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n Heavy baryons are useful systems to study the weak and strong dynamics at low 
energy of flavor physics

n Much progress in beauty mesons, while many aspects of beauty baryons are 
largely unknown.

Introduction

𝑏
𝑞! 𝑞"

Production Beauty baryon

Mass & lifetime

New decay modes

Decay parameters

CP asymmetries

New hadron states

Beauty baryons are produced copiously at LHC
opening up new avenues, improving the precision
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n A single-arm forward region spectrometer covering 2 < 𝜂 < 5 

n Optimised for beauty and charm physics

LHCb experiment

High Vertex resolution
𝜎!"	~	20 µm

Crucial particle identification
𝜖 𝐾 → 𝐾 ~ 95%
mis-ID 𝜖 𝜋 → 𝐾 ~ 5%

Good momentum resolution
𝜎#/𝑝~0.5% − 1% (5 − 200 GeV)

Years 𝑠 Luminosity

Run1 2011/12 7/8TeV ~	3	fb9:

Run2 2015/16/17/18 13TeV ~	6	fb9:

[JINST 3 (2008) S08005] [IJMPA 30 (2015) 1530022]

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://arxiv.org/abs/1412.6352
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n Production, mass and branching fraction:
• Observation of 𝛯!" → 𝛯#$𝐷%& and 𝛯!& → 𝛯#"𝐷%& decays

n New decay mode:
• First observation of the 𝛬!" → 𝐷$𝐷&𝛬 decay
• Observation and branching fraction measurement of the decay 𝛯!& → 𝛬!"𝜋&

n Lifetime:
• Precision measurement of the 𝛯!& baryon lifetime 

n Decay parameters and CPV
• Measurement of 𝛬!" , 𝛬#$	and 𝛬 decay parameters using 𝛬!" → 𝛬#$ℎ&	decays

Outline

NEW

NEW

NEW

[Eur. Phys. J. C 84, 237 (2024)]

[JHEP07(2024)140]

[Phys. Rev. D 108, 072002 (2023)]

[arXiv: 2406.12111]

[LHCb-PAPER-2024-017]

https://doi.org/10.1140/epjc/s10052-024-12443-z
https://link.springer.com/article/10.1007/JHEP07(2024)140?utm_source=rct_congratemailt&utm_medium=email&utm_campaign=oa_20240718&utm_content=10.1007/JHEP07(2024)140
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.072002
http://arxiv.org/abs/2406.12111


Observation of 𝛯!" → 𝛯#$𝐷%& and

 𝛯!& → 𝛯#"𝐷%& decays

5

[Eur. Phys. J. C 84, 237 (2024)]

https://doi.org/10.1140/epjc/s10052-024-12443-z
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Motivation

𝑑𝑢𝑏𝛬#$

𝛯#$ 𝑢𝑠𝑏

𝛯#% 𝑑𝑠𝑏

→ 𝛬&'𝐷(%

→ 𝛯&'𝐷(%

→ 𝛯&$𝐷(%

• According to heavy quark effective theory,
they should have approximately the same partial width
[Phys. Rept. 245 (1994) 259], [Phys. Rev. D 100 (2019) 034025]

• According to the quark model, 𝛬#$ , 𝛯#$ and 𝛯#% form an SU(3) flavour multiplet

• ℬ 𝛬#$ → 𝛬&'𝐷(% = 1.10 ± 0.10 ×10%"

• no measurements for 𝛯#
$(%) → 𝛯&

'($)𝐷(%
[Phys. Rev. Lett. 112 (2014) 202001]

Ø Test the SU(3) symmetry, give insights into the dynamics of beauty-baryon weak decays. 

Observation of 𝛯!" → 𝛯#$𝐷%& and 𝛯!& → 𝛯#"𝐷%& decays
[Eur. Phys. J. C 84, 237 (2024)]

https://doi.org/10.1016/0370-1573(94)90091-4
https://doi.org/10.1103/PhysRevD.100.034025
https://doi.org/10.1103/PhysRevLett.112.202001
https://doi.org/10.1140/epjc/s10052-024-12443-z
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n Measure the relative production rates of the decays

ℛ
𝛯()

𝛬()
≡
𝜎 𝛯()

𝜎 𝛬()
×
ℬ 𝛯() → 𝛯*+𝐷,-

ℬ 𝛬() → 𝛬*+𝐷,-
,

ℛ
𝛯(-

𝛬()
≡
𝜎 𝛯(-

𝜎 𝛬()
×
ℬ 𝛯(- → 𝛯*)𝐷,-

ℬ 𝛬() → 𝛬*+𝐷,-
,

ℛ
𝛯()

𝛯(-
≡
𝜎 𝛯()

𝜎 𝛯(-
×
ℬ 𝛯() → 𝛯*+𝐷,-

ℬ 𝛯(- → 𝛯*)𝐷,-

n Provide measurements of the 𝑯𝒃 production cross-section ratios, assuming ℬ 0!
"→0#$2%&

ℬ 3!
"→3#$2%&

≈ 1

n Test Isospin symmetry: assure that 4 0!
"

4 0!
& ≈ 1 to a good approximation, resulting ℛ 0!

"

0!
& ≈ 1 

at leading order 

Analysis strategy
Observation of 𝛯!" → 𝛯#$𝐷%& and 𝛯!& → 𝛯#"𝐷%& decays

[Eur. Phys. J. C 84, 237 (2024)]

https://doi.org/10.1140/epjc/s10052-024-12443-z
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ℛ
𝛯!"

𝛬!"
= (15.8± 1.1 ± 0.6 ± 7.7)%,

ℛ
𝛯!&

𝛬!"
= (16.9± 1.3 ± 0.9 ± 4.3)%,

ℛ
𝛯!"

𝛯!&
= (93.6± 9.6 ± 6.1 ± 51.0)%

Results
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• Consistent with SU(3) flavour symmetry 
• Consistent with several predictions for relative 

production rates and decay branching fractions.

n Fit results of 𝑚(𝐻&𝐷()

Observation of 𝛯!" → 𝛯#$𝐷%& and 𝛯!& → 𝛯#"𝐷%& decays
[Eur. Phys. J. C 84, 237 (2024)]

[Phys. Rev. D 100 (2019) 034025] [Phys. Lett. B 751 (2015) 127]
[Eur. Phys. J. C 78 (2018) 224] [Phys. Rev. D 105 (2022) 013003]

https://doi.org/10.1140/epjc/s10052-024-12443-z
https://doi.org/10.1103/PhysRevD.100.034025
https://doi.org/10.1016/j.physletb.2015.10.013
https://doi.org/10.1140/epjc/s10052-018-5704-5
https://doi.org/10.1103/PhysRevD.105.013003


First observation of the 

𝛬!" → 𝐷$𝐷&𝛬 decay
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[JHEP07(2024)140]

NEW

https://link.springer.com/article/10.1007/JHEP07(2024)140?utm_source=rct_congratemailt&utm_medium=email&utm_campaign=oa_20240718&utm_content=10.1007/JHEP07(2024)140
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n 𝛬#$ → 𝐷'𝐷%𝛬 mediated by 𝑏 → 𝑐 ̅𝑐𝑠, it is predicted via two types of two-body 
intermediate states 

• a 𝛬 baryon and a charmonium resonance

• a charmed baryon and a 𝐷 meson

n 𝛬#$ → 𝐷'𝐷%𝛬 Not observed yet

Introduction
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[Phys. Rev. D 103, 114013 (2021)] 

𝛯'∗∗ → 𝐷𝛬 𝑃 ̅'* → 𝛬0𝐷𝜓(3770) → 𝐷0𝐷

First observation of the 𝛬!" → 𝐷$𝐷&𝛬 decay
[JHEP07(2024)140]

NEW

𝜓(3770)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.114013
https://link.springer.com/article/10.1007/JHEP07(2024)140?utm_source=rct_congratemailt&utm_medium=email&utm_campaign=oa_20240718&utm_content=10.1007/JHEP07(2024)140
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n First observation of 𝛬#$ → 𝐷'𝐷%𝛬 decay
• Statistical significance ~ 16𝜎 

n Branching fraction measured
ℬ 𝛬!" → 𝐷$𝐷&𝛬 = 1.24 ± 0.15 ± 0.10 ± 0.28 ± 0.11 ×10&'

n Two-body invariant masses:

Results

Stat. Syst. Ref. channel

3800 4000 4200 4400 4600
]2c) [MeV/-D+D(m

0

0.02

0.04

0.06

0.08

0.1
]2 c

-1
) [

M
eV

-
D+

D(
m

1/
N

 d
N

/d
LHCb

-15.3 fb

3000 3200 3400 3600 3800
]2c) [MeV/L+D(m

0

0.05

0.1

0.15

0.2

0.25]2 c
-1

) [
M

eV
L+

D(
m

1/
N

 d
N

/d

Data

Simulation

LHCb
-15.3 fb

3000 3200 3400 3600 3800
]2c) [MeV/L-D(m

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14]2 c
-1

) [
M

eV
L-

D(
m

1/
N

 d
N

/d

LHCb
-15.3 fb

First observation of the 𝛬!" → 𝐷$𝐷&𝛬 decay
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NEW
[JHEP07(2024)140]

https://link.springer.com/article/10.1007/JHEP07(2024)140?utm_source=rct_congratemailt&utm_medium=email&utm_campaign=oa_20240718&utm_content=10.1007/JHEP07(2024)140


Observation and branching fraction 

measurement of the decay 𝛯!& → 𝛬!"𝜋&

12

[Phys. Rev. D 108, 072002 (2023)]

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.072002
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n Mediated by 𝑠 → 𝑢9𝑢𝑑, where the 𝑏 quark is a spectator

n A previous LHCb study using Run1 dataset shows an evidence (3.2𝜎) for this 
decay

n Updated with Run2 dataset

n Normalizing the signal yield to that of inclusively produced 𝛬#$

𝑟( ≡
𝑓5!"
𝑓6!#

ℬ(𝛯#% → 𝛬#$𝜋%)

Introduction

[PRL115 (2015) 241801]

Observation and BR measurement of 𝛯!& → 𝛬!"𝜋&

[Phys. Rev. D 108, 072002 (2023)]

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.241801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.072002
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n Three times better statistical precision than Run1
n Consistent with some predictions 

• [JHEP03(2016)028] [PLB 750. (2015) 653] [PRD 93 (2016) 034020]

n Extra contribution to the 𝛯!& decay width should be considered for lifetime comparison between 
experiment and theory predictions, where the predictions only consider the decay of the 𝑏 quark. 

Results

Using the independent 𝑓>!"/𝑓?!# measurement from [PRD 99 (2019) 052006]
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𝑟 = 7.3 ± 0.8 ± 0.6 ×10%7

ℬ 𝛯#% → 𝛬#$𝜋% = 0.89 ± 0.10 ± 0.07 ± 0.29 %

Observation and BR measurement of 𝛯!& → 𝛬!"𝜋&

signal

[Phys. Rev. D 108, 072002 (2023)]

https://link.springer.com/content/pdf/10.1007/JHEP03(2016)028.pdf
https://www.sciencedirect.com/science/article/pii/S0370269315007479
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.034020
https://journals.aps.org/prd/references/10.1103/PhysRevD.99.052006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.072002


Precision measurement of the 

𝛯!& baryon lifetime 

15

[arXiv: 2406.12111]
Submitted to PRD

NEW

http://arxiv.org/abs/2406.12111
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n The heavy quark expansion (HQE) framework can predict the inclusive decay 
rates of beauty hadrons 

• Calculate 𝑏-hadron parameters required for determination of CKM matrix elements 

• Provide constraints on physics beyond the Standard Model

Introduction

Test HQE? confront its predictions of lifetimes

Lifetimes Theoretical uncertainties Experimental uncertainties
𝜏(@A/𝜏)@B 1.9% 2.5%

𝜏*@A/𝜏)@B 4.2% 11%

Needs to be updated!

[JHEP 04 (2023) 034]

n Available measurement by LHCb limited by statistics, using only Run 1 data

n Update measurement of 𝛯#% lifetime using Run2 data

Precision measurement of the 𝛯!& lifetime 
[arXiv: 2406.12111]

NEW

https://doi.org/10.1007/JHEP04(2023)034
http://arxiv.org/abs/2406.12111
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n Measure lifetime ratio 𝜏8!"/𝜏9!#
• Using Run2 data

n Reconstrcution: 𝛯#% → 𝛯&$𝜋%, 	 𝛯&$ → 𝑝𝐾%𝐾%𝜋'

• Normalization: 𝛬!" → 𝛬#$𝜋&, 	 𝛬#$ → 𝑝𝐾&𝜋$

n Measure the ratio of efficiency-corrected signal yields as a function of decay time

𝑅 𝑡 ≡
𝑁 𝛯!& → 𝛯#"𝜋& 𝑡
𝑁 𝛬!" → 𝛬#$𝜋& 𝑡

⋅
𝜖 𝛬!" → 𝛬#$𝜋& 𝑡
𝜖 𝛯!& → 𝛯#"𝜋& 𝑡

= 𝑅" exp(𝜆𝑡)

𝜆 ≡
1
𝜏)@B

−
1
𝜏(@A

𝜏(@A
𝜏)@B

=
1

1 − 𝜆𝜏)@B

Analysis strategy

(𝜏+!" = 1.464 ± 0.010	ps)

[Prog. Theor. Exp. Phys. 2022 (2022) 083C01]

Precision measurement of the 𝛯!& lifetime 
[arXiv: 2406.12111]

NEW

https://doi.org/10.1093/ptep/ptac097
http://arxiv.org/abs/2406.12111
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Results

Consistent with HQE expectation: 
𝜏(@A
𝜏)@B

= 1.078 ± 0.021 s-quark decay 𝛯!& → 𝛬!"𝜋& would reduce HQE prediction by ~1%. 
Still in agreement!
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Run1 Run2 Run1+2
𝜏(@A
𝜏)@B

1.089 ± 0.026 ± 0.011	 1.076 ± 0.013 ± 0.006 1.077 ± 0.012 ± 0.007	

𝜏(@A 	(ps) 1.599 ± 0.041 ± 0.022 1.575 ± 0.019 ± 0.009 ± 0.011 1.577 ± 0.018 ± 0.010 ± 0.011

• The most precise measurement of 
the 𝛯!& baryon lifetime

• Improves on the world-average 
value by about a factor of two.

[JHEP 04 (2023) 034]
[Phys. Rev. D108 (2023) 072002]

[Phys. Rev. Lett. 113 (2014) 242002]

Precision measurement of the 𝛯!& lifetime 
[arXiv: 2406.12111]

NEW

https://doi.org/10.1007/JHEP04(2023)034
https://doi.org/10.1103/PhysRevD.108.072002
https://doi.org/10.1103/PhysRevLett.113.242002
http://arxiv.org/abs/2406.12111


Measurement of 𝛬!" , 𝛬#$	and 𝛬 decay

parameters using 𝛬!" → 𝛬#$ℎ&	decays

19

[LHCb-PAPER-2024-017]
In preparation

NEW
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n Decay parameters first proposed by Lee and Yang (1957)

• for +
,

$
→ +

,

$
0& decays

𝛼 ≡
2𝑅𝑒 𝑠 ∗ 𝑝
𝑠 , + 𝑝 , , 𝛽 ≡

2𝐼𝑚 𝑠 ∗ 𝑝
𝑠 , + 𝑝 , , 𝛾 ≡

𝑠 , − 𝑝 ,

𝑠 , + 𝑝 ,

• With 𝛼, + 𝛽, + 𝛾, = 1, where 𝑠: S-wave amplitude, and 𝑝: P-wave amplitude

n Decay parameters provide an excellent understanding of the baryon decay 
dynamics and are used to probe the matter–antimatter asymmetry 

n 𝐶𝑃 violation can be quantified by

𝐴- =
𝛼 + X𝛼
𝛼 − X𝛼

= − tanΔ𝛿 tanΔ𝜙 , 𝑅. =
𝛽 + �̅�
𝛼 − X𝛼

= tanΔ𝜙

• X𝛼, �̅�: decay parameters of anti-baryon decay

• Δ𝛿: strong phase difference, Δ𝜙: weak phase difference between the S and P wave amplitudes

Introduction Measurement of 𝛬!" , 𝛬#$	and 𝛬 decay parameters
[LHCb-PAPER-2024-017]NEW
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n Status of decay parameters measurement:
• 𝛬#$: several decays measured by Belle and BESIII [Phys. Rev. D 107, 032003] [Science Bulletin, 

Volume 68, Issue 6, 2023, pp. 583-592]

• 𝛬: Precisely measured by BESIII [Phys. Rev. D 106, 052003 (2022)] 

• 𝛬!": no result for  +
,

$
→ +

,

$
0& decays

n Decay channels considered in this work

 𝛬#$ → 𝛬&'ℎ!% 	 𝛬&'→ 𝛬ℎ"', 𝛬 → 𝑝𝜋% (ℎ!," = 𝜋,𝐾) 

                                      𝛬&'	 → 𝑝𝐾E$

n Decay parameters extracted from angular distributions 

Analysis overview Measurement of 𝛬!" , 𝛬#$	and 𝛬 decay parameters
[LHCb-PAPER-2024-017]NEW

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.032003
https://www.sciencedirect.com/science/article/abs/pii/S2095927323001159?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2095927323001159?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.131801
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Angular analysis

Ø For three-step cascade decays:
𝛬!" → 𝛬#$ℎ+&, 	𝛬#$→ 𝛬ℎ,$, 𝛬 → 𝑝𝜋& (ℎ+,, = 𝜋,𝐾)
Ω ≡ 𝜃", 𝜃+, 𝜙+, 𝜃,, 𝜙,  

Ø For two-step cascade decays:
𝛬!" → 𝛬#$ℎ&, 𝛬#$	 → 𝑝𝐾1" 

Ω ≡ 𝜃", 𝜃+, 𝜙+  

Measurement of 𝛬!" , 𝛬#$	and 𝛬 decay parameters
[LHCb-PAPER-2024-017]NEW
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n First measurement of decay parameters of 
𝛬() → 𝛬*+ℎ-

n Precise measurements of 𝛽, 𝛾 of 𝛬*+ → 𝛬ℎ+

n Precision of 𝛼 of 𝛬*+ → 𝛬ℎ+/𝑝𝐾7)	improves 
significantly

n Independent measurement for 𝛬 → 𝑝𝜋-	, 
consistent with BESIII 

n Negligible 𝐶𝑃 violation in these processes 

Results
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* More detailed results in the BackUp

Measurement of 𝛬!" , 𝛬#$	and 𝛬 decay parameters
[LHCb-PAPER-2024-017]

Preliminary Preliminary

Preliminary Preliminary

NEW
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n LHCb is a factory of beauty baryons

n With LHCb analysis, we can greatly improve knowledge about…
• New decay modes: 𝛯!" → 𝛯#$𝐷%& and 𝛯!& → 𝛯#"𝐷%&, 𝛬!" → 𝐷$𝐷&𝛬, 𝛯!& → 𝛬!"𝜋&

• More precise mass and lifetime about 𝛯!" and 𝛯!&

• First measurement of decay parameters of 𝛬!" → 𝛬#$ℎ&, more precise ones of 𝛬#$

n Open the door to …
• Search for exotic states
• Test and constrain theoretical models
• Search for new physics

Summary

Looking forward to Run3!

𝓣𝓱𝓪𝓷𝓴𝓼 𝓯𝓸𝓻 𝔂𝓸𝓾𝓻 𝓪𝓽𝓽𝓮𝓷𝓽𝓲𝓸𝓷



BackUp
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n Model:
• Signal: two crystal ball
• Σ!∗&: BW
• Comb,: threshold function

n Signal yield: 126 ± 19 for Λ&'𝜋%, 
154 ± 23 for Λ&'𝜋%𝜋'𝜋%

n Significance: 11𝜎

n

F$%
"

F&%
#
= 8.2 ± 0.7 ± 0.6 ± 2.5 % at 

s = 13	TeV

Mass fit & systematics
Observation and BR measurement of 𝛯!& → 𝛬!"𝜋&

[Phys. Rev. D 108, 072002 (2023)]

n Systematics:

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.072002
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Mass fit & systematics
Precision measurement of the 𝛯!& lifetime 

[arXiv: 2406.12111]
NEW
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Model:
• Signal: 2 Crystal Ball functions
• misID: 2 Crystal Ball functions
• Missing X: ARGUS
• Comb. Bkg.: exponential function 

http://arxiv.org/abs/2406.12111
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n Status

Status Measurement of 𝛬!" , 𝛬#$	and 𝛬 decay parameters
[LHCb-PAPER-2024-017]NEW

Λ', Λ-.&Λ
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n Selection:
• Large transverse momentum 

(final states)
• Inconsistent with being 

directly produced from any PV 
(final states)

• Good-quality vertex displaced 
from PV

• Λ(𝐾3") within ±26 20 	MeV/𝑐,  
• PID
• BDT

Selection and mass fit Measurement of 𝛬!" , 𝛬#$	and 𝛬 decay parameters
[LHCb-PAPER-2024-017]NEW

n Mass fit:
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Angular analysis

Ø For three-step cascade decays:
Ω ≡ 𝜃., 𝜃1, 𝜙1, 𝜃2, 𝜙2  

3#4
3 567 8$3 567 8%39%

∝ (1 + 𝛼+!"
+&':%(𝛼+&'

+:$' cos 𝜃1 + 𝛼+&'
+:$'𝛼+

;<(cos 𝜃2 +

𝛼+!"
+&':%(𝛼+

;<( cos 𝜃1 cos 𝜃2 − 𝛼+!"
+&':%(𝛾+&'

+:$'𝛼+
;<( sin 𝜃1 sin 𝜃2 cos𝜙2 +

𝛼+!"
+&':%(𝛽+&'

+:$'𝛼+
;<( sin 𝜃1 sin 𝜃2 sin𝜙2) 

Ø For two-step cascade decays:
Ω ≡ 𝜃., 𝜃1, 𝜙1  

34
3 567 8$

∝ 1 + 𝛼+!"
+&':%(𝛼+&'

;=)
"
cos 𝜃1 

* 𝛬-. polarization consistent with zero at LHC
[ J. High Energ. Phys. 2020, 110]  

Measurement of 𝛬!" , 𝛬#$	and 𝛬 decay parameters
[LHCb-PAPER-2024-017]NEW

https://link.springer.com/article/10.1007/JHEP06(2020)110
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Angular analysis Measurement of 𝛬!" , 𝛬#$	and 𝛬 decay parameters
[LHCb-PAPER-2024-017]NEW

n Likelihood and signal PDF
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Decay parameter results Measurement of 𝛬!" , 𝛬#$	and 𝛬 decay parameters
[LHCb-PAPER-2024-017]NEW


