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Based on 
C. Mony A. and R. Dhir, [arXiv:2604.04846 [hep-ph]].



  

Why BWhy Bcc??

● Unique heavy-heavy system

● Unequal masses

● Rich spectroscopy

● Growing experimental information 
– Orbitally excited states (Phys. Rev. Lett. 135 (2025) 231902, arXiv:2507.02149 [hep-ex])

– Bc* (arXiv:2605.16228 [hep-ex])

● Confinement?



  

The usual spectroscopy workflowThe usual spectroscopy workflow

Bc less data.

DataData Fit parametersFit parameters One parameter setOne parameter set PredictionsPredictions

Deterministic. Correlations? Uncertainties?



  

Potential IPotential I

Smeared 
Gaussian

Eichten E & Feinberg F L 1979 PRL 43 1205
Eichten E & Feinberg F 1981 PRD 23 2724
Gromes D 1984 ZPC 26 401

Lucha W & Schoberl F F arXiv:hep-ph/9601263
Barnes T et al 2005 PRD 72 054026
Ikhdair S M & Sever R 2005 IJMPA 20 4035-4054

Spin-dependent Spin-dependent 
InteractionsInteractions

Eichten E et al 1975 PRL 34 369–72
Eichten E et al 1976 PRL 36 1276
Eichten E et al 1980 PRD 21 203

State State 
MixingMixing



  

Potential IIPotential II

C. Mony A. and R. Dhir, [arXiv:2604.04846 [hep-ph]].S. Godfrey and R. Kokoski, PRD 43, 1679-1687 (1991)



  

Deterministic FitsDeterministic Fits

However...However...



  

Bayesian parameter estimationBayesian parameter estimation

Priors Likelihood MCMC Posterior

Correlations!

Uncertainties!

emcee package
D. Foreman-Mackey et al., PASP 125, 306-312 (2013) [arXiv:1202.3665 [astro-ph.IM]]
Affine invariant MCMC
J.Goodman and J.Weare, CAMCSc 5, no.1, 65-80 (2010) doi:10.2140/camcos.2010.5.65



  

Posterior distributionsPosterior distributions

- τ- τintint  560 − 620 over 55000 steps∼  560 − 620 over 55000 steps∼
per walker (32 walkers total)per walker (32 walkers total)
- Flattened chain  1.4 × 10∼- Flattened chain  1.4 × 10∼ 6 6 samples samples 
(after discarding initial 20%)(after discarding initial 20%)
- ESS of  2300∼- ESS of  2300∼
- Mean acceptance fraction - Mean acceptance fraction 0.3∼0.3∼

C. Mony A. and R. Dhir, [arXiv:2604.04846 [hep-ph]].



  

Posterior distributionsPosterior distributions

- τ- τintint = 3400 − 7200 over  = 3400 − 7200 over 390000 steps∼390000 steps∼
per walker (48 walkers total)per walker (48 walkers total)
- Flattened chain  1.5×10∼- Flattened chain  1.5×10∼ 7 7 samples (after samples (after 
discarding initial 20%)discarding initial 20%)
- ESS of  2000−4300∼- ESS of  2000−4300∼
- Mean acceptance - Mean acceptance fraction 0.09 fraction 0.09 

C. Mony A. and R. Dhir, [arXiv:2604.04846 [hep-ph]].



  

Why modify confinement?Why modify confinement?

C. Mony A. and R. Dhir, [arXiv:2604.04846 [hep-ph]].



  

BBcc Spectra Spectra

C. Mony A. and R. Dhir, [arXiv:2604.04846 [hep-ph]].



  

Bc* (arXiv:2605.16228 [hep-ex])

C. Mony A. and R. Dhir, [arXiv:2604.04846 [hep-ph]].



  

Orbitally excited states (Phys. Rev. Lett. 135 
(2025) 231902, arXiv:2507.02149 [hep-ex])

C. Mony A. and R. Dhir, [arXiv:2604.04846 [hep-ph]].



  

Mass separation Mass separation 
grows with excitationgrows with excitation

C. Mony A. and R. Dhir, [arXiv:2604.04846 [hep-ph]].

Mass orderingMass ordering



  

Effects of Modification in the Cornell PotentialEffects of Modification in the Cornell Potential

Effective string tensionEffective string tension

Ground and excited Ground and excited 
states probe states probe 

different regionsdifferent regions

C. Mony A. and R. Dhir, [arXiv:2604.04846 [hep-ph]].



  

Closing thoughtsClosing thoughts

● Deterministic fits hide parameter degeneracies.

● Bayesian exploration reveal correlations & uncertainty.

● Excited Bc states probe confinement dynamics.

● Excited state multiplets are clear discriminators between confinement 
models.



  

Thank you!Thank you!
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Spectroscopy of Heavy QuarkoniumSpectroscopy of Heavy Quarkonium

Degenerate mass of 
the bound state

Runge-Kutta



  

Spin Dependent InteractionsSpin Dependent Interactions

Eichten E & Feinberg F L 1979 PRL 43 1205
Eichten E & Feinberg F 1981 PRD 23 2724
Gromes D 1984 ZPC 26 401

Lucha W & Schoberl F F arXiv:hep-ph/9601263
Barnes T et al 2005 PRD 72 054026
Ikhdair S M & Sever R 2005 IJMPA 20 4035-4054

Eichten E et al 1975 PRL 34 369–72
Eichten E et al 1976 PRL 36 1276
Eichten E et al 1980 PRD 21 203

Mixing*



  

Radial wave functions (S-wave) Radial wave functions (S-wave) 

C. Mony A. and R. Dhir, [arXiv:2604.04846 [hep-ph]].



  

Radial wave functions (P-wave) Radial wave functions (P-wave) 

C. Mony A. and R. Dhir, [arXiv:2604.04846 [hep-ph]].



  

Radial wave functions (D-wave) Radial wave functions (D-wave) 

C. Mony A. and R. Dhir, [arXiv:2604.04846 [hep-ph]].
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