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Abstract
The high-intensity and low-energy neutrino beam provided by the European Spallation Source (ESS) gives a unique opportunity

f.L to access the second maximum in the neutrino oscillation probability driven by the atmospheric mass-squared difference. The
' superbeam experiment based on the ESS neutrino source (ESSvSB) is complementary with the next generation long-baseline
experiments, DUNE and T2HK, which focus on the first maximum. We present the expected sensitivity reach of the ESSvSB
— b experiment to the CP-violating phase in the lepton mixing matrix. We reveal the optimal experimental setup and study the
CHVS . . | . o o .
impact of improvements of the systematic errors with realistic numerical simulations.

ESS: Accelerator Far detector for 2™ maximum

The accelerator is now under construction in Lund, Sweden. The power of the proton The interference term, which contains the
driver with the energy of 2.5 GeV is expected to reach 5 MW [1]. The average energy of information of the CP phase, accounts for
the neutrino beam is () ~0.3 GeV. The high-intensity low-energy beam provided by a larger amount of the oscillation probabil-

ESS gives an opportunity to observe the second maximum in the v, — v, oscillation ity at the second maximum than at the first
probability: L ~400-600 km for E ~0.2-0.4 GeV. The first proton beam on target is one |2]. To compensate the loss of the neu-
scheduled in 2023. trino flux due to a long baseline for the sec-
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Fig. 1 Beam flux at a distance of 100 km (on-axis) for positive and negative horn current polarities [1]. Fig. 3[Left| Components of P, v [Right] Py, on the E-L plane.
Physics performance of ESSySB =
We carry out numerical simulations to evaluate the physics potential 18¢ R
of the ESSvSB with the public code GLoBES [4]. In the treatment of 16} — L=360km |
the systematic errors, we follow the method developed in [5]. The test af
statistics is defined by comparing a test value T' with the observed (true) = L
value O as a
10}
bins 2 BGs :
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A A Fig. 4 |Left] Significance of the CP violation discovery. |Right] Precision in the measurement of
Ocp. Here “Optimistic” systematic errors in Tab. 1 are adopted.
where the signal S and the background B consist of the event numbers o ' ' T el W PR 1 oot oo
. . . osk o Opt. A [ Def. « Cons.
Ns and the systematic errors parameterized with &s. Ns are calculated | . coe 1L . vom | ol Gt
as “FluxxProbability x Cross section X Energy smearing” . ! : : ; o 3 osof
For the v, — v, appearance signal at the far detector, we count in - O'Zz | = | Pl
the following 5 BGs, By [={1...5)" 1. v, misID, 2. ve contami., 3. De e 16 | | | | | oa
contami., 4. v, NC misID, and 5. 7, — Ue app. For v, monitoring at oo e N S S -T-T-L T
the near detector, we take the 2 BGs, By j_ (1,2} 1. v, misID and 2. Fig. 5 |Left] Optimization in the baseline length [Middle] That in the distribution of the running
v;, NC misID. time of v/, [Right] Impact of each systematic error.
o . ) N . _ _ Systematics () Conservative Default Optimistic
The uncertainties of &s are taken into account as the “pulls”, which are given in Tab. 1. Flux: v, (Signal) 10% 750 507
We adopt the migration matrices described in [6] for the MEMPHYS-type detector, which Flux: 7, (Signal) 20% 157 107
fain the inf e £ th Gon. the detect; Foi tor the sional q Flux: v Background 20% 15% 10%
contain the information of the cross section, the detection efficiency for the signals, an Flux: 7 Background 10% 309 20%
the misID rate etc for backgrounds. Fiducial volume: Near detector 1% 0.5% 0.2%
The total running time is assumed to be 10 years, and the fiducial mass of the far detector Fiducial volume: Far detector 5% 2.57 1%
. 0.5 W, licithy siml q WO with th ¢ Cross section: QE 20% 15% 10%
18 set to 0. mega tons. We explicitly simulate a near detector (WC) with the mass o Cross section: QE v, /v, ratio Free 1% 3.5%
0.1 kton, which is placed at 0.5 km. Matter density 5% 2%, 1%
For the physics performance of ESSvSB, see also [7_9]. Tab. 1 List of systematic errors. In the simulations in Fig. 4, we adopt the
“Optimistic” setup.
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Combining the atmospheric neutrino observation at the far detector to improve
the precision in the determination of the atmospheric parameters. Updating
the QE cross sections provided by GENIE [10]. New physics searches: vg [11]
and the trident process at the near detectors. Proton decay processes at the
far detector.
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