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WHY GO BEYOND THE SM?
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Oscillations require
massive neutrinos
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WHY GO BEYOND THE SM?

Possible hints for New Physics:

(g9 — 2),, anomaly

Flavour anomalies Ry «) andR )

(BaBar, Belle, LHCD)
Hy tension

Cosmic ray positron excess
(PAMELA, FermiLAT, AMS-02)

XENON1T excess
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Oscillations require

massive neutrinos
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A NEW GAUGE SYMMETRY
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ANOMALY FREE MODELS

¥ Constraints on possible charge assignments from anomaly
cancellation
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ANOMALY FREE MODELS

¥ Constraints on possible charge assignments from anomaly
cancellation
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¥ Further constraints from Yukawa terms

Anomaly Charge combinations with Yukawa constraints
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DIRAC NEUTRINOS

Structural invariance of Yukawa terms allows for three different
classes of family charges

Dy = (e @l Ghes) - (@, ¢

In absence of Majorana masses (i.e. Dirac neutrinos) only a°

can reproduce viable CKM and PMNS matrices!

@ptons aR 3Aquuarks =0




MAJORANA NEUTRINOS

Al other anomaly free groups must have Majorana neutrinos!
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Majorana mass terms induce neutrino flavour changing
couplings (o, yM| = [Q,,UM] #0

Va anﬁ“ Vo X,u g V; UiTaQaaUaj /Y'LL Vj X,LL

A,_/
Qij i —
This could in principle induce =
neutrino decays. Potentially S| L
Interesting for solar neutrinos
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GOING BEYOND THE MINIMAL

¥ Allow for new neutral particle W that can mix with neutrinos via
neutrino portal interaction

L==> yaLoH'PrV¥ +h.c.,

[Farzan, Heeck; 1607.076106]
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¥ This can induce off-diagonal NSI couplings
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NEUTRINO FCNCS @ FASER 27

¥ FASERV sees largely different fluxes ofve V, ana
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¥ Unique opportunity to search for neutrino FCNCs as we can tag
initial and final state flavour! Vo s

¥ This would signal non-minimal realisation!

Z/
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OPPORTUNITIES AT FPF

FASER can look for U(l)B—SLi bosons In model-independent
searches of charged dilepton decays

FASERV can prober., scattering of extra neutrino production.
Similar analysis for electron and muon flavoured interactions?

Can neutrino FNCNSs be probed via in-medium interactions with
new gauge boson leading to different flavour composition
reaching FASERV?

Unique way to distinguish minimal from non-minimal realisations

THANK YOU!
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NEUTRINO INTERACTIONS

¥ QUESTION: Can we test this interesting parameter space with
neutrino interactions?

Vo
¥ |DEA: A’ contributes to neutrino-electron \ /
A/

and -nucleus scattering via mixing.
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¥ Can be effectively treated as NSI interaction:  f / \ f
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SOLAR NEUTRINO SCATTERING
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¥ Solar neutrinos produced In various processes, but initially
always in electron flavour.
¥ In-medium oscillation within solar matter dominantes flavour
composition reaching earth
¥ Total counts in scattering experiment given by
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BOREXINO

¥ Borexino measured the ‘Be

flux very precisely in its
Phase | and Il runs.
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¥ |In the NSI formulation we have:
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SECLUDED U(1)x
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