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Measurement of branching fractions and 
CP violation in 𝛬!"(𝛯!") → 𝑝𝐾#"ℎ$ decays

CLHCP 2025

[arXiv:2508.17836]
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• In the charmless 𝛬%&(𝛯%&) → 𝑝𝐾'&ℎ$ (ℎ = 𝐾, 𝜋) decays
• Contribution from tree and penguin diagrams
• Example: leading order Feynman diagrams for 𝛬!" → 𝑝𝐾#"𝜋$

• Possible 𝐴() due to interference between tree and penguin diagrams in the 
charmless 𝛬%&(𝛯%&) → 𝑝𝐾'&ℎ$ (ℎ = 𝐾, 𝜋) decays

Motivation

weak phase
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• 𝐴() in the 𝛬%& → 𝑝𝐾∗ 892 $ decay is predicted to be 
• About 20%: 

• 19.7 ± 1.4 % (GFA)

• 31.1 ± 2.8 % (QCDF)

• 19.3 ± 0.8 % (LFQM)

• In the charmless 𝛬%& → 𝑝𝐾'&𝜋$ decay, there is a significant contribution from 
the intermediate 𝛬%& → 𝑝𝐾∗ 892 $(→ 𝜋$𝐾'&) decay

• Sweighted 𝛬!" → 𝑝𝐾#"𝜋$ data (Run1+Run2, 𝐾#" DD+LL)

Motivation

[Phys. Lett. B 815 (2021) 136125]

[arXiv:2412.20458]

• Consistent with 0:
• −5$%&'%" % (PQCD)

• 2 ± 4 % (Final-state rescattering)

• Indicate a significant cancellation of 𝐴() 
among the partial waves

[Phys. Rev. D 91 (2015) 116007, 
Phys. Rev. D 95 (2017) 093001]

[Phys. Rev. D 99 (2019) 054020]

[Phys. Rev. Lett. 134 (2025) 221801]
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• Signal channels:
• Charmless 𝛬!"(𝛯!") → 𝑝𝐾#"ℎ$ (ℎ = 𝐾, 𝜋)

• Control channel:
• 𝛬!" → 𝛬,'(→ 𝑝𝐾#")𝜋$

• Relative branching fraction

• External input for absolute branching fraction
• [PDG]

• [Phys. Rev. D99 (2019) 052006]

Strategy (BF)

yield of 
signal channel

yield of 
control channel

efficiency of 
control channel

efficiency of 
signal channel

b-quark
fragmentation
fraction

https://pdglive.lbl.gov/Viewer.action
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.052006
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• Signal channels:
• Charmless 𝛬!"(𝛯!") → 𝑝𝐾#"ℎ$ (ℎ = 𝐾, 𝜋)

• Control channel:
• 𝛬!" → 𝛬,'(→ 𝑝𝐾#")𝜋$

• 𝐴() = 0

• 𝐴() in the signal channel

• The control channel is used to cancel most of nuisance asymmetries

• 	
• Residual nuisance asymmetries are estimated by corresponding asymmetry tables

Strategy (𝑨𝑪𝑷)

𝑁 𝛬!" − 𝑁( ̅𝛬!")
𝑁 𝛬!" + 𝑁( ̅𝛬!")

𝛬!"(𝛯!") production
asymmetry

𝑝ℎ# detection 
asymmetry

L0(HLT1) trigger 
asymmetry

PID
asymmetry
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• Using Run1+Run2 data (9fb-1)

• Selections
• Peaking backgrounds removed by 

veto or PID cut
• BDT classifiers trained on

kinematic, topological, PID 
variables

• Mass fit plots (Run1+Run2, 𝐾#" 
DD+LL)

Mass fit results

𝛬!"(𝛯𝑏0) → 𝑝𝐾#"𝜋$ 𝛬!"(𝛯𝑏0)→ 𝑝𝐾#"𝐾$ 𝛬!" → 𝛬,' → 𝑝𝐾#" 𝜋$

• Signal yield

• Observation of 𝛬𝑏0 → 𝑝𝐾S0𝐾− and 
𝛯𝑏0 → 𝑝𝐾S0𝐾− decays
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• Efficiency is estimated using simulation
• Corrections are applied to account for known discrepancies between MC/data

• Branching fraction

• Results

• Consistent with LHCb measurement of 𝐵(𝛬%& → 𝑝𝐾'&𝜋$) using 2011 data

Measurement of branching fractions

[JHEP 04 (2014) 087]

https://link.springer.com/article/10.1007/JHEP04(2014)087
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• Sources of systematic uncertainty
• Efficiency estimation

• the limited size of simulation samples
• PID correction
• phase space correction

• Difference in 𝛯!" kinematic between MC/data for 𝛯!" decays
• Mass fit model
• Constraint on the MisID yield
• Potential partially reconstructed background from 𝛯!" decays in the 𝑝𝐾S0𝐾− mass 

spectra

• Relative systematic uncertainties [%]

Systematic uncertainty (BF)
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• 	

• 𝛬𝑏0 𝛯𝑏0 → 𝑝𝐾S0𝜋− decay (Run1+Run2, 𝐾'& DD+LL)

• 𝛬𝑏0 𝛯𝑏0 → 𝑝𝐾S0𝐾− decay (Run1+Run2, 𝐾'& DD+LL)

𝑨𝑪𝑷 results

consistent with 2011 result
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[JHEP 04 (2014) 087]

https://link.springer.com/article/10.1007/JHEP04(2014)087
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• Sources of systematic uncertainty
• Mass fit model
• Constraint on the MisID yield
• Potential partially reconstructed background from 𝛯!" decays in the 𝑝𝐾#"𝐾$ mass 

spectra
• Fit validation
• 𝛯!" production asymmetry
• PID asymmetry
• Systematic uncertainties due to the asymmetry tables

• Systematic uncertainties [%] 

Systematic uncertainty (𝑨𝑪𝑷)
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• Only 𝛬%& → 𝑝𝐾'&𝜋$ (yield ~ 4740) is considered for local 𝐴() measurement

• Resonances (sweighted data, Run1+Run2, 𝐾'& DD+LL)

Local 𝑨𝑪𝑷 for the 𝜦𝒃𝟎 → 𝒑𝑲𝐒
𝟎𝝅$ decay
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• 𝐾∗ 892 $ region (Run1+Run2, 𝐾'& DD+LL)

• 𝐾∗ 1410 $, 𝐾&∗ 1430 $, 𝐾/∗ 1430 $ region (Run1+Run2, 𝐾'& DD+LL)

𝑨𝑪𝑷 results

significantly smaller than 
the theoretical prediction 
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• 𝑁∗ region	(Run1+Run2, 𝐾'& DD+LL)

• Non-resonant region (Run1+Run2, 𝐾'& DD+LL)

𝑨𝑪𝑷 results
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• Branching fractions of 𝛬%& → 𝑝𝐾'&ℎ$ and 𝛯%& → 𝑝𝐾'&𝐾$ decays are measured

• Integrated 𝐴() in charmless 𝛬%& → 𝑝𝐾'&ℎ$ and 𝛯%& → 𝑝𝐾'&𝐾$ decays are 
measured

• Consistent with Run1 result of 𝐴()(𝛬!" → 𝑝𝐾#"𝜋$), with the precision improved 
by a factor of 6.5

• No evidence of global CPV

• Local 𝐴() for 𝛬%& → 𝑝𝐾'&𝜋$ decay are measured
• 𝐴() in the 𝐾∗ 892 $ dominant bin is (−0.6 ± 4.0 stat ± 1.9(syst))%, 

significantly smaller than the predicted value of 20%
• No evidence of local CPV in 𝛬!" → 𝑝𝐾#"𝜋$ decay

Summary
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