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Introduction

Search for 𝑫! → 𝒏𝒆

Summary

Outline
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Search for 𝚲 − '𝚲 Oscillation

Search for 𝚵𝟎 → 𝑲𝒆



01 Introduction: BEPCII/BESIII experiment
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01 Introduction: BEPCII Collider
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01 Introduction: BESIII Detector

Barrel TOF: Scintillator
𝜎! = 80	𝑝𝑠

Endcap TOF: MRPC
𝜎! = 70	𝑝𝑠
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01 Introduction: BESIII Collaboration

BESIII: ~600 members 
85 institutes,  17 countries. 



01 Introduction: Data Samples

J/y: 𝟏𝟎𝟏𝟎

World largest charmonium data sets directly
produced from 𝑒+𝑒, collision at J/y resonance,
10 billion; y(3770) peak, 2.9 fb-1; 

7

y(3770): 2.9 fb-1

Milestone: 10 billion 𝐽/𝜓 
collected by BESIII
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• Asymmetry of matter and anti-matter:  big problem 

in the universe evolution. 
• BNV: even a small amount would have major 

consequences on the universe and its evolution, as 
many theories have suggested. 

• For example, in the Grand Unified Theory, proton can 

decay into several modes through leptoquarks, such 
as 𝑝 → 𝑒!𝜋#. Such mechanism simultaneously 
breaks BN and LN while conserving Δ(𝐵 − 𝐿). 

• Searches for physics BSM with collider experiments 
are complementary to searches with specifically 

designed precision detection experiments. 
• The two independent ways of searching for new 

physics are fruitfully supporting each other.

01  Introduction: BNV Searching

Sakharov: 
em…BNV?



9

Decay Mode 𝐵!"%𝑼𝑷 	(×10&') Latest Experiment Year

𝐷" → 𝑝𝑒&/�̅�𝑒( 220/120 BESIII [PRD105, 032006] 2022

Σ& → 𝑝𝑒&𝑒& 6700 BESIII [PRD103, 052011] 2021

𝐷( → Λ(Σ")𝑒( 110 (170)
BESIII [PRD101, 031102(R)] 2020

𝐷( → /Λ(0Σ")𝑒( 65 (130)

𝐷" → 𝐾&𝜋&𝑒(𝑒( 280

BESIII [PRD99, 112002] 2019𝐷( → 𝐾)"𝜋&𝑒(𝑒( 330

𝐷( → 𝐾&𝜋"𝑒(𝑒( 850

𝐽/𝜓 → Λ*(𝑒& + 𝑐. 𝑐. 6.9 BESIII [PRD99, 072006] 2019

Λ → 𝐾±𝑒∓(𝜇∓) 200 (300)

CLAS [PRD92, 072002] 2015
Λ → 𝜋±𝑒∓(𝜇∓) 40 (60)

Λ → �̅�𝜋( 90

Λ → 𝐾)"𝜈 2000

𝐵" → 𝑝𝜇& 0.26
LHCb [PRD108, 012021] 2023

𝐵)" → 𝑝𝜇& 1.21

𝐵" → Λ*(𝜇&(𝑒&) 140 (400)

BABAR [PRD83, 091101(R)] 2011𝐵( → Λ𝜇((𝑒() 6 (3.2)

𝐵( → /Λ𝜇((𝑒() 6 (8)

01 Introduction: Status for BNV/LNV @hadrons
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02  Search for 𝑫2 → 𝒏𝒆
• First constraint on 𝑫" → 𝒏𝒆
• Double tag method, 1.5×10# single 

tag 𝐷$ mesons (from 2.9 fb-1 𝜓 3770  data)

• Gradient BDT algorithm based on EMC 
shower information trained with 
𝑛/8𝑛/𝐾%&/𝛾 control samples is used for 
𝑛/8𝑛 identification

• zero signal events in the signal region

PRD106, 112009 (2022)

𝐵 𝐷! → 𝑛𝑒! "#%
%&

< 2.91×10'(
𝐵 𝐷! → -𝑛𝑒! "#%

%&

< 1.43×10'(



• 10 billion 𝐽/𝜓 events

• First search of BNV in Ξ decay

• Double tag method, background 

free analysis

• No obvious signal observed

• Low systematic uncertainty  

(3.4%)
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03  Search for 𝚵𝟎 → 𝑲𝒆

𝐵 Ξ# → 𝐾'𝑒! "#%
%& < 1.9×10') 𝐵 Ξ# → 𝐾!𝑒' "#%

%& < 1.9×10')

Tag

Signal

;𝚲

𝝅𝟎

𝚵𝟎

;𝚵𝟎
𝒆"

𝒆$

𝑲𝒆

𝑱/𝝍

PRD108, 012006 (2023)
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• Since 1980[PRL44,1316], there have been many 

experiments searching for BNV through 𝑛 − 9𝑛 

oscillation[PDG2019] with upper limit results, while 

few results from other baryons. 

• 2007, K.-B. Luk pointed out that Λ − 'Λ oscillation may also exist. 

• 2010, X.-W. Kang and H.-B. Li[PRD81,051901] give a prospect of searching for Λ − 'Λ 

oscillation at the BESIII experiment. 

• 2017, the LHCb experiment presented the first constraint on Ξ$# − 9Ξ$#  oscillation.

• The theoretical advantage for using Λ − 'Λ is it has a second generation quark, 

which can give further information compared with the result of proton decay 

which only have the first generation quark.

04  Search for 𝜦 − )𝜦 Oscillation



• Bkg free, sys. uncertainty very low (1%)
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Data: dots with 
error bars 

Solid line: fit result

Data: dot 
with error bar 

Signal Window: 
red arrows 

WS

RS

• An oscillation event (c.c. implied) 

𝐽/𝜓 → 𝑝𝐾$;Λ	
	 )*+,--./,01	

𝑝𝐾$Λ

• Result based on 1.3 billion 𝐽/𝜓 events

• Time integrated oscillation rate  

Right Sign Channel (Opposite Charge)
 𝐽/𝜓 → 𝑝𝐾$;Λ → 𝑝𝐾$(�̅�𝜋")

Wrong Sign Channel (Same Charge)
 𝐽/𝜓 → 𝑝𝐾$𝛬 → 𝑝𝐾$(𝑝𝜋$)

• Upper limit on oscillation rate at 90% CL

𝒫 Λ =
𝑁%&'()/𝜖%&
𝑁*&'()/𝜖*&

< 4.4×10+,

• Oscillation parameter (90% CL)

𝛿𝑚-.- =
𝒫(-)
23-

. < 3.8×10+45 GeV

PRL131, 121801 (2023)

𝒫 Λ =
ℬ(𝐽/𝜓 → 𝑝𝐾$Λ)
ℬ(𝐽/𝜓 → 𝑝𝐾$;Λ)

=
𝑁23
456/𝜖23

𝑁73456/𝜖73

04  Search for 𝜦 − )𝜦 Oscillation



• With the world largest threshold produced 𝜓(3770) data with 2.9 

fb-1 and  𝐽/𝜓 data with 10 billion events, the BESIII collaboration 

presented the first constraints on 𝐷! → 𝑛𝑒, ΞN → 𝐾𝑒 and Λ − +Λ

oscillation, no BSM signals found.

• New data taking plan and more charmonium data sets at other CM 

energy have been approved! Better/more constraints on BNV/LNV 

processes are coming soon.

04 Summary
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Děkujeme!
谢谢！
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