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Introduction
The LHCb Collaboration [1, 2] con-

firmed the existence of double heavy baryon
Ξ++
cc (ccu) baryon with a mass of 3621.40 ±

0.78 MeV and lifetime 0.256 ± 0.014 ps shows
an significant development in heavy hadron
physics. At present, there is no other ex-
perimental data has been observed for such
hadrons. It is possible that future analy-
ses at LHC and the forthcoming experiments
like PANDA at FAIR could be able to detect
the production and decays of doubly heavy
baryons. 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.

Methodology
To study the heavy baryons, we have used

Martin-like potential for quark confinement in
relativistic approach. The form of the model
potential is expressed as,

V (r) =
1

2
(1 + γ0)(λr0.1 + V0) (1)

Here, λ is the potential strength and V0 is the
potential parameter.
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The wave function Ψ(~r) satisfies the Dirac
equation given by

[γ0Eq − ~γ. ~P −mq − V (r)]Ψ(~r) = 0 (2)

To obtain the binding energy of the quark
(+ve energy) and the anti-quark (-ve energy)
we have solved the Dirac equation. The solu-
tion of Dirac equation can be written in two
component form as [2] but here for baryons
we require only the positive energy solution
as given by [3];

Ψnlj(~r) =

(
ΨA

ΨB

)
(3)

where

Ψ
(+)
A (~r) = Nnlj

(
ig(r)
r

(σ.r̂)f(r)
r

)
Yljm(r̂) (4)

and Nnlj is the overall normalization constant.

The spin-average mass of a baryon (having
quark structure QQq) in this formalism can
be written as

MQqq
SA = EDQ + 2EDq − ECM , (5)

where, EDQ and EDq represents the Dirac en-
ergy of Q and q quarks respectively and ECM
is the parametric centre of mass correction.
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The spin degeneracy can be removed by
considering the spin-spin (j · j) interactions
as

〈
V jjQQq(r)

〉
=

i,k=3∑
i=1,i<k

σ
〈
jijkJM |ĵiĵk|jijkJM

〉
(Eqi +mqi)(Eqk +mqk)

,(6)

where, σ is the j − j coupling constant.

The fitted values for potential parameters,
j− j coupling constant and parametric centre
of mass correction are λ = 1.150 GeV 1.1,
V0 = −0.960 GeV , σ = 0.159 GeV 3 and
ECM = 0.129 GeV respectively.

The computed S-wave masses (L = 0) are
given in TABLE I along with the available
experimental data [6] and other theoretical
predictions [7], [8] and [9].

TABLE I : S state of Ξ++
cc in GeV

n2S+1SJ Our Exp.[6] [7] [8] [9]
mass

12S 1
2

3.636 3.621 3.581 3.547 3.685

14S 3
2

3.715 - 3.726 3.719 3.754

22S 1
2

3.959 - 3.925 4.183 4.079

24S 3
2

4.022 - 3.988 4.282 4.114

32S 1
2

4.145 - 4.241 4.640 4.159

34S 3
2

4.202 - 4.234 4.719 4.131

42S 1
2

4.278 - 4.535 - -

44S 3
2

4.331 - 4.466 - -

52S 1
2

4.399 - 4.821 - -

54S 3
2

4.422 - 4.687 - -

Result and Conclusion

We have predicted the ground state masses
of the doubly heavy baryons as well as radial
excitation of baryon using the optimized fitted
potential parameters which are found to be in
good agreement with available experimental
results as well as other theoretical predicted

data. For predicting ( 3
2

+
) and ( 1

2

+
) states,

we have incorporated the j − j coupling. In
this study, the ground state masses for 12S 1

2

3.636GeV is in good agreement with the
available experimental mass 3.621GeV .

References
[1] R. Aaij et al. [LHCb], Phys. Rev. Lett.

119, no.10, 112001 (2017).
[2] R. Aaij et al. [LHCb], Phys. Rev. Lett.

121, no.10, 091801 (2018).
[3] M. Shah, B. Patel and P. C. Vinodkumar,

Phys. Rev. D 90, no.1, 014009 (2014).
[4] M. Shah, B. Patel and P. C. Vinodkumar,

Eur. Phys. J. C 76, no.1, 36 (2016).
[5] M. Shah, B. Patel and P. C. Vinodkumar,

Phys. Rev. D 93, no.9, 094028 (2016).
[6] R. L. Workman et al. [Particle Data

Group], PTEP 2022, 083C01 (2022).
[7] J.Oudichhya and K.Gandhi and A.K.Rai

Phys. Rev. D 97, no.5, 054001 (2022).
[8] Giannuzzi, Floriana Phys. Rev. D 79,

no.6, 094002 (2009).
[9] Yoshida, T. and Hiyama, E. and Hosaka,

A. and Oka, M. and Sadato, K Phys. Rev.
D 92, no.19, 114029 (2015).

Proceedings of the DAE Symp. on Nucl. Phys. 66 (2022) 900

Available online at www.sympnp.org/proceedings


