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Introduction
Introduction

n p

Σ− Σ+

Ξ− Ξ0

Σ0

Λ

Standard Model and QCD

Two experimental perspectives

n : udd, Σ0 : uds, Ξ0 : uss

●   Standard Model has achieved remarkable success 
●   QCD governed the Baryon properties 
●   non-pQCD at low energies remains challenging

●   Transition: tag  from  and reconstruct  
●   Interaction: tag  and  from from  decay and study 

, 

Ξ0 J/ψ Ξ0 → Σ0γ
n̄ p̄ J/ψ

n̄n → p̄p p̄p → p̄p
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BEPCII and BESIII
Introduction

Tagged baryon samples
10 billion  decays 

 
 

J/ψ
ℬ(J/ψ → Ξ0Ξ̄0) ∼ (1.17 ± 0.04) × 10−3

ℬ(J/ψ → pn̄π−) ∼ (2.12 ± 0.09) × 10−3

ℬ(J/ψ → pp̄π−π+) ∼ (6.0 ± 0.5) × 10−3

EMC
Resolution at 1 GeV
Barrel: 2.5%
Endcaps: 5.0%

MUC
RPC readout
9 barrel layers
8 endcap layers

MDC
σxy = 130 μm
dE/dx ∼ 6 %

TOF
Barrel: 68 ps
Endcaps: 60 ps
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Interaction —  & n̄n → p̄p p̄p → p̄p
Interaction

J/ψ → pn̄π−, n̄n → p̄p
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Interaction — Why charge exchange?
Interaction

Discovery of the antineutron Isospin amplitudes
● 1956: discovery through charge exchange

p̄p → n̄n
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●   For  system N̄N I = 0 or 1

 T(p̄p → p̄p) =
T0 + T1

2

T(n̄n → p̄p) =
T0 − T1

2

●   Complementary isospin constraints
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Interaction — Near-threshold structure
Interaction

Threshold enhancement Coupled-channel FSI
●   PS170 (1991–1994) 
●   Steep near-threshold form factor 
●   Observed in several hadron decays and 

 annihilations (include )e+e− e+e− → n̄n

●   CEX coupling
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Interaction — Existing charge-exchange data
Interaction

BNL AGS — Hamilton 1980 CERN LEAR — PS206

Integrated cross section 
Beam momentum: 0.119–1.046 GeV/c

Corrected differential cross section 
Forward peak and dip–bump structure

●   No direct measurement for  
●   Convert  results

n̄n → p̄p
p̄p → n̄n
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Experimental results
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Interaction — Measurement strategy
Interaction

J/ψ

p π−

n̄

IP to Vertex
Recoil from pπ−

θmatch

Analysis strategies
● Select J/ψ → pπ−n̄

● Prompt tracks: Vr < 0.5 cm , |Vz | < 5 cm

● Interaction tracks: 0.5 < Vr < 10 cm , |Vz | < 30 cm

● Vertex match: θmatch < 10∘

● Exactly one additional proton and one antiproton

Beam-pipe region (cm)

Vr < 5, |Vz | < 10
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Interaction — Measurement strategy
Interaction

Differential cross section 

 

●    or  bin; 

●    from weighted PHSP MC 

●    from interaction MC

(
dσ
dx

) ∣k =
Nsig,k /εsig,k

Δxℒeff
H

k : q2 cos θ

εtag :

εsig :

●   reaction rate:  

: hydrogen number density, : path of  within oil 

●   number of incident :  

●   number of reaction events:  

 

 

●   effective luminosity:  

P = nHℓσ

nH ℓ p̄

p̄ Ninc = Ntag/εtag

Nsig = Ninc nHℓ̄ ⋅ σ ⋅ εsig

→ Nsig = Ntag nHℓ̄σ
εsig

εtag
= ℒtag

H ⋅ σ ⋅
εsig

εtag

→ σ =
Nsig/εsig

ℒtag
H /εtag

=
Nsig/εsig

ℒeff
H

ℒeff
H = ℒtag

H /εtag =
Ntag

∑
j=1

nHℓj

εtag(pp̄,j)
nH = ρoilwHNA/MH, ℓj =

rout − rin

sin θj

Calculation of cross section
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Interaction — MC generation
Interaction

σ =
Nsig/εsig

ℒtag
H /εtag

=
Nsig/εsig

ℒeff
H

●   estimation of efficiency is important 

But: 

●   Geant4 version at BOSS is outdated 
●   existing virtual particle method is questionable 

Our strategy

standalone G4 simulation

input  momentum from PWAn̄

keep events with final state of interest

transfer information to BOSS

kinematic reweighing

Efficiency estimation
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Interaction — MC generation
Interaction

Develop ManualGenerator Modify G4Svc package
● Enable it to preserve multiple vertices in 

detector simulation
●   Input each track with exact four-momenta & 
space-time coordinates: 

(PID, px, py, pz, E, x, y, z, t)
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Interaction — Kinematic distributions (1)
Interaction

Data and 2D-weighted MC in the selected material-interaction sample

MC normalized to Data in each displayed range
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Interaction — Kinematic distributions (2)
Interaction

Data and 2D-weighted MC in the selected material-interaction sample

MC normalized to Data in each displayed range
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Interaction — Results
Interaction

1.9 2 2.1 2.2 2.3 2.4
 (GeV)nns

0

10

20

30

40

50

60

70

p)
 (m

b)
p 

→
n n(

σ

1/3N/A

2/3A

N

Hamilton 1980

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

)2 ((GeV/c)2q

0

20

40

60

80

100

120

)2
 (m

b/
(G

eV
/c

)
2

/d
q

σd

1/3N/A

2/3A

N

Birsa 1994/97, 1.2 GeV/c

0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
CM
pθcos

0

1

2

3

4

5

6

 (m
b/

sr
)

Ω
/d
σd

1/3N/A 2/3A

N Birsa 1994/97, 1.2 GeV/c

●   Forward antiprotons retain a strong correlation with the incident direction 
●   The distribution is concentrated at small momentum transfer
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Interaction — Antiproton validation
Interaction

H-like

Non-H free-proton-equivalent candidates using three different assumptions
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Transition — Hyperon radiative decay Ξ0 → Σ0γ
Transition
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Transition — Introduction
Transition

Hara theorem puzzle
● In the under SU(3) limit α(Σ+ → pγ) = 0

● A large negative asymmetry has been 
observed Berkeley, KEK, Fermilab and 
BESIII

Phenomenological models

α =
2Re(ab*)

|a |2 + |b |2n p

Σ− Σ+

Ξ− Ξ0

Σ0

Λ
6 HWRD: s → dγ
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Transition — Introduction
Transition

Why Ξ0 → Σ0γ Advantages of BESIII
● Independent measurement at an  collidere+e−

● Absolute branching fractions for both charge-
conjugate channels

● Updated input for α(Λ → pπ−)

● Comparison with  probes hyperon 
structure

Ξ0 → Λγ

● 10 billion  decaysJ/ψ

● Spin information from hyperon pairs

● Measurements of Λ → nγ, Σ+ → pγ
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Transition — Analysis strategy

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

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

Double tag
● Measure the absolute branching fraction

● Partially cancel shared tag-side uncertainties

ℬ(Ξ0 → γΣ0) =
NDT

NST

εST

εDT

×
1

ℬ(Σ0 → Λγ) ℬ(Λ → pπ−)

Decay asymmetry
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Transition — Background suppression

Dominant background

●    
●   

J/ψ → Ξ0Ξ̄0 → Λπ0Λ̄π0

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

Further selection

●     

●     & 

L/σL > 2.0

Mγγ < 88 MeV or Mγγ > 162 MeV χ2
7C < 50
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Transition — Results
Transition
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Summary and prospects
Summary

Interaction 

●    
calculated preliminary differential cross-section 
analysis memo is in preparation 

●   
obtained differential cross-section for H-like and non-H target 
study the nuclear effect further 

Transition 

●   
measured absolute branching fraction and decay asymmetry 
results are published

n̄n → p̄p

p̄p → p̄p

Ξ0 → Σ0γ

JHEP08(2026)017

Reported at plenary session

https://link.springer.com/article/10.1007/JHEP08(2026)017
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