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The Standard Model
 …and its limits

Or why do we care
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The Standard Model…

Morel et al. (2020) – Determination of the fine structure constant 

with an accuracy of 81 parts per trillion
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… and its limits

Patrick Koppenburg (2024) – Flavor anomalies

The SM does not answer some important 

questions !

Need for BSM Physics



The Need For 
Automated Calculation

Or why are we paid
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Calculations in flavour physics

Need for automated calculations !

Calculation in 

full theory 

Wilson 

coefficients 

𝐶𝑖 at 𝜇 ∼ 𝑀𝑊

Running 

with RGE to 

𝜇 ∼ 𝑚𝑏

𝐿(𝐵)𝑆𝑀 → 𝐻eff(𝑏 → 𝑠𝑋) = −
4𝐺𝐹

2
𝑉𝑡𝑏𝑉𝑡𝑠

∗ ෍

𝑖=1

10

𝐶𝑖 𝜇 𝑂𝑖(𝜇)

Calculation in 

effective 

theory

Matrix 

elements

𝐵|𝑂𝑖|𝐴

Observables

For each BSM model
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Calculations in flavour physics
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Calculations in flavour physics
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Calculations in flavour physics

× 𝒪(10) Wilson Coefficients

× 𝒪(? ) Interesting Models

× 𝒪(100) Relevant Observables
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The Tools

Or the reason why I’m going blind
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MARTY (1.5)

Model building
Analytical QFT 

calculations 

Numerical library 

generation

Numerical phase 

space integration

Symmetries, breaking patterns

Field content

→ Lagrangian

Scattering amplitudes

Decay widths

Wilson coefficients

G. Uhlrich, F. Mahmoudi and A. Arbey, Comput. Phys. Commun. 264, 107928 (2021)
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MARTY (1.5)

Time for a live demo !
Calculation of 𝜎(𝑒+𝑒− → ℎ0𝑊+𝑊−) in the SM.



14

MARTY and the 𝑆𝑈 2 ℓ model  

Darmé, Deandrea, Mahmoudi (2023) – Gauge 𝑆𝑈 2 𝑓 flavor transfers [hep-ph:2307.09595]

Add a SU(2) gauged flavor symmetry between second and third generations of leptons.

Constraints ? 

Neutrino trident production [hep-ph:1406.2332]

Lepton flavor

violating decays
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MARTY and the 𝑆𝑈 2 ℓ model 
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MARTY and the 𝑆𝑈 2 ℓ model 
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SuperIso

Model 

choice

Wilson 

coefficient 

calculation

Observable 

calculation

N²LO/L expressions 

from literature

QCD Factorisation

…

Associated 

𝜒2

Check against exp. values 

accounting for theo. 

uncertainties

Parameter 

generation

Constraints

SuperIso

SM

THDM

SUSY

Random

Grid

Directed

(Multinest…)

F. Mahmoudi, Comput. Phys. Commun. 178, 745 (2008) [0710.2067]
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HyperIso – MARTY 

Model 

selection

Wilson 

coefficients 

calculation

Observable 

calculation

N²LO/L from 

literature

QCD Factorization

…

Associated 

𝜒2

Check against exp. values 

accounting for theo. 

uncertainties

Parameter 

generation

Constraints

Built-in or

MARTY

Random

Grid

Directed

(Multinest…)

MARTY ⇒ Calculations in any 

generic BSM scenario



Thanks
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