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Abstract

EURONu is a European Commission funded FP7 Design Study investigating three possible
options for a future high intensity neutrino oscillation facility in Europe. These options are a
CERN to Frejus Super-Beam, a Neutrino Factory and a Beta Beam. The aims of the project are
to undertake the crucial R&D on each of the accelerator facilities and determine their
performance and relative cost, including the baseline detectors for each facility. A comparison
will then be made and the results reported to the CERN Council as part of the CERN Strategy
Review.
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Abstract all run at 12.5 rather than 50 Hz. The baseline design for
}]he target is a pebble bed, consisting of 3 mm diameter

. S : : =~ spheres of titanium or beryllium in a canister. These are
Study investigating three possible options for a futurmhlgcooled by flowing helium gas through vents in the canister.

intensity neutrin illation facility in Europe. Th . . . .
tensity neutrino oscillation facility urope ese-o Offline tests of the cooling, using a coil to heat the target,

ions ar ERN j r-Beam, a Neutrino Fac- : .
tions are a C to Byus Supe eam, a _eut o rac are planned. A test target will also be subjected to a beam
tory and a Beta Beam. The aims of the project are to url-

dertake the crucial RD on each of the accelerator facilities of the correct energy density using the HiRadMat facility

. ; . . in CERN.
and determine their performance and relative cost, mcIqu . e
P The horns have been designed based on the existing

ing the baseline detectors for each facility. A comparison . . .
9 Y b iniBooNE horn. They will need to be pulsed at least

will then be made and the results reported to the CER3OO KA resulting in significant heating from both the cur-
Council as part of the CERN Strategy Review. rent and the beam corresponding to a maximum of 12 kW
on the surface closest to the target. Modelling suggests tha
INTRODUCTION this can be removed with sufficient cooling. The thermal

EURCV is a Design Study within the European CommisStresses in th(_a target mgterial are 18 _MPa maximu_m:.pro—
sion Seventh Framework Programme, Research Infrastrjetype tests will be required to determine what the lifetime
tures. It is investigating the three possible options fau-a f Will be due to fatigue and radiation damage. Finally, a pro-
ture, high intensity neutrino oscillation facilities in Epe.  tOtyPe pulsing circuit has been designed and will be built
The aim is compare the physics performance and cost of t8d tested.
facilities and present the results to the appropriate @®tis
making bodies in Europe, in particular the CERN council. =ineni>O0%; S ML

EURCQv is a European Commission funded FP7 Desig

The work is being undertaken by the EUROnNu consortium, ———

consisting of 15 partners and a further 15 associate part- B Coree
ners [1]. The project started ori*lof September 2008 and

is due to finish on 3¢ of August 2012. The status of the Magnetic Hom'{ \ ~

work so far is described in the following sections. As well V .
as looking at the accelerator facilities, EUR® also deter- Vs 1 hadeons
mining the performance and cost of the baseline detectors

and the physics reach of each facility. Vy(~300 MeV)

THE SUPER BEAM

A Super Beam creates neutrinos by impinging a high
power proton beam onto a target and focussing the pions
produced towards a far detector using a magnetic horn. THE BETA BEAM
The neutrino beam comes from the pion decay (Fig. 1).
EUROQv is studying the CERN to Ejus Super Beam, us-  Production of (anti-)neutrinos from beta decay of ra-
ing the High Power Superconducting Proton Linac (HPdioactive isotopes circulating in a race track shaped stor-
SPL) [2] as the proton driver, producing a 4 MW beamage ring was proposed in 2002 [4]. Beta Beams produce
The baseline is 130 km and the planned far detector is thpairer, or 7. beams, depending on whether the accelerated
440 KT fiducial mass MEMPHY'S water Cherenkov detecisotope is 83" or a3~ emitter. The “Beta Beam facility”
tor [3]. The main activities have been proton beam optiis based on CERN'’s infrastructure and the fact that some
mization, designing and testing candidate targets and magxisting accelerators can be re-used will reduce the cost,
netic horns and determining the characteristics of the réhough it will constrain the performance (see Fig. 2). The
sulting neutrino beam for physics simulations. isotope pair that was first studied for neutrino production,
Given the difficulty in producing a target and horn ableand is now the baseline, {¢le and'®Ne, accelerated to
to work in a 4 MW beam, the option taken in EUR@ = 100 in the SPS and stored in the Decay Ring [5]. The
to use results from existing targets such as CNGS and T2kck of available isotope production for one of the isotgpes
by employing four targets and horns, rather than one. TH&Ne, is one of the main issues to solve within the EURO
beam will be steered on to each target in turn, so that thgyogram and is being addressed in two ways. One is the

Figure 1: Layout of the CERN to Ejus Super Beam.



use of a production ring (12 m circumference) with an in-

Neutrino Beam

ternal gas jet target [6] to mak&i and 8B. A 25 MeV proton Driver:
. ... . &—Linac option
beam of”Li and B is injected over a gas jet target of d Ring option w
or 3He, respectively. The associated research tasks (cross V4 \\Z .
section measurements for the reactions and the device for { e /‘ é
collection of the produced isotopes) are presently analyz- \ s £5 2
ing experimental data. Studies show that the requiredttarge @ g £ 8
gas-flow would be very challenging. As a result, research  —@— -
on a novel'®Ne-production method, using a molten salt pltitd ki g
loop (NaF) by the reactiof’F(p,2n)®Ne, is currently be- @ et i D
ing undertaken.
12.6-25 GeV FFAG
Neutrino Beam DRSO e g
Baseline . WP 2 )
Linac4 o
Muon Decay Ring IDS-NF Baseline 2010/2.
SPL Linac
“Molten ?an
e s v-BeamA Figure 3: Layout of the Neutrino Factory

The work in this project is being done in close collabo-
ration with the International Design Study for a Neutrino
Factory (IDS-NF) [7]. However, EURQis focussing on
the section from the pion production target to the muon ac-
celeration system. The baseline target is a liquid mercury
jet, but the calculated heat load in the first super-condgcti
solenoid is too big, around 50 kW. As a result, solid targets

Figure 2: Layout of the CERN Beta Beam. with lower atomic number, which meet the tensile strength,
high enough melting point and resistance to radiation dam-

Research and development of a 60 GHz pulsed EC&je requirements are now under consideration.
source are continuing within EUROnNu, and successful A related issue is the transmission of secondaries in to
magnetic tests will be followed by tests with the gyrotronthe muon front-end. As well as the required large flux of
Compatibility and possible integration of Beta Beams irmuons, there are also still many protons, pions and elec-
the upgrade program for LHC is essential and is closelyons. The front-end is being re-designed in EURO in-
followed. Requirements to have very short and intensglude a chicane to remove the unwanted particles in a con-
bunches in the Decay Ring (due to signal/noise in the derolled way. In the baseline cooling channel, the RF cav-
tector) favours beam instabilities for which solutionslwil ities are in a large magnetic field. Measurements suggest
be found by re-optimizing the bunch structure over the aghis could limit the accelerating gradient. Alternativeoto
celerator cycle. ing lattices are considered that reduce the magnetic field at

The baseline isotopes could use the MEMPHY S detecttine cavities, while maintaining the same performance.

[3]. For the®Li and ®B option a detector some 700 km The design of the acceleration system is well-advanced,

away would be needed. though full 6-D tracking still needs to be done. For the
ns-FFAG, a proof-of-principle machine called EMMA [8]
has been constructed and recently demonstrated that many
THE NEUTRINO FACTORY

of the novel features of the muon accelerator, in particular

In a Neutrino Factory, the neutrinos are produced frorgerpentine acceleratipn and multiple resonance crogsings
the decay of muons in a storage ring. The muons are prg_he full EMMA experimental programme is now starting.
duced by impinging a 4 MW proton beam on to a heavy
metal target and focussing the pions produced in to a de- DETECTORS
cay channel using a super-conducting solenoid. The muons
from the pion decay are captured, bunched, phase rotatedlhe focus of EUR® is on the accelerator facilities.
and finally cooled in the muon front-end, before being acdNevertheless, to make a genuine comparison between
celerated using a linac, two re-circulating linear acaeler physics performance and cost, it is also important to in-
tors (RLAs) and a non-scaling Fixed Field Alternating Graclude the neutrino detectors in the study. Thus, the project
dient accelerator (ns-FFAG) to 0.9 GeV, 3.6 GeV, 12.6 Ge\ncludes the baseline detectors for each facility, with the
and 25 GeV, respectively (see Fig. 3). The muons are théim of determining their performance in detecting neutri-
injected in to two storage rings, to produce beams of nemos and the cost of construction.
trinos and anti-neutrinos to two far detectors. The baseline for the Neutrino Factory are Magne-



tised Iron Neutrino Detectors (MIND). These are iron-assessment. It will use existing experience, where that ex-
scintillator calorimeters, with alternating planes of 3 cnists. The technical risks will be assessed by the facildies
thick iron and 2 cm thick solid scintillator. Two detectorsthe end of the Design Study.

are planned, one of 100 kT at 2000-4000 km and a second

of 50 kT at 7500 km. Each detector will have a transverse OUTLOOK

size of around 15 by 15 m. The baseline for both the Super

Beam and Beta Beam facilities is the MEMPHYS detec- EUROv is completing its third year out of four. Due to
tor [3] in the Fijus tunnel. This will be a 440 KT fiducial tS important nature, it will be playing a leading role in the
mass water Cherenkov detector. Near detectors are also Beeparation of a single input to the CERN Strategy Review

ing investigated for all three facilities. for Particle Physics [11] for future neutrino oscillatioa f
cilities in Europe over the next year. Further, there is a de-
EUROv PHYSICS sire to continue EUR®@after the completion of the Design
Study and discussions are taking place to determine how to
do this.
o ‘ ‘ ‘ ‘ Ifitis confirmed that); 5 is large, this will have an impor-

oV ;< tant influence over which of the facilities will be the most
0.8 IDS—NF 2010/2.0 —— g

attractive to build. The Neutrino Factory has the best sensi
N tivity to CP-violation, for example, at small values, buitsth
oel B0 7~ islessclear atlarge values, where itis likely that systama
LENE-Profec errors will be the limiting factor. A study within EURO
will be required to optimize the parameters of the faciitie
and to assess the corresponding systematic errors to allow
a comparison. ltis likely that the Super Beam will have the
o 1 smallest cost and the Neutrino Factory the largest, though
this has to be confirmed. While the Beta Beam is unique to
0oL = e o e e =, CERN, there is much interest in Super Beams in Japan and
True sin?26,5 the US, as well as at CERN. In addition, the Super Beam
requires a 4 MW target, which will be a challenge on the
_ ) _ CERN site, while the Beta Beam does not. It is possible
Figure 4: Physics reach comparison, coutesy P. Hubery, conclude from this discussion thatéif; is large, there
is a case for increased studies of the Beta Beam option at
The physics group in EUR@determines the physics ceERN.
reach of each facility and combination of facilities using
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