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Abstract

This work investigates the sensitivity of future long-baseline neutrino experiments, P2SO and
T2HKK, to long-range forces (LRF) [1]. It aims to evaluate their ability to constrain LRF
parameters, the impact of LRF on standard oscillation parameters, and their potential to limit
the mass of the new gauge boson and coupling constant. The study finds that P2SO provides the
best bounds on LRF parameters and that LRF affects the measurement of standard oscillation
parameters, except for the precision of ∆m2

31, which remains unchanged.

Introduction

When neutrinos travel through Earth-matter, encounter a potential due to e, p, n present in it

(Hmatter = diag(
√

2GFNe, 0, 0)). We assume that if Long Range Force exist in nature, the elec-
trons present inside the Sun, generate a potential on the Earth. In this context, we take three cases
of U(1) symmetries for the extension of standard model and generation of light gauge boson (Z ′).

U(1)Le−Lµ
, U(1)Le−Lτ

, U(1)Lµ−Lτ
. (1)

Figure 1. Neutrino interaction with matter. (Image courtesy: Ref. [2])

The long range potential is defined as below, for Le − Lµ and Le − Lτ :

Vej = g′
ej

2 Ne

4πr
e−rMZej (2)

For Lµ − Lτ :

Vµτ = g′
µτ(ξ − sin θwχ) e

4 sin θw cos θw

Nn

4πr
e−rMZµτ (3)

The total Hamiltonian is now modified as:

Hν/ν = Hvacuum ± Hmatter ± HLRF , (4)

HLRF =


diag(Veµ, −Veµ, 0) for U(1)Le−Lµ

,

diag(Veτ , 0, −Veτ) for U(1)Le−Lτ
,

diag(0, Vµτ , −Vµτ) for U(1)Lµ−Lτ
,

(5)

Experimental Details

We used General Long Baseline Neutrino Experiments (GLoBES) package to simulate the results
in P2SO (Protvino to Super-ORCA) and T2HKK (an alternative idea of Tokai to Hyper kamioka
experiment) experiments. Values of oscillation parameters are taken from NuFit v5.2.

Exp P2SO T2HKK

Baseline 2595 km 1100 km

Beam power 4 × 1020 POT 27 × 1021 POT
Energy Peak 0.2-10 GeV 0-3GeV

Run-Time (ν : ν) 3 years: 3 years 2.5 years: 7.5 years

Table 1. Experimental characteristics

Figure 2. Upper panel: P2SO exp., Lower

panel: T2HKK exp.

Bounds Obtained
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Figure 3. Bounds obtaioned for the value of long range potential.

LRF Potential [eV ] SK [3] DUNE [2] T2HK [2] P2SO T2HKK
(This work) (This work)

Veµ(×10−14) 71.5 1.46 3.45 0.23 2.40
Veτ(×10−14) 83.2 1.03 3.43 0.23 2.15
Vµτ(×10−14) - 0.67 1.84 0.13 1.5

Table 2. Sensitivity limits at 90% C.L. on LRF parameters from several experiments.

Key Results

CPV, Hierarchy and Octant sensitivities:
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Figure 4. Upper panels: CPV sensitivity, middle panels: hierarchy sesnsitivity and lower

panels: octant sensitivity for all three cases of LRF.

g-Mz parameter space:
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Figure 5. The allowed range for gauge coupling vs mass of gauge boson.

Experiment &Model geµ geτ gµτ

P2SO (This work) 2.66 × 10−27 2.48 × 10−27 6.03 × 10−27

T2HKK (This work) 7.47 × 10−27 7.12 × 10−27 6.637 × 10−26

T2HK [2] 1.30 × 10−26 1.24 × 10−26 4.31 × 10−26

DUNE [2] 8.55 × 10−27 7.03 × 10−27 2.59 × 10−26

Table 3. Projected upper bound on gαβ from various long-baseline experiments.

Conclusions

The bounds obtained for LRF potential are more constrained for P2SO experiment compared
to T2HKK. In presence for LRF potential: The octant senstivity get increased for P2SO but
decreases for T2HKK. The CPV sensitivity get decreased for both P2SO and T2HKK. The bounds
on the gauge coupling obtained for P2SO are better than T2HKK and among the three symmetries,
the most stringent bound comes for Le − Lτ .
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