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Introduction

 Experimental motivation: CMS

 Does Nature allow fully-heavy tetraquarks?

 𝑄𝑄𝑄𝑄 �𝑄𝑄 �𝑄𝑄 systems are similar to the di-positronium molecule (Ps2, 𝑒𝑒+𝑒𝑒+𝑒𝑒−𝑒𝑒−) 

 Ps2 was predicted long ago 

 Binding energy predicted to be 0.4 eV

 Produced experimentally in 2007  

Wheeler (1946)

Cassidy, Mills, Nature 449 (2007) 195

Ore, Hylleraas (1947)
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EFT at leading order
 Consider the Cornell potential for heavy quarkonium

 For bottomonium, size ~ 1
𝑚𝑚𝑏𝑏𝛼𝛼𝑠𝑠

~ 1
𝑚𝑚𝑏𝑏𝑣𝑣

~ 1
1.5 GeV

, 𝛼𝛼𝑠𝑠 1.5 GeV ≈ 0.31, then 

 Fully-bottom systems can be approximately treated by considering only the color-

Coulomb part (leading order pNRQCD)

 For 𝑚𝑚𝑄𝑄𝑣𝑣 ≫ ΛQCD, dynamics dominated by the short-range interaction (perturbative 

gluon-exchange potential), weakly coupled systems

 Examples: ground state bottomonium, 𝐵𝐵𝑐𝑐, doubly- and triply-heavy baryons

 Similar to the hydrogen binding energy 𝐸𝐸𝐻𝐻 = 𝑚𝑚𝑒𝑒𝛼𝛼2

2
, b.e. for 1S 𝑏𝑏�𝑏𝑏: −4

9
𝛼𝛼𝑠𝑠2𝑚𝑚𝑏𝑏

4
3
𝛼𝛼𝑠𝑠
𝑟𝑟

~0.6 GeV ≫ 𝜎𝜎𝑟𝑟~0.12 GeV

𝑉𝑉 𝑟𝑟 = −
4
3
𝛼𝛼𝑠𝑠
𝑟𝑟

+ 𝜎𝜎𝑟𝑟

Titard, Yndurain (1994); Brambilla et al. (2001, 2005); Y. Jia, JHEP0610, 073

Pineda, Yndurain (1998); Brambilla et al (1999)

𝑀𝑀𝑏𝑏�𝑏𝑏(1𝑆𝑆) = 2𝑚𝑚𝑏𝑏 1 − 2
9
𝛼𝛼𝑠𝑠2 = gives
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Approximations
 For 𝑏𝑏𝑏𝑏�𝑏𝑏�𝑏𝑏, to leading order approximation, we consider

 Color wave function:

 Ground state, S-wave 

1

2

3

4

𝑏𝑏𝑏𝑏 in color anti-triplet, spin = 1, attractive

𝑏𝑏𝑏𝑏 in color sextet,         spin = 0, repulsive

Thus, mixing of the two components is suppressed, 

the ground state should be mainly 
the same approximation also in, e.g., K.T.-Chao, ZPC7(1981)317;  Z. Liu, E. Eichten, 1709.09605
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Result
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Inequality
For 𝑚𝑚𝑄𝑄 → ∞, the color w.f. of 𝑄𝑄𝑄𝑄 �𝑄𝑄 �𝑄𝑄 can be approximated by                         ,

𝑀𝑀𝑏𝑏𝑏𝑏�𝑏𝑏 �𝑏𝑏 ≲ 2𝑀𝑀𝑏𝑏�𝑏𝑏 1𝑆𝑆 = 18.89 GeV

In heavy quark limit, there should be

𝑀𝑀𝑄𝑄1𝑄𝑄1 �𝑄𝑄2 �𝑄𝑄2 ≤ 2𝑀𝑀𝑄𝑄1 �𝑄𝑄2 1𝑆𝑆



�𝑏𝑏

𝑏𝑏
𝑏𝑏

�𝑏𝑏

�𝑞𝑞

𝑞𝑞
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Decays
 If below the two-𝜂𝜂𝑏𝑏 threshold, the dominant decay channels:

 Rough estimate:

 Partial width of 𝑐𝑐𝑐𝑐 ̅𝑐𝑐 ̅𝑐𝑐 into final states with a pair of charmed hadrons:

hadronic final states with a bottom and an anti-bottom hadron 
(through annihilating 𝑄𝑄 �𝑄𝑄 into a gluon)

𝜂𝜂𝑏𝑏

with Γ 𝜂𝜂𝑏𝑏 = 10−4+5 MeV and 𝛼𝛼𝑠𝑠 𝑚𝑚𝑏𝑏 ≈ 0.22, 

Γ 𝑋𝑋𝑐𝑐𝑐𝑐 ̅𝑐𝑐 ̅𝑐𝑐 → 𝑐𝑐 ̅𝑐𝑐𝑔𝑔 Similar to result in K.-T. Chao, ZPC7(1981)317
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Decays
 Partial width of 𝑐𝑐𝑐𝑐 ̅𝑐𝑐 ̅𝑐𝑐 into final states with a pair of charmed hadrons:

 The LHCb di-𝐽𝐽/𝜓𝜓 structure: 

Γ 𝑋𝑋𝑐𝑐𝑐𝑐 ̅𝑐𝑐 ̅𝑐𝑐 → 𝑐𝑐 ̅𝑐𝑐𝑔𝑔

Liupan An, LHC Seminar on 16/06/2020

K.-T. Chao, ZPC7(1981)317
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Conclusion

 The LO calculation in the pNRQCD approach supports the existence of a fully-bottom 
tetraquark below the two-𝜂𝜂𝑏𝑏 threshold

 In heavy quark limit, the ground state 𝑀𝑀𝑄𝑄1𝑄𝑄1 �𝑄𝑄2 �𝑄𝑄2 ≤ 2𝑀𝑀𝑄𝑄1 �𝑄𝑄2 1𝑆𝑆

 Width: 

Thank you for your attention!

Looking forward to your new discoveries!
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