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Now, it would be great to redefine our Lagrangian in a way that can
easily account for quantum corrections

2

A\rszebe )~ 2

A

K

We can redefine constants to absorb the higher order effects,
but quantum corrections are scale dependent
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Now, it would be great to redefine our Lagrangian in a way that can
easily account for quantum corrections

2

A\rszebe )~ 2

A

K

We can redefine constants to absorb the higher order effects,
but quantum corrections are scale dependent

Renormalization:
an organization principle to deal with guantum corrections
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Where do neutrino masses come from?
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Where do neutrino masses come from?

| don’t know.
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11

It seems that the Higgs mechanism gives
mass to the gauge bosons and third family

Same mechanism can be present for all
other charged fermions

03/06/2024

charged fermions

But for neutrinos...
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Where do neutrino masses come from?

Standard model fermion mass spectrum
neutrinos tau bottom
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Standard model fermion mass spectrum
neutrinos tau bottom
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Maybe neutrino masses are small because they are suppressed by a large scale
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Standard model fermion mass spectrum
neutrinos tau bottom
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Maybe neutrino masses are small because they are suppressed by a large scale

or maybe neutrino masses are small because the scale of the mass mechanism is low!
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How can quantum corrections and the mechanism of neutrino masses

leave an imprint on oscillation phenomenology?
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If the neutrino mass mechanism takes place at low scales,
there could be significant running of the PMNS matrix
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If there are significant quantum corrections to

W the neutrino mass matrix at low scales, the
o PMNS matrix becomes scale dependent.
~ gUqj
This means that production and detection of
neutrinos may not go via the same PMNS
Vi lao matrices.
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Two simple examples of neutrino mass mechanisms that can lead to significant running of the PMNS matrix
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Two simple examples of neutrino mass mechanisms that can lead to significant running of the PMNS matrix
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Two simple examples of neutrino mass mechanisms that can lead to significant running of the PMNS matrix
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Energy dependent neutrino mixing

{ N T Standard case
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Standard case
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What are the effects we would be looking for?
| will use two flavor oscillations to show simplified formulae

Am?L
P., =P, = sin2(9p — 04) + sin 26, sin 20, sin? ( Z; -+ g)

_( cosf(Q*) sin6(Q*) ) (1 0
U@ = (—SinH(Qz) COSO(Qz)) (0 '’ (Q2)>
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What are the effects we would be looking for?
| will use two flavor oscillations to show simplified formulae

Am?L
P., =P, = sin2(9p — 03) + sin 26, sin 20 sin? ( Z;? -+ g)
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What are the effects we would be looking for?
| will use two flavor oscillations to show simplified formulae

Am*L f
.2 : : . 9
P., = P,. =sin“(0, — 04) + sin 20,, sin 20 sin Vo + 5
production
1) Zero distance transitions, though it is 2nd order
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What are the effects we would be looking for?
| will use two flavor oscillations to show simplified formulae

Am?L
P., =P, = sin2(9p — 03) + sin 26, sin 20, sin? ( Z; -+ g)

production

1) Zero distance transitions, though it is 2nd order
2) Finite L: Pag # Pga, as the phase flips sign (apparent CPT violation)
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What are the effects we would be looking for?
| will use two flavor oscillations to show simplified formulae

Am?L
P., = P, = sin2(9p — 03) + sin 26, sin 20, sin? ( Z;? -+ g)

1) Zero distance transitions, though it is 2nd order
2) Finite L: Pag # Pga, as the phase flips sign (apparent CPT violation)
3) Distortions of oscillation probability, since 6p,¢ depend on energy
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What are the effects we would be looking for?
| will use two flavor oscillations to show simplified formulae

Am?L
P., =P, = sin2(9p — 03) + sin 26, sin 20, sin” ( Z;? -+ §>

production

3
2

3
4

Zero distance transitions, though it is 2nd order

Finite L: Pqg # Pga, as the phase flips sign (apparent CPT violation)
Distortions of oscillation probability, since 6,4 depend on energy
New sources of CP violation
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What are the effects we would be looking for?
Short baseline constraints (back of the envelope):

Experiment E (GeV)|1/Q% (GeV)| channel | constraint
ICARUS [64] 17 3.94 v, = Ve | 3.4x 1077
CHARM-II [65] 24 4.70 v, > Ve | 2.8%x 1073
-3
NOMAD [61-63] | 47.5 6.64 Vp = Ve | 14X 10

v, = V; | 1.63 X 104

v, — Ve | 5.5x 1077
NuTeV [66, 67] 250 15.30 v, — U, 0.1

v, > v, | 9x 1077
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Energy dependent neutrino mixing

What are the effects we would be looking for?
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Energy dependent neutrino mixing

What are the effects we would be looking for?
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Energy dependent neutrino mixing

What are the effects we would be looking for?
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Cosmogenic neutrinos: flavor composition

Pyosvs = Poyosve = 0ap—2 ) Re[UyUsUa;Us;] = Z Uai|”|Us;]”

k>j

These neutrinos come from so far that they decohere

Even if we do not know the flavor composition at the
source, the possible flavor composition at detection is
constrained and is related to the mixing matrix

Va—)l/g Z ’Uaj ’Uﬁj Qd)|

Xﬁ pum— ZPI/Q_)VBXgrOd
8
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Cosmogenic neutrinos: flavor composition
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Energy dependent neutrino mixing

Can a low scale mass model
alleviate the sterile neutrino tension?
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An general framework for light steriles A new Interaction in sterile sector
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leads to running of sterile masses

X X X pe O

XXX o O 59 (0)? | (1 \\"
M, =X X X pr 0 S = M (1 247 ln(%))

pe Hu pr 0 M

0 0 0 M O

leads to active-sterile mixing.

He tan 924 ~ M_,u

M’ M

tan 914 ~

J @ [GeV] lilab

37  03/06/2024 Pedro Machado | A low-scale neutrino mass model and energy-deper 1al.gov



mailto:pmachado@fnal.gov

An general framework for light steriles can
enhance 014 at MiniBooNE scales compared
to solar neutrino scales (which provide the
dominant constraints).

SBN lives at essentially the same scales of
MiniBooNE.

Impact on LSND is marginal.

lceCube is a low scale experiment in this .

context... 10
af Fermilab
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If the neutrino mass model takes place at low scales,
it can induce quantum corrections that affect neutrino oscillations

This boils down to producing and detecting neutrinos via different mixing matrices

Several effects are present: zero baseline transitions, apparent CPT violation,

enhanced CP violation, overall distortions on the oscillation probabilities,

DUNE and IceCube-gen2 are in a very special position to probe this framework

Running can alleviate the tension in the sterile-nu interpretation of the MB anomaly

TE. -
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