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                                            Neutrino-phillic scalar mediator

Complex scalar carrying 
lepton number  -2 

● The particle ϕ couples to Standard Model (SM) neutrinos through a portal that involves a 
dimension-6 operator.
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Higgs doublet
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                                                          DM candidates 

● Complex scalar with lepton number +⅔.
● Undergoes freeze out.

● Dirac fermion DM with lepton number +1.
● Undergoes freeze out.

● Sterile neutrino couples to SM neutrinos via 𝜙
● Freezes in via Dodelson- Widrow mechanism.
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                                                    The wrong-sign muon signature

Note: One beam is enough to probe the signature 



                                                             Muon collider 

● This design envisions a 4.5 km long storage 
ring into which about 1013 muons will be 
injected each second. 

● While these muons can decay anywhere in 
the ring, the largest flux of neutrinos 
originates from decays in the straight sections 
around the IPs.

● We conservatively assume that the straight 
section have a length of 10 m, resulting in 
about 1010 neutrinos per second.



                                                 Neutrino induced backgrounds

Neutral and charged current 𝜈𝜇  events Neutral and charged current 𝜈e  events

Pion/Kaon decay in flight



                                                     Background mitigation



                                                     Background mitigation

Sensitivity after each cut



                                                             Sensitivity reach



                                                             Sensitivity reach

Surpass the sensitivity 
of LHC measurements



Conclusions

● With this work we have tried to probe neutrinophillic mediator with high energy muon beams.

● The MuColν detector would be especially capable of searching for a neutrinophilic mediator ϕ 
through the mono-neutrino scattering process νµN → µ +ϕX, exceeding searches from other 
terrestrial approaches for mϕ in the ∼few MeV – ten GeV range

● The search for mediator will also open windows to probe dark matter models that couple via the 
mediator to the Standard model particles.

● Neutrinos have always been a loose string in the standard model and there are plans to study 
neutrino physics in muon collider along with BSM physics. 




