
肖立叶(北京大学）
合作者：翁新震，吕齐放，钟显辉，朱世琳  

A new decay mode of higer charmonium states 

2018-10-21 1肖立叶，第五届 XYZ粒子学术研讨会

PEPJC78,605(2018)



Outline

l 强子谱

l 3p0 模型

l 小结与展望
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Ø 两重子末态衰变过程

Ø 三体末态衰变过程

n粲偶数激发态1--

n底偶数激发态5S/6S
Ø 三体末态衰变过程



几乎可以用一简单图像描述！
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发现大量
XYZ states
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Y(4660) : 首次被Belle观测到
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Y(4660) : 没有被BaBar证实
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Y(4660) : 在2012年被BaBar证实
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Y(4630) : 首次被Belle观测到
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Y(4660) 和 Y(4630): 理论上存在很多解释
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Ø ψ(6S)
Ø ψ(5S)
Ø ψ(4S)

lAs charmonium state: 

Ø ψ(5D)
Ø ψ(4D)
Ø ψ(3D)

Ø ψ'f0(980) bound state
Ø tetraquark state
Ø hadro-charmonium state

lAs exotic state: 

Phys. Rept. 639, 1-121 (2016)

Y(4660)

Y(4630)

Ø ΛcΛc bound state

lAs exotic state: 

Ø tetraquark state
Y(4660) and Y(4630)

lAs charmonium state: 

Ø tetraquark state

Ø ψ'f0(980) bound state
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Y(4660)→ΛcΛc



3P0 模型：
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3P0 模型：ψ(nS/nD)→ΛcΛc
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3P0 模型：ψ(nS/nD)→ΛcΛc
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3P0 模型：ψ(nS/nD)→ΛcΛc

16

meson wave function

baryon wave function

spatial wave function

SHO wave function

C. Hayne and N. Isgur,  Phys.Rev. D25,1944(1982).
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3P0 模型：ψ(nS/nD)→ΛcΛc
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理论结果:
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))6/5/4(( ccSSS  y ∽ a few MeV
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))5/4/3(( ccDDD  y ∽ less than one MeV

MeVY
MeVYM

tot 1172))4660((
94643))4660((




If the enhancement Y(4630) in the ΛcΛc invariant-mass distribution is the same atructure
 as Y(4660), the Y(4660) resoannce is most likely to be a S-wave charmonium state.



理论结果:
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10、   PRD79,094004 (2009). 50、   arXiv:0810.2875.
47、   PRD72,094004 (2005).
48、   PRD21,203 (1980).
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52、   PRD72,054026 (2005).



理论结果:
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理论结果:
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小结：
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l The ΛcΛc partial decay width of the excited vector charmonium states around 4.6 GeV:  

))6/5/4(( ccSSS  y ∽ a few MeV
))5/4/3(( ccDDD  y ∽ less than one MeV

★

★

l If the enhancement Y(4630) in the ΛcΛc invariant-mass distribution is the same atructure
 as Y(4660), the Y(4660) resoannce is most likely to be a S-wave charmonium state.

l This OZI allowed mode provides a new tool to explore the higer charmonium, which can
be produced abundantly at Belle-II. 



232018-10-21 肖立叶，第五届 XYZ粒子学术研讨会

ψ(nS/nD)→D(*)
(s)D(*)

(s)π/K/η/ω/ρ



3P0 模型：ψ(nS/nD)→三体末态
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3P0 模型：ψ(nS/nD)→三体末态
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3P0 模型：ψ(nS/nD)→三体末态
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宽度单位MeV，质量M=4643MeV，γ=5.04



3P0 模型：ψ(nS/nD)→三体末态

272018-10-21 肖立叶，第五届 XYZ粒子学术研讨会



282018-10-21 肖立叶，第五届 XYZ粒子学术研讨会

�(5S/6S)→B(*)B(*)π



华为
标注
Front.Phys.10,101401(2015)



�(5S/6S): 在1984年首先被CLEO观测到
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�(5S）实验数据
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�(6S）实验数据
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3P0 模型：�(5S/6S)→三体末态
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PRD92 054034(2015)    γ=0.6*√96π



总结：
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l The ΛcΛc partial decay width of the excited vector charmonium states around 4.6 GeV:  
))6/5/4(( ccSSS  y ∽ a few MeV
))5/4/3(( ccDDD  y ∽ less than one MeV

★

★

粲偶数激发态：

l 4S/5S/6S/3D/4D/5D 衰变到三体末态  各个道宽度 ∽ 零点几个MeV

底偶数激发态：

l 5S/6S 衰变到三体末态 各个道宽度∽ 零点几个MeV
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