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Introduction
Introduction I

We are invested in CP invariance violation tests at current & future accelerator- . _ L = 2000 km .
based, long-baseline neutrino-oscillation experiments, which involve measuring d (%C!]i’. > 9h°r ), th;]S,, T — Pl Tl Parwale
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invariance is violated
this story is complicated by the fact that neutrinos traverse nontrivial amounts of —— P(Ve—Vy), p =0 (intrinsic violation).
matter making such studies more involved. With this in mind, our results revisit a v P(vy,—Ve),p =0
pedagogical & complimentary study (motivated by CPT theorem) of time invariance

violation (T tests) in the case where a new beam source (muon storage rings or
neutrino factories) would allow experiments to make such channel comparisons. | All mixing parameters
We discuss this for different matter potential profiles in an effort to distinguish | (apart from 6.p) are

between intrinsic and matted-induced T invariance violation in neutrino oscillations. Ml | from NuFIT 2024 global
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Table 1 |deal Study Reality This is what an || LEHIERCICIEIRERER-IS Figure 2: Oscillation probabilities for a baseline L = 2000 km Figure 3: Oscillation probabilities for same L, 5¢p, and NO. Pink and green lines are
(Proper Test) (Improper Test) experiment the precise theoretical and 6cp = 0. Normal mass hierarchy (NO) is assumed. The improper channels (forward moving/increasing asymmetric potential), blue and yellow lines
CP Test: P, ., vs Pz Py, vs Pr—o- UEECHIE| comparison vs what an yellow and green lines are the vacuum probabilities to are improper cf;annels (backv;/ards moving/decreasing asymmetric potentlal)._ Depsfugs
(Matter) (Ant matt;r) H(Maetter onlu) e _ , compare. The pink and blue are for the constant matter used: 2.6 g/cm® and 7.8 g/cm?. Results show that there is matter-induced T violation in
y experiment measures, orofile (5.7 g/cm?). Results show that there is no T violation asymmetnc matter (improper channels are dlfferent ). Proper channels show no T violation.

TTest: B, vsh,—v, By—v,Vsh,—v, Improper tests. in symmetric matter. The same conclusions can be drawn
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invariance violation tests. We a final state, we describe neutrino evolution via Assemb'y) 2013
assume a new beam source of the following Hamiltonian (eq. 1). Note: E,, is the
AU AP L | neutrino energy, U is the PNMS matrix and M2 is
the mass matrix (both contain oscillation
parameters), and A is the matter matrix that is

This study looked at how much T invariance
violation can be observed in neutrino oscillations
and their relation to matter potential models. Our
main conclusions are:
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Think of T invariance tests as
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matter potential (fig 1) vs a , 5 T is violated J ,
mirrored/decreasing one ME=|" Ama o O AR . . DUNE-like
' 0 0 Am% 3) Non-symmetric matter potentials have genuine parameters
matter-induced T violation. 100 101
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igure 1: Matter potentia : : i :
profiles of the medium » T violation effects for Earth-bound scenarios. Figure 4: Realistic matter case with a well motivated baseline (DUNE at 1300 km)
1.2 through which a neutrino and a density model (Crustal) that accounts for variations in Earth’s crust densities.
e e L et EECEPEE PP P » propagates. This is for a While our results indicate that time invariance Results show the effects of isolating out the asymmetry due to matter effects only
= 0 95 hypothetical density. violation tests are of limited practical use due to (gfrobability difference solely due to m?tter effects) for different values of §.p. These
- Tl Forward playing T is : effects are too small & immeasurable for Earth-bound long baseline experiments.
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