
2026.8.20

Bottom baryon mass and sigma term on lattice QCD

Hai-Yang Du 
Institute of Theoretical Physics, Chinese Academy of Sciences 

in collaboration with Mengchu Cai, Yi-Bo Yang, et.al

1



Hadron Mass Decomposition 

• Hadron mass decomposition:  

• Sigma term: quark flavor contribution , where  with 
 can be understood as the condensate of quark and antiquark within the 

hadron . 

• Scale violation of quark mass dimension  

• Gluon trace anomaly part:  

• Extract sigma term: Feynman-Hellman theorem  or directly 3-pt calculation.
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Hadron Mass Decomposition 

• Hadron mass decomposition: 
 

• Flavor-dependent enhancement for 
quark contribution: 4-8 for light 
quark, 2-3 for strange quark and 
1.2-1.3 for charm quark. 

• What about bottom case?
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Light and charmed baryon case
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Ensemble Information

• CLQCD Collaboration ensembles: 2+1 
clover action, 6 lattice spacing, several sea 

 and  mass and different volume. 
• More than 4000 configurations. 
• Chiral and continuum extrapolation. 
• Simulate light, strange and charm quark 

very well.

π ηs

CLQCD clover ensembles 
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Bottom Quark on Lattice QCD

• Heavy quark discretization error of bottom quark: order  and even , need finer lattice spacing. 

• Extrapolation from lighter masses, Heavy Quark Effective Theory (HQET), Non-Relativistic QCD (NRQCD). 

• Physical bottom quark on lattice QCD: Anisotropic clover action for bottom quark 

 

• Anisotropic valence bottom quark on isotropic gauge ensembles. 

• Clover coefficients . Heavy quark anisotropy . 

• Turning the values of   and  to satisfy dispersion relation and physical  (1S vector bottomonium) mass:
. 
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Anisotropic clover action
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Bottom Quark on Lattice QCD

• Turning the values of   and  to satisfy dispersion relation and physical  (1S 
vector bottomonium) mass:

 

• Bottomonium hyperfine splitting with 0-step stout-link smearing and anisotropic 
bottom action:  agree with PDG well. 

•  tends to 1 in continuum. 

• Empirical formula: 

mQ ν Υ

EV( ⃗p)2 = m2
V + c2p2, c = 1, mV = mΥ = 9460.40(10) MeV

Δb̄b
HFS ≡ mΥ − mηb

= 57.8(1.2)(1.0) MeV

ν

ν =
Sinh(cmVa)

cmVa
× [1 + c1(m2

π − m2
π,phy) + c2(m2

ηs
− m2

ηs,phy)]

Parameters turning
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Bottom Quark on Lattice QCD

• Bottom quark mass at . 
• Open bottom meson mass. 
• Decay constants of bottom meson.

MS 2 GeV

Meson results
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Bottom Baryon

• Bottom baryon in quark model:  symmetry. 
• Interpolating field on lattice QCD:  
- Spin-1/2, -type:  . For ,  is  or  and for ,  is . 

- Spin-1/2, -type:   where  is  or , . 

- Spin-1/2, -type: octet lambda  where  for , and  for . 

- Spin-3/2,    

- Interchange the role of light and heavy fields for double heavy quark.
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Interpolating field
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Bottom Baryon

•  I64P30mH = c0e−mHt(1 + c1e−Et)

Two state fit for baryon mass
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Bottom Baryon

• Global fit: 
• The joint fit interpolates valence, sea and 

strange masses to the physical point. 
• Smooth lattice-spacing dependence enables 

a controlled continuum extrapolation. 
• Consistent trends across channels support 

the preliminary mass determination.

Global fit on baryon mass
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Bottom Baryon

•For the experimentally known 
single-bottom states, this work is 
consistent with the PDG values 
within the quoted uncertainties. 

•The results are also compatible with 
previous lattice calculations, and 
our results have higher precision. 

•The agreement across single-, 
double- and mixed-heavy channels 
supports the control of the physical-
bottom tuning and continuum 
effects. The unobserved states 
therefore provide useful lattice 
predictions.

Bottom baryon mass results
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Bottom Baryon

• Extract valence bottom, charm and strange sigma 
term using Feynman-Hellman theorem  

on each ensemble. 
• Global fit: sea mass and lattice spacing dependence 

• Valence bottom contribution: : ~3.74(4) GeV 
for thiple bottom quarks ( ), ~3.75(5) GeV for 
double bottom quarks and ~3.82(17) GeV for single 
bottom quarks

σFH
q,H = mPC

q
∂mH

∂mPC
q
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σb,H /nb
Ωbbb

Sigma term calculation: valence bottom, charm and strange

12

Chenyu Zhang, Hai-Yang Du, et.al, in preparation

CLQCD preliminary



Bottom Baryon

• Sea mass contribution from quark mass: sea mass dependence of ,  and  lead to 
correction of sea light and sea strange sigma term. 
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Sigma term calculation: sea light and strange
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Bottom Baryon

• Total sigma term: sum over all flavor 
contributions, including valence and sea. 

• Valence bottom, charm and strange quark sigma 
term approximately proportional to the number of 
quark in bottom baryon. 

• Sea strange sigma term contribution: ~30 MeV 
• Sea light sigma term contribution: ~10 MeV 
• Total sigma term is the main component of the 

bottom baryon mass. 
• Remain part: trace anomaly.

Sigma term contribution to baryon mass
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Bottom Baryon

• Hadron mass decomposition:  

• Trace anomaly: , . Scale dependence for both quark 
and gluon part. 

•  at  2 GeV:  for ,  for ,  for . 
 at  2 GeV:  for ,  for ,  for . 

• Light and charmed baryon: gluon trace anomaly ~ 1 GeV at  2 GeV.

mH = ∑
q

σq,H + γm ∑
q

σq,H +
β(αs)
2αs

⟨GμνGμν⟩H

⟨Ha⟩H = mphy
H − σH ⟨Hg

a⟩H = mphy
H − (1 + γm)σH

γm = 0.295 MS ⟨Ha⟩H ∼ 14.4 GeV Ωbbb ∼ 9.7 GeV Ξbb ∼ 4.9 GeV Σb
⟨Hg

a⟩H MS ∼ 0 GeV Ωbbb ∼ 0.4 GeV Ξbb ∼ 0.9 GeV Σb

MS

Trace anomaly contribution
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Bottom Baryon

•  , , .  

•  at  4 GeV: 

mH = ∑
q

σq,H + γm ∑
q

σq,H +
β(αs)
2αs

⟨GμνGμν⟩H ⟨Ha⟩H = mphy
H − σH ⟨Hg

a⟩H = mphy
H − (1 + γm)σH

γm = 0.2 MS

Scale dependence of trace anomaly
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Summary

• Anisotropic clover action for heavy quark: relativistic action for bottom quark, with discretization 
error better controlled. 

• Bottom meson mass have good agreement with PDG, and given high precision decay constants. 

• High precision lattice results on bottom baryon, and predicted the baryon mass with experimentally 
undiscovered. 

• Sigma term contributions to bottom baryon mass. 

• Trace anomaly contributions to bottom baryon mass, and its scale dependence.
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