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Introduction — BEPCII & BESIII

 

Peak luminosity  

 

Crossing angle: 

Ecm = 1.84 ∼ 4.95 GeV

@Ecm = 3.773 GeV :

1.1 × 1033cm−2s−1

2 × 11 mrad

Electromagnetic Calorimeter 
CsI(Tl):  
Barrel:  
Endcap: 

L = 28 cm
σE = 2.5 %

σE = 5.0 %

Muon Counter 
RPC 
Barrel: 9 layers 
Endcap: 8 layers 
σspatial = 1.48 cm

Main Drift Chamber 
small cell, 43 layer 

 

 

σxy = 130 μm
dE/dx ∼ 6 %
σp/p = 0.5 % @1 GeV

Time Of Flight 
Plastic scintillator 

 
 

σT(barrel) = 68 ps
σT(endcap) = 110 ps
(update to 60 ps with MRPC)

The largest  sample (10 billion)J/ψ
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Study of interaction of anti-neutron with material

  Motivation 

  Strategy & Difficulties 

  Progress 

  Status

J/ψ

p π−

n̄

p p̄
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Anti-neutron analysis — Motivation

Nucl.Phys.B(1993)1

Why study charge-exchange (CEX) reaction

 Study the isospin structure of the  interaction 

( ) 

 Sensitive channel to probe the  large-distance force 

 Measure analyzing power ( ) to provide constraints for 

theories 

N̄N

I = 0, I = 1

N̄N

AN

1

Phys.Rep.(2003)2

2

Analyzing power 

 4 Fermions, 5 complex amplitudes are needed 

to build up the scattering matrix,  is not 

adequate 

 depends on spin dynamics and spin structure  

of nucleon-nucleon (NN) system 

  

dσ/dΩ

dσ
dϕd cos θ

=
1

2π
dσ0

d cos θ
[1 + PyAN(cos ϕ)]

https://www.sciencedirect.com/science/article/pii/055032139390028N
https://www.sciencedirect.com/science/article/abs/pii/S0370157303002333
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Anti-neutron analysis — Motivation

1

Measurements in the world
1

low-energy antiproton and antineutron cross-section and 

scattering measurements at LEAR(low energy anti-proton ring)

Phys.Rep.(2002) 2 PLB(1994)

LEAR

2

differential cross section

 Scarce experimental results of  till now 

 Unique features of  beam 

 Beam features 

  not suffer much from energy loss 

 free from Coulomb interaction

nn̄

n̄

n̄

n̄

test MEP & ChPT
1

https://www.sciencedirect.com/science/article/pii/0370269394906289
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Anti-neutron analysis — Motivation

PRL(2021)1

Nucleon interaction study at BESIII
1

CPC.(2024)2

2

 use hadrons from  as beam, material of 

beam pipe as target

J/ψ

 introduced method to measure hyperon-

nucleon interaction cross-section 

Λ + N → Σ+ + X
3

PRC(2024)3

Ξ0 + N → Ξ− + p
4

PRL(2023)4

 σn̄n→p̄p =
Nobs
ℒn̄ ⋅ ε

ℒn̄ =
NA ⋅ ρH ⋅ lH

MH
⋅ NJ/ψ ⋅ ℬ(J/ψ → pn̄π−)

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.127.012003
https://www.sciencedirect.com/science/article/abs/pii/S0370157303002333
https://journals.aps.org/prc/pdf/10.1103/PhysRevC.109.L052201
https://journals.aps.org/prc/pdf/10.1103/PhysRevC.109.L052201
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Anti-neutron analysis — Strategy & Difficulties

Analysis strategies
 select  sample from  

- restrict distance requirement on :  

- background rate:  

 ensure  interacts with beam pipe material 

- criteria for additional tracks:  

- vertex fit for all additional tracks:  

- background rate:  

 pick  

- exact two additional tracks: one , one 

n̄ J/ψ → pπ−n̄

pπ− Vr < 0.5 cm , Vz < 5 cm

3.81 %

n̄

0.5 < Vr < 10 cm , Vz < 30 cm

θmatch < 10∘

0.00 %

nn̄ → pp̄

p p̄

J/ψ

p π−

n̄

Beam pipe (BP) region: Vr < 5, |Vz | < 10

IP to Vertex
Recoil from pπ−

θmatch
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MC simulation can not describe data well
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Anti-neutron analysis — Strategy & Difficulties
 MC is generated according to PWA results

1

1

BAM892

https://docbes3.ihep.ac.cn/DocDB/0014/001450/003/antineutron_p_version_0.2.pdf
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Two strategies

J/ψ

p π−

X

 Use a self-defined long-lifetime particle ( ) to simulate reaction  

- Current scheme 

- Already used in other analysis 

 Incorporate latest version of Geant4 to BOSS 

- In progress 

- Geant4 11.2 Release note:Hadronic physics: Major extension of the INCLXX 

model to handle antiproton annihilation at rest and in-flight.

X X(nn̄) → pp̄

Reasons
 Process is not included or has wrong yield in Geant4

Anti-neutron analysis — Strategy & Difficulties

PRL(2023)1

1

https://journals.aps.org/prc/pdf/10.1103/PhysRevC.109.L052201


11

Anti-neutron analysis — Progress
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Data

  Follow same selection as introduced before to select  

  Only interaction with BP is considered here 

  Momentum of  and p (from interaction) are used to weight MC 

n̄n → p̄p

n̄

Distribution of n̄n → p̄p
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Anti-neutron analysis — Progress

Mass of neutron
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Data

Distribution of n̄n → p̄p

Fermi momentum
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Anti-neutron analysis — Status

Summary: 
 Use self-defined particle to perform the preliminary analysis 

 The Fermi momentum of neutron with nucleus is found to be large and should be considered in MC simulation 

Next to do: 
 Refine the MC simulation using self-defined particle  

 Read Geant4 documents & implement Geant4 into BOSS 

  measurementdσ/dΩ, AN
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Study of hyperon weak radiative decay (HWRD)

  Motivation 

  Analysis Strategy 

  Summary 

  Status
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HWRD analysis — Motivation

1 PRL12,378(1964)

Hara theorem puzzle
1

  Prediction:  

  Measured to be large and negative by 

Berkeley, KEK, Fermilab and BESIII

αγ(Σ+ → pγ) = 0

2 3 4 5

2 PR188,2077(1969) 3 PRL59,868(1987) 4 PRL68,3004(1992) 5 PRL130,211901(2023)

Phenomenological models
Decay asymmetry αγ

6 PRD73,076005(2006)
7 CPC067(2021) 8 PRD59,054019(1999) 9 PLB190,187(1987) a PLB101,417(1981)

6 7 8 9 a b

Advantages of BESIII
  The largest  sample (10 billion) 

  Spin entanglement information of hyperon pairs 

  BESIII already measured 

J/ψ

Λ → nγ, Σ+ → pγ
c

JPS8,083C01,(2022)d PRL129,212002(2022)c

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.12.378
https://link.aps.org/doi/10.1103/PhysRev.188.2077
https://link.aps.org/doi/10.1103/PhysRevLett.59.868
https://link.aps.org/doi/10.1103/PhysRevLett.68.3004
https://link.aps.org/doi/10.1103/PhysRevLett.130.211901
https://link.aps.org/doi/10.1103/PhysRevD.73.076005
http://hepnp.ihep.ac.cn/en/article/doi/10.1088/1674-1137/abc067
https://link.aps.org/doi/10.1103/PhysRevD.59.054019
https://www.sciencedirect.com/science/article/pii/0370269387908653
https://www.sciencedirect.com/science/article/pii/0370269381901660
https://link.aps.org/doi/10.1103/PhysRevLett.129.212002
https://link.aps.org/doi/10.1103/PhysRevLett.129.212002
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HWRD analysis — Motivation

1 2 3

  Independent measurement from  collider experiment 

  First absolute branching fraction measurement with C.C.        

  Using updated input value 

e+e−

α(Λ → pπ−)

1

2

3

4

PRL63,2717(2002) EPJC12,6976(2000) PRL86,3239(2001) PLB3,693(2010) 4

  Comparing with  result gives 

information about hyperon structure 

Ξ0 → Λγ

n p

Σ− Σ+

Ξ− Ξ0

Σ0

Λ

Why Ξ0 → Σ0γ

5

PRL129,131801(2022)5

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.63.2717
https://cds.cern.ch/record/438907
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.86.3239
https://www.sciencedirect.com/science/article/abs/pii/S0370269310010191?via=ihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.131801
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HWRD analysis — Analysis Strategy

Double tag

ℬ(Ξ0 → Σγ) =
NDT

NST
⋅

εST

εDT
⋅

1
B(Λ → pπ−)

Decay asymmetry

𝒲 =
3

∑
μ, ν=0

Cμν

3

∑
μ′￼, ν′￼, ρ=0

bΞ
μμ′￼

aΞ̄
νν′￼

bΣ
μ′￼ρaΛ̄

ν′￼0a
Λ
ρ0

ℒ =
N

∏
i=1

𝒲(ξ, αγ)iε(ξ)i

C

PRD108,016011(2023)

1

1

Cμν =

1 + αψ cos2 θΞ0 0 βψ sin θΞ0 cos θΞ0 0

0 sin2 θΞ0 0 γψ sin θΞ0 cos θΞ0

−βψ sin θΞ0 cos θΞ0 0 αψ sin2 θΞ0 0

0 −γψ sin θΞ0 cos θΞ0 0 −(αψ + cos2 θΞ0)

aμμ′￼=

1 0 0 α
α cos ϕ sin θ γ cos ϕ cos θ − β sin ϕ −β cos ϕ cos θ − γ sin ϕ cos ϕ sin θ
α sin ϕ sin θ β cos ϕ + γ cos θ sin ϕ γ cos ϕ − β cos θ sin ϕ sin ϕ sin θ

α cos θ −γ sin θ β sin θ cos θ

bνν′￼=

1 0 0 −αγ

αγ cos ϕ sin θ 0 0 −cos ϕ sin θ
αγ sin θ sin ϕ 0 0 −sin θ sin ϕ

αγ cos θ 0 0 −cos θ

  Absolute  measurement 

  Canceled systematic uncertainties from ST selection

ℬ

 Purpose: Measure ℬ & αγ

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.016011
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HWRD analysis — Summary
Branching fraction and decay asymmetry
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HWRD analysis — Status

Summary: 
 The absolute branching fraction and decay asymmetry is measured, both consistent with PDG 

 Our results favor the predictions from VMD and PM I 

 Draft is in PubCom review within BESIII 

In the future: 

 The statistics is more sensitive at  collider  

  (to reach same stat. error with NA48, only a quarter of events are needed) 

  STCF will produce  sample about 100 times larger than BESIII

e+e−

J/ψ Number of events
1000 2000 3000 4000

γ
α

St
at

. u
nc

. o
f 

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14
Current statistics

Expected statistics
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Pre-research of ITKW on STCF

Introduction

ITKW pre-research
  Digitization method 

  Clustering 

  mTPC reconstruction 

  Status

  STCF & ITKW



21

Introduction — STCF & ITKW

 

peak luminosity: 

s = 2 ∼ 7 GeV

5 × 1034 cm−2s−1

 Purpose:  

For digi: good description of data 

For clustering: higher efficiency 

For rec: reduce deviation
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ITKW pre-research — Digitization method

Radial electric field

Focusing electric field400 μm

  Electric field   : Primary ionization 

  ：drift in EM field（ ） 

  ：avalanche — polya distribution 

  sensing signal ( ) — electronics response function 

wave amplitude, time to peak 

  Threshold-crossing time

Ti

Qi

Digitization Beam test
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ITKW pre-research — Clustering

 Before:  

continuous group of digits(one break point is allowed)   

 Updated: 

two break points are allowed 

within 350 ns 

signal over threshold (1 fC) 

time monotonicity (less than 100 ns per strip)

Pack up digits into clusters

drift time

stript ID

Reconstruction efficiency(%):  

(87.42, 95.18, 96.31)  (90.50, 97.51, 98.25)→
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ITKW pre-research — mTPC reconstruction

Distance

Strip ID

Distance

vdrift ⋅ Tdrift

Micro TPC

Pos = ID |D=2.5mm

Performance
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 Inaccurate estimation of drift time & drift velocity 

 Time advance caused by multiple signals collected by one strip 

 Each step of digitization may bring deviation 

……

：reach point is not the center of the strip 

if  original ionization,  

the  is determined by the first one

Ne

Tdrift

θ

Source of deviation

Temporary solution

 Data (MC) driven method: 

 Get a set of correction matrix based on  

 Different momentum, polar angle, particle type

ITKW pre-research — mTPC reconstruction
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Generated from MC

Correction method: MC driven

X, V strip ID

Cluster info

Original mTPC

polar angle ( )θ

energy loss ( )dE/dx

CorrX 
CorrV

Δθ < 0.05∘

ITKW pre-research — mTPC reconstruction
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ITKW pre-research — mTPC reconstruction
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Summary: 
 Construct the digitization & reconstruction strategy of ITKW 

 Correct the deviation of mTPC reconstruction to an acceptable level 

Next to do: 
 Participate beam test to better understand mTPC mechanism 

 Optimize detector design based on beam test results 

 Refine digitization based on beam test results

ITKW pre-research — Status
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Progress Summary

Study of interaction of anti-neutron with material 
 Report in BESIII Physics and Software Workshop in Autumn 2025 parallel session 

Study of hyperon weak radiative decay 
 Report several times within BESIII collaboration & on plenary session in 2024 
 Draft is under PubComm review 

ITKW reconstruction 
 Report at 6th International Workshop on Future Tau Charm Facilities 
 Report at 2nd Workshop on Tracking in Particle Physics Experiments
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Backup
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Backup

Used data & MC sample

Full  data sampleJ/ψ

DIY MC based on PWA

BAM892

1

BOSS version 7.0.8 (G4 version:9.3p01)

10 billion inclusive MC sample

Anti-neutron analysis

https://docbes3.ihep.ac.cn/DocDB/0014/001450/003/antineutron_p_version_0.2.pdf
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BackupAnti-neutron analysis

bkg rate from inclusive mc :  
2.69 %

bkg rate from sideband :  
3.81 %
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Backup

bkg rate from topology :  
0.86 %
bkg rate from sideband :  
0.00 %

Anti-neutron analysis
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Backup

, at least two additional tracksNAgood ≥ 2

,  interactionθmatch < 10∘ n̄

IP to Vertex
Recoil from pπ−

θmatch

cos θ < 0.93

0.5 < Vr < 10 cm , Vz < 30 cm

Additional Charged tracks

VertexFit for all additional tracks

J/ψ

p π−

n̄

Prob  & highest prob> 0.001
PID: only dE/dx

VF must succeed

MDC inner wall (MDCI) region: 5.8 < Vr < 7, |Vz | < 30
Beam pipe (BP) region: Vr < 5, |Vz | < 10

signal mc

data

z

r

z

r

Anti-neutron analysis
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Backup

J/ψ

p π−

X

Mass of  variate with  momentumX n̄

mX = 2mn(mn + p2
n̄ + m2

n )

Input momentum of  follow PWA results toop, π−, n̄

 is assigned a decay lengthX

only those decay within beam pipe ( ) are kept3.148564 cm < r < 3.37 cm
0.2 0.4 0.6 0.8 1.0 1.2

1.90

1.95

2.00

2.05

2.10

2.15

pn̄

mX

The momentum of neutron is assumed to be at rest

Anti-neutron analysis
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Backup

 σn̄n→p̄p =
Nobs
ℒn̄ ⋅ ε

ℒn̄ =
NA ⋅ ρH ⋅ lH

MH
⋅ NJ/ψ ⋅ ℬ(J/ψ → pn̄π−)

1

1 BAM997

 (GeV)
n

p
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

 (m
b)

pp
σ
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25
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40

DataDataPreliminary results

only stat. error of  is considered 
weight factors are not used here

Nobs

Anti-neutron analysis

https://docbes3.ihep.ac.cn/DocDB/0015/001528/004/v4.0_memo_nbarp_kaons.pdf
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BackupHWRD analysis

Decay chain:
J/ψ → Ξ0( → Σγ) Ξ̄0( → Λ̄π0)

Σ → Λγ, Λ → pπ−, Λ̄ → p̄π+

𝒲 =
3

∑
μ, ν=0

Cμν

3

∑
μ′￼, ν′￼, ρ=0

bΞ
μμ′￼

aΞ̄
νν′￼

bΣ
μ′￼ρaΛ̄

ν′￼0a
Λ
ρ0

Cμν =

1 + αψ cos2 θΞ0 0 βψ sin θΞ0 cos θΞ0 0

0 sin2 θΞ0 0 γψ sin θΞ0 cos θΞ0

−βψ sin θΞ0 cos θΞ0 0 αψ sin2 θΞ0 0

0 −γψ sin θΞ0 cos θΞ0 0 −(αψ + cos2 θΞ0)

aμμ′￼=

1 0 0 α
α cos ϕ sin θ γ cos ϕ cos θ − β sin ϕ −β cos ϕ cos θ − γ sin ϕ cos ϕ sin θ
α sin ϕ sin θ β cos ϕ + γ cos θ sin ϕ γ cos ϕ − β cos θ sin ϕ sin ϕ sin θ

α cos θ −γ sin θ β sin θ cos θ

bνν′￼=

1 0 0 −α
α cos ϕ sin θ 0 0 −cos ϕ sin θ
α sin θ sin ϕ 0 0 −sin θ sin ϕ

α cos θ 0 0 −cos θ

For :1 →
1
2

+
1
2

For :
1
2

→
1
2

+ 0

For :
1
2

→
1
2

+ γ

PhysRevD.108.016011

1

1

βψ = 1 − α2
J/ψ sin ΔΦ

γψ = 1 − α2
J/ψ cos ΔΦ

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.016011
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Backup

BOSS version: 7.0.8
Data

MC samples

10 bilion  data collected in 2009-2019J/ψ

10 bilion  inclusive MCJ/ψ

12 milion DIY ST signal MC

J/ψ → Ξ0( → anything)Ξ̄0( → Λ̄π0), Λ̄ → p̄π+

1.58 milion DIY DT signal MC

J/ψ → Ξ0( → Σγ)Ξ̄0( → Λ̄π0), Σ → Λ( → pπ−)γ, Λ̄ → p̄π+

51 milion Exclusive MC

J/ψ → Ξ0( → Λπ0)Ξ̄0( → Λ̄π0), Λ → pπ−, Λ̄ → p̄π+

PhysRevD.108.L0311061

1

Input parameters for DIY MC

0.514 0.7551
1.168 0.379

-0.69 -0.0053

0 -0.7448

αJ/ψ

ΔΦJ/ψ

αΞ→Σγ

αΣ→Λγ

αΛ→pπ

αΞ̄→Λ̄π0

ΔΦΞ̄→Λ̄π0

αΛ̄→p̄π

1 2

2 PDG

HWRD analysis

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L031106
https://pdg.lbl.gov
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Backup

)2c(GeV/+πpM
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Charged tracks

cos θ < 0.93No cut on Vr , Vz

Particle ID

prob(p) > prob(π) & prob(p) > prob(K)
Momentum > 0.3 GeV/c

Tracks other than proton

 reconstructionΛ̄
Keep all  combinations satisfying 

  

pπ
Mp̄π− − MΛ̄ < 6 MeV/c2 (5σ)

Proton:

Pion:
)2c (GeV/+πpM
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2cMean: 1.116 GeV/
2c: 1.2 MeV/σ

, ratio1: 0.542c1: 0.6 MeV/σ

, ratio2: 0.322c2: 1.5 MeV/σ

, ratio3: 0.142c3: 7.8 MeV/σ

At least 2 good tracks

Np̄ ≥ 1, Nπ+ ≥ 1

HWRD analysis
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Backup

Neutral tracks

25MeV @ cos θ < 0.8
50MeV @ 0.86 < cos θ < 0.92

0 ≤ TDC ≤ 700 ns

Angle between n.t. and c.t.( ) larger than p̄
10∘(20∘)

Nγ ≥ 2

 Selectionπ0

1C KM fit on  combinationsγγ

115 < Mγγ < 150 MeV/c2

HWRD analysis
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Backup

 SelectionΞ̄0

MΛ̄π0 = (Ep̄π+ + Eπ0)2 − (pp̄π+ + pπ0)2 − Mp̄π+ + MΛ̄

MΛπ0 − MΞ < 12 MeV/c2 (3σ)

Select  combination withΛ̄π0 MΛπ0 − MΞ min
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Truth match

To get the efficiency of signal MC

θtruth < 0.4
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, ratio1: 0.512c1: 2 MeV/σ

, ratio2: 0.132c2: 22 MeV/σ

, ratio3: 0.362c3: 6 MeV/σ

HWRD analysis
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BackupHWRD analysis
ST yield is extracted from recoil mass distribution

Signal shape:  
truth matched signal MC  Gauss⊗

Background shape:

Unmatched signal MC shape

 order Chebyshev polynomial3rd

: DIY MCJ/ψ → Σ0Λ̄π0

: from inclusive MCJ/ψ → Σ*0Σ̄*0

Xi to Lam pi0 Xib to Lamb pi0
Yield 

ST effi 19.78% 17.61%
BR / 

Correction 1.006 0.982
Corrected BR / 

10−3

10−3

1

1

1

BAM-760

1626215 ± 2588 1415081 ± 1131

1.281 ± 0.002 1.253 ± 0.001
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*0Σ*0Σ

Λ0π→
0

ΞST 

 1131±Signal: 1415081 

Efficiency: 17.61 %
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https://docbes3.ihep.ac.cn/DocDB/0013/001305/029/bes3memo.pdf
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BackupHWRD analysis

Charged tracks, PID and  reconstructionΛ

PID is same with ST Np, Nπ− ≥ 1

Selection

Neutral Tracks

Additional two photons γ1, γ2

Other criteria are same with ST

Kinematic fit

Constrain   
(together with 1C of  and conservation of 
4 momentum, 7C in total)

MΞ0, MΞ̄0

π0

Minimizing  by looping  
 and  to optimize

χ2
7C

γ1, γ2 Λ

Use  to extract signalMΣ

NΛ ≥ 1

Choose  close to  as  candidateMΛγ1
, MΛγ2

MΣ Σ
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BackupHWRD analysis

Dominant background

J/ψ → Ξ0Ξ̄0 → Λπ0Λ̄π0

J/ψ → Σ*0Σ̄*0, J/ψ → Σ0Σ̄*0, J/ψ → π0Σ0Σ̄0

For  associated backgroundΣ(*0)Σ̄(*0)

Decay length of  equals to 0, while   
has large decay length 

Σ Ξ
cτ = 8.71 cm

Perform secondary vertex fit on  and Λ Λ̄

Keep events with L/σL > 2.0

|Lσ|L/
0 2 4 6 8 10

Ev
en
ts
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S+
B
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500

1000
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BackupHWRD analysis

After further selection

  
is the only important background

J/ψ → Ξ0Ξ̄0 → Λπ0Λ̄π0
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BackupHWRD analysis

χ2
7C

Mγγ
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