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• BaBar (2005) data analysis in production e+e- → γISR π+π-J/ψ revealed a broad  
resonance ~4.26 GeV with  JPC = 1- - =>   Y(4230)     [aka ψ(4260) or Y(4260)]

• Earlier studies: Y(4230) is not a conventional charmonium, no mass matching.

• a charmonium-hybrid (c ҧ𝑐g) state in Refs. [3–5]

• 1st orbital excitation of diquark-antidiquark state ([cs] [ ҧ𝑐 ҧ𝑠]) in Ref. [7]

• a (χc1 ρ
0) molecule in Ref. [6]:  but Γ(Y→π+π-J/ψ ) > Γ(Y→DD ) not observed

• a (𝐷𝐷1) weak molecule: Y→ π- Zc
+(3900) has been studied in Ref. [8,9,15] 

Some theoretical interpretations for Y(4230):

Introduction

• Heavy meson spectrum  -> several ‘exotic’ states (XYZ) with a common feature:
minimal constituent quark-antiquark or three-quark structures do not work.

Y(4230)
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• The first member of the XYZ family, the X(3872) state is located very close to the 

(𝐷𝐷*) threshold -> considered as a shallow bound  JPC = 1++ mesonic molecule.

• Does there exist a possible heavier partner of X(3872) with a similar value for 
the binding energy, but with JPC = 2++ ?

⁕ Theory:  
• various phenomenological models predict the existence of an isoscalar 2++

(𝐷∗𝐷*) molecular partner of the X(3872). 
• a compact tetraquark model has been employed to explore the 2++ states. 
• alternatively, within the conventional pattern of mesons, a 2++ tensor state 

with a similar mass could also be a conventional charmonium state in 
the first radial excitation χc2(3930). 

⁕ Experiment:  the Belle collaboration (2022) has reported a hint of an isoscalar
structure with mass M = 4014.3 ± 4.0 ± 1.5 MeV and width Γ = 4 ± 11 ± 6 MeV, 
seen in the γ ψ(2S) invariant mass distribution via a two-photon process. 

X2(4014)



























G.Ganbold  @Nucleus2025  Uni-SPb 17

Our findings:

• The two-body decay of the wide resonance f0(500) into the π+π- pair is dominated  

by the same decay of the narrow resonance f0(980).

• The decay widths Γ(Y → J/ψ f0(500)) and Γ(Y →J/ψ f0(980)) differ insignificantly

despite the large mass difference between the final scalar mesons.

• The ratio Γ(f0(980) →π+π-) / [Γ(f0(980) →π+π-)+ Γ(f0(980) → K+K)] ≈ 0.53 

does not contradict the BaBar (2006) and BESIII (2005) data.

• Taking into account the modified Breit-Wigner distribution function instead of 

its conventional form considerably decreases the decay width Γ(Y → K +K -J/ψ).

• The estimated branching ratio 

≈ 0.033 ± 0.005

is located is near the experimental lower bound reported by the BESIII. 
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• The first member of the XYZ family, the X(3872) state is located very close to the 

(𝐷𝐷*) threshold -> considered as a shallow bound  JPC = 1++ mesonic molecule.

• Does there exist a possible heavier partner of X(3872) with a similar value for 
the binding energy, but with JPC = 2++ ?

II. Strong decays of the spin-2 partner 
of charmonium-like state X(3872) 

⁕ Theory:  
• various phenomenological models predict the existence of an isoscalar 2++

(𝐷∗𝐷*) molecular partner of the X(3872). 
• a compact tetraquark model has been employed to explore the 2++ states. 
• alternatively, within the conventional pattern of mesons, a 2++ tensor state 

with a similar mass could also be a conventional charmonium state in 
the first radial excitation χc2(3930). 

⁕ Experiment:  the Belle collaboration (2022) has reported a hint of an isoscalar
structure with mass M = 4014.3 ± 4.0 ± 1.5 MeV and width Γ = 4 ± 11 ± 6 MeV, 
seen in the γ ψ(2S) invariant mass distribution via a two-photon process. 
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• An easiest way to disentangle these different multiquark configurations is to  
analyze the mass splitting △M = MX2(4014) – MX(3872) between the 1++ and 2++ states: 

• molecular approach:                                 △M ≈ 140 MeV           (Refs[14,32]) 

• tetraquark model:                                     △M ≈ 80 MeV (Refs[33]) 

• excited charmonium scheme:                 △M ≈ 30 - 40 MeV      (Refs[27,28]) 

• Another more complicated, but more reliable way is to investigate the decay 
properties of the X2(4014) tensor state: 

• molecular approach:                       Γ(X2 → D𝐃 +D𝐃*) ≈  a few MeV           (Refs[25]) 

Γ(X2 → D𝐃 +D𝐃*) ≈  50 MeV                (Refs[26]) 

• excited charmonium scheme:       Γ(X2 → charmed) ≈  tens of MeV        (Refs[34]) 

How to discriminate the various multiquark configurations of the  X2(4014) ?
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Summary - our findings:

• A simple and rough approximation by taking into account only effects due to the 
phase space factors and renormalized couplings results in the branching ratio:

BRX2 ≈ 0.762.

• Our numerical results show that the decay widths monotonically increase with 
no peaks and drops in the mass interval from 4.010 to 4.020 GeV; 
the width ranges from 260 to 274 keV for X2→ ω J/ψ, while for X2 → ρ0 J/ψ, 
it is between 227 and 240 keV, by keeping the branching ratio almost constant: 

(BRX2)CCQM ≈ 1.14

• The reason is simple: the hidden charm decays of the X2 in our approach occur 

via the confined quark loops but not the charmed D* and D* meson loops, so 
with no threshold effects. 


