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The CP violating phasé in the neutrino sector could be the key to the matter/antanaisym-
metry of the universe. Recent measurements indicatefijas large, which opens the prospect
of measuringd through muon-electron neutrino mixing, with a muon newrbeam giving an
electron in the detector. The DAYALUS collaboration proposes to use a 300 kton Gadolinium
loaded Cherenkov detector at the DUSEL facility, and toahstccelerators at three different
distances to generate muon antineutrinos from stoppingsiuthis enables the measurement of
the wavelength and amplitude of tlig — Ve oscillation, allowing a determination .
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1. The experiment

Measurement od, the CP violating phase in the neutrino mixing matrix, is @acgal next step
in our understanding of the universe. It appears assad term in the expression for the rate of
oscillation fromvy,, to ve (writing Ajj = Anﬁ ﬁ):
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where the negative and positive signs refer to the neutnimmtineutrino process respectively. This
difference is a manifest sign of CP violation, ldutan be determined by measuring either of these
rates, as the other angles and quantitites are, or soonayilwbll measured.The antineutrino rate
can be measured with good precision.

DAEJALUS (Decay At rest Experiment fodcp studies At the Laboratory for Underground
Science)[1, 2] proposes to do this, measuring the osdaitlatithrough the dependence on the
terms. This is normally done through the energy dependdniteye propose to vaty, maintaining
strict control ofE by using decay-at-regt™ mesons, which provide a source of muon antineutrinos
up to 53 MeV, with very low electron antineutrino contamioat

For a good measurement one needs three valuesofresponding to 071/4 andr/2 of an
oscillation, to establish the total rate, the oscillatioavelength, and the amplitude, respectively.
Rather than building a source and three detectors, we peapsigle detector and three sources.

2. The Detector

We propose a large (300 kiloton) Gadolinium loaded watere@lenv, shared with LBNE
at the underground DUSEL facility. Electron antineutrirer® detected by Inverse Beta Decay:
Vep — €tnon free protons. Phototubes detect these events as caineilbetween the Cherenkov
light from the positron and the photon from neutron absorptbn Gadolinium:>’Gd(n,y) has
kilobarn cross section. This signal has a very small baakugowhich is measurable from ‘beam-
off’ data. By running each accelerator with a 20% duty cystaggered, the event time can be used
to determine the source that produced any event..

3. The Accelerators

Muons come from pion decay, and to produce pions requirdspsmf energy of order 1 GeV.
The three accelerators will be located on the surface ab&@HY, 1.5 km from the detector, at 8
km and at 20 km distance. Several milliamps of current wilhikeeded, so the accelerator and the
Carbon target must run at several Megawatts. The requirtsraga similar to those of proposed
Accelerator Driven Subcritical Reactor systems, and tlaeeeopportunities for synergies in their
development.

The isochronous proton Cyclotron at the Paul Scherrerturig®# S1) Switzerland, provides 590
MeV protons at a peak intensity of 2.4 mA (2.2 mA productioifihis is a very well-understood
and successful machine[3]. Itis not quite powerful enouwgtthis purpose, but it provides a good
starting point to a design.
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The Stacked Cyclotron [4] takes the PSI design and clonewvdral times, perhaps 5, to get
the desired current. These rings are stacked one abovelike wiith the same magnetic field
running through all of them.

The Compact Superconducting Cyclotron has been develapgddton therapy. The Monarch
250, developed by Still River Systems, is highly compaants to use of a 10T Superconducting
coil. However the energy is only 250 MeV, and the currentsnaweh lower than our requirements,
and it is not clear that this design can be scaled up.

The FFAG is an obvious candidate for a high power proton drigad the principle of the
nsFFAG [5] has now been proven. Application to proton acedilen at the beams and energies
required is a possibility, but it has yet to be demonstarted.

Our baseline design is a Multi Megawatt Cyclotron [6] accatiag H, ions to 1.6 GeV. Use
of the charged hydrogen molecule enables extraction to he tg stripping. The binding energy
is 2.75 eV, significantly larger than the 0.75 eVHf, so much more stable and easier to handle.
This extraction halves the energy per particle but it alsolbdies the beam current, so we consider
1.6 GeV 2 mA accelerator, giving 4 mA of 800 MeV protons. Twolfwore) injection systems are
used, to limit the space charge problems, and these are thergentry to the main cyclotron.

4. DAESALUS and LBNE

DAEJSALUS LBNE
Measures Antineutrinos Nneutrinos (mostly)
Baseline Short Long
Matter effects No Yes
Energy Low narrow band, 20-53 MeV\f High wide-band 300 MeV-10 Ge
Background Very low Significant

It is possible for the two experiments to share the same tietetheir different features are
shown in the table. Running for 10 years, D&&L_US can determin& with a precision of order
20r, depending on its value, and that &f;. In combination with LBNE this falls to 10 This
could be achieved by 2030.
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