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Abstract

Neutrinos are fundamental particles that can act as a probe for exploring viola-
tions of fundamental symmetries such as Lorentz Invariance. Lorentz symmetry
breaking is a fundamental violation of space-time symmetry which implies that
physical laws vary under Lorentz transformation.

In this work, we explore the impact of LIV parameters on the neutrino oscil-
lation probabilities, particularly the oscillation channel P, which is the most
significant channel for DUNE.

1. Introduction
e Oscillation of ¥’s provides strong evidence for non-zero v-mass.
e [Lorentz Invariance is a space-time symmetry:.
All physical laws are invariant under Lorentz transformations.
e -Oscillation (BSM physics) — A possible way to probe LIV,
The LIV Effect considered is inherent in nature, and its effects

will be noticeable even in a vacuum.
o LIV effect treated as a perturbation to the standard Hamilto-
nian. Most Prominent Contribution to P,gs.

— P, oscillation channel 1s affected mostly by the LIV param-
eters Qee, Aep ANd Aer.

— Contribution to P, oscillation channel 1s maximum for the

LIV parameters a,,,, arr and a, .

e CPT Violation is closely related to LIV. LBL experiments may

be able to probe such effects through v-oscillations.

3. Impact of LIV on P,. and P,,
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(912 34.51° L 1300 km
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Figure 1: P, Plots for a.. (Left), a., (Middle) and a., (Right)
® P, 1s more affected by ae, and a.r at energy beyond the peak energy
and their effects appears to be opposite of one another.

b) Variation of P,, in the presence of a,,, a,; and a..
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Figure 2: P,, Plots for a,, (Left), a,, (Middle) and a,, (Right)

e P, ,isaffected only by a,,r, the eflects due to a,,,, and a, is quite nominal

for P,,,.
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2. Formalism

Effect of LIV can be treated as a perturbation to the standard

description of neutrino oscillations.
e Hamiltonian for v/'s, taking into the LIV effect,

H = vaac + Hmat + HLIV

where H,,. — Vacuum Hamiltonian, H,,,; — Matter potential.

o LIV effect as a perturbation to standard Hamiltonian —
We use the Standard Model Extension(SME) framework to

analyse LIV.

o H; ;v — LIV Hamiltonian in the form

e In the presence of |

Aee QAepy QAQer 4 Cee Ceu Cer
* *
HLIV — a’ep Aup Aupr — gE Ceﬂ Cup Cur
* * * * * *
a’eT a’pfr aTT Ce'r C;m- CTT

where a5 are CPT-odd terms and c,p are CP'T-even terms.

LIV parameters, the modified Hamiltonian

can be used to investigate the effect of LIV on v-oscillations.

In this work, we have explored how LIV affects vr—propagation
through the CPT-odd (LIV terms).

4. Results: Sensitivity studies
iii) CPYV sensitivities at DUNE
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Figure 3: CPYV sensitivities at DUNE for a.,(left), a.,(middle) and a,,(right).

LIV phases may pose degeneracy in the measurement of ocp.
For aey, & aer, sensitivity depends on the combinations of @ags.

o The sensitivity deteriorates in the presence of a,,,.

iv) CP-Precision Sensitivites at DUNE
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Figure a: CP-Precision Sensitivites for a.,(left), a.,(middle) and a,,(right).

band.

For aey, @eu dependent enhancement /suppression can be seen.
For ae,r with .- = 0, the sensitivity lies in the bottom of the

e The presence of @, enhances the CP-Precision sensitivities.

Concluding Remarks

o Effect of aey, @er o0 Pye; a,r on Py, 1s quite significant. LIV can also affect the CP-measurement sensitivities.
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