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Recent LHCb results on beauty baryons spectroscopy
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• Evidence of a J/ψΛ structure and observation of 
excited Ξ− states in the Ξb

−→ J/ψΛK− decay
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• Observation of excited Ωb
− states

arXiv:2011.13738
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•Observation of a new Ξb
0 state

PRD 103 (2021) 012004

• First observation of the decay Λb
0 → ηc(1S)pK−

PRD 102 (2020) 112012

5.58 5.6 5.62 5.64 5.66
0

20

40

60

80

100

120

140

3.8 3.85 3.9 3.95
0

10

20

30

40

50

60

70

80

C
an

d
id
at
es
/(
2
M
eV
/c

2
)

C
an

d
id
at
es
/(
2
M
eV
/c

2
)

mJ/ ⇡+⇡�pK� mJ/ ⇡+⇡�
⇥
GeV/c2

⇤ ⇥
GeV/c2

⇤

C
an

d
id
at
es
/(
2
M
eV
/c

2
)

C
an

d
id
at
es
/(
5
M
eV
/c

2
)

mJ/ ⇡+⇡�pK� mJ/ ⇡+⇡�
⇥
GeV/c2

⇤ ⇥
GeV/c2

⇤

LHCb LHCb

LHCb LHCb

3.62 < mJ/ ⇡+⇡� < 3.72GeV/c2

3.80 < mJ/ ⇡+⇡� < 3.95GeV/c2

5.61 < mJ/ ⇡+⇡�pK� < 5.63GeV/c2

5.61 < mJ/ ⇡+⇡�pK� < 5.63GeV/c2

⇤0
b !  ⇡⇡pK

�

⇤0
b ! J/ ⇡+⇡�pK� (NR)

 ⇡⇡pK
�

combinatorial bkg.

total

• Observation of Λb
0 → χc1(3872)pK−
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• Observation of new excited Λb
0 baryons

JHEP 06 (2020) 136 PRL 123 (2019) 152001

arXiv:2103.04949 JHEP 1808 (2018) 131

• Observation of Λb
0 → χc1pπ

− • Observation of Λb
0 → ψ(2S)pπ−

m(Λ0
bπ+π−) [GeV/c2]m(Λ0

bπ π) [GeV/c2]
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Recent LHCb results on beauty baryons spectroscopy

 [GeV]ΛψJ/m
4.5 5

Y
ie

ld
 / 

(2
0 

M
eV

)

20

40

60 LHCb
1−9 fb

 [GeV]−KΛm
2 2.5

Y
ie

ld
 / 

(1
0 

M
eV

)
1

10

210

310 1−Data 9 fb
csP

−(1690)Ξ
−(1820)Ξ
−(1950)Ξ
−(2030)Ξ

NR

LHCb

• Evidence of a J/ψΛ structure and observation of 
excited Ξ− states in the Ξb

−→ J/ψΛK− decay

]2c) [MeV/-π-K+K+cΛ(m
5500 5600 5700 5800

)2 c
Ca

nd
id

at
es

 / 
(4

M
eV

/

0

100

200

300

400

500

600
Data
Signal

-π-K+K+cΣ→0bΛ
Combinatorial
background

LHCb
(a)

• Observation of 
Λb

0 → Λc
+ K+K−π−

arXiv:2012.10380

) [MeV]0
bΞ(M) - −K0bΞ(M

500 550 600 650 700

N
um

be
r o

f c
an

di
da

te
s 

/ 1
 M

eV

0

10

20

30 LHCb Data
Full fit
Signals
Background

PRL 124 (2020) 082002

• Observation of excited Ωb
− states
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• First observation of the decay Λb
0 → ηc(1S)pK−

PRD 102 (2020) 112012
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• Observation of Λb
0 → χc1(3872)pK−
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• Observation of new excited Λb
0 baryons
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• Observation of Λb
0 → χc1pπ

− • Observation of Λb
0 → ψ(2S)pπ−
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this talk

See talk by Zehua Xu

https://arxiv.org/abs/2011.13738
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Further selection to suppress background

Detached vertex method (keep only long-lived candidates)

b-hadrons analysis strategy

pp

𝝁−
𝝁+ }ψ(2S)

𝝅−

pΛb
0

Λ0
b → ψ(2S)[ → μ+μ−]pπ−

cτ(Λ0
b)

Impact Parameter

Primary vertex (PV)

Decay vertex

• Track quality

• Particle identification

• Decay vertex separation from PV

• b-hadron pointing from PV


• Tracks not from PV

• Decay vertex quality

• Trigger on J/ψ and ψ(2S)
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Motivation

Hidden-charm pentaquark resonances have been seen only in the J/ψp and J/ψΛ systems:

• Λb

0 → J/ψpK− [PRL 115 (2015) 072001, PRL 122 (2019) 222001, PRL 117 (2016) 082002]


• Λb
0 → J/ψpπ− [PRL 117 (2016) 082003]


• Ξb
− → J/ψΛK− [arXiv:2012.10380]


Interesting to search for resonances in other systems, like ψ(2S)p, χc1p and χc2p.

Previous analysis of the Λb
0 →χ

c1,2
pK− decays:

•  [PRL 119 (2017) 062001],


which is much higher than that for  measurements by Belle, BABAR and LHCb.

Such a suppression is expected within QCD factorisation approach.


For example,  [LHCb-PAPER-2013-024]

Br(Λ0
b → χc2pK−)

Br(Λ0
b → χc1pK−)

= 1.02 ± 0.10 ± 0.02 ± 0.05

B → χc1,2K(*)

Br(B0 → χc2K*0)
Br(B0 → χc1K*0)

= (17.1 ± 5.0 ± 1.7 ± 1.1) × 10−2

Pentaquark resonances

Tetraquark resonances
Tetraquark resonances have been seen in the ψ(2S)π− and χc1π

− systems using following decays:

• B0 → ψ(2S)K+π− [PRL 100 (2008) 142001, PRD 80 (2009) 031104, PRD 88 (2013) 074026, PRL 112 (2014) 222002, PRD 92  (2015) 112009]

• B0 → χc1K

+π− : two Zc
+ → χc1π

+ observed by Belle [PRD 78 (2008) 072004], not confirmed by BaBar [PRD 85 (2012) 052003]

Interesting to search for same resonances ψ(2S)π− and χc1π

−  with other decay channels.

https://doi.org/10.1103/PhysRevLett.115.072001
https://doi.org/10.1103/PhysRevLett.122.222001
https://doi.org/10.1103/PhysRevLett.117.082002
https://doi.org/10.1103/PhysRevLett.117.082003
https://arxiv.org/abs/2012.10380
https://doi.org/10.1103/PhysRevLett.119.062001
https://doi.org/10.1016/j.nuclphysb.2013.06.005
https://doi.org/10.1103/PhysRevLett.100.142001
https://doi.org/10.1103/PhysRevD.80.031104
https://doi.org/10.1103/PhysRevD.88.074026
https://doi.org/10.1103/PhysRevLett.112.222002
https://doi.org/10.1103/PhysRevD.92.112009
https://doi.org/10.1103/PhysRevD.78.072004
https://doi.org/10.1103/PhysRevD.85.052003
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Observation of the decay Λb
0→χc1pπ−

s = 13 TeV

Nχc1
= 105 ± 16

Signal:
 Λb
0 → χc1,2pπ

−

Normalization: Λb
0 → χc1,2pK− 

Channels under study:

χc1,2→ 𝛾J/ψ, J/ψ → µ+µ−

Background suppression:
Multivariate analysis: cτ(Λb

0), kinematics, 
particle identification

Data: 2015-2018, integrated luminosity 6.0 fb−1

Nχc2
= 51 ± 16

3.5𝜎 of  χc2 signif.
11𝜎 of  χc1 signif.

NEW!

mχc1pπ−

Mass is calculated with PV, J/ψ and χc1 mass constraints
Mχc1− Mχc2 and 𝜎χc1/𝜎χc2 fixed to MC

Nχc1
= 3133 ± 75

Nχc2
= 1766 ± 71

χc0 contribution is not expected to give a sizeable contribution:


• suppressed within QCD factorisation approach (wrt χc1)


• much smaller (wrt χc1) branching fraction to 𝛾J/ψ

mχc1pK−

arXiv:2103.04949

s = 13 TeV

https://arxiv.org/abs/2103.04949
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Values from PDG:

Observation of the decay Λb
0→χc1pπ−

Fit to data
From MC samples corrected to 
Data/MC difference:

• Λb

0 kinematics

• PID variables

• Mean lifetime c𝜏 (Λb

0) 

• Decay model of Λb
0 → ψ(2S)pK−

Branching fraction ratios

Background-subtracted m(J/ψ𝛾) distributions arXiv:2103.04949

https://arxiv.org/abs/2103.04949
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Observation of the decay Λb
0→χc1pπ−

Systematics

Alternative fit models:

• Maximum deviation of yields ratio is taken from fits of high-statistics pseudoexperiment samples with 
alternative models as a systematics for ,  and .


• Statistical significance of the Λb
0 → χc2pπ

− channel is calculated from fits of data with alternative models. 
The smallest significance of 3.5𝜎 is taken as its significance including systematic uncertainties.

Rπ/K Rπ
2/1 RK

2/1

• Systematic uncertainties largely cancel for the ratios

• The remaining contributions are summarised in Table:

arXiv:2103.04949

https://arxiv.org/abs/2103.04949
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Resonant structure of Λb
0→χc1pπ−

Background-subtracted distributions for the Λb
0 →χ

c1
pπ− decay

Overall, no evident peaking structure.

(phase-space) (phase-space) (phase-space)

s = 13 TeV s = 13 TeV s = 13 TeV

A search for small contributions from exotic states would be possible with a larger data sample.

Results: branching fraction ratio arXiv:2103.04949

6 fb−1 6 fb−1 6 fb−1

https://arxiv.org/abs/2103.04949
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s = 7, 8, 13 TeV

N = 121 ± 13
Significance  ~ 14𝜎

Signal:
 Λb
0 → ψ(2S)pπ−

Normalization: Λb
0 → ψ(2S)pK− 

ψ(2S) → µ
+µ−

Data: 2011-2016, integrated luminosity 4.9 fb−1

Mass is calculated with PV and ψ(2S) mass constraints
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Figure 1: Mass distributions of the (left) ⇤0
b!  (2S)p⇡� and (right) ⇤0

b!  (2S)pK� candidates.
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Figure 2: Background-subtracted mass distributions of the (left)  (2S)p, (centre)  (2S)⇡� and
(right) p⇡+ combinations in the ⇤0

b!  (2S)p⇡� decay compared with distributions obtained
from a phase-space simulation.

where N represents the measured yield and " denotes the e�ciency of the corresponding de-
cay. The e�ciency is defined as the product of the geometric acceptance and the detection,
reconstruction, selection and trigger e�ciencies. The hadron-identification e�ciencies as
functions of kinematics and the event multiplicity are determined from data using the follo-
wing calibration samples of low-background decays: D⇤+! D0(! K�⇡+)⇡+, K0

S ! ⇡+⇡�

and D+
s ! �(! K+K�)⇡+ for kaons and pions; and ⇤ ! p⇡� and ⇤+

c ! pK+⇡� for pro-
tons [52,53]. The remaining e�ciencies are determined using simulation. The pT and rapi-
dity spectra and the lifetime of the ⇤0

b baryons in simulated samples are adjusted to match
those observed in a high-yield low-background sample of reconstructed ⇤0

b ! J/ pK� de-
cays. The simulated samples are produced according to a phase-space decay model.
The simulated ⇤0

b !  (2S)pK� decays are corrected to reproduce the pK� mass and
cos ✓pK� distributions observed in data, where ✓pK� is the helicity angle of the pK� sy-
stem, defined as the angle between the momentum vectors of the kaon and ⇤0

b baryon
in the pK� rest frame. To account for imperfections in the simulation of charged tracks,
corrections obtained using data-driven techniques are also applied [54].

The e�ciencies are determined separately for each data-taking period and are combined
according to the corresponding luminosity [55] for each period and the known production
cross-section of bb pairs in the LHCb acceptance [1–5]. The ratio of the total e�ciency of

4

(phase-space) (phase-space) (phase-space)

s = 7, 8, 13 TeV s = 7, 8, 13 TeV s = 7, 8, 13 TeV

mψ(2S)pπ− [GeV/c2]

Channels under study:

Branching fraction ratio:

no evident 
peaking 
structure

Background-subtracted distributions:

Previous study of similar decay Λb
0→ψ(2S)pπ−

https://doi.org/10.1007/JHEP08(2018)131
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Comparison with analogous measurements
JHEP 1808 (2018) 131, arXiv:2103.04949

In agreement with previous measurement by LHCb 
1.02 ± 0.10 ± 0.02 ± 0.05 [PRL 119 (2017) 062001]

Result shows also no suppression of χc2 mode wrt χc1

Results for χc2/χc1

Results for Cabibbo-suppression:

Comparison with previous measurements

R =
ℬ(surrpessed)
ℬ(favoured)

Rcorr =
ℬ(surrpessed)
ℬ(favoured)

×
Φ(favoured)

Φ(surrpessed)

JHEP 1808 (2018) 131

arXiv:2103.04949

three-body phase space 
neglecting resonant structure

https://doi.org/10.1007/JHEP08(2018)131
https://arxiv.org/abs/2103.04949
https://doi.org/10.1103/PhysRevLett.119.062001
https://doi.org/10.1007/JHEP08(2018)131
https://arxiv.org/abs/2103.04949
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Conclusion

• The LHCb experiment provides an excellent possibility for 
study of beauty baryons spectroscopy:


• Observation of the decay Λb
0 → χc1pπ− [arXiv:2103.04949]


• Observation of the decay Λb
0 → ψ(2S)pπ− [JHEP 1808 (2018) 131]


• Looking forward to new results!

For more LHCb results see:

• Exotic hadrons: recent LHCb discoveries (talk by Zehua Xu)

• Rare Decays and Anomalies at LHCb (talk by Mick Mulder)

• Precision flavour physics at LHCb: CP violation and CKM 

constraints (talk by Sevda Esen)

https://arxiv.org/abs/2103.04949
https://doi.org/10.1007/JHEP08(2018)131
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