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Indirect NP searches
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Precision 
measurements



FCNCs as rare processes for NP sensitivity

● In the SM: No FCNCs at 
tree level

● Rare semileptonic 
processes:
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FCNCs as rare processes for NP sensitivity
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FCNCs as rare processes for NP sensitivity
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EFT:
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Weak effective theory
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SM contributions

“short-distance contributions”

de Boer, S., & Hiller, G. (2016). Flavor and new 
physics opportunities with rare charm decays 
into leptons. Physical Review D, 93(7), 074001.



9

Long distance resonance contributions

● Non factorizable SM 
contributions

● Phenomenological model:

●         ,           are parameters
● Determine           from data by

Resonance 
Meson



Kinematics

● Dilepton invariant mass 
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Helicity formalism
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Write in terms of

rotate states



Helicity formalism
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Helicity 
AmplitudeAngular part



Helicity amplitudes
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Formfactors - Lattice QCD

Hadronic Leptonic
Evaluate in CM frame

Meinel, S. (2018). Λ c→ N form factors from lattice QCD 
and phenomenology of Λ c→ n ℓ+ ν ℓ and Λ c→ p μ+ μ− 
decays. Physical Review D, 97(3), 034511.



Angular distribution
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Angular observables 
depend on Wilson coefficients



Branching Ratio

15

Large uncertainties, no 
precision test possible

excluding 
around Resonances



Null tests
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Observable which is zero in the SM

No SM uncertainty



Null tests
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Any signal hints at NP 

No SM uncertainty



Forward-backward asymmetry
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Lepton flavor universality
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Lepton flavor universality
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Lepton flavor universality
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CP-asymmetry
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● SM source of CP violation:
CKM - negligible

● Correct binning required



Lepton flavor violation
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● Same calculation with

Bounds from :



Fraction of longitudinally polarized dimuons
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● Not a Null test!
● Maybe sufficient sensitivity to 

disentangle NP in 



Summary
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1. Angular distribution from Helicity formalism

2. Branching fraction large uncertainties from long distance SM contributions

3. Null tests for NP:
4.               to test LVU violation
5. Potentially test Lepton flavor violation in
6. Fraction of longitudinally polarized dimuons         to test       and



Outlook four body decays
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● Dilepton invariant mass 



Outlook four body decays
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● Additional helicity amplitude for                        :
● Self analyzing decays:



Angular distribution

28

Three-body

Null test

Pin down Wilson coefficients



Polarized 
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Polarized         angular distribution 



Polarized         angular distribution 

Null tests!

 



Summary
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● Potential to test for NP with null tests
● Observables with Wilson coefficient 

sensitivity
● Future global fit of Wilson coefficients



Backup slides
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SM contributions
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SM contributions
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CP-asymmetry
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