b-baryon decays at LHCb
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Why baryons?

> The main constituents of the universe

» More sensitive to non-perturbative QCD: test effective models

> b-baryons have enough energy to search these states
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LHCDb experiment

LHCDb collaboration: 21 counties, 96 institutes, 1600 members
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> Understand matter-antimatter imbalance (CP violation)
» Search for new physics (Rare decays)
» Explore and understand QCD (Hadron properties, exotic hadrons)



b-baryon FCNC

A) > pKutpu~



b — sl™l™ decays

» b — sl*l~ decays described by effective Hamiltonian
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» Sensitivity to Wilson coefficients
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7: photon penguin; 9,10: EW penguin; S,P:  (pseudo-) scalar penguin

» Theoretically clean probes of NP
O Pure leptonic decays i < <w

O Special angular observables b 7N S
O Ratio between e/u/t M b




Measurement of the AY —» pK~u*u~differential branching fraction

> A, - pK~J/Y(— utu~) as normalization channel
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Measurement of the AY —» pK~u*u~differential branching fraction

LHCb 9 fb—! 4
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» The pattern of measurements appears consistent with SM

expectations.
» However, a detailed interpretation of the results requires a more

complete understanding of the hadronic system and the different

contributing states.



b — ccs decays

AY - AFDWOK=, AY —» AED:,
A? - 3T DO-K- A DDA,



Heavy hadron Spectroscopy
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Pentaguark states at LHCDb

» Observation of [ccuud] pentaquarks: P.(4312)", P, (4440)+ P.(4457)*
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> Observation of [ccuds] pentaquark candidate with strangeness: P.,(4338)°
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First observation of AY - A¥D™OK~ with Run |l data

> P. decay to AYD™0 are anticipated in many models

Phys. Lett. B793 (2019) 144, Phys. Rev. D100 (2019) 014021, Phys. Rev. D100 (2019) 016014...

> The theory predict: B(A} —» A{D:)/B(AY —» AfDS) inrange 0.75-2.2
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> A? > ATDZ as normalization channel
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First observation of A} - AfD™WCK~ with Run Il data
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> B(AY = AEDL)/B(AY —» AEDY) is
compatible with several predictions: mod.
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Phys. J. C79 (2019) 540, Phys. Rev. D100 (2019) 034025
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First observation of A? - £ D™~ K~ with Run Il data

> P, with 3/2" spin parity would decay substantially into ("D

JHEP 08 (2021) 157, Eur. Phys. J. A58 (2022) 68, Eur. Phys. J. C 79 (2019) 887, Phys. Rev. D
108 (2023) 114022...

> A} - AYD°K~ as normalization channel
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Candidates/(1.75 MeV)

First observation of A? - £ D™~ K~ with Run Il data

> Two-dimensional invariant mass fits
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» Important inputs for theoretical studies of pentaquark production
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New [ccCsS] state in DI Dy

Phys. Rev. D 108 (2023) 034012
Phys. Rev. Lett. 131, 071901 (2023)

> Near threshold structure X(3960):
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First observation of A} - DDA with Run Il data

> A} - DDA can proceed via two types of two-body intermediate
states: X(3700) in DD~ and P, In D*A
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N J h g Ay s
i] C - b
w- S ~ we s Fes v _
=
Ay u u |> A A u ' u d ~ af D
d > d J d d -

> B° - DDK. as normalization channel
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Candidates/(10 MeV/c?)

First observation of A} - DDA with Run Il data
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AK ™

b — c decays

)
,H

b 2 ANK K ,Qp > AKK™
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Study of b—baryon — A hh with Run |&Il data

> A few of E; and Q,, decays observed

> Test QCD models
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» B~ - Afpn~ as normalization channel
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Study of b—baryon — A hh with Run |&Il data

JHEP 08 (2024) 132
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Study of b—baryon — A hh with Run |&Il data
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» Both B~ - Atpn~ and B~ —» AfpK~ observed threshold enhancement



Study of b—baryon — A hh with Run |&Il data

> The CPV JHEP 08 (2024) 132
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> The A,,,q consistent with zero and with previous measurements
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Summary and prospects

> LHCDb provides ideal environment to search NP and test QCD
O FCNC: A » pK~utu~

O Observed many new A decay modes

> Opportunities with Run 3&4 (30 fb™1)

O Wider scope for exploitation

O Improvement on understanding multi-quark states natures
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