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Introduction

The simplest interpretation of recent obser-
vation of four narrow peaks in the Z) K~ mass
spectrum at LHCb is that they correspond to
excited (2, states, in particular the L = 1 or-
bital excitation of the ground state, or possi-
bly n = 2 radial excitation [1]. In the present
work, we investigate the excited state mass
spectra of {1;” system using the framework of
relativistic Dirac formalism with a mean field
confinement potential [2-4]. Additionally, we
delve into static properties like magnetic mo-
ment and radiative decay width for these bary-
onic states.

1. Methodology and Mass Spectra

We consider the independent confinement
of quarks in baryon using the potential of the
form £ (1+70)(Ar%! +Vp) in relativistic Dirac
formalism. The spin-average mass of a baryon
can be written as

M$i" = EB + 2EP — Ecuy, (1)

Where, EP and EqD represent the Dirac en-
ergy of @) and q quarks respectively, which can
be obtained by solving the Dirac equation for
this system

[VOEq - :)”ﬁ —mg = V()] () =0 (2)
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and F¢ )y is the parametric center of mass cor-
rection. The spin-spin, spin-orbit, and ten-
sor interactions are considered as given in Ref.
[2-4] The computed P & D-wave masses are
listed in TABLE I & TABLE II along with
the other model predictions.

2. Magnetic moment and radia-
tive decay of €

We find the magnetic moment in terms of
its effective quarks masses as given in Ref. [5]
where the bound state effects are absorbed by
defining the effective mass as

<H>-E
msz — EqD (1 + CM) (3)

2 By

TABLE I : P-Wave of ©,” in GeV

n25tip,; Masses [6] [7] [8]
1Py 6.3247 6.344 6.329 6.330
12Py 6.3614 6.341 6.336 6.340
1Py 6.3253 6.345 6.334 6.339
1Py 6.3244 6.343 6.326 6.331
11P; 6.3797 6.339 6.339 6.334
2P, 6.5847 6.596 6.658 6.706
22P; 6.6143 6.594 6.664 6.705
24P, 6.5852 6.597 6.662 6.710
2P, 6.5851 6.595 6.655 6.699
24Py 6.6291 6.592 6.666 6.334
3P, 6.7635 6.829 6.841 7.003
32Py 6.7897 6.827 6.846 7.002
3Py 6.7642 6.83 6.844 7.009
3'py 6.7641 6.828 6.839 6.998
3Ps 6.8028 6.826 6.848 6.700




TABLE II : D-Wave of Q" in GeV

n*71p; Masses 6] [ B
"Dy 6.4903 6.480 6.556 6.530
1°Dy 6.5230 6.476 6.555 6.520
1'Dy 6.5133 6.485 6.556 6.540
1“Dy 6.5148 6.482 6.561 6.549
1'Dy 6.5584 6.478 6.561 6.529
1*Dz 6.5748 6.472 6.562 6.517
22D3 6.6914 6.726 6.846 6.846
2°Ds 6.7186 6.723 6.846 6.837
24D, 6.7094 6.730 6.846 6.857
2'Dy 6.7106 6.727 6.852 6.863
24D% 6.7468 6.724 6.852 6.846
24Dz 6.7604 6.720 6.853 6.834
3°Dy 6.8411 6.953 7.022 -
3°Ds 6.8655 6.951 7.021
3'Dy 6.8569 6.956 7.021
34D% 6.8580 6.954 7.026
3'Dyg 6.8905 6.951 7.026
34Dz 6.9027 6.948 7.027

which follows the property of M; =
22:1 mgf f. Our prediction and comparison
with other different approaches of magnetic
moments are given in TABLE III.

TABLE III : Magnetic moments in terms of nuclear magneton

State Our 5]
Q, 37 | —0.539 | —0.916 | —0.761 —0.545
Qg§+ —0.906 | —1.178 | —1.236 0.919

J. Dey et.al [10] showed the way to calculate
the radiative decay widths for the singly heavy
baryon using the heavy quark effective theory
(HQET) in terms of the radiative transition
magnetic moment.

K2 e,
- < 4
dr 27 + 1m2l'By =By )

where the radiative transition magnetic mo-
ment can be calculated as
KB

—B

=< B%|ﬂB|B% >.
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We predict the decay width for Qb_( 3+) =
2

Q (1) to be 0.006 keV which is in the range
of other predictions [6, 11]

3. Discussion and Conclusion

Our calculations indicate that the masses
of P and D waves using the relativistic Dirac
formalism with a mean field confinement po-
tential fall within the mass range of 6 — 7

GeV, aligning with similar predictions made
by researchers in prior studies, as referenced
in [6], [7], and [8]. Our prediction for the mass
range of the 1P states coincides with the mass
range of recently observed resonances of €1
(6316,6330, 6340, 6350)[12].

Additionally, our computed magnetic mo-
ment of the ground state (—0.539 uy), is con-
sistent with other theoretical predictions.

Furthermore, our investigation demon-
strates that the radiative transition decay
width is exceptionally small, approximately at
the level of 1073 keV.
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