
Motivation
The electromagnetic properties and radiative

transitions of heavy flavor baryons improves

our comprehension of the heavy-quark

dynamics. Recent experiments by BABAR

and Belle collaborations have observed the

following radiative decay processes, 𝛺𝑐
∗0 →

𝛺𝑐
0𝛾, 𝛯𝑐

′+ → 𝛯𝑐
+𝛾 and 𝛯𝑐

′0 → 𝛯𝑐
0𝛾. The above

transitions stand as the suitable candidates for

understanding the isospin symmetry breaking,

as they are the different charge states in the

same isoplet.

Primary Objective
To evaluate the effect of isospin breaking and

quark charge screening in transition magnetic

moments and radiative M1 decay width
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baryon transitions.

Effective Mass Scheme
The quark mass gets modified due to its one-

gluon exchange interaction with the spectator

quarks inside a baryon1. Thus, the EMS

expresses the baryon mass as the sum of the

constituent quark masses and the spin-

dependent strong hyperfine interaction terms,

𝑏𝑖𝑗 =
16𝜋𝛼𝑠
9𝑚𝑖𝑚𝑗

< 𝜓 𝛿3(Ԧ𝑟) 𝜓 >

Isospin Breaking

In our work, we incorporate the isospin

symmetry breaking through two different

sources :

 Constituent quark masses (𝑚𝑖)

 Strong hyperfine interaction terms (𝑏𝑖𝑗)

Effective Quark Charge
Similar to the quark mass, the charge of a

quark inside a baryon also varies because of

the neighboring quarks. Thus, when being

probed by a soft photon, the spectator quarks

may shield the charge of the quark under the

probe, leading to the modification of the

quark charge

By choosing 𝛼𝑖𝑗 = 𝛼𝑗𝑖 and invoking the

isospin symmetry [SU(2)] as follows,

𝜶𝒖𝒖 = 𝜶𝒖𝒅 = 𝜶𝒅𝒅 = 𝐱 = 𝟎. 𝟏𝟎𝟑,
while, in the strange sector [SU(3)],

𝜶𝒖𝒔 = 𝜶𝒅𝒔 = 𝜶𝒔𝒔 = 𝐲 = 𝟎. 𝟏𝟑𝟑,
and, for the charm sector [SU(4)],

𝜶𝒖𝒄 = 𝜶𝒅𝒄 = 𝜶𝒔𝒄 = 𝜶𝒄𝒄 = 𝐳 = 𝟎. 𝟎𝟐𝟏.

Magnetic Moments
Magnetic moments of baryons are obtained by

sandwiching the magnetic moment operator, 𝝁
between appropriate baryon wavefunctions,

𝜇𝐵 =< 𝜓|𝝁|𝜓 >

Transition Moments
The general expressions for transition

magnetic moments of
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transitions are given by,

To evaluate the transition magnetic moments,

we take the geometric mean of the effective

masses of the constituent quarks of initial and

final baryon states.

𝑚𝑖
𝐵′(∗)→𝐵(′) = 𝑚𝑖

𝜀(𝐵′ ∗ )𝑚𝑖
𝜀(𝐵(′))

Radiative Decay Widths

Photon momentum, 𝜔 =
𝑀
𝐵′(∗)
2 −𝑀

𝐵(′)
2

2𝑀
𝐵′(∗)

𝝁 =

𝑖

𝑒𝑖
𝜀

2𝑚𝑖
𝜀 𝝈𝒊

𝑒𝑖
𝜀 = 𝑒𝑖 + 𝛼𝑖𝑗𝑒𝑗 + 𝛼𝑖𝑘𝑒𝑘
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Results

Conclusions
Isospin breaking effects:

• Breaking of isospin symmetry have

negligible effects (~ 2%) in the transition

magnetic moments and radiative decay

widths of charm baryons.

Screening effects:

• Effect of screening gradually decreases in

magnetic moments from light to heavy

flavor owing to the variation of the

screened charge parameter, when the size

of the baryon is expected to decrease.

• Variation of numerical values of transition

magnetic moments and M1 decay widths

can be explained as a consequence of the

accumulation of individual magnetic

moments of constituent quarks with

respective signs and effective quark charge

due to screening.

• Magnetic moments of constituent quarks

add constructively or destructively along

with the effective charge of quarks, which

can produce a screening effect of O(10%)

or more.

Quark charge screening acts as the major

source of variation in the magnetic properties

of baryons, compared to isospin breaking.
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Transition magnetic moments (in 𝜇𝑵)

Transitions EMS SQCS 

𝛴𝑐
+ → 𝛬𝑐

+ -1.65 -1.48

𝛯𝑐
′0 → 𝛯𝑐

0 0.18 0.20

𝛴𝑐
∗+ → 𝛴𝑐

+ 0.03 0.10

𝛯𝑐
∗+ → 𝛯𝑐

′+ 0.16 0.20

𝛺𝑐
∗0 → 𝛺𝑐

0 -0.90 -0.94

𝛯𝑐𝑐
∗+ → 𝛯𝑐𝑐

+ 1.18 1.12

𝛺𝑐𝑐
∗+ → 𝛺𝑐𝑐

+ 0.91 0.87

Radiative decay widths (in keV)

Transitions EMS SQCS

𝛴𝑐
+ → 𝛬𝑐

+𝛾 93.70 75.46

𝛯𝑐
′0 → 𝛯𝑐

0𝛾 0.327 0.389

𝛴𝑐
∗+ → 𝛴𝑐

+𝛾 0.001 0.010

𝛯𝑐
∗+ → 𝛯𝑐

′+𝛾 0.030 0.049

𝛺𝑐
∗0 → 𝛺𝑐

0𝛾 1.142 1.250

𝛯𝑐𝑐
∗+ → 𝛯𝑐𝑐

+ 𝛾 1.963 1.752

𝛺𝑐𝑐
∗+ → 𝛺𝑐𝑐

+ 𝛾 1.969 1.789

Constituent quark 

masses (𝒎𝒊) 

Hyperfine interaction 

terms (𝒃𝒊𝒋) 

𝑚𝑢 = 360.534

𝑚𝑑 = 363.491

𝑏𝑢𝑢 = 200.536
𝑏𝑢𝑑 = 197.752
𝑏𝑑𝑑 = 193.884

𝑚𝑠 = 539.972

𝑏𝑢𝑠 = 143.129
𝑏𝑑𝑠 = 139.236
𝑏𝑠𝑠 = 70.045

𝑚𝑐 = 1644.878

𝑏𝑢𝑐 = 42.067
𝑏𝑑𝑐 = 42.814
𝑏𝑠𝑐 = 47.133
𝑏𝑐𝑐 = 53.508

𝛤𝐵′(∗)→𝐵(′)𝛾 =
𝛼𝜔3

𝑀𝑝
2

2

(2𝐽 + 1)
|𝜇
𝐵′(∗)→𝐵(′)

|2

𝜇𝐵′→𝐵 =
1

3
[𝜇𝑗

𝜀 − 𝜇𝑖
𝜀]

𝜇𝐵∗→𝐵 =
2

3
[𝜇𝑖

𝜀 − 𝜇𝑗
𝜀]

𝜇𝐵∗→𝐵′ =
2

3
[𝜇𝑖

𝜀 + 𝜇𝑗
𝜀 − 2𝜇𝑘

𝜀 ]


