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Introduction

One of the most compelling open questions in neutrino physics is the existence of CP violation in the leptonic sector, whose determination could be accessible through highprecision neutrino oscillation measurements. The most common experimental framework relies on measuring the difference between the appearance probability of ν e in a ν µ beam, and the corresponding charge conjugate oscillation. Neutrino beams are typically in the GeV range and need to be operated in different configurations to produce ν µ and νµ , which implies large systematic uncertainties at the detection level [1]. A different approach is to rely on the production of νµ only, and to detect the appearance of νe at multiple baselines [2].

Here we introduce a CP violation framework based on the subsequent decay at rest (DAR) of π and µ produced by colliding protons on a fixed target:

π + → µ + + ν µ µ + → e + + ν e + νµ (1) 
where, for the first time, both the ν µ → ν e and the νµ → νe channels are exploited simultaneously. This approach is geared to strongly reduce some of the most important systematic uncertainties affecting long-baseline neutrino experiments, and relies on a novel liquid scintillator (LS) detector technology expected to yield unprecedented identification of ν e and νe chargedcurrent interactions. This manuscript presents preliminary results -based on simulations-meant to assess both the capabilities of the new detection technique, and its physics reach.

Neutrino Interaction and Detection

The π + decay chain yields a 30 MeV ν µ , and a νµ with a continuous energy spectrum between 0 and 53 MeV. At 30 MeV, the first oscillation maximum for the appearance of νe and ν e occurs at a distance of 16 km, which we choose as a baseline for our simulated detector. When compared to long-baseline neutrino experiments, a DAR facility shows four main advantages: (1) the baseline is short enough to consider the ν oscillation happening in vacuum, meaning that uncertainties associated to the earth's density profile play a negligible role; (2) being produced as part of the same decay chain, the flux of ν µ and νµ at the source is identical and isotropic, hence there is no uncertainty stemming from the contamination and the alignment of the ν µ /ν µ beams; (3) the energy of νe and ν e is low enough to have the charged-current (CC) interactions being in the wellunderstood quasi-elastic regime; (4) the neutrino energy is below the production threshold of both µ and τ, therefore only ν e and νe are detectable via charged-current interactions.

LS detectors have been used since the 50s to detect νe through the Inverse Beta Decay (IBD) reaction (ν e +p → e + +n), taking advantage of the large fraction of H present in organic LS [3]. The detection of ν e , on the contrary, is challenging because the ν e cross section on LS carbon is considerably lower than the IBD [4]. To overcome this limitation we consider a Pbloaded LS, taking advantage of the 208 Pb(ν e , e -) CC interaction which, at 30 MeV, has a cross section 50 times larger than the IBD [4].

Tagging the charge of the final state lepton is pivotal to disentangle the νe from the ν e sample. To this purpose, we introduce a detector based on an opaque (translucent) LS [START_REF] Cabrera | Joint Workshop of TYL/FJPPL and FKPPL[END_REF], where the scintillation light is not expected to travel up to the detector edges in order to be detected by photosensors. Rather, it gets collected close to the interaction vertex by a dense lattice of wavelength-shifting fibers crossing the whole detector. A full Geant4 simulation of single e -(left) and e + (right) events in the detector is shown in Fig. 1. Each pixel in the figure represents a fiber, and the color pattern (z axis) indicates the number of scintillation photons impinging on a given fiber (hits). Thanks to a carefully tuned LS opacity, the scintillation light gets confined locally, and the energy depositions resulting from the Compton scattering of the e + 's annihilation γs are clearly distinguishable from the particle's dE/dx. We exploit such powerful γ identification to perform an efficient e -/e + separation, while retaining a light level O(200 photoelectrons/MeV).

The relative number of detected ν e and νe depends primarily on the relative amount of Pb and H in the detector. Folding the cross section with the molar weight of the two elements we find that a 50% Pb loading (by weight) results in the two rates of events to be identical. It is worth to stress that past experimental attempts to load metal compounds into LS by more than a few percent weight failed also because the resulting cocktail was loosing transparency, while in our case a reduced transparency would not compromise the light detection. Nevertheless, we report that our sensitivity to CP violation is preserved even with loading below 15%, namely with the number of ν e events being 30% of the νe . The e + /e -tagging efficiency could be compromised in the case of showering events, where the annihilation γs might be mimicked by bremsstrahlung radiation. An analysis to assess the reconstruction performance is ongoing. However, our simulation shows that the critical energy E c of a 15% Pbloaded LS is around 50 MeV, implying that the majority of the detected events will have a deposited energy below E c .

Radiogenic and cosmogenic backgrounds are uncorrelated with the beam spill. They can be heavily suppressed by applying a time selection based on the spill time, and can be further characterized and statistically subtracted using beam-off data. Beam-on backgrounds stem mostly from unoscillated ν e due to µ + decay, and they are rejected using both their different timing and energy spectrum with respect to the signal. 

Results and Conclusion

We introduced a novel approach to look for the existence of CP violation in the neutrino sector based on exploiting for the first time both the νµ and ν µ produced in the decay at rest of the π + . This approach relies on a liquid scintillator detector which, for the first time, is able to distinguish charged-current νe and ν e interactions without the help of a magnetic field. The detector, still in its R&D phase, has been introduced through a full Geant4 simulation, showing how LS opacity can be tuned to perform powerful event imaging without compromising the calorimetry. The detector has the capability to be heavily loaded with metal compounds, hence allowing to boost ν e detection by means of interactions typically not present in organic LS. We investigated the capability of such a detection technique by means of a χ 2 analysis, where both the rate and energy spectrum of the detected ν e and νe events concur to the final sensitivity. We found that the main experimental systematic uncertainty stems from the poor knowledge of the dopant cross section (Pb in our case), and in our analysis we let its magnitude vary between 1% and 10%. We report that, using the current uncertainty on the mixing angle θ 23 [START_REF] Capozzi | [END_REF], a 300 kton detector would be able to explore at the 5 σ level 30% to 60% of the total δ CP range in 10 years (depending on the assumed systematic uncertainty configuration).

Figure 1 :

 1 Figure 1: Geant4 simulation of a single e -(left) and e + (right) event taking place in an opaque liquid scintillator detector, where the light is read out through a lattice of wavelength-shifting fibers arranged on the xy plane and running along z. Each pixel is a fiber, and the color represents the number of scintillation photons impinging on it. Both the e -and the e + show a track-like energy deposition resulting from the particles' ionization. The multiple energy depositions due to Compton scattering of the positron's annihilation γs provide a unique signature allowing powerful e -/e + tagging.
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