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The experimental status
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The  threshold enhancement in the  processpp̄ J/ψ → γpp̄

BES, PRL91(2003)022001 BESIII, PRL108(2012)112003

• The first observed enhancement at  thr.

• S-wave BW fit

pp̄

M = 1859+3
−10(stat)+5

−25(syst) MeV

Γ < 30 MeV

• The quantum number 

• The Juelich model analysis

JPC = 0−+

M = 1832+19
−5 (stat) ± 19(syst) MeV

Γ < 76 MeV
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Search for  thre. enhancement in various processespp̄

processes (Mass width) (MeV)

(1859,<30)[1]; 
(1861,<38)[2]; 
(1837,≈0)[3]; 
(1832,<76)[5]; 
(1831,<153)[6]

X(1835) 
superposition of 

two states?
[4]

No similar structure [1,5] -

No similar structure [7,8] -

No similar structure [9] -

No similar structure [3] -

near-threshold enhancement is 
observed [10]

-

near-threshold enhancement is 
observed [11-17] -

J/ψ → γpp̄

J/ψ → π0pp̄

J/ψ → ωpp̄

J/ψ → ηpp̄

ψ(2S) → Xpp̄
(X = γ, π0, η)

e+e− → pp̄

B → Xpp̄
(X = π+, K, Ks, D(*))

JPC
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The observation of the  in X(1840) J/ψ → γ3(π+π−)

BESIII, PRD88(2013)091502(R)

• A structure at 1.84 GeV is observed 

in the  invariant mass 

distribution with a statistical 

significance of 

• Modified BW fit

3(π+π−)

7.6 σ

M = 1842.2 ± 4.2(stat)+7.6
−2.6(syst) MeV

Γ = 83 ± 14 ± 11 MeV



The experimental status
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The observation of the  in X(1880) J/ψ → γ3(π+π−)

!(1840)

!(1880)

((̅ threshold

Model-I:  one resonant structure (!"/$%&'=317.9/44):

( = 1
+" − - − . ∑ 01"211

"

Model-II:  two resonant structures (!"/$%&'=155.6/41):

( = 1
+3" − - − .+3Γ3

+ 6 1
+"" − - − .+"Γ"

"

Particle X(1840) X(1880)

J^PC 0^(- +) 0^(- +)

Mass (MeV) 1832.5±3.1±2.5 1882.1±1.7±0.7

Width (MeV) 80.7±5.2±7.7 30.7±5.5±2.4

BESIII, PRL132(2024)151901

• The two BW fit describe the data well



The theoretical status
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The study came back to 1949 Interpretations on the market

Although a great effort has been put forward, the 
properties of the resonances in the mass region of 
[1.8,1.9] GeV is still remain controversial.

• Final state interaction effect

• Pseudoscalar glue ball

• Radial excitations of 

•  state

• Several reviews

η′ 

31S0 qq̄

Chen et al., PRD83, 094029, Chen et al., 

PLB692,136, Chen et al., PRD78, 054022, Kang et 

al., PRD91,074003, Milstein et al., NPA966,54,……

Li, PRD74, 034019, Kochelev et al., PRD72, 

097502, He et al., EPJC49,731, Hao et al., 

PLB642, 53, Gui et al., PRD100, 054511,……

Huang et al., PRD73,014023, Yu et al., PRD83, 

114007, Wang et al., PRD102,114034, ……

Li et al., PRD77,074004……

Liu et al., Symmetry 8, 14……



A combined analysis of the  and 
 channels

J/ψ → γpp̄
J/ψ → γ3(π+π−)
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• Dynamic channel 

• Non-dynamic channel 

NN̄

3(π+π−)

Niu et al., arXiv:2408.14876 (PRD in press)
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• The relation between particle basis and isospin basis

Framework
The potential among the dynamic channels

The leading and next-leading order !!" contact 
interactions in the chiral effective field theory:

#$$"
(&) = )* + ),	./ ⋅ .1	,
#$$"
(1) = )/21 + )131 + )421 + )531	 ./ ⋅ .1

									+ 6
2 )8 ./ + .1 ⋅ 2×3 + ): 2 ⋅ ./ 2 ⋅ .1

+); 3 ⋅ ./ 3 ⋅ .1 .

The isospin basis and the particle basis:

! = 1, !% = 0 = 1
2 ((̅ + ++,

! = 0, !% = 0 = 1
2 ((̅ − ++,

• The partial wave projection

The !!" interaction in the isospin basis

# $%	'
( = *(+ + *(- .- + /0- , I = 0,1

*(+: complex number to take into account the 
annihilation contribution

The partial wave interaction：
! "#	% = '#%( + '#*( + + +(
! "#	, = '%%( + '%*( (+ + +()

• Solve LSE numerically

• Potential with EFT +  scatteringχ NN̄

Kang, et al., JHEP02,113

Dai et al., JHEP07, 078

Niu et al., arXiv:2408.14876 (PRD in press)
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Framework
The bare production amplitudes

!
"#

"

$/&

'(/)→+,,#- = /(/)→+,,# !""#→% &'&(
	 = +""#→,-&	

3(0	10	2)
4#

4

!"/$→&' ()(*
+ = -"/$→&' ()(*

3(0	20	3)
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The physical decay amplitudes：
!"#/%→'((̅	 = 8-. /#/%/'/(/(̅	!#/%→'((̅	 ,

!"#/%→'0 1213
	 = 32-6/. /#/%/'/./0/7	!#/%→0 1213

	 ,

where

!#/%→'889	 = :#/%→'889; + ∫ >?@
.1 ? :#/%→'889; ⋅ BC ⋅ D889→889,

!#/%→'0 1213
	 = :#/%→'0 1213

; + ∫ >?@
.1 ?!#/%→'889	 ⋅ BC ⋅ :889→0 1213

	 .

Niu et al., arXiv:2408.14876 (PRD in press)

Yang et al., PRD107,034030, Dai et al., PRD98, 014005
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Framework
The fitting functions

1. Data 2003: Events '((̅ = fac1× 012/4→6778
09778

,

2. Data 2012: Events '((̅ = fac2× 012/4→6778
09778

,

3. Data 2024: Events ';< = fac3× 012/4→6>(@A@B)
09D@

+
012/4→6>(@A@B)

FG

09D@
.

Background for the !/# → %3(()(*) :

,-.//→01 2324 = 6 + ,8 + 98:.

The reduction of 7-body phase space to 4-body phase space

!

"#,%#

"&,%&

"',%'
()	+)	,)

./0

!

()	+)	,)

()	+)	,)

Niu et al., arXiv:2408.14876 (PRD in press)

Discussed with Shuang-Shi Fang
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The fitting results
The fitting functions Niu et al., arXiv:2408.14876 (PRD in press)

• Fit parameters:

Dynamic potential: 

Non-dynamic potential: 

Production amplitudes: 

Background: 

Normalization factors: fac1,fac2,fac3

• Two solutions

C01, C02, C11, C12

Cpp̄→6π, Cnn̄→6π

CJ/ψ→γpp̄, CJ/ψ→γnn̄

a, b, c



12

The pole positions and effective couplings

Niu et al., arXiv:2408.14876 (PRD in press)

• Almost the same two fit results

• All the poles are below the lowest threshold

•  and  are set to be complex values

• Only pole on the physical sheet strongly couples to isospin singlet

C01 C11
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The pole trajectories on the complex energy plane

Niu et al., arXiv:2408.14876 (PRD in press)thr$=1876.54 MeV
thr%=1879.13 MeV

R.S. I 

R.S. III 

R.S. II 

R.S. IV 

Bound state

Virtual state

ImCI1 → 0

Solution-I
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The pole structures of the /X(1840) X(1880)

Niu et al., arXiv:2408.14876 (PRD in press)

(g1, g0) = (0.0017,2.37)

(g1, g0) = (1.35,0.032)

J/ψ → ρ0pp̄

J/ψ → ωpp̄

• Further suggested channel

• Further suggested channel
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The compositeness
Niu et al., arXiv:2408.14876 (PRD in press)

Baru et al., PLB833,137290, Du et al., PRD105,014024
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The predicted  line shapesnn̄
Niu et al., arXiv:2408.14876 (PRD in press)

• A clear threshold enhancement, but not as significant as that in  channel

• Can be used to compare with the further measurement 

pp̄



Summary and outlook
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• Construct contact  respecting chiral symmetry

• Describe the line shapes in both  simultaneously

• The annihilation contribution is important

• Extract the pole positions of the two X states

• There exists a  dynamic generated state

 (bound state)

 (virtual state)

NN̄

J/ψ → γpp̄, J/ψ → γ3(π+π−)

pp̄

RS − I : m = 1852 MeV, Γ = 160 MeV

RS − III : m = 1868 MeV, Γ = 2 MeV

Thank you very much for your attention!

Thank the organizers for organizing
 the nice workshop in such a nice place!


