
Potential for BSM and Neutrino 
Physics at FORMOSA

Based on arXiv:2010.07941 [SF, F. Kling & Y. Tsai]

Saeid Foroughi-Abari

University of Victoria

November 9, 2020



OUTLINE

FORMOSA Physics Potential:

❑ Detecting a heavy neutrino electric dipole 
moment at the LHC

❑ Probing tau neutrino with magnetic dipole 
moment at FORMOSA

❑ Turning FORMOSA to a neutrino detector
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FORMOSA Physics Potential

FORMOSA can do more than just MCPs.

Basic idea: use milliQan-like detector as a neutrino detector or to look for low recoil energy.

In the following, I will present this idea.

This was not investigated in detail yet.
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Physics Potential of FORMOSA
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Neutrino Interactions



EDM of a Heavy Neutrino

➢Heavy neutral Dirac fermions, with large electric dipoles can occur in models of CP violation. 

• e.g.  multi-Higgs models, leptoquark models, MSSM, etc.

The EDM of muon for example can be as large as 10−24 e-cm.

➢The strongest motivations comes from cosmology (Baryogenesis): 

A non-zero baryon number to be generated dynamically in the early Universe requires a source of 

CP-violation (Sakharov criteria)

➢Are there plausible models in which a large EDM for a heavy neutrino occurs?

• Adding 𝐵𝜇𝜈: the contribution from the Z has very little effect on the numerical results.
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Effective low-energy 

dimension five operator

[Sher ’02] 

(arXiv:hepph/0201220v)



Ionization Loss

➢A neutrino with a large EDM does interact electromagnetically and thus can lose energy in a 

detector.

➢The impulse given to the atomic electrons is converted

into an energy transfer:

- For a neutrino mass of tens of GeV, 𝛾 ∼ 𝒪(10 − 100) at LHC.

➢ FORMOSA (sensitive to ionization loss of ~ 10−6× muon)

can provide great sensitivity 𝐷𝛾 > 10−18cm

➢Heavy neutrino production through virtual Drell-Yan photon

and the vertex occurs through the EDM.
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[Sher & Stevens ’17]

arXiv:1710.06894



Probing EDM @ LHC

➢ Scintillator-based experiments will also be extremely sensitive to EDM of a heavy neutral state

➢How to distinguish between millicharged particles

and a heavy neutrino with EDM?

• Measuring the angular distribution:

- milliQan in the transverse region vs

FORMOSA in the FPF

• Or a study on the energy dependence

➢ Can we probe this exotica at FORMOSA

with a better sensitivity?
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From arXiv: 1710.06894
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Neutrino EM Form Factors

• Neutrino electromagnetic properties can be used to distinguish Dirac and Majorana neutrinos

• In a minimal extended SM for Dirac neutrinos, magnetic moments 

can occur at the loop level.

- Several orders of magnitude smaller than the present experimental limits

• The magnetic moment of neutrinos can be enhanced in other NP models (e.g. SUSY, Large 

Extra Dimension)

-The observation of a NMM larger than 10−20 𝜇𝐵 : a clear sign of the presence of new physics BSM
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[Giunti & Studenikiny ’15]

arXiv:1403.6344



Experimental Limits on NMM

• Elastic 𝝂 𝒆 scattering is the most widely

used method to measure NMM.
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Add Incoherently

arXiv:1403.6344



Probing tau magnetic moment
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➢ Expected number of NC elastic scatering events in SHiP

producing an electron with energy greater than 10 GeV

• Probing the high-energy tail

Expected number of  events

at SHiP

arXiv:1504.04855



➢Tau neutrinos are the least studied and constrained neutrinos: 
from the decay of heavy favor hadrons (D,B mesons,…) 

➢MCP-like signature: Tau neutrino MM interaction

• Cross section enchantment at low recoil energy

• Multiple scattering with low (KeV-MeV) energy transfers

➢ Plastic scintillator detectors: insufficient resolution to resolve

the vertex structure or identify lepton flavors (less particle ID)

Probing tau MM @ FORMOSA
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Tau Neutrino Flux at
the FASERv

FASERnu Collab.

arXiv:1908.02310
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Neutrino interaction @ FORMOSA

➢ FORMOSA as a neutrino experiment with the same physics case as FASERnu

• Advantage: a fully electronic detector with timing 

(MiniBoone-type detector)

➢ Completely different signature: DIS scattering

• TeV energy Hadronic shower developing, with no incoming particle 

• ~ 1 M neutrino interactions with the FORMOSA detector (1-ton) during HL-LHC

➢ precision studies of neutrino properties:

• Neutrino flux & cross section measurements at TeV energies?

• PDF measurements with neutrino DIS?
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❑ Could we use FORMOSA to 
detect neutrinos? 

❑ What needs to be done to 
make this possible?

FASERnu Collab.

arXiv:1908.02310



Summary 

❖ FORMOSA is extremely sensitive to the possible 

electric dipole moment (EDM) of a heavy neutrino.

❖ Elastic scattering of the tau neutrino through magnetic 

moment interaction in FORMOSA leads to MCP-like 

signature.

❖ Expecting about 106 neutrino interactions with the 

FORMOSA detector, provides additional opportunities 

for precision studies of neutrino properties.
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