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The Standard Model

Works exceedingly well…but three generations. WHY?!?
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 decay in the SMπ+



 decay in the SMπ+

Predicted at the 0.01% level


Tested at the 0.1% level



Modifying  decayπ+

If charged leptons mix with heavy states (could be explanation of 
flavour) generically expect a shift of their  couplingsW

Mixings at 1% level can be probed



Heavy new physics
New states that are heavy compared to weak scale can also shift Re/μ

Cirigliano, Crivellin, Hoferichter,…

 in reachΛ ≲ few TeV



Sterile neutrinos



Sterile neutrinos or right-handed neutrinos 
or heavy neutral leptons…



Sterile neutrinos



Sterile neutrinos

Ann Nelson: “We (theorists) are good at figuring out what terms should appear 
in a Lagrangian but not at guessing what their values are.”



 decay and sterile neutrinosπ+

Bryman & Shrock PRD 100 073011

 if , Re/μ ≠ 1 Ue4 ≠ Uμ4 M ≠ 0



MeV sterile neutrinos and dark matter

“Neutrino portal DM” can have interesting consequences for structure 
formation but hard to probe—sterile neutrinos decay invisibly

 one of the most 
sensitive tests

Reμ

Batell, DM, Han, Shams Es Haghi PRD 97 075016



Neutrinophilic bosons
Dev et al. arXiv: 2407.12738

See also work by 
Altmannshofer, Dror, Gori, …



X(17) and other light bosons

Hostert & Pospelov, PRD 108 055011

“Protophobic” vector [Feng, Galon, Tait, 
Tanedo] could explain ATOMKI excess but 
would be copiously produced in  decaysπ+



X(17) and other light bosons

Hostert & Pospelov, PRD 108 055011



X(17) and other light bosons

Chen, DM, Pospelov, PRD 100 095008

If beam polarity can be reversed  
capture could produce large numbers 

of bosons with 

π−

m ≲ mπ



 -decayπ+ β
CKM unitarity in tension with 

some measurements of nuclear, 
kaon decays

See recent work by Gennari, Drissi, Navratil, et al., 
Cirigliano et al.

 -decay could be a clean 
probe of 

π+ β
Vud

Bryman, Cirigliano, Crivellin, 
Hoferichter, Inguglia



 -decayπ+ β
Some new physics 

could show up in final 
states that look similar

 -decay could be a clean 
probe of 

π+ β
Vud

See also Altmannshofer, Gori, Robinson



Take aways

• Lepton universality is a key feature of the SM


• Violations can signal new physics


• New physics at the TeV+ scale can be probed with 


• Light new physics is especially well tested

Re/μ


