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> Introduction

B A few two-body baryonic B-decay processes have been observed:

.+ B(B* - pA(1520)) = (3.973§+0.1+0.3)x10-7 PRD 88(2013) 052015
PRL 119 (2017) 232001

BB° > pp) = (1.25+0.27+0.18) x 10~8

B Search for B > pA

B(B* - pA) = (24789 +

— More precise measurements needed!

0.3) x 10~7, LHCb Runl data, 4.20
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PRD 66 (2002) 014020
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> Introduction

W Search for B¥ > pA

First step towards studying CP violation in B™ — px decay.

« b — uus quark transition

Mode
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BY » K*K-

Ab - pK_

Bt 5> pA

Acp

(8.24+0.47)%
JHEP 03 (2021) 075

(16.2 £ 3.5)%
JHEP 03 (2021) 075

(—1.14+£0.76)%
PRD 111 (2025), 092004

e Anomalyin Ay - pK~ CP asymmetry.

— May be due to partial-wave cancellation. PRL. 134290 (2025) 221801

* A theoretical prediction for the CP asymmetry in B" — px is up to 10%. JHEP 03 (2021) 075

Investigation of CP violation in the BT — pz decay rate and angular distribution.



https://inspirehep.net/literature/2824861
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> Introduction

B Measurement B — p A decay parameter

+
' 0 /| 4
* The spin-0 B" meson — H, = H; = +% or —% - - B rest frame

* Theoretical predictions indicate that the decay parameter a g, which
A rest frame

describes the A polarization is: [arXiv:2306.14280]
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_|Hy1p2l” = [H 12" _2Re(As-Ap) _

- = ~ 0.6
B 2 2 2 2
|H 12" +[H 12| |Asl® +|Ap]
 The angular distribution of the B™ — pz decay: p D
centre-of-mass frame
dI avg
deose, & 1~ @a apCOSHy, here afy? = 0.755:£0.003

[arXi1v:2204.11058v3]



https://arxiv.org/pdf/2306.14280
https://arxiv.org/pdf/2204.11058

» Analysis Strategy
B (Objetives

v' Search for B — pA (A - pr~) and measure the A polarization in the B* — pA.

B Event Selection

v LHCb Run2 data.

v Normalization channel:

v" Main event selection procedure:
(1) Online selection. (2) Veto peaking background. (3) Multi-class Boosted Decision Trees (BDT) for background discrimination.
(4) Strict vertex cut.

v' Efficiency correction

B Mass Fit

v" Simultaneous fits are performed on the signal and normalization channels.

B Angular Fit

v" Simultaneous fits are performed on the simulation and background-subtracted data.



> Event Selection and Mass Fit

B Full selection:

(1) Online reconstruction and selection.

(3) Multi-class Boosted Decision Trees (BDT) for background discrimination.

B Simultaneous fits.

(2) Veto peaking background.

(4) Strict vertex cut.
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Decay Parameter Measurement



» Decay parameter measurement

B Simulation:

* Model the effects of detector resolution(negligible), acceptance, and selection criteria on the signal: € (cos6 )

B Angular Fit

* Simultaneous fits: simulated acceptance shape and the background-subtracted data.

e dN
*  Angular distribution PDF: ——— o (1 —a, apcosb)) - €(cosdy), here a’%’?9 =0.755+0.003
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» Decay parameter measurement

B Relative Systematic Uncertainty:

. : : Uncertainty source AP
Fitting biases and the effects of physical

boundaries( ) — Toy studies boundary affects 0.065

Acceptance modelling with 3-chebv. 0.003

modelling without gbw 0.005

Wubtmction signal 0.000

Fitting procedure combinatorial 0.007

Bt — Kg'rr"‘ Part. bkg.  0.002

BT — K2nt Mis-id. bkg. 0.001

Bt — pA Part. bkg. 0.001

Bt — pA Part. bkg. fraction 0.026

The assumption of no correla.tion between the mass fit in two cos @, bins  0.009

p A mass and the angular variable Total - 0.071
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» Decay parameter measurement

B Decay parameter:

_ +0.26

(stat.) £ 0.09(syst.)

Consistant with theoretical prediction: ag = 0.6

-2A Ln)\

PRL B846 (2023) 138240

LHCb 54 fb
8K, Preliminary
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- --- Statistical

— Statistical + Systematic

O(D

a g # 0, indicates a strong interference between

> the competing S-wave and P-wave amplitudes
of the B — pA decay

The total statistical significance: around 2.9
standard deviations
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https://arxiv.org/abs/2306.14280

Branching fraction measurement
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» Branching fraction measurement

B Branch Fraction Ratio

B(B - pA) B(Kg-omtm) NB —pd)  €poxin

R3

= = — X X
B(B*— K2n") B ->pA) NB —Knh  ep_ 7

v Measured Run2 result: /R%“”Z = (1.01 = 0.14(stat.)) x 10~2

v" Significance
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OO

0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
BF Ratio

The total statistical significance:
Over 7 standard deviations
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» Branching fraction measurement

B Relative Systematic Uncertainty:

* Fitting procedure
(1) Intrinsic fit bias in the maximum-likelihood fit.
(2) Fit component model choice.

* Efficiency determination
(3) Finite size of the simulation samples
(4) Several corrections applied to simulation samples: Kinematic, tracking, particle identification,
hardware-trigger efficiency, A polarization.

* External branching fraction

(5) B(KE - m*m™)/B(A - pr™)

> Total Relative Systematic Uncertainty : 3.9%
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» Branching fraction measurement

B Branch Fraction Ratio:
B(B* > pA) B(K2-nm*m) N(B —pA) € kg
— = — X X
B(B" - K2nm*)  B(A-pA)  NB —K:nH) ' ep_ 7

R3

v" Measured Run? result: 7%%“”2 = (1.01 £0.14(stat.) £ 0.04(syst.)) x 1072
v' Significance(Profile-likelihood scan): Over 7 standard deviations

v’ Previous Runl result: R = (2.02 +0.88 + 0.23) x 102

v’ Combined Runl and Run2 result: R5*"&% = (1.04 + 0.14(stat.) + 0.04(syst.)) x 1072

B Branch Fraction:

B(B" > pA) = (1.24 +0.17(stat.) = 0.05(syst.) + 0.03(norm.)) x 1077
Nucl. Phys. B345(1990) 137

7
)‘ PRD 66 (2002) 014020

 Consistant with theoretical prediction: QCD sum rule (< 3 x 107°), Pole model(2.2 x 10~

« Lower than the corresponding 3-body decay: B — pAnm®: (3.079:2) x 1076, B - pAm~: (3.16 + 0.24) x 10~6


https://arxiv.org/pdf/hep-ph/0112245.pdf
https://www.sciencedirect.com/science/article/abs/pii/055032139090612H?via%3Dihub

» Summary

B The B* — pA decay is observed for the first time and the absolute branching fraction are measured as:
B(B*t - pA) = (1.24 +0.17(stat.) £ 0.05(syst.) + 0.03(norm.)) x 107,
lower than that of the three-body decay(B* — p A m°) providing further evidence for the threshold enhancement
mechanism.
B The decay parameter of the B* — p A process is determined to be:

ag = 0.8719-28(stat.) + 0.09(syst.),

indicating the presence of comparable S-wave and P-wave decay amplitudes.
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» Summary

B Discussion and Outlook

v’ In B-meson decays, By_ 75 > B, _ 55, butin b-baryon decays, B}, 55~ B, _ =7, €.9.

B(B* > pA)=(1.24+0.18)x10-7 > B(B* > pp) = (1.25+0.27+0.18)x 108,
B(B? -5 K*tK™)=(2.72+20.23)x10°>>B(B2 > gtK-)=(5.9+0.7) x 1075,
B(BY° > K*m~)=(2.00+x0.04)x10°>B(B° > ng*to~)=(5.37+0.20) x 106,

B(AY - pK~)=(4.6+0.8)x107% ~ B(AD2 - pr~)=(5.5+1.0) x 1076

v Experimental CP asymmetry results

b - uus b — uld
Mode | B® - K*n~ B?—-> K*K- Ap—->pK~ B* - pA |B°->notn- BY->no*K- Ap-pn- BY—pp
Anp(%)| 824047 162235 14208 o 31.4+3.0 23.6%1.7 0.4+1.0 -
cr PRI G025 JHEP 03 (2021) 075 JHEP 03 (2021) 075 PRD 111 (2025) 092004

JHEP 03 (2021) 075

JHEP 03 (2021) 075

092004

v' Expect CP violation measurements on B* — p A decay to follow with LHCb Run 3 data.

Thank you for your attention !
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Back up
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