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The European Spallation Source Neutrino Super Beam (ESSνSB) is a proposed neutrino oscilla-
tion experiment to be held in Lund and which takes advantage of the ESS linac firstly designed to
study spallation neutrons. Here we study the capability of this facility to discover the yet unknown
parameters in the neutrino sector, such as the existence of CP violation. We optimize the physics
performance as a function of the baseline and running time of the experiment in each polarity and
make an in depth study of the impact of particular systematic errors.
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1. Introduction

The main goal of the next generation of neutrino oscillation facilities is to establish if the CP
symmetry is also violated in the lepton sector. The best probe for CP violation is the interference
between the atmospheric and solar driven oscillations through the channel νµ(νµ)→ νe(νe) [1].

The ESSνSB [2] is proposed to have a 5 MW power proton beam at 2.5 GeV with a 1 Mton
MEMPHYS-like water Cherenkov detector [3]. Thanks to its high power the experiment can have
enough events so as to study CP violation at the second oscillation maximum, where the relative
importance of the interference term is larger [4]. One of the possible locations for the detector is
the Garpenberg mine at 540 km.

2. Physics potential

We use the GLoBES software [5] to simulate the ESSνSB experiment. The fluxes, cross sec-
tions and migration matrices are the same as from Ref. [2], while we adopt the same treatment for
the systematic errors as in Ref. [6].

In Fig.1 we study the optimal baseline (L) and ν mode running time (tν ) with a total of 10 years
running time between positive and negative focusing fixed. We use as a performance indicator the
CP fraction above 5σ , which corresponds to the fraction of all possible values that δCP could have
for which the facility would be able to claim a 5σ discovery of CP violation. The left panel of
Fig.1 shows the CP fraction as a function of L for different sets of systematic errors: the “Opti-
mistic” and “Default” from Ref. [6], and an overall O(3%) in line with the most recent estimates
in Ref. [7] when a smaller detector mass (374 kton fiducial volume) and improved photocoverage
are assumed (“RV/IP”). As one can see the ESSνSB performance is not very sensitive to the value
of the systematic errors for L > 300 km where CP violation is studied near the second oscillation
maximum as expected from Ref. [4], whereas the opposite happens at shorter baselines where the
distance between the red and blue dots is much larger. The optimal baseline would be L∼ 400 km
close to the Garpenberg option (540 km). Regarding tν , the optimal configuration would be a rather
symmetric splitting of the total time around 5 years in ν mode and 5 years in ν mode.
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Figure 1: Dependence of the CP fraction on the baseline (left panel) and the ν mode running time (right
panel), such that the total running time is 10 years, for different choices of systematics.

Next, we study separately the impact on the CP fraction at 5σ of each individual systematic
error listed in Ref. [6]. We have done so by varying one systematic error at a time between several
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values, while keeping the rest of systematics fixed at their “Default” value. In Fig.2 we observe
that the systematics which have a larger impact on the final sensitivity are the flux background for
ν(ν) and the ratio between the electron and muon neutrino cross sections, since the near detector
events are mostly νµ(νµ) while the far detector signal is νe(νe).
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Figure 2: Change in the CP fraction above 5σ for different values of the systematic errors.

The ESSνSB does not have strong matter effects, as the ν energy is Eν ∼ 0.4 GeV and one
needs Eν ∼ 6 GeV so that the oscillation probability is near the resonance [8, 9]. However, it can
distinguish the wrong hierarchy around 3σ .
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