
Manan Shah

Radial excitation of Ω𝑐𝑐 baryon using 
relativistic formalism

INTERNATIONAL CONFERENCE ON THE STRUCTURE OF BARYON-2022

Department of Physical Science, P. D. Patel Institute of Applied Sciences, 
CHARUSAT, Changa-388 421, Gujarat, INDIA

In Collaboration with: Rameshri Patel, Bhoomika Pandya, Smruti
Patel and P. C. Vinodkumar



T. Yoshida, E. Hiyama, A. Hosaka, M. Oka, K. Sadato, Phys. Rev. D 92, 114029 (2015).

Confirmed by SELEX collaboration

Status of 𝛀𝑪𝑪

Lattice QCD Prediction

JP
3

2

+

= 𝟑𝟖𝟎𝟗 ± 𝟑𝟔𝑴𝒆𝑽

Ke-Wei Wei, Bing Chen and Xin-Heng Guo, Phys. Rev. D 92, 076008 (2015)

The theoretical references 
vary in the range 
3700–3880 MeV.

JP
1

2

+

= 𝟑𝟕𝟏𝟐 𝟏𝟏 𝟏𝟐 𝑴𝒆𝑽

JP
3

2

+

= 𝟑𝟕𝟖𝟖 𝟏𝟑 𝟏𝟐 𝑴𝒆𝑽
Nilmani Mathur and M. Padmanath, 
Phys. Rev. D 99, 031501 (2019).

Guo-Liang Yu, et al.

arXiv:2211.00510 [hep-ph]

2022



Outline

Introduction

Theoretical Methodology

S wave mass spectra of 𝛀𝐜𝐜

Result and discussion

References



Introduction

The doubly heavy Ωcc baryon represents a distinctive three quark
system because they contain a strange light quark in the combination
of two charm quarks.

There are new decay modes and excited states seen in doubly charmed
baryons by CLEO, LHCb and many other experiments and they have
attempted to identify the doubly heavy baryons, but only a few states
have been discovered so far.

Here, The mass spectra of radially excited states of doubly heavy
baryons are calculated under a mean field confinement of Martin-like
potential with a parametric centre of weight mass correction in an
independent quark model with Dirac relativistic formalism.



For the present study we have considered the confinement through a 
Martin-like potential. The form of the model potential is,

𝑽 𝒓 =
𝟏

𝟐
(𝟏 + 𝜸𝟎)(𝝀 𝒓

𝝂 + 𝑽𝟎 ) (1)

where λ is the potential strength and 𝝂 is the exponent of the power 
potential. For the Martin-like potential, the index 𝝂 = 𝟎. 𝟏. The Dirac 
equation [7]

𝜸𝟎𝑬𝒒 − 𝜸.𝑷 −𝒎𝒒 − 𝑽 𝒓 𝝍𝒒(𝒓) = 𝟎 (2)

is solved in the two component form [3,4],

𝝍𝒒 𝒓 = 𝝍𝒏𝒍𝒋 𝒓 =
𝝍𝑨

𝝍𝑩
(3)

To get the positive and negative energy solutions corresponds to the 
confined quark and antiquark respectively as;

𝝍𝑨
(+) 𝒓 = 𝑵𝒏𝒍𝒋

𝒊 𝒈(𝒓)

𝒓
(𝝈.𝒓)𝒇(𝒓)

𝒓

𝓨𝒍𝒋𝒎(ො𝒓) and  𝝍𝑨
(−) 𝒓 = 𝑵𝒏𝒍𝒋

𝒊(𝝈.𝒓)𝒇(𝒓)

𝒓
𝒈(𝒓)

𝒓

(−𝟏)𝒋+𝒎𝒋−𝒍 𝓨𝒍𝒋𝒎(ො𝒓) (4)

and Nnlj is the normalization constant.
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The reduced radial part g(r) of the upper component and f(r) of the lower 
component of the Dirac spinor ψnlj(r) satisfy the equations given by,

𝒅𝟐𝒈(𝒓)

𝒅𝒓𝟐
+ 𝑬𝑫 +𝒎𝒒 𝑬𝑫 −𝒎𝒒 − 𝑽 𝒓 −

𝜿 𝜿+𝟏

𝒓𝟐
𝒈(𝒓) = 𝟎 (5)

𝒅𝟐𝒇(𝒓)

𝒅𝒓𝟐
+ 𝑬𝑫 +𝒎𝒒 𝑬𝑫 −𝒎𝒒 − 𝑽 𝒓 −

𝜿 𝜿−𝟏

𝒓𝟐
𝒇(𝒓) = 𝟎 (6)

On transforming into a convenient dimensionless form, 
𝒅𝟐𝒈(𝝆)

𝒅𝝆𝟐
+ 𝝐 − 𝝆𝟎.𝟏 −

𝜿 𝜿+𝟏

𝝆𝟐
𝒈(𝝆) = 𝟎 (7)

𝒅𝟐𝒇(𝝆)

𝒅𝝆𝟐
+ 𝝐 − 𝝆𝟎.𝟏 −

𝜿 𝜿−𝟏

𝝆𝟐
𝒇(𝝆) = 𝟎 (8)

The corresponding energy eigen value is obtained from the equation 
[3,4];

𝝐 = 𝑬𝑫 −𝒎𝒒 − 𝑽𝟎 𝑬𝑫 +𝒎𝒒

𝟏

𝟐𝟏 𝟐

𝝀

𝟐𝟎

𝟐𝟏
(9)

Theoretical  Methodology



The solutions g(ρ) and f(ρ) are normalized to get;

න
𝟎

∞

(𝒇𝒒
𝟐 𝝆 + 𝒈𝒒

𝟐 (𝝆))𝒅𝝆 = 𝟏

The mass of the specific 2s+1LJ states of the 𝑸𝑸𝒒 system is expressed as,

𝑴2s+1LJ
= 𝑬𝑸

𝑫 + 𝑬𝑸
𝑫 + 𝑬𝒒

𝑫 + 𝑽𝒒ഥ𝒒
𝒋𝟏𝒋𝟐 − 𝑬𝑪𝑴

The spin-spin part is defined here as,

𝑽𝑸𝑸𝒒
𝒋 𝒋

(𝒓) = 

𝒊=𝟏, 𝒊<𝒌

𝒊,𝒌=𝟑
𝝈 𝒋𝒊𝒋𝒌𝑱𝑴|𝒋𝒊 𝒋𝒌 |𝒋𝒋𝒋𝒌𝑱𝑴

(𝑬𝒒𝒊 + 𝒎𝒒𝒊)(𝑬𝒒𝒌 + 𝒎𝒒𝒌)
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TABLE I: S wave mass spectra of 𝛀𝐂𝐂 (in GeV)
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S wave mass spectra of 𝛀𝐜𝐜
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Difference of 
states

(n+1)S1/2 - (n)S1/2 (n+1)S3/2 - (n)S3/2

2S-1S 0.349 0.334

3S-2S 0.202 0.196

4S-3S 0.144 0.139

5S-4S 0.113 0.11



Many of these states and their structures not understood. The status of these
states can be understood also with the help of quark model.

The predicted S-wave masses of 𝛀𝑪𝑪 baryon are in very good agreement with
other theoretical predictions results as given in Table 1.

In our calculations, we have included hyperfine splitting and radial excited states
of doubly charmed baryons are summarized in Table I.

High statistics data required for the investigation of this doubly heavy baryon
spectroscopy.

Result And Discussion
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