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Abstract

The low energy neutrino factory is a potential next-genenatong-baseline
oscillation experiment. Here we introduce the experimexltassess its sensi-
tivity to both standard oscillation parameters and nondsad interactions.

1 Introduction

The primary aim of next-generation long-baseline neutosoillation experiments is to determine the
values of the unknown oscillation parametéys, 6 and signf\m3,]. In [1] a novel low energy version
of the neutrino factory [2] with a baseline ef 1000 km was proposed, exploiting the rich oscillation
spectrum at energies below 5 GeV. Here we summarize the results of recent optimisatiodies of
the low energy neutrino factory [3], showing that an optiedizetup can have excellent sensitivity to the
standard oscillation parameters and can also place cdimpdtounds on non-standard interactions.

2 Experimental setup

Full details of the experiment can be found in [3]. We havelistth a setup having a baseline of 1300 km
with a beam capable of deliveringd x 102! useful muon decays per year [4] per polarity, running for 10
years. For the detector we have considered two possibilid@0 kton totally active scintillating detector
(TASD) or a 100 kton liquid argon (LAr) detector, both of whiwould be magnetized. These detectors
would be capable of detecting and identifying the chargdmti electrons and muons, providing access
to multiple oscillation channels: the, (v,) disappearance channels, the(v,,) appearance channel (the
golden channel [5]), and also, uniquely, the (7.) appearance channel (tpkatinum channel).

The parameters describing these detectors are shown ie Tafdee [3] for more details). To
accommodate the fact that work on large-scale LAr deteddatill in the preliminary stages, we consider
a range of detector parameters; the conservative valudakame from [6] and the optimistic values are
the same as those we estimate for the TASD.

Table 1: Parameters describing the 20 kton TASD and a 100 kton LAmtizte

TASD Conservative LAr | Optimistic LAr
Energy threshold 0.5 GeV 0.5 GeV 0.5 GeV
Efficiency ofv,, (,) detection 73% for E < 1 GeV 80% 80%
90% for E > 1 GeV
Efficiency ofv, (v.) detection 37% forE < 1 GeV 80% 80%
47% for E > 1 GeV
Systematics 2% 5% 2%
Energy resolution - QE (non-QE) events  10% (10%) 5% (20%) 5% (10%)
Background for,, (v,,) detection 1x1073 5x 1073 1x1073
Background for, (7.) detection 1 x1072 0.8 1 x 1072
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Fig. 1: Comparison of the @o CP discovery potential and By hierarchy sensitivity of the low energy neutrino
factory with a 20 kton TASD and 100 kton LAr detector, the hagiergy neutrino factory, T2HK, and the wide-
band beam.

3 Reaults

Measurement of thgolden [5] and platinum channels, together with their CP conjugates, provides sen-
sitivity to the oscillation paramete#s, 6 and signAm2,]. These channels are also sensitive to non-
standard interactions (NSIs) which can be parameterized, pysee e.g. [7]), which descibe the rate of
the transitionv, — v. In particular, the golden and platinum channels have tepdrder sensitivity to

the parameters,,, ande.,. The probability for the golden channel, including NSI adnitions, can be
found in [7].

3.1 Sensditivity to standard oscillation parameters

We have used the GLOBES software package [8] to simulatexiperinental configuration described
in Section 2, presenting the CP discovery potential (gbititexcludes = 0 or ) and sensitivity to the
mass hierarchy (ability to correctly identify the mass aiehy) in Fig. 1 as a function fn?(26;3) and

in terms of the CP fraction (the fraction of alvalues for which the measurement can be performed). In
addition to the low energy neutrino factory with both a lidjgirgon detector (shown by the solid band)
and a TASD (the line close to the right-hand edge of the LAdbawe also show the sensitivities of
the high energy neutrino factory [9] (left-most line), T2H¥ (right-most solid line) and the wide-band
beam [10] (dashed line). We use the same oscillation paemas in [11] and have chosen to assume
a normal hierarchy in all our simulations. We have used tteeteascillation probabilities, taking into
account matter effects, and have marginalized over allhpeters.

It can be seen that a low energy neutrino factory with an dptimLAr detector has sensitivity
to CP violation comparable to that of the high energy neatfactory, for all values of);3. A TASD
also performs competitively fasin?(2613) > 1072, The sensitivity to the mass hierarchy is not as
competitive, but is still an order of magnitude better thiaat tof the wide-band beam which uses the
same 1300 km baseline. This remarkable performance is duedmbination of high statistics and good
background rejection, together with an intermediate llethgiseline wich allows for a clean measurement
of CP violation whilst still allowing for the mass hierarctybe determined fasin?(26;3) > 1073.

3.2 Sengitivity to non-standard interactions

Here we show the sensitivity of the low energy neutrino facto the NSI parameter,,,, produced
using the MonteCUBES software package [12]. We illustrade khe platinum channel enhances the
sensitivity of the experiment, by showing t6&%, 90% and95% allowed regions in thé;3 — <., plane,
both with the platinum channel (solid lines) and withoutdlded lines), for the case of,, = 0 (Fig. 2a)
ande., = 0.01 (Fig. 2b). The current bound an,, is O(1) [13]; from Fig. 2a it can be seen that the
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Fig. 2: 68%, 90% and95% allowed regions in thé;3 — ¢.,, plane, for scenarios with and without the platinum
channel, for true values of a),, = 0 and b)e.,, = 0.01.

low energy neutrino factory could improve upon this. From.F2b it can be seen that,, = 0 could be
excluded at- 90% confidence ik, ~ 0.01.

4 Conclusions

An optimized low energy neutrino factory using either a TA@DLAr detector has remarkable sensitiv-
ity to the CP violating phasé, forsin?(260;3) > 10~%, and to the mass hierarchy fdn?(26;3) > 1073.
The unique combination of golden and platinum channelsrigcpdarly useful in maximising the exper-
imental sensitivity to non-standard interactions, speailfy c.,, ande..
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