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» Two-body Charmless Baryonic decays have been searched for at LHCb

Decay mode Measued B Ref.

B® — pp (1.25 £0.27+£0.18) x 10~8 PRL 119 (2017) 232001

Bt — pAY (24739 +0.3) x 1077 JHEP 04 (2017) 162

Bt — pA° (1.244+0.17 £ 0. 05 j: 0.03) x 10~7  LHCb-PAPER-2025-044 [New Result]
BT — pA(1520) (39753 4+0.1+0.3) x 1077 PRD 88 (2013) 052015

» The only observed purely four-body baryonlc decay is B — pppp
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.091901

> A well-known phenomenon in B baryonic decays is the threshold enhancement effect

> First observed by the Belle in the three-body baryonic decay BT — ppK™

» Other B baryonic decays show similar behavior, e.g., BY — Aphh’ (Belle) and B® — pphh’ (LHCb)
> Narrow structure near the pA threshold in ete™ — pK~A + c.c. by BESIII

> The baryon-antibaryon spectra in B multi-body purely baryonic decays have not been studied
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Motivation

» BT — Appp is dominated by b—s transition[*], at tree level b — u and W — s are color
suppressed

» Prediction of B(B* — A%ppp) = (7.4755 +0.03738) x 10~ 7[*]

> The best chance to study the baryon-antibaryon spectra and double threshold effect in a
purely baryonic decay
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https://linkinghub.elsevier.com/retrieve/pii/S0370269323004926

Analysis strategy

® Blind signal region £250 MeV/c? around B mass
® Normalization channel: B(BT — J/yK*) x B(J/1 — pKA + c.c.) = (8.77 £ 1.14) x 1077

» BF measured from simultaneous fits to signal and normalization channels

N(BT — A°ppp) o BT =u/w(opKA)KE

B(B" — A°ppp) = <
( PPP) = (BT — Ji( pKAKT) * eoronopms

x B(BT = J/9(— pKA)K™T)
» Measure B(B* — A°pJ/¢)(— pp)) as cross-check of fit model/efficiencies

» Measure (uplimit of) B(B* — A%pn.(— pp)) in charmonium region
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Dataset and offline selections

® Using 2016-2018 pp collision data (Run2) with total integrated luminosity of 5.4 fb~!
® Stripping/Trigger selections optimized for hadronic B decays
® PID and x> are optimzed to maximize significance
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Background Study — Signal channel

A° LL sideband data
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Bt A%pp MC
<4 M(p1p3) (sideband data)
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Background Study — Normalization channel

= BT = A%pn(— pKA), Bt — ApKTK~ and Bt — ApKT K™ decays can contaminate m(ApK)
= A data-driven method is employed to determine the yields within |[m(ApK) — m(J/%)| < 30 MeV/c?
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e Fit the BT — ApKK data within [m(ApK) — m(nc)| < 30 MeV/c? and 3200 < m(ApK) < 3300 MeV/c” to

extract the background yields

® Propagate yields to the |[m(ApK) — m(J/4)| < 30 MeV/c? mass region by using the ratio of integrals of

background in these two regions
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Fit result: m(pp) < 2850 MeV/c?

¢ 1-D simultaneous fit to Real Data in the dimension of m(Appp) and m(ApKK)
® Signal shape: Double Side Crystall Ball function + Background shape: 1st (2nd) Polynomial function
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Fit result: abs(m(pp) — M, (s/s)) < 40(30) MeV/c?

¢ 1-D simultaneous fit to Real Data of signal data within m(Appp)
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Figure 1: left: abs(m(pp) — M,

) < 40 MeV/c?, right: abs(m(pp) — M,,y) < 30 MeV/c?

c

N(BT — A’pnc(— pp)) = (2.9 £ 1.9)

N(BT — A%pJ/i(— pp)) = (16.4 £ 4.2), Consistent with expectation
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Systematic Uncertainties

Systematic source B(B* — A°ppp) B(B* — A’).(— ppp))
Simulated sample size 0.6 0.6
Kinematic correction 1.4 1.4
Tracking 1.2 1.2
PID 3.1 2.0
Signal shape 2.9 31.1
Background shape 1.2 2.4
Model correction (signal) 2.7 /
Model correction (normalization) 1.6 1.6
Nonresonant / 22.9
Total systematic 5.8 38.8
Statistical uncertainty 16.4 65.5

> B(BT — Appp) = (2.15 % 0.35gat. + 0.124yst. £ 0.2805: ) x 1077
> B(BY — Apnc(— pp)) = (8:3 £ 5.4gtat. & 3.25yst. £ 1.1exs.) x 1079
> Prediction: B(BT — A%ppp) = (7.4%55 +0.03738) x 10~ 7[PLB845(2023)138158]
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https://linkinghub.elsevier.com/retrieve/pii/S0370269323004926

CPV measurement

3

Acp = Araw — Ap(BT) = > Ap(pi) = Ap(A = pm~) — Apip — Absigger

i=1

=(54+156+2.4)%

® The experimental asymmetry follows the approach in the A, — ph~ and B — hhh analysis

® Systematics from alternative fit models: Gauss+DSCB, 2nd order polynomial
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» Background-subtracted dataset to study the mass Spectra

e To distinguish two protons in B¥ — A%ppp’, order them based on their invariant mass with A:
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e To distinguish two protons in BT — A%ppp’, order them based on their invariant mass with p:

m(pp1) = min(m(pp), m(pp"))
m(pps) = max(m(pp), m(
= B = (pp1)(A%p2)
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» First observation of BT purely four-body baryonic decay:
B(BT — A%ppp) = (2.15 £ 0.35¢ar. £ 0.125yst. £ 0.28cx.) X 1077

» 20 lower than the prediction: B = (7.4705 +£0.0375:%) x 107

> A double threshold enhancement is observed for the first time by exploring the mass spectra
» CP asymmetry is measured to be: Acp = (5.4 & 15.65a¢. £ 2.45p5¢.) %

»> B(B* — Apnc(— pp)) is measured to be (8.3 £ 5.4gtat. & 3.25yst. £ 1.1exs.) x 1079
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