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J/ψ → pp̄ J/ψ → nn̄
J/ψ → ΛΣ̄0 + c . c .

ψ Ξ−Ξ̄+ Σ(1385)∓Σ̄(1385)±

J/ψ ψ(3686) ΛΛ̄ Σ0Σ̄0

J/ψ ψ(3686)
Σ+ Σ−

NJ/ψ ≈ 200 Million

NJ/ψ ≈ 1 Billion

NJ/ψ ≈ 10 Billion
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Λ − Λ̄

Ξ0 − Ξ̄0

e+e− → J/ψ → ΛΛ̄
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Motivations
Isospin violating decays of vector charmonia

 

 Octet baryon antibaryon 

ψ : J/ψ and ψ(2S)

h(h′￼) :



Motivations
Isospin violating decays of vector charmonia

 

 Octet baryon antibaryon 

ψ : J/ψ and ψ(2S)

h(h′￼) :

J/ψ → ΛΣ0 + c . c . Λ

Σ0

I, I3

(0,0)

(1,0)



Motivations
Isospin violating decays of vector charmonia

[2] First observation of the isospin violating decay , 
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J/ψ → ΛΣ̄0 + c . c .

ψ(3686) → Σ̄0Λ + c . c .
χcJ(J=0,1,2) → ΛΛ̄







ℬ(J/ψ → ΛΣ0 + c . c.) = 2.83(23) × 10−5

ℬ(ψ(2S) → ΛΣ0 + c . c.) = 1.6(7) × 10−6

ℬ(ψ(2S) → ΛΣ0 + c . c.) = 1.23(24) × 10−5



Motivations
Isospin violating decays of vector charmonia

C. Q. Geng, C.-W. Liu, JZ. EPJC 83, 973 (2023) 



New Signature of low mass  in  decaysZ′￼ J/ψ

J/ψ → ΛΣ0 + c . c .γ* →

Motivations



X

gV gV /gA

New Signature of low mass  in  decaysZ′￼ J/ψ

J/ψ → ΛΣ0 + c . c .X →

Motivations



X

gV gV /gA

New Signature of low mass  in  decaysZ′￼ J/ψ

J/ψ → ΛΣ0 + c . c .X →

Motivations

Dark Photon



Z/Z′￼

gV gV /gA

New Signature of low mass  in  decaysZ′￼ J/ψ

J/ψ → ΛΣ0 + c . c .Z/Z′￼ →

Motivations

Parity violation with SM ∼ 10−5
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New Signature of low mass  in  decaysZ′￼ J/ψ
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Formalisms—  model3P0

OZI-allowed decays OZI-suppressed decays



Formalisms—  model3P0 |Λ⟩ ∝ u†
aα( ⃗xu)d†

bβ( ⃗xd)s†
cγ( ⃗xs) |0⟩,

|Σ0⟩ ∝ uaα( ⃗xu)dbβ( ⃗xd)scγ( ⃗xs) |0⟩,Λ

Σ0



Formalisms—  model3P0

 is the field operator which 

only contain the creation operator of quarks

q†
aα( ⃗x)

 is the field operator which 

only contain the creation operator of antiquarks

qaα( ⃗x)

|Λ⟩ ∝ u†
aα( ⃗xu)d†

bβ( ⃗xd)s†
cγ( ⃗xs) |0⟩,

|Σ0⟩ ∝ uaα( ⃗xu)dbβ( ⃗xd)scγ( ⃗xs) |0⟩,Λ

Σ0

Homogeneous bag model (HBM)



Formalisms—  model3P0

 is the field operator which 

only contain the creation operator of quarks

q†
aα( ⃗x)

 is the field operator which 

only contain the creation operator of antiquarks

qaα( ⃗x)

ϵμ⟨λΛ; λΣ0 | ūγμu |0⟩ → 0

|Λ⟩ ∝ u†
aα( ⃗xu)d†

bβ( ⃗xd)s†
cγ( ⃗xs) |0⟩,

|Σ0⟩ ∝ uaα( ⃗xu)dbβ( ⃗xd)scγ( ⃗xs) |0⟩,Λ

Σ0

{qaα( ⃗x), q†
bβ( ⃗y)} = 0

Homogeneous bag model (HBM)



Formalisms—  model3P0

 is the field operator which 

only contain the creation operator of quarks

q†
aα( ⃗x)

 is the field operator which 

only contain the creation operator of antiquarks

qaα( ⃗x)

ϵμ⟨λΛ; λΣ0 | ūγμTdTsu |0⟩ ≡ Mu
λΛλΣ0

|Λ⟩ ∝ u†
aα( ⃗xu)d†

bβ( ⃗xd)s†
cγ( ⃗xs) |0⟩,

|Σ0⟩ ∝ uaα( ⃗xu)dbβ( ⃗xd)scγ( ⃗xs) |0⟩,Λ

Σ0

Homogeneous bag model (HBM)

Tq = 3 γq ∫ d3 ⃗x : q( ⃗x) q( ⃗x) :



Formalisms—  model3P0

Tq = 3 γq ∫ d3 ⃗x : q( ⃗x) q( ⃗x) :

dimensionless

may originates from gluon condensation



Formalisms—  model3P0

Tq = 3 γq ∫ d3 ⃗x : q( ⃗x) q( ⃗x) :

dimensionless

may originates from gluon condensation

γq(μ) =
γq0

log(μ/μ0)



Formalisms—  model3P0

Tq = 3 γq ∫ d3 ⃗x : q( ⃗x) q( ⃗x) :

dimensionless

may originates from gluon condensation

γq(μ) =
γq0

log(μ/μ0)

αs(μ) =
b−1

0

log(μ2/Λ2)



Formalisms—  model & HBM3P0

γ*

u d s

Λ

Σ0

Mu
λΛλΣ0

= ϵμ⟨λΛ; λΣ0 | ūγμuTdTs |0⟩

∝ ⟨Γλψ
λuλū

( ⃗xΔ)Eλdλd̄
( ⃗xΔ)Eλsλs̄

( ⃗xΔ)⟩

: vertex function for  vertexEλqλq̄
3P0

: vertex function for QED vertexΓψ
λuλū



Formalisms—  model & HBM3P0

γ*

u d s

Λ

Σ0

Mu
λΛλΣ0

= ϵμ⟨λΛ; λΣ0 | ūγμuTdTs |0⟩

∝ ⟨Γλψ
λuλū

( ⃗xΔ)Eλdλd̄
( ⃗xΔ)Eλsλs̄

( ⃗xΔ)⟩
 integrates the bag center over


 the entire space

⟨…⟩ = ∫ d3 ⃗xΔ…

: vertex function for  vertexEλqλq̄
3P0

: vertex function for QED vertexΓψ
λuλū



Formalisms—Observables

Mq
λΛλΣ0

= ϵμū [GM(q2)γμ +
M+

q2
(GM(q2) − GE(q2))qμ] v,

𝒜T = 2(M2
ψ − M2

−)GM(s), 𝒜L =
M+

Mψ
M2

ψ − M2
−GE(s)



Formalisms—Observables

Mq
λΛλΣ0

= ϵμū [GM(q2)γμ +
M+

q2
(GM(q2) − GE(q2))qμ] v,

𝒜T = 2(M2
ψ − M2

−)GM(s), 𝒜L =
M+

Mψ
M2

ψ − M2
−GE(s)

ℬ(ψ → hh′￼) =
1
3

| ⃗ph |
8πM2

ψΓψ ∑
λh,λh′￼

|𝒜λhλh′￼
|2 ,

dΓ
d cos θ

∝ 1 + α cos2 θ,

α =
|𝒜T |2 − 2 |𝒜L |2

|𝒜T |2 + 2 |𝒜L |2 ,

ψe− e+
θ

h

h′￼
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Formalisms—  modelZ′￼

Z′￼μ [gA (uγμγ5u − dγμγ5d) + gVcγμc] + …

⟨ΛΣ0 | (ūγμγ5u − d̄γμγ5d) |Z′￼⟩⟨Z′￼| c̄γμc |ψ⟩



Formalisms—  modelZ′￼

Z′￼μ [gA (uγμγ5u − dγμγ5d) + gVcγμc] + …

⟨ΛΣ0 | (ūγμγ5u − d̄γμγ5d) |Z′￼⟩⟨Z′￼| c̄γμc |ψ⟩Parity violation



Formalisms—  modelZ′￼

Z′￼μ [gA (uγμγ5u − dγμγ5d) + gVcγμc] + …

⟨ΛΣ0 | (ūγμγ5u − d̄γμγ5d) |Z′￼⟩⟨Z′￼| c̄γμc |ψ⟩Parity violation

1. Generation-independent couplings.                    evade FCNC constraints 


2. Leptophobic                      evade  collision experimental constraints


3. Violate isospin & parity   

⇐

⇐ e+e−

⇒ gA = (gR
u − gR

d )/4 ≠ 0, gV = (gR
u + gL

u )/2 ≠ 0



Formalisms—Observables

Z/Z′￼

1
Γ

∂Γ
∂ cos θp

= 1 + αNPαΛ cos θ = 1 + α cos θp ,

αNP =
|h++ |2 + |h+− |2 − |h−+ |2 − |h−− |2

|h++ |2 + |h+− |2 + |h−+ |2 + |h−− |2 . Nonzero value  large parity violation⇒

ψe− e+
θ
Λ

Σ0

p
̂z

̂y

̂x θp

̂z

̂y
̂x

p

ϕp
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C. Q. Geng, C.-W. Liu, JZ. EPJC 83, 973 (2023) 
Isospin violating decays of vector charmonia

Special Thanks to 

 Prof. 周小蓉 & Dr. 贾泽坤  

from USTC!



New Signature of low mass  in  decaysZ′￼ J/ψ
Submitted to PLB, under review 

1
Γ

∂Γ
∂ cos θp

= 1+αNPαΛ cos θp ,
Nevent = NJ/ψ × ℬΛΣ0+c.c × ϵ

NJ/ψ = 1010 for BESIII

We take ϵ = 20 %



New Signature of low mass  in  decaysZ′￼ J/ψ
Submitted to PLB, under review 

1
Γ

∂Γ
∂ cos θp

= 1+αNPαΛ cos θp ,
Nevent = NJ/ψ × ℬΛΣ0+c.c × ϵ

NJ/ψ = 3.4 × 1012 for STCF

We take ϵ = 20 %
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