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Motivation

✦ Conventional hadron spectroscopy still thrives: 

besides exotics, many interesting states continue 

to be discovered. 

✦ Discoveries of doubly charmed baryon  (ccu) 

and excited  resonances at the experimental 

facilities. 

✦ Experiments aim for precise measurements of 

masses, widths, and lifetimes, motivating 

theoretical predictions for tests at LHCb and Belle.
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Anticipating many more hadrons, including our target  expected to 
be discovered as experiments reach higher luminosities.

Ωccc

PRL 119 (2017) 11, 112001 
LHCb Collaboration

PRL 118 (2017) 18, 182001 
LHCb Collaboration
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Motivation
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✦ But

AIP Conf.Proc. 132 (1985) 390-403 
Bjorken

Nature Phys. 19 (2023) 3, 338-350 
CMS Collaboration 
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✦ Single-flavored baryons (like ) were crucial in establishing color and the quark model, laying 

the foundation of QCD. 

✦  and  are the heavy-flavor analogues, predicted by QCD. 

✦  -> clean system to study quark-quark interactions and confinement, free from light-quark 

complications.
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✦ Even with heavy quarks constituents phenomenological models predictions are 

spread over 400 MeV. 

✦ Lattice predictions as well spread over 100 MeV for .Ωccc(3/2+)

Hence this precise study

Navdeep Singh Dhindsa 
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PRECISE RESULT
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4793(5)(+11
−8 ) MeV 5094(12)(+19

−17) MeV

Navdeep Singh Dhindsa 

arXiv:2411.12729[hep-lat] NSD, Chakraborty, Radhakrishnan, Mathur, Padmaanth
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SETUP

✦ Six  HISQ lattice ensembles 

generated by MILC collaboration. 

✦ Two actions for valence quarks, HISQ and 

Overlap. 

✦ Wall source to point sink setup for 

contractions.

Nf = 2 + 1 + 1

963 × 288 243 × 64

✦ Correlation matrices are analyzed 

variationally using the Generalized Eigenvalue 

Problem (GEVP) to extract energy levels.

Navdeep Singh Dhindsa 
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Overlap Valence

✦ Free from  discretization errors, enabling cleaner continuum extrapolations.  

✦ Good control over operator mixing. 

✦ Suitable for heavy quark systems. 

𝒪(a)

Color-Anti, Flavor-Symm-> Spin-Symm->3/2->  irrepH+

✦Using GEVP.

Navdeep Singh Dhindsa 
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HISQ VALENCE

✦ HISQ action in both sea and valence improves consistency and eliminates mixed-action effects. 

✦ Operator mixing can be nontrivial, but for single-flavor systems this issue is minimal.

✦ HISQ operators respect approximate taste symmetry in addition to lattice rotational symmetry. 

✦ This operator transforms in the 8′ irreps of geometric time slice (GTS) group -> .A−
2

✦ Single and two 

exponential fit 

forms used

Navdeep Singh Dhindsa 
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SIGNAL

✦ Correlator smoothing in HISQ.
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✦ Used symmetry properties of baryon 

correlators to increase signal quality in 

Overlap. 

✦ Bigger operator basis in Overlap to 

confirm no excited state 

contamination.Using TGEVP

Navdeep Singh Dhindsa 
PRD 112 (2025) 7, 074506 

Chakraborty, Sood, Radhakrishnan, Mathur

Next talk by Archana
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Countering Discretization

✦ Large bare quark mass -> discretisation effects, heavy hadrons -> In our case . 

✦ To counter this we study mass splittings instead of making conclusions from effective 

masses directly.

𝒪(ma2)

✦ Two choices-  and spin-averaged . 

✦  masses on lattice closer to continuum value on each lattice. 

✦ Spin-averaged  - Charm quark mass tuned using this.

J/ψ 1S

J/ψ

1S

Navdeep Singh Dhindsa 



03/11/25

11
Splittings 4793(5)(+11

−8 ) MeV 5094(12)(+19
−17) MeV

Navdeep Singh Dhindsa 
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Checks

Navdeep Singh Dhindsa 

✦ Hyperfine Splitting number matches with experimental in the continuum.

✦ For HISQ data, tried other fitting forms which also gives consistent results.

✦
and splitting( 3

2 )
−

( 3
2 )

+
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ERROR BUDGET

Navdeep Singh Dhindsa 

✦ Statistical (bootstrap, fit windows)  5 MeV 

✦ Discretization (different fit forms, different actions)  4 MeV 

✦ Scale setting  3 MeV 

✦ Charm quark mass tuning  2 MeV 

✦ Unphysical sea quark mass (chiral extrapolation)  5 MeV 

✦ Taste splitting (two tastes for )  2 MeV 

✦ Mixed action (Overlap)  2 MeV 

✦ Finite size  1 MeV 

✦ Electromagnetic correction (estimated perturbatively for both 

 and )   

≈
≈

≈
≈

≈
Ωccc ≈

≈
≈

Ωccc J/ψ ≈ (+7.8
+0.0)

✦
 Larger statistical and systematic (finite size) error in ( 3

2 )
−

( 3
2 )

+

PRD 93 (2016) 094510 
Bazavov et al.
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PRECISION ACHIEVED

Navdeep Singh Dhindsa 

This work

most robust determinations of the  ground-state massΩccc
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SUMMARY

Navdeep Singh Dhindsa 

✦ Most precise study of  , providing robust predictions for the ground-state mass. 

✦ Controlled systematics using five lattice spacings and two valence actions (overlap 

and HISQ). 

✦ Multiple fitting strategies for effective masses and varied continuum extrapolations to 

ensure reliability. 

✦ Thorough error analysis to quantify statistical and systematic uncertainties. 

✦ Sets a benchmark for future experimental searches.

Ωccc
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