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This article describes the detector requirements for future neutrino oscillation facilities, the de-
velopment of the software and the analysis tools needed to establish the detector parameters and
the detector R&D needed to establish the future generation of neutrino experiments. A summary
of the conclusions from the Detector Working Group from the International Scoping Study (ISS)
for Future Neutrino Oscillation Facilities will be given. Special emphasis shall be made on recent
developments in the description of a future 50 kton Magnetised Iron Neutrino Detector (MIND)
and Totally Active Scintillator Detectors (TASD), which are the main candidate detectors to mea-
sure the wrong-sign muon golden channel at a Neutrino Factory. The Emulsion Cloud Chamber
(ECCQ) is considered as the most promising detector to measure the T appearance silver channel
at a neutrino factory, which would allow to disentangle some of the degeneracies associated with
the analysis of the neutrino oscillation signal. For a Super-beam or Beta-beam facility, a large
scale ~ 0.5 Mton water Cherenkov detector is considered as the baseline detector, with other ad-
vanced detector concepts such as a Liquid Argon also under study. The article concludes with a
roadmap for defining the design of future neutrino oscillation facilities by 2012, in order to be
able to construct such a facility by the second half of the next decade.

10th International Workshop on Neutrino Factories, Super beams and Beta beams
June 30 - July 5 2008
Valencia, Spain

*Speaker.
"Support from the Science and Technology Facilities Council (U.K.) is gratefully acknowledged.

(© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/



Detector R&D F.J.P. Soler

1. Introduction

The weak neutrino eigenstates (ve, Vi, vr) do not have to coincide with neutrino mass eigen-
states (Vy,V,Vv3). Ignoring Majorana phases, the PMNS (Pontecorvo-Maki-Nakagawa-Sakata)
neutrino mixing matrix Vpyns, similar to the CKM matrix for quarks [1, 2], describes the mixture
amongst neutrino states:
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with ¢;; = cos 6;; and s;; = sin 6;;. The mixing angles 6, and 6,3, and the mass squared differences
Am3, = m3 —m? and |Am3,| = |m3 — m3| are known (see Table 1) [4].

Table 1: Summary of the known PMNS parameters (20 errors).

Parameters Am%, (eV?) Am%, (eV?) sin” 63 sin® 6y, sin” 03
Values (24753 x 1073 | (7.6103) x 107> | 0501013 [ 0327909 | <0.033

The parameters 3, the CP violating phase & and the sign of Am3,, which defines the neu-
trino mass hierarchy, are not known. The determination of these parameters are the main goals in
neutrino oscillation physics over the coming years.

The neutrino oscillation probability at a distance L of the golden channel (v, — v, or V, — V)
in matter (MSW effect) may be parameterised by [3]: Pv?vu(m)(elg, 0) =P+ P+ P+ Py, with
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P = Jcosc?cos(%) <fB—lj> sin(T) sin(%) (1.5)
ALY /AR A AL B L
Py = ﬂ:JsinSsin(%) <%B_lj) sin(T) sin(%) (1.6)
(L.7)

where A;; = Amlzj /2E, By =|A=£A 3|, and A is the matter parameter defined by A = V2Grn,, with
G and n, the Fermi coupling constant, and number density of electrons in the earth.

At the so-called “Magic Baseline", where % = 7, which corresponds to a baseline of L ~
7300 — 7600 km, the terms P, P; and P4 vanish and one obtains a clean determination of 0;3.
However, there are up to eight degeneracies and correlations between variables that need to be
determined. The best strategy is to carry out a number of different experiments at different baselines
and energies to solve the degeneracies.
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2. International Scoping Study

The International Scoping Study (ISS) looked at the physics, accelerator and detector prospects
for future neutrino oscillation facilities to determine the remaining unknown oscillation parameters.
The outcomes have been published as three reports [5, 6, 7]. The ISS compared the physics perfor-
mance and detector requirements for three possible facilities:

e Super-beams: high powered (1-4 MW proton power) conventional neutrino beams from the
decay of pions [8];

e Neutrino Factories: neutrino beams from the decay of muons [9]; and
e Beta beams: neutrino beams from the decay of radioactive isotopes [10].

Additionally, the ISS defined the scope of the accelerator parameters for a Neutrino Factory and
Beta beam facilities (in collaboration with the Eurisol Design Study Beta beam group [11]).

Neutrino Factories produce neutrinos from muon decays in a storage ring. The rate is calcu-
lable by the kinematics of the decay (Michel spectrum). The International Scoping Study recom-
mended a final muon energy of 25 GeV, which has been adopted by the Neutrino Factory Inter-
national Design Study (IDS) [12], and can be shown in Figure 1. The design contains two muon
storage rings, so that two different detectors at two different baselines can be accommodated to
remove any degeneracies and correlations between variables.
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Figure 1: Schematic of the baseline specification for the Neutrino Factory International Design Study [12].

Since v, and V. (or Vv, and V,) are produced simultaneously, this means that we need to
determine the charge and lepton identity of the oscillation signal to separate from background.
Hence, the detector requirements at a neutrino factory mandate a magnetic detector with good muon






