
Exotic vectors in the Heavy 
Bottomonium region



States above Υ 4𝑆𝑆 (𝐽𝐽𝑃𝑃𝑃𝑃 = 1−−)
• First observations in ‘80s at CLEO, CUSB in 𝑒𝑒+𝑒𝑒− 

annihilation
• Coupled-channel models used to extract open-

bottom contributions

Lovelock et al. 1985 Wyatt A. Smith, EQCD24 Benasque



𝑉𝑉 𝑟𝑟 = 𝐴𝐴 +
𝐵𝐵
𝑟𝑟

+ 𝜎𝜎𝜎𝜎

Stephen Godfrey and Kenneth Moats
Phys. Rev. D 92, 054034

• Spectrum predictions based on relativized quark model
• Cornell potential takes care of confinement (Ideal for bottomonium)

Wyatt A. Smith, EQCD24 Benasque
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Enter the Exotics
• Discovery of the X(3872) at Belle changes everything!

Wyatt A. Smith, EQCD24 Benasque



New Data (Babar 2009)

Wyatt A. Smith, EQCD24 Benasque



New Data (Belle 2016)

Wyatt A. Smith, EQCD24 Benasque



New resonance?

• New resonance Υ 10750
• states renamed Υ 5𝑆𝑆 → Υ 10860

and Υ 6𝑆𝑆 → Υ(11020)
• PDG Branching ratios still based on 

Breit-Wigner parameterizations

Xiang-Kun Dong et al 2020 Chinese Phys. C 44 083001 Wyatt A. Smith, EQCD24 Benasque



New Data!

• New data from BaBar (2009), Belle 
(2016) show unexplained structure 
above Υ(4𝑆𝑆)

• New resonance Υ 10750
• states renamed Υ 5𝑆𝑆 → Υ 10860

and Υ 6𝑆𝑆 → Υ(11020)
• PDG Branching ratios still based on 

Breit-Wigner parameterizations

Xiang-Kun Dong et al 2020 Chinese Phys. C 44 083001 Wyatt A. Smith, Int. School of Nucl. Phys., Erice



K-Matrix Analysis

• Found evidence for the 
existence of the Υ 10750

• Systematic uncertainties seem 
to be large

• Complicated analytic behavior 
from amplitude 
parameterization

N. Hüsken, R. E. Mitchell, and E. S. Swanson Phys. Rev. D 106, 094013 Wyatt A. Smith, EQCD24 Benasque



• Significant difference in branching ratios from PDG

K-Matrix Analysis

N. Hüsken, R. E. Mitchell, and E. S. Swanson Phys. Rev. D 106, 094013 Wyatt A. Smith, EQCD24 Benasque



• Even more new data now available for exclusive cross sections! 
(Belle Preliminary)
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Coupled Channel N/D Model
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• Basic idea is to separate left-hand and right-hand cuts explicitly

• 𝑛𝑛 is parameterized by an effective polynomial expansion, with 𝑠𝑠0 as a 
scale parameter

Wyatt A. Smith, EQCD24 Benasque
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• 𝐷𝐷 is parameterized by a K-matrix and dispersive integral

Coupled Channel N/D Model

Wyatt A. Smith, EQCD24 Benasque

• Want to use a flexible model framework capable of describing 
significant possible model variation

• ‘Model of models’ for ML (in the future!)
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Inclusive data

Sum of exclusive data

Preliminary Fits
• Closest channel to visible difference between inclusive, sum of exclusive data is 
𝐵𝐵𝑠𝑠 �𝐵𝐵𝑠𝑠∗ → add it to absorb differences

𝐵𝐵𝑠𝑠 �𝐵𝐵𝑠𝑠∗ Threshold

Wyatt A. Smith, EQCD24 Benasque



Preliminary Fits
• Simultaneous fits to inclusive data and 𝐵𝐵 �𝐵𝐵,𝐵𝐵 �𝐵𝐵∗,𝐵𝐵∗ �𝐵𝐵∗,𝐵𝐵𝑠𝑠∗ �𝐵𝐵𝑠𝑠∗
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Summary

• Bottomonium spectrum above Υ(4𝑆𝑆) not so 
simple—Exotics?

• Breit-Wigners don’t cut it—need coupled 
channel analysis

• Need better assessment of systematics, more 
model variation

Wyatt A. Smith, EQCD24 Benasque
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