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Plan of the talk

❑ Introduction: 

Theoretical motivations for the study of QG and other NSI effects by means of neutrino (υ) physics

❑ Exotic effects in υ interaction, propagation and detection:

Mean features in interesting cases.

❑ Quantum Gravity (QG) effects and peculiarity of our model: 

• Geometrical and kinematic origin of Lorentz invariance violation (LIV)

• Isotropy and internal symmetries preservation

• Modification of the Standard Model preserving covariance

❑ Modified υ oscillation probability in presence of LIV

❑ NSI corrections:

• Modification of the resonances in matter interaction (MSW effect)

• Development of a tool for a full three flavor analysis

❑ Interesting phenomenological cases and possible studies

❑ Conclusions
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Possible starting point: introducing kinematic modifications Modified Dispersion Relations

Introduction of different MAV for every particle species (Coleman – Glashow arXiv:hep-ph/9812418)

Homogeneity of the perturbation function Geometric origin of the MDR –

Hamilton geometry of momentum space

QG phenomenology in neutrino oscillations

• 0-homogeneity of the perturbation function in MDR

• modifications depending on the particle species (i)

• isotropic perturbation function
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α: perturbative coefficients
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In the high energy limit different MAVs (that are species depending) introduced in the MDR 

A possible choice: our model
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Vierbein used to project quantities on a common local support space (Minkowski) 
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Induced Geometry

Induced momentum space diffeomorphisms connects physical quantities that live in different space-time

Greek indices

local space

Latin indices

global model
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  )(2, pg =Introduction of  modified Dirac matrices (Clifford Algebra):

Modification of the spinors field 

Modified Dirac Equation                                         compatible with the MDR induced geometry

Modified spinor Lagrangian
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     =     = =Modified Dirac matrices

• No “exotic” interactions (no “exotic” Feynman diagrams)

• No “exotic” particles

• Preservation of covariance even if in a modified formulation

• Preservation of internal symmetry)1()2()3( USUSU 

Coleman-Mandula theorem preserved (modified formulation) 

Elementary Particle Standard Model Modification
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This modifications can be only perturbations (standard description works well at least in the low energy limit)

In the case of kinematic modifications -

Modified dispersion relations:

LIV and neutrino oscillations

QG (LIV) 

perturbation

Standard phase ruling 

the oscillation pattern 

QG (LIV) induces

modifications in the 

oscillation phase
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LIV correction Hamiltonian
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deformations induced by modified oscillation probabilities for:

• high energy atmospheric neutrinos

• solar neutrinos

• LBL accelerator and reactor neutrinos
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LIV and neutrino oscillations
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Integrated oscillation probability convoluted with the energy 

beam υ flux with LIV (blue) compared to standard theory (red)    
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Matter effects can modify the oscillation pattern and are caused by the υ interaction with electrons. 

Hamiltonian for the matter interaction via charged

current in flavor basis

Hamiltonian for the free propagation in flavor basis
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NSI analysis theory in solar sector

NSI interaction matrix

General analysis taking into account off-diagonal

terms

In the standard scenario only the      interaction with matter also via the charged current

Introducing NSI all neutrino flavors can interact via charged current with matter
e
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dim=4 operators)



Solar Neutrinos and MSW effect
Complete description of neutrino propagation from the source to the detection

Transition amplitude

from a α flavor υ at

production to a β

flavor at detection

Transition

probability
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MSW survival probability of electronic ν

4 MSW resonances – 1 resonance for every

flavor coupled with the other 2 flavors

multiplied for 2 different matter density

(surce and detection)
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Expected signal from the 7Be neutrinos simulated with the 3-flavors oscillation probability convoluted with the flux 

and the NSI elastic cross section :             𝑑𝑁 𝑇

𝑑𝑇
= න

𝐸𝑚𝑖𝑛

𝐸𝑚𝑎𝑥



𝛼=𝑓𝑙𝑎𝑣𝑜𝑟𝑠

Φ𝑒(𝐸𝜈)𝑃𝑒𝛼(𝐸𝜈)
𝑑𝜎𝑒𝛼(𝑇)

𝑑𝑇
𝑑𝐸𝜈

The obtained result is compatible with the expected electron signal from the 7Be neutrinos (Borexino collaboration).

Expected 7Be electron signal and comparison to the Borexino result

εeL = 0.1 ετR = 0.1

εeR = 0.1 ετL = 0.1

Borexino Coll. JHEP 02 (2020) 387Be simulated eventsEvents/MeV
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Homogeneously Modified Special relativity (HMSR) : A new possible way to introduce an isotropic Lorentz invariance 

violation in particle standard model
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LIV and neutrino oscillations plots (1)

Integrated oscillation probability with LIV (blue)

compared to standard theory (red)    
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Comparison of two and three flavor analysis in survival probability (2)

The highlighted part

of the right plots

corresponds to the

obtained result of

Borexino

collaboration

Borexino Coll. JHEP 02 (2020) 38

εe = 1

εe= -0.5

εe = 0.5

εe = 0.5

εe= -0.5

εe = 1

2 flavors - survival probability

3 flavors - survival probability

εe = 0.5
εe= -0.5

εe = 1

Relative differences
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Non Standard Interactions (NSI) – modified interaction cross sections

The introduction of NSI modify the electron-matter cross section

NSI modified coupling constants
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Modified scattered electron spectrum inside the detector

This spectrum can be computed convolving the survival probability with the incoming foreseen neutrino flux and the 

interaction cross section

Example of modified cross 

section in the case of only

diagonal NSI terms

Neutrino flux

Survival probability

Interaction cross-section
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Expected 7Be electron signal

E[MeV]

7Be simulated events: Various combination of NSI diagonal and off-diagonal terms

E[MeV]

E[MeV]

E[MeV]

NSI only various 

various off-diagonal term combination

NSI e-τ left diagonal 

various off-diagonal term combinations

NSI e-τ right diagonal 

various off-diagonal term combinations

NSI e-τ left and right diagonal terms 

various off-diagonal term combinations

Events/MeV Events/MeV

Events/MeV
Events/MeV
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Expected signal from the 8B neutrinos simulated with the 3-flavors probability analysis convoluted with the 8B

spectra and the NSI elastic cross section:

Expected 8B electron signal

εeL = 0.2

εeR = -0.2

εeR = 0.2

εeL = -0.2

E[MeV]

𝐷𝑎𝑡𝑎 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑

𝐷𝑎𝑡𝑎 𝑆𝑀

The εeL NSI coefficient changes the normalization of the signal observed and the induced variation is roughly symmetric.

Instead, εeR coefficient causes expected signal shape deformation.

Result Consistent with the Borexino collaboration one. 

8B simulated events
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