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Standard interactions in the SM
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All leptonic interactions preserve U(1) gauge symmetry

Effective field theory → Four-Fermi interaction
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What are Non Standard Neutrino Interactions (I)

Massive neutrinos ⇒ NEW PHYSICS!
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What are Non Standard Neutrino Interactions (I)

Massive neutrinos ⇒ NEW PHYSICS!

Is it possible some more new physics in the neutrino sector?
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NSNI: Non-SM like, four fermion interactions (possibly flavour
violating) involving neutrinos.
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What are NSNIs (II)

LNC ∝ −ǫℓ
αβ(ν̄αγρPLνβ)(ℓ̄γρℓ)

In matter propagation
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Where to find them? Cosmology, astrophysics, all over the place
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Current bounds on NSI interactions

BOUNDS
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S. Davidson, C. Peña-Garay, N. Rius, A. Santamaria

hep-ph/0302093
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Gauge invariance and Effective Field Theory

Effective Field Theory (Remember Fermi?)

L = LSM +
1
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Ld=5 +

1
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Gauge invariance (SU(3) × SU(2) × U(1))
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Trouble, for instance µ → eee

Le

Le

Le

Lµ

=
e

νe

e

νµ

+
e

e µ

e

D. Hernandez Non-standard neutrino interactions



Systematical analysis (I)

Two possibilities

A) There could be NO lepton charged processes involved
Ex: For d = 6

(L̄c iτ2L)(L̄iτ2Lc) → (ν̄c
eeL)(ν̄µec

L)

Ex: For d = 8

(L̄H)γµ(H†L)(ĒγµE ) → v2(ν̄eγµνµ)(ēLγµe)
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Systematical analysis (II)

Two possibilities

B) In general, ”fine tune” some of them to obtain desired
suppression

Ex:

Leff =
C1

Λ2
(L̄eγρLµ)(L̄eγρL

µ) +
C3

Λ2
(L̄eγρ~τLµ)(L̄eγρ~τLµ)

We can avoid charged lepton interactions (ēLγ
µPLµ)(ēγµPLe)

if
C1 + C3 ≃ 0

ALL cancelation conditions considered
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TREE-LEVEL MEDIATOR DECOMPOSITION
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Tree level mediator decomposition

We can open the d = 6 vertex
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Tree level mediator decomposition

We can open the d = 6 vertex
Ex: For instance, take the (L̄c iτ 2

L)(L̄iτ 2
L

c)
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singlet scalar, Y = −1
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BUT
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BOUNDS!
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Mediator decomposition d = 8

Same idea... more laborious

(L̄H)γµ(H†L)(ĒγµE ) for d = 8

In general, d = 8 operators induce d = 6 four lepton interactions

Ex: With cancellations.
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Ex: Without cancellations
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At least two new fields required
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Operators with mediators
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Summary and Conclusions

Two ways of achieving large NSIs: with or without fine tuning.
Fine tuning conditions (pray for symmetries) are now clear.

Unfortunately, gauge symmetries are a strong constraint to
NSIs. At tree level two exotic fields are required to achieve
large NSIs.

However, not excluded! Most bounds are model dependent.
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BACKUP SLIDES
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SM plus neutrino masses
Two generations case
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for the case of two species

Inside matter
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Future bounds from NF

J. Kopp, T. Ota and W. Winter

arXiv:0804.2261
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Future bounds from NF

Kopp, T. Ota and W. Winter

PONER REF
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Charged Current NSIs

Charged currents

LCC ∝ ǫ̃αβ(ν̄αγρℓβ)(f̄ ′γρf ) , α, β = e, µ, τ

Effects at source, detector and matter propagation

|νs
α〉 =|να〉 +

∑

γ=e,µ,τ
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αγ |νγ〉,
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α | =〈να| +

∑

γ=e,µ,τ
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νe

e.g.

n

νe µ−

p
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Systematical analysis III

In general

1 Choose a basis of effective operators

2 Find cancellation conditions for the coefficients of the basis

3 Express cancellation conditions for any combination of generic
operators in terms of those of the basis
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Systematical analysis: Choose basis

Choose a basis of effective operators
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Systematical analysis: Find canc. conditions

Find cancellation conditions for the coefficients of
the basis
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Systematical analysis: Canc. conditions for any op.
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MOREOVER...

Radiative corrections: τ → µ

τ

γ
µ

νe

Γ(τ → µγ)

Γ(τ → µντνµ)
∝ |λταλ∗

µα|2 implies |ǫµτ | < 3.0 × 10−2

[Antusch, Baumann, Fernández-Martinez, arXiv:0807.1003.]
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Moreover...

µ
e

νµ
νe GF (ǫµµ)

D. Hernandez Non-standard neutrino interactions



Moreover...

µ
e

νµ
νe GF (ǫµµ)

and using this GF find

β decays + K decays

|Vud |2 + |Vus |2 ≃ 1

Therefore |ǫµµ| < 8.2 · 10−4

[Antusch, Baumann, Fernández-Martinez; arXiv:0807.1003.]
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Model dependent loop bounds

To set the ǫµµ and ǫµe bounds

But for Zee’s model

Implies additional O(
m2

ℓ

M2
W

) suppression, hence weaker bounds
C. Biggio, M. Blennow, E. Fernandez-Martinez

arXiv:0902.0607
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NSIs from Seesaws

Type I Seesaw
Lint = −Yαi L̄H†N i + h.c.

H

L

N H

L

gives the d = 6 modification to the L’s kinetic energy

L = −cαβ(L̄αH†)/∂(HLβ)

And after diagonalization NSIs
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NSIs from SUSY

Without R-parity violation

λijkLiLjE
c
k

λ′
ijkLiQjD

c
k

Integrating, for instance, the heavy squark

Leff = −2
√

2
∑

αβ

ξαβ(ν̄αγµνβ)(d̄RγµdR)
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4
√

2GFm2
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etc.
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