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Introduction

The observation of the first doubly heavy
baryon Ξ++

cc at LHCb [1, 2] opens up the
uncharted territory of double heavy flavour
hadrons which are difficult to detect. We con-
tinue the method outlined in references [3–5]
and extend our study for computing the mag-
netic moment, radiative decay width, and life-
time of Ξ++

cc .

1. Methodology

In our study, we examine the individual con-
finement of quarks within a baryon employ-
ing Martin potential characterized by the form
1

2
(1+ γ0)(λr

0.1 + V0) within the framework of
relativistic Dirac formalism [3–5]. The spin-
average mass of a baryon can be expressed as
follows:

MQqq
SA = 2ED

Q + ED
q − ECM , (1)

where, ED
Q and ED

q represent the Dirac energy
of Q and q quarks respectively, which can be
obtained by solving the Dirac equation for this
system

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

and ECM is the parametric center of mass cor-
rection.

2. Magnetic moments and radia-

tive decay

Magnetic moment can be obtained in terms
of the confined quark masses meff

q as given in
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Ref.[6], meff
q defined as

meff
q = ED

q

(

1 +
< H > −ECM
∑

q E
D
q

)

. (3)

which follows the property of MJ =
∑3

q=1
meff

q . Our prediction and comparison
with other different approaches are given in
TABLE I.

TABLE I : Magnetic moments in terms of nuclear magneton
State Our [7] [8] [9]

Ξ++
cc

1

2

+
0.0930 0.031 0.114 0.17

Ξ++
cc

3

2

+
2.060 2.218 2.001 2.54

J. Dey et.al [10] showed the way to calcu-
late the radiative decay widths for the doubly
heavy baryon using the heavy quark effective
theory (HQET) in terms of the radiative tran-
sition magnetic moment.

Γ =
k3

4π

2

2J + 1

e2

m2
p

µ2
B 3

2

→B 1
2

(4)

where the radiative transition magnetic mo-
ment can be calculated as µB 3

2

→B 1
2

=

< B 3
2
|µ̂B′z|B 1

2
>. we can find the transition

magnetic moments for the spin 3

2
to 1

2
for Ξ++

cc

by using the following equation

4

3
√
2
(µc − µu) (5)

We predict the decay width for Ξ++
cc ( 3

2

+) →
Ξ++
cc ( 1

2

+)γ to be 1.504 keV which is in accor-

dance with other theoretical model [11, 12].

3. Lifetime

We have estimated the lifetime of the Ξ++
cc

by considering the two c quarks going to decay



independently[13] as given by Eq.(6)

Γ(Ξ++
cc ) =

10G2
F |Vcs||Vcd|M5(Ξcc)F (χcc)

192π3
, (6)

where the kinematic suppression factor can be
expressed as

F (χcc) = F1 + F2 + F3. (7)

given

Fi = 1− 8xi + 8x3i − x4i + 12x2i ln(
1

xi
). (8)

The x1, x2 & x3 are squared ratiosM
Ξ

+
c

/MΞcc
,

M
Σ

+
c

/MΞcc
, and M

Λ
+
c

/MΞcc
respectively. Us-

ing this equation, we calculated the total de-
cay width width as shown below

Γ(Ξ++
cc ) = 3.1543× 10−12(in GeV ). (9)

The resultant lifetime 0.205 ps is very close
to the experimentally observed value [14]. We
anticipate it will overlap with the experimen-
tal value after including the omitted two ef-
fects (1) a form factor for the weak transitions
of Ξ++

cc , and (2) the excitation of csu and cdu
states.

4. Discussion and Conclusion

Our computed magnetic moment, radiative
decay width, and total decay width are in
good agreement with other theoretical predic-
tions.
Notably, we computed the basic estimation

of the lifetime, which closely aligns with the
observed experimental value. Our calculated
value is 0.205 ps, while the experimental value
is 0.256 ps [14]. We anticipate that more ex-
perimental details of Ξ++

cc will be available.
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