full event reconstruction. At the hardware trigger stage, events57

are required to have a muon with high pT or a hadron, photon or electron with high58

transverse energy in the calorimeters. A global hardware trigger decision is required based59

on the reconstructed candidate, the rest of the event, or a combination of both. The60

software trigger requires a two-, three- or four-track secondary vertex with a significant61

displacement from any primary pp interaction vertex. At least one charged particle62

within the secondary vertex must have a transverse momentum pT > 1.6 GeV/c and be63

inconsistent with originating from any PV.64

Simulated decays are used to perform event selections, calculate reconstruction and65

selection efficiencies, and determine the invariant-mass distributions of the reconstructed66

signal Hb candidates. In the simulation, pp collisions are generated using Pythia 8 [17]67

with a specific LHCb configuration [13]. Decays of unstable particles are described68

by EvtGen [18], in which final-state radiation is generated using Photos [19]. The69

interaction of the generated particles with the detector, and its response, are simulated70

using the Geant4 [20] toolkit as described in Ref. [21].71

The Λ+
c and Ξ+

c baryons are reconstructed in the pK−π+ final state, and the Ξ0
c72

baryon in the pK−K−π+ final state. The D−
s mesons are reconstructed by combining73

three charged particles identified as K−, K+ and π− mesons. The Hc candidates are74

combined with D−
s candidates to form the Hb candidates. The three R parameters are75
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Table 1: Branching fractions of Hc decays [2].

Decay Branching fraction
Λ+

c → pK−π+ (6.28 ± 0.32) × 10−2

Ξ+
c → pK−π+ (6.2 ± 3.0) × 10−3

Ξ0
c → pK−K−π+ (4.8 ± 1.2) × 10−3

defined according to76
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where N , ε, and B denote the observed signal yields, the total experimental efficiencies,77

and the branching fractions, respectively. The world averages of branching fractions of78

corresponding Hc decays [2] are summarised in Table 1. The signal yields are determined79

using unbinned extended maximum-likelihood fits of theHcD
−
s invariant-mass distributions.80

The efficiencies are determined using simulated signal decays, calibrated by data driven81

methods.82

3 Event selections and efficiencies83

In order to suppress background due to random combinations of either the Hc or D−
s , and84

misidentification of final-state particles, a series of event selections are performed. Firstly,85

all final-state particles are required to be separated from any PV and have pT > 100 MeV/c.86

They must also be correctly identified, with a high significance, as either a proton, kaon or87

pion, using combined information from the tracking system and sub-detectors related to88

particle identification (PID) [12,22]. The final states of the Hc and D−
s candidates must89

have a scalar sum of pT > 1.8 GeV/c, and at least one of them must have pT > 0.5 GeV/c90

and p > 5 GeV/c. They are additionally required to form a good vertex that is significantly91

separated from any PV. The Hc and D−
s candidates should have an invariant mass within92

±25 MeV/c2 of the previous world average mass value [2], and their vertices should be93

consistent with being downstream of the Hb vertex. The Hb candidate formed by the94

Hc and D−
s hadrons must have a good vertex separated from its associated PV, and its95

momentum must point back to the associated PV. The final-state particles of the Hb must96

have a scalar sum of pT > 5 GeV/c. Finally, Hb candidates with transverse momentum97

pT > 4 GeV and rapidity 2.5 < y < 4 are retained for further analysis.98

There are backgrounds due to genuine particle decays, where a pion or kaon decay99

product is misidentified as a proton, resulting in a Hc candidate. For Λ+
c and Ξ+

c candidates,100

they include ϕ → K+K−, D+
s → K+K−π+, D+ → K+K−π+ and D0 → K+K− decays101

with the K+ meson misidentified as a proton, and D+ → K−π+π+, D0 → K−π+ decays102

with the π+ meson misidentified as a proton. For Ξ0
c candidates, there are backgrounds103

due to ϕ→ K+K− and D0 → K+K−K−π+ decays with the K+ meson misidentified as a104
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proton. For D−
s candidates, the Λ+

c → pK−π+ background with the proton misidentified105

as a K+ meson is considered. To remove these background, candidates are required106

to satisfy strict PID requirements or their invariant masses, calculated with alternative107

mass hypotheses for final states, must be outside a region around the known mass of108

the corresponding genuine particle (ϕ, D+
s , D+, D0, or Λ+

c ) [2]. Backgrounds due to109

D− → K+π−π− decays are also considered, and are found to be negligible.110

Further event selections are performed using a gradient-boosted decision tree111

(BDTG) [23] algorithm to reduce combinatorial backgrounds. Due to the similarity112

between the topologies of the three Hb → HcD
−
s decays, and to benefit from a cancellation113

of systematic uncertainties related to the BDTG selection in the R measurements, the114

BDTG classifier is trained with the Ξ0
b samples and is applied to all the three decay modes.115

The BDTG algorithm is trained to distinguish simulated Ξ0
b → Ξ+

c D
−
s decays from the116

candidates in the high mass sideband (m(Ξ0
b ) > 5950 MeV/c2) of data, which are repre-117

sentative of the background. The BDTG classifier combines seventeen variables, including118

kinematic, topological and PID information, to get a single discriminating response. The119

optimal requirement on the BDTG response is determined by maximising the figure of120

merit F ≡ S/
√
S +B, where S (B) is the expected number of signal (background) yield in121

the signal region of data with BDTG response greater than a given value. The signal region122

is defined to be ±30 MeV/c2 around the previous world average of Hb mass [2], which is123

about three times the experimental resolution. The value of S is calculated as the product124

of the BDTG efficiency for the signal and the signal yield before the BDTG requirement,125

which is obtained by fitting to Ξ0
b invariant-mass distribution in data. Similarly, B is126

calculated as the background retention rate multiplied by the estimated background in the127

signal region without the BDTG requirement. The background retention rate is evaluated128

with the data in the high-mass sideband data, and the number of background candidates129

in the signal region is estimated with a fit to Ξ0
b invariant-mass distribution in the high130

invariant-mass sideband region of the data, with a subsequent extrapolation to the signal131

mass region. The optimal BDTG requirement corresponds to a signal efficiency of about132

95% with respect to other selection requirements for all three Hb decay modes.133

The total efficiency is calculated as the product of efficiencies of detector acceptance,134

reconstruction, and selection. It is estimated using the simulated signal decays. These135

samples are calibrated such that the shapes of several key distributions match those136

of the data: the PID response, Hb kinematics, total charged-track multiplicity and Hc137

resonant structures. The D−
s → K+K−π− decay is simulated using measured Dalitz138

compositions [24], thus no corrections are applied. The PID efficiencies for the different139

particle species are measured using charm hadron samples in data [22]. The large sample of140

Λ0
b → Λ+

c D
−
s decays is used to correct for the transverse momentum, pseudorapidity, and141

charged-track multiplicity distributions of the three Hb decay modes. Further corrections142

are made to align the shapes of the charged-track multiplicity distributions in the data143

and simulation for Ξb decays. The Hc Dalitz distribution is compared between the data144

and simulation; a weight-based correction is applied to improve the agreement. The145

track-finding efficiency in simulation is found to be slightly different from that in data, and146

this difference is corrected as a function of the momentum and pseudorapidity of final-state147

particles [25]. The correction factors are generally obtained in bins of relevant variables148

apart from that for the Ξ0
c Dalitz distribution, where the large number of dimensions149

implies a limited number of candidates per bin. An unbinned multivariate algorithm150

is therefore used [26]. The ratios of efficiencies between Λ0
b , Ξ

0
b , and Ξ−

b decays are151
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determined to be152

ε(Ξ0
b )

ε(Λ0
b)

= 1.101 ± 0.010,

ε(Ξ−
b )

ε(Λ0
b)

= 0.515 ± 0.005,

ε(Ξ0
b )

ε(Ξ−
b )

= 2.138 ± 0.017,

where the uncertainties are statistical only. The Λ0
b and Ξ0

b decays have a similar efficiency,153

while the smaller Ξ−
b efficiency is due to one more final-state particle.154

4 Signal yield determination and mass measurements155

To obtain the yields of signal Hb decays, an extended maximum likelihood fit is performed156

to the Λ0
b , Ξ

0
b , and Ξ−

b invariant-mass spectra. A kinematic refit [27] is applied to the157

Hb decays to improve the mass resolution, constraining the D−
s and Hc masses to their158

previously measured values [2] and the Hb momentum to point back to its PV. The fitted159

mass region is 5450 – 5800 MeV/c2, 5600 – 6100 MeV/c2, and 5600 – 6000 MeV/c2 for the160

Λ0
b , Ξ

0
b , and Ξ−

b decays, respectively.161

As shown in Fig. 1, three components are identified in each Hb mass spectrum. The162

signal component is parameterised using the sum of a Gaussian and a double-sided Crystal163

Ball function (DSCB) [28] sharing a common mean. The common mean and the average164

resolution of the Gaussian and the DSCB distribution are parameters that vary freely in165

the fit, while the other parameters have values fixed to those obtained from simulation.166

The contribution of combinatorial backgrounds in the mass spectrum is modelled using167

a second order polynomial, with all parameters varying freely. The peaking structure168

in the low invariant-mass region corresponds to partially reconstructed Hb → HcD
−
s X169

decays where X is an undetected particle. Distributions from data in the low mass region170

are found to be consistent with the Hb → HcD
∗−
s , D∗−

s → D−
s γ sequential decay, where171

the γ is not reconstructed. The subsequent HcD
−
s invariant-mass distribution depends172

on the D∗−
s helicity projection, for which three possibilities, helicities of ±1 and 0, are173

allowed. The mass distributions for helicities of +1 and −1 are identical. Samples are174

generated with helicities of 1 and 0, and corresponding HcD
−
s invariant-mass distributions175

are obtained. The distributions convoluted with experimental resolutions are used to fit176

data. The fraction of the component with a helicity of 0 varies freely in the fit.177

Figure 1 shows the Hb invariant-mass distributions superimposed by the fit re-178

sults. The signal yields for Λ0
b , Ξ0

b and Ξ−
b decays are (2.609 ± 0.017) × 104,179

462 ± 29, and 175 ± 14, respectively. The masses for Λ0
b , Ξ0

b and Ξ−
b baryons180

are measured to be mΛ0
b

= 5619.34 ± 0.06 MeV/c2, mΞ0
b

= 5791.12 ± 0.60 MeV/c2, and181

mΞ−
b

= 5797.02 ± 0.63 MeV/c2, respectively, where the uncertainties are statistical only.182

4.1 Non-dicharm background183

The sample of Hb → HcDs decays is polluted by decays with a single charm hadron184

(one-charm) or charmless decays that have the same final-state particles but without the185
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Figure 1: Invariant-mass distributions of (top left) Λ0
b , (top right) Ξ0

b , and (bottom) Ξ−
b decays.

The data are overlaid on the fit results.

intermediate Hc or D−
s hadron, referred to as non-dicharm decays. For these peaking186

background contributions, their Hb invariant-mass distributions are signal-like, but the187

Hc or D−
s invariant-mass distributions are flat. The distributions of non-dicharm compo-188

nents in the Hc or D−
s invariant-mass distribution are found to be approximately linear.189

Therefore, the Hb signal yields in the Hc and D−
s sideband regions are extrapolated to190

the signal region (±25 MeV/c2 around the previously measured Hc and D−
s masses [2]) to191

estimate the contamination of non-dicharm background in the signal region. Details of the192

estimation are shown in Appendix A. The fractions of non-dicharm decays are measured193

to be (5.70± 0.13)%, (8.39± 1.75)% and (6.44± 1.48)% for Λ0
b , Ξ

0
b and Ξ−

b decays, respec-194

tively. These background contributions are subtracted from the total signal yield obtained195

from the fit. The non-dicharm contamination is dominated by the Hb → Hc(K
+K−π−)196

component.197

5 Systematic uncertainties198

5.1 Uncertainties on the branching fraction199

Measurements of the ratios of branching fractions are affected by a number of systematic200

uncertainties. Apart from those due to the input charm-decay branching fractions, they are201

generally related to either the signal yields or the efficiencies. Due to the similar topologies202
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of the three Hb decays, many sources of systematic uncertainties are either cancelled203

or largely suppressed in ratios of the branching fractions. The remaining systematic204

uncertainties are outlined below and summarised in Table 2.205

5.1.1 Systematic uncertainties on the signal yield206

The fit results are affected by the imperfect modelling of the signal, the combinatorial207

background and the partially reconstructed background. Variations of the signal model208

are studied by modifying the fixed parameters that are obtained from simulation. For the209

background modelling, a polynomial of third order is used instead of one of second order.210

In order to study the impact of the modelling of the partially reconstructed background in211

the signal yield, the lower edge of the fit range is increased to 5575, 5740, and 5750 MeV/c2212

for the Λ0
b , Ξ

0
b , and Ξ−

b decay modes, respectively, excluding partially reconstructed213

background. Alternative fits to data with these alternate approaches are performed. The214

largest deviation of the Hb signal yield in these alternative fits from the nominal result215

is taken as the systematic uncertainty on the signal yield due to the modelling of the fit216

components, which is at the level of 2%.217

The uncertainty on the fraction of non-dicharm background discussed in Section 4.1218

originates from the limited size of the data sample and possible nonlinearity of the Hc and219

D−
s background invariant-mass distributions. The effect is studied by using alternative220

regions of sideband data to calculate the non-dicharm yield, and the difference with respect221

to the nominal results is quoted as the systematic uncertainty, which is found to be at the222

subpercent level.223

5.1.2 Systematic uncertainties on the efficiency224

As efficiencies are studied using simulation samples, the systematic uncertainty on efficien-225

cies arises due to the limited size of simulation samples and imperfect simulations. The226

uncertainty due to the limited simulation sample size is 1.0% for the three Hb efficiency227

ratios.228

The hardware trigger is approximately modeled in the simulation. The trigger efficiency229

in measured in the data [29], and the difference between data and simulation is assigned230

as a systematic uncertainty. This systematic uncertainty is found to be approximately231

cancelled among the three Hb decay modes, resulting in a relative difference of less than232

1.5% between data and simulation on the efficiency ratios of the two Hb decay modes. A233

common value of 1.5% is quoted as the relative systematic uncertainty of the hardware234

trigger on the relative branching fraction.235

The estimation of the reconstruction efficiency is affected by the model of detector236

material in simulation which affects the description of interaction between the final-state237

particles and the material. It leads to a relative uncertainty of 1.2% between Ξ−
b and238

the other two Hb decays due to one additional kaon in the Ξ−
b decay [30]. Moreover, the239

estimation of the track-finding efficiency in data and simulation is subjected to uncertainties240

related to the detector occupancy and limited sizes of the calibration samples [25]. The241

former gives a relative value of 0.8% per track, while the latter results in an uncertainty of242

around 0.1% on the efficiency ratios. In total the uncertainty on the ratio of reconstruction243

efficiency is about 1.6% between Ξ−
b and Λ0

b decays, and between Ξ0
b and Ξ−

b decays. It244

is below 0.1% for the efficiency ratio between Ξ0
b and Λ0

b decays.245
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Table 2: Systematic uncertainties on the relative branching fraction measurements. Results are
given as relative uncertainties.

Source R
(

Ξ0
b

Λ0
b

)
R

(
Ξ−

b

Λ0
b

)
R

(
Ξ0

b

Ξ−
b

)
Imperfect modelling of invariant-mass fit 2.7% 1.3% 3.4%
Fraction of non-dicharm background 2.0% 1.6% 2.5%
Limited simulation sample size 0.9% 1.0% 0.8%
Trigger efficiency 1.5% 1.5% 1.5%
Reconstruction efficiency 0.1% 1.6% 1.7%
Corrections to simulations 1.3% 4.3% 4.3%
Total 3.8% 5.4% 6.5%

Corrections to simulation samples to match data to the distributions of final-state246

particle PID responses, Hb kinematics, charged-track multiplicity and Hc Dalitz distri-247

butions are subject to uncertainties. Uncertainties on the corrections of PID responses248

are evaluated using alternative corrections and measuring the relative change of efficien-249

cies [22], which is found to be negligible. The uncertainty on corrections of Hb kinematics250

is studied with pseudoexperiments. For each pesudoexperiment, the correction factor in251

each transverse momentum and rapidity of the Hb baryon is varied following a Gaussian252

distribution constructed from the nominal value and its uncertainty. The new correction253

factors are used to calculate the efficiency. The width of the efficiency distribution among254

a set of pseudoexperiments is taken as the systematic uncertainty. Similar studies are255

performed for corrections of the charge-track multiplicity and Λ+
c , Ξ+

c Dalitz distributions.256

The uncertainty of the unbinned correction to the Ξ0
c Dalitz distribution is studied by257

varying the configurations of the algorithm [26]. In total the uncertainty on the efficiency258

ratio originating from corrections to simulation samples is about 4.3% between Ξ−
b and259

Λ0
b , 4.3% between Ξ0

b and Ξ−
b , and 1.3% between Ξ0

b and Λ0
b .260

5.2 Uncertainties on the Hb mass measurements261

The uncertainties on the mass and mass difference measurements come from the invariant-262

mass fit model, the momentum scale calibration, and the uncertainties on the Ξc and D−
s263

masses [2]. They are summarised in Table 3 and Table 4.264

The Hb mass determined from the fit to the invariant-mass distribution is affected by265

the imperfect modelling of the signal, the combinatorial background and the partially266

reconstructed background. Variations of the model for each fit component are studied in267

the same way as for the determination of the uncertainties on the signal yield described in268

Sec. 5.1.1. The largest variation of the mass obtained in these alternative fits compared269

to the nominal one is considered as the systematic uncertainty, which is 0.02, 0.19 and270

0.09 MeV/c2 for mΛ0
b
, mΞ0

b
and mΞ−

b
, respectively. The larger uncertainty for mΞ0

b
is due271

to the higher background level.272

Due to effects such as an imperfect alignment of the tracking system and the uncertainty273

on the magnetic field, the measured track momenta need to be calibrated to correct for274

possible biases. The calibration is performed using the masses of known hadrons [31,32]275

with a precision of 0.03%. The uncertainty is propagated to the Hb mass measurement276
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Table 3: Systematic uncertainties for the Hb mass measurements.

Source
mΛ0

b

[ MeV/c2]

mΞ0
b

[ MeV/c2]

mΞ−
b

[ MeV/c2]
Mass fit model 0.02 0.19 0.09
Momentum scale calibration 0.44 0.41 0.48
Uncertainties on the Hc and D−

s masses 0.16 0.24 0.29

Table 4: Systematic uncertainties for the Hb mass-difference measurements.

Source
mΞ0

b
−mΛ0

b

[ MeV/c2]

mΞ−
b
−mΛ0

b

[ MeV/c2]

mΞ−
b
−mΞ0

b

[ MeV/c2]
Mass fit model 0.19 0.09 0.21
Momentum scale calibration 0.03 0.04 0.07
Uncertainties on the Hc mass 0.27 0.31 0.23

by varying the calibration by ±1 standard deviation. Half of the difference between277

the two corresponding new Hb masses is taken as the systematic uncertainty. The278

result, about 0.4 MeV/c2, approximately scales with the energy release of the decay as279

(m(Hb) −m(Hc) −m(D−
s )) × 0.03%. The uncertainty due to momentum scale calibration280

is assumed to be fully correlated for the three Hb masses.281

As mentioned in Sec. 4, the Hb invariant mass is calculated with the D−
s and Hc282

masses constrained to their previous world averages [2]. The systematic uncertainty due283

to the Hc and D−
s masses is 0.16, 0.24, and 0.29 MeV/c2 for the Λ0

b , Ξ
0
b , and Ξ−

b mass284

measurement, respectively. When measuring the mass difference between two different Hb285

states, the uncertainty on the D−
s mass is cancelled. The remaining uncertainty on the286

Hc mass varies between 0.23 and 0.31 MeV/c2 depending on mass difference.287

6 Results288

Using the results presented in the previous sections, the Hb masses and mass differences289

are measured to be290

mΛ0
b

= 5619.34 ± 0.06 ± 0.44 ± 0.16 MeV/c2,

mΞ0
b

= 5791.12 ± 0.60 ± 0.45 ± 0.24 MeV/c2,

mΞ−
b

= 5797.02 ± 0.63 ± 0.49 ± 0.29 MeV/c2,

mΞ0
b
−mΛ0

b
= 171.78 ± 0.60 ± 0.19 ± 0.27 MeV/c2,

mΞ−
b
−mΛ0

b
= 177.68 ± 0.63 ± 0.10 ± 0.31 MeV/c2,

mΞ−
b
−mΞ0

b
= 5.90 ± 0.87 ± 0.22 ± 0.23 MeV/c2,

where the first uncertainties are statistical, the second systematic, and the third due to291

those on masses of Λ+
c , Ξ+

c , Ξ0
c , and D−

s hadrons. The measurements are consistent with292

previous world averages [2], and comparisons are shown in Table 5 and Fig 2.293

The relative production rates of the three Hb → HcDs decays, given in Eq. 1- 3, are294
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5790 5792 5794 5796 5798
]2cMass [MeV/

1−LHCb 5.1 fb

2c + 175 MeV/0
bΛm0

bΞm −
bΞm

This analysis
PDG

Figure 2: Comparison of measured (red) b baryon masses with (blue) the PDG values [2]. The
mass of Λ0

b is shifted upward by 175MeV/c2 to reduce the range of this plot. The inner (outer)
error bar is for the statistical (total) uncertainty.

Table 5: Measured Hb masses and mass differences and the previous world averages [2].

This analysis [ MeV/c2 ] Previous world average [ MeV/c2 ]

mΛ0
b

5619.34 ± 0.47 5619.60 ± 0.17

mΞ0
b

5791.1 ± 0.8 5791.9 ± 0.5

mΞ−
b

5797.0 ± 0.8 5797.0 ± 0.6

mΞ0
b
−mΛ0

b
171.8 ± 0.7 172.5 ± 0.4

mΞ−
b
−mΛ0

b
177.7 ± 0.7 177.46 ± 0.31

mΞ−
b
−mΞ0

b
5.9 ± 0.9 5.9 ± 0.6

measured to be295

R
(
Ξ0

b

Λ0
b

)
= (15.8 ± 1.1 ± 0.6 ± 7.7)%,

R
(
Ξ−

b

Λ0
b

)
= (16.9 ± 1.3 ± 0.9 ± 4.3)%,

R
(
Ξ0

b

Ξ−
b

)
= (93.6 ± 9.6 ± 6.1 ± 51.0)%,

where the first uncertainties are statistical, the second systematic, and the third due to296

those on the branching fractions of Λ+
c , Ξ+

c , and Ξ0
c decays. Figure 3 shows the measured297

R values. The results are consistent with the SU(3) flavour symmetry and predictions of298

phenomenological models [33, 34].299

7 Summary300

In this analysis, the dicharm decays of Ξb baryons Ξ0
b → Ξ+

c D
−
s and Ξ−

b → Ξ0
cD

−
s are301

observed for the first time, using proton-proton collision data collected by the LHCb302

experiment at a centre-of-mass energy of
√
s = 13 TeV, corresponding to an integrated303

luminosity of 5.1 fb−1. The masses of the Λ0
b , Ξ

0
b and Ξ−

b baryons are measured through304

these two decays, and are consistent with known values [2]. These measurements will305
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Figure 3: Measured R values. The inner (outer) error bar is for the statistical (total) uncertainty.

improve the world averages. The relative branching fractions of these two decays are also306

measured. The results are consistent with SU(3) flavour symmetry and several predictions307

for relative production rates and decay branching fractions of b baryons [6, 33–35].308
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Appendices330

A Non-dicharm contribution331

Three distinct sources of non-dicharm backgrounds are considered:332

• The Hb → (pK−(K−)π+)(K+K−π+) decay with neither the Hc nor the D−
s hadrons.333

• The Hb → (pK−(K−)π+)D−
s decay without the Hc baryon.334

• The Hb → Hc(K
+K−π+) decay without the D−

s meson.335

Figure 4 shows the two-dimensional Hc versus D−
s invariant-mass distribution in the signal336

region and the Hc and/or D−
s sideband regions. There are four regions illustrated in Fig 4:337

• The region 1 lies in the Hc and D−
s sideband region.338

• The region 2 lies in the Hc signal and D−
s sideband region.339

• The region 3 lies in the Hc sideband and D−
s signal region.340

• The region 4 lies in the Hc and D−
s signal region.341

The Hb signal yields in the Hc and/or D−
s sideband regions are estimated by simultaneous342

fitting to the Hb invariant-mass spectra in these four regions. The fit model is similar as343

the one mentioned in Sec. 4. Figures 5, 6, and 7 show the Λ0
b , Ξ

0
b , and Ξ−

b invariant-mass344

distributions in the Hc and/or D−
s sideband regions superimposed by the fit results,345

respectively.346
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b candidates in the (top left) region 1, (top right)
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14



5800 5900 6000 6100
]2c) [MeV/−

sD +
cΞ(m

0

5

10

15

20

25

30

352 c
C

an
di

da
te

s 
pe

r 
10

 M
eV

/

Data

Total

Comb. Bkg.

1−LHCb 5.1 fb

5800 5900 6000 6100
]2c) [MeV/−

sD +
cΞ(m

0

5

10

15

20

25

30

2 c
C

an
di

da
te

s 
pe

r 
10

 M
eV

/ Data

Total

 Bkg.bH

Comb. Bkg.

1−LHCb 5.1 fb

5800 5900 6000 6100
]2c) [MeV/−

sD +
cΞ(m

0

10

20

30

40

50

60

70

2 c
C

an
di

da
te

s 
pe

r 
10

 M
eV

/

Data

Total

Comb. Bkg.

1−LHCb 5.1 fb

Figure 6: Invariant-mass distributions of Λ0
b candidates in the (top left) region 1, (top right)

region 2, and (bottom) region 3.
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