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Motivation I

• It is well known that the neutral part of the lepton family, 

neutrinos, mix among themselves giving rise to lepton flavor 

violation (LFV).

• Similar phenomena in the charged lepton sector, known as 

charged Lepton Flavor Violation (cLFV) has not been observed.
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Motivation I
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Motivation I
• We focused on LFV processes from B meson decays (LFVBD)
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Motivation II

• To identify the most relevant operators responsible for Lepton Flavor Violating B-

meson Decays (LFVBDs).

• To analyze their effect on other LFV processes in a model-independent way.

• We want to comment on the constraints on such operators coefficients.

• Also, in view of several proposed experiments to study charged LFV processes, we 

want to comment on the indirect constraints on such LFVBD processes.

619-Dec-23 JOYDEEP  ROY  PHOENIX-2023, IIT Hyderabad



Procedure

• Effective Hamiltonian for 𝑏 → 𝑠𝑙𝑖𝑙𝑗 transitions process is given by 

𝐺𝐹 =                               Fermi Constant

𝑉𝑡𝑏𝑉𝑡𝑠
∗ =                                 Cabbibo-Kobayashi-Maskwa(CKM) matrix elements

𝑛 = 9,10        “Semi-leptonic” operators

𝑛 = S,P    Scalar and Pseudo-scalar operators

𝐶𝑛
′ , 𝒪𝑛

′ Chiral Counterparts

7

𝐻
𝐸𝑓𝑓

𝑙𝑖𝑙𝑗 = −
4𝐺𝐹

2
𝑉𝑡𝑏𝑉𝑡𝑠

∗ + ෍

𝑛=9,10,𝑆,𝑃

𝐶𝑛 𝜇 𝒪𝑛 𝜇 + 𝐶𝑛
′ (𝜇)𝒪𝑛

′ (𝜇)
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Procedure
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Operator Structures

𝒪7−10

𝒪7−10
′

𝒪𝑆,𝑃
(′)



Procedure
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Feynman Diagrams



Procedure
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Theory



Procedure
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Theory



Procedure

• The decay rates (tree-level) of such LFVBD processes depend on
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Theory



Procedure
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• In order to impose experimental constraints on the 

coefficients of higher dimensional operators, one 

needs to evaluate the Renormalization Group (RG) 

running from the scale Λ to the energy scale 

relevant for a given experiment.

Analysis



Procedure

Λ (𝑇𝑒𝑉)

𝑚𝑍 (91 GeV)

𝑚𝑏(5-6 GeV)

𝑚𝜏 (1.78 GeV)

𝑚𝜇 (0.1 GeV)
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C (𝜇) Analysis



Procedure

Λ

𝑚𝑍

𝑚𝑏

𝑚𝜏

𝑚𝜇
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Procedure

Λ

𝑚𝑍

𝑚𝑏

𝑚𝜏

𝑚𝜇
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Procedure

Λ

𝑚𝑍

𝑚𝑏

𝑚𝜏

𝑚𝜇
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Procedure

Λ

𝑚𝑍

𝑚𝑏

𝑚𝜏

𝑚𝜇
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Results (1-D Analysis)
RGE Effects
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Results (1-D Analysis)
RGE Effects
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Results (1-D Analysis)

2119-Dec-23 JOYDEEP  ROY  PHOENIX-2023, IIT Hyderabad

Sin
gle O

p
erato

r D
o

m
in

an
ce at 

Color Codes

• Blue : Current Expt. Limits

• Green : Future Expt. 

Limits

• Red : 2-4 Orders 

(assumed) enhanced BR 

sensitivities



Results (1-D Analysis)
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Results (1-D Analysis)
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Results (1-D Analysis)
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Indirect upper limits on LFVBDs from other LFV processes in 𝜇 sector



Results (1-D Analysis)
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Indirect upper limits on other LFV processes in 𝜏 sector



Results(2-D Analysis)
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Results(2-D Analysis)
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Future possible reach by CR (𝜇 → 𝑒) experimentsCurrently allowed by CR (𝜇 → 𝑒) experiments

Phase II (~𝟏𝟎−𝟏𝟕)Phase I (~𝟏𝟎−𝟏𝟓)



Results (2-D Analysis)
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• Flat directions between the 
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trivial



Results (2-D Analysis)
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• Flat directions for other LFVs are non-trivial. 

These cancellations occur between 𝐶𝜑ℓ
(1)

and 

𝐶𝜑ℓ
(3)

and is a direct consequence of the RGE 

effects 



Results(2-D Analysis)
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Results(2-D Analysis)
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• 2𝑞2ℓ operators responsible for LFVBDs are best constrained by LFVDs only

• More similar plots in arXiv:2312.05071

https://arxiv.org/abs/2312.05071


Conclusion
• Out of six operators responsible for LFVBDs, operators with left-handed 

quark currents, such as 𝐶
ℓ𝑞
(1,3)

and 𝐶𝑞𝑒, only contribute to other LFV 

processes significantly.

• If new physics primarily generates the LFVBD operators between the 
scales 100 − 1000 𝑇𝑒𝑉, we expect that LFVBDs and CR(𝜇 → 𝑒 ) to be quite 
promising in regard to future experiments.

• In 𝜇 sector, two processes, 𝜇 → 𝑒𝑒𝑒 and CR(𝜇 → 𝑒) can  put indirect 
constraints on BRs of several B-decay processes (~10−10) which are within 
the future limits.

• The relevant operators of this analysis receives strongest constraints from 
LFVBDs only.
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Thank you
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Procedure
• Effective Hamiltonian for 𝑏 → 𝑠𝑙𝑖𝑙𝑗 transitions process is given by 

𝐺𝐹 =                               Fermi Constant

𝑉𝑡𝑏𝑉𝑡𝑠
∗ =                                 Cabbibo-Kobayashi-Maskwa(CKM) matrix elements

𝑛= 1,2                                      “Current-Current” operators mediated by W boson or gluon

𝑛 = 3, 4, 5, 6                             “QCD-Penguin” operators

𝑛 = 7,8                                     “Magnetic-Penguin” operators

𝑛 = 9,10                                  “Semi-leptonic” operators

𝑛 = S,P                                     Scalar and Pseudo-scalar operators

35

𝐻𝐸𝑓𝑓
𝑙𝑖𝑙𝑗 = −

4𝐺𝐹

2
𝑉𝑡𝑏𝑉𝑡𝑠

∗ + ෍

𝑛=1

10,𝑆,𝑃

𝐶𝑛 𝜇 𝒪𝑛 𝜇 + 𝐶𝑛
′ (𝜇)𝒪𝑛

′ (𝜇)
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Analysis with Single operator

• For example, we consider the operator 𝑄𝜙𝑒 and the coefficient 

𝐶𝜙𝑒
𝑓𝑖

.

• Modified branching ratio formula becomes 

Br ℓ𝑖 → ℓ𝑗ℓ𝑘 ഥℓ𝑙 𝜙𝑒
=

𝑁𝑐𝑀
5

6144𝜋3Λ4Γ𝑙𝑖
𝐶𝑉𝑅𝑅
′ 2 + 𝐶𝑉𝑅𝐿

′ 2 + 𝐶𝑆𝐿𝑅
′ 2

with                              

𝐶𝑉𝑅𝑅
′ = 2 2𝑠𝑊

2 𝐶𝜙𝑒
𝑗𝑖

𝐶𝑉𝑅𝐿
′ = −

1

2
𝐶𝑆𝐿𝑅
′ = 2𝑠𝑊

2 − 1 𝐶𝜙𝑒
𝑗𝑖
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Results (1-D Analysis) 
RGE Effects
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• 𝐶𝑞ℓ
1/3 𝑖𝑗

has significant RGE impacts on 𝐶𝑞ℓ
3/1 𝑖𝑗

, 𝐶𝜑ℓ
1 𝑖𝑗

and 𝐶𝜑ℓ
3 𝑖𝑗

.

• 𝐶𝑞𝑒
𝑖𝑗

has significant RGE impact on 𝐶𝜑𝑒
𝑖𝑗

.

• 𝐶𝑙𝑒𝑑𝑞
1223 has RGE impact on 𝐶𝑙𝑒𝑑𝑞

1222



Operators

• Contribution of different operators to different decay types

Decay Types

Operators ℓ𝑖 → ℓ𝑗ℓ𝑘ℓ𝑙 ℓ𝑖 → ℓ𝑗𝛾

ℓℓ𝑋Ψ (Dipole) Tree-level Tree-level

ℓℓℓℓ (4-lepton) Tree-level 1-loop level

ℓℓ𝑞𝑞 (2-lepton-2-Higgs) 1-loop-level 1-loop level

ℓℓΨ2𝐷 or ℓℓΨ3 (lepton-Higgs)  Tree + loop level Tree + loop level
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Results (2-D Analysis)
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• Flat directions between the pairs of LFVBD WCs are trivial

• Flat directions for other LFVs are non-trivial. These cancellations occur 

between 𝐶𝜑ℓ
(1)

and 𝐶𝜑ℓ
(3)

and is a direct consequence of the RGE effects 


