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Abstract

Neutrino oscillations have implications for the Standard Model of particle physics.
The CERN Beta Beam has outstanding capabilities to contribute to precision
measurements of the parameters governing neutrino oscillations. The FP7
collaboration EURONu (2008-2012) is a design study that will review three facilities
(Super-Beams, Beta Beams and Neutrino Factories) and perform a cost assessment
that, coupled with the physics performance, will give means to the European research
authorities to make decisions on future European neutrino oscillation facilities. ”Beta
Beams” produce collimated pure electron (anti)neutrinos by accelerating beta active
ions to high energies and having them decay in a storage ring. Using existing
machines and infrastructure is an advantage for the cost evaluation; however, this
choice is also constraining the Beta Beams. Recent work to make the Beta Beam
facility a solid option will be described: production of Beta Beam isotopes, the 60
GHz pulsed ECR source development, integration into the LHC-upgrades, insure the
high intensity ion beam stability, and optimizations to get high neutrino fluxes. The
costing approach will also be described
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Abstract Beta Beam in EUROnNu is to address the lacking isotope

Neutrino oscillations have implications for the Standar(?mducnon [3], consolidate an overall acceleration soena

Model of particle physics.The CERN Beta Beam has ou?nd to give a performance/cost analysis. The proposed so-

. o . s ution to the lack of available isotopes, in particuléNe,
standing capabilities to contribute to precision measure- L - B
) . 2" was to use an alternative isotope p8iin,and®B, produced

ments of the parameters governing neutrino oscnlatlon?r.] a small production ring [4]. The two alternative layouts
The FP7 collaboration EURONu (2008-2012) is a design produ g2l . Y
: . . are shown in Fig. 1. The Decay Ring [5] should have a

study that will review three facilities (Super-Beams, Beta, . . : .
Beams and Neutrino Factories) and perform a cost agt_rmght §ect|on length of- 2700 m. The main bending
r‘ﬁagnet isa 7 T SC magnet. The use of a low energy SPL

sessment that, coupled with the physics performance, wi S o X .
. . ould be an advantage but a high intensity Linac is envis-
give means to the European research authorities to make . .
- . o ~aged. The paper will emphasize latest developments and
decisions on future European neutrino oscillation facil-
o » " . resent status.
ities. "Beta Beams” produce collimated pure electro?
(anti)neutrinos by accelerating beta active ions to high en
ergies and having them decay in a storage ring. Using exist-
ing machines and infrastructure is an advantage for the cost
evaluation; however, this choice is also constraining the
Beta Beams. Recent work to make the Beta Beam facility ot
a solid option will be described: production of Beta Beam
isotopes, the 60 GHz pulsed ECR source development, in-
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Figure 1: The CERN Beta Beam. The beta active isotopes
INTRODUCTION are accelerated to the Decay Rifi¢le/'*Ne (low-Q) with
Beta Beams produce pure or 7, beams by storing? adet'ector in FEjus (baseline) and optionaffy.i/B (high-
emitting ions in a high energy Decay Ring [1]. The neuQ) With a detector at 700 km (Gran Sasso or Canfranc).

trino energy depends on the reaction Q-value and of the

chosen relativistic boost of the isotopes stored in the Peca RADIOACTIVE ISOTOPE BEAMS

Ring. Beta Beam physics reach is limited by the number of

charges that can be accelerated and stored in the acceleratolwo isotope pairs have been selected for Beta Beam
complex, the neutrino energy and the neutrino beam divestudies in the CERN Complex ¢He/'®Ne (Q-values of
gence. The EURONu collaboration (EC, FP7) [2] is now ir8.5 MeV and 3.3 MeV) andLi/®B for 7./v. (Q-values of

its final phase; the project terminates in August 2012.  13.0 MeV and 13.9 MeV), see Fig. 1.

The Beta Beam facility studied within EURONu is based Tests show thatHe can be produced in sufficient rates
on CERN infrastructure and machines and on existing teckvith a beam power of 200kW (SPL, 2 GeV) [6]. A molten
nologies. The neutrino detector considered in the baselisalt target has been proposed to produce raté8Ng re-
setup usingHe/*¥Ne would be built in the Fjus tunnel quired for the Beta Beams project [7]. Proton beams close
(France) 130 km from CERN. The main objective for theo 1 MW power, from an upgraded Linac4 at CERN, would



impinge a circulating molten NaF-based eutectic to pro- The reactiorTLi(?H,p)®Li has been studied at INFN and
duce extracted rates of 113 ¥Ne/s (Fig. 2). In this the University of Naples. The cross section for thepro-

first proposal, the target material consists of an euteétic bduction is 96:18 mb at E,,("Li) = 25 MeV and the an-
nary fluoride system NaF:ZgF60:40 % mol.). Thermal gular distribution is ofLi is focused betweefi® and10 °.
stability tests show that ZrBublimates at target operation Cross section data of tHiLi(*He,nfB reaction found in
temperatures, with sublimation rates that limit its use ifiterature do not agree. Measurements of the absolute cross
a molten salt loop. As an alternative, the eutectic binargection and the angular distribution of the neutrons emit-
NaF:LiF system (39:61% mol.) is now tested online ated in the 6.0 Me\SLi(*He,n}B reaction have therefore
CERN/ISOLDE using a static target unit. The produc-been performed (see Fig?. Cross sections are found to
tion and release dfNe will be monitored accounting for be higher than those in literature. However measurements
the effects of temperature and proton beam impact, whiakith an impinging energy of 25 MeV (as proposed in [4])
strongly affects the release efficiency in molten targeke T would be necessary to confirm higher cross sections for the
results will contribute to the validation of a high powerproduction ring setup (INFN-LNL, Legnaro, Italy).

molten salt circulating loop.
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Figure 2: The molten salt loop to produ¢®&Ne with an
upgraded Linac 4 (CERN): 160MeV, 6 mA on average. Figure 4. The®B experiment. 8 Photo Multiplier Tubes
. . . . . cover neutron angles frof® ° to 140 ° in the lab frame.

Production ofLi and B with an internal target in a pro-
duction ring [4] is one of the man research tasks in EU- g presently estimated production rates of Beta Beam
ROnu. A circulating beam ofLi/"Li produces the Beta jsqtopes are summarized in Table 1. With some distribution
Beam isotopes by repetitive traversals of a supersonic ggfine specified runtime of 10 years, the production rates of
jettarget, see Fig. 3. The target also serves as a stripger & and'$Ne would be sufficient.
an absorber for beam cooling. Thei beam energy is 25
MeV and the energy loss over the target is 300 keV.

Table 1: The rate (r) extracted from the source (using differ
ent production method$ide estimated from experiments,

Susgﬁ;zoer:i:r?:saﬁgggf ' for 18Ne from experiments and calculations and rates for
Ui or oL 8Li and ®B are estimated from calculations).
‘ e | sotope SHe BNe 8Li 8B
e = Prod. ISOL(n)  ISOL  P-Ring P-Ring
LUHeny8. % Beam SPL(p) Linac4(p) d 3He
= I [mA] 0.07 6 0.160 0.160
\,‘ E[MeV] 2000 160 25 25
iy P [KW] 140 960 4 4
. _ . . . Target W/BeO 23Na,'F  TLi OLi
Figure 3: The isotope Production Ring. F[101%/s] 5 0.9 01 0.08

A preliminary lattice design for the production ring (see
Fig. 3) is available [8]. However, the proposed supersonic The 60 GHz ECR source prototype has been assembled,

gas jet target [4] with a jet velocity of 2200 m/s (volume 4_3ts magnetic field has been measured at half intensity allow-
m?/s) has not yet a realistic design solution. An alternativég @ first 28 GHz operation, the experimental data show
could be to use the normal kinematics reaction witte & good agreement with the simulations. The 60 GHz gy-

on liquid Li targets [9]. Measurements of the efficiency offotron is under assembly in Russia and will be tested in
the collection device are being evaluated [10]. June 2012. The first beam experiments will be performed
at 28 GHz in July 2012, and then, 60 GHz operation will

Lisotope Separator On Line-DEtector be tested and characterized (see PR.




0.38) still needs more work (probably resonance compen-
sation). Studies on Head-Tail effects are also needed as
well as optimization of the bunch structure in the PS and
the SPS (beam stability). Studies for radio-protection of
the RCS, the PS and the Decay Ring have been carried out
[3]. Within the upgrade studies of the injector complex
radiation studies are done for the Beta Beam in the SS42
region of the CERN PS, near Goward Road. The conclu-
sion is that dose rates for Beta Beams are lower by a factor
3 for ¥ Ne and by a factor 16 fofHe compared to full

i : S proton intensities. The energy deposition on the septum
Figure 5: The source prototype under test blade (SMH42) is 1.0 10 [GeV/cn?/primary] for ¥Ne.
The energy deposition on the blade of the septum SM16 is
higher by a factor of 3.7 [16]. No show-stopper has been
found, neither for radio-protection nor for the equipment.

BEAM STABILITY AND INTENSITY
MITIGATION

Small and intense bunches are required in the Deca¢y OSTING AND COST DRIVERS, SAFETY

Ring to get good physics reach: the number of ions in an
. 1 .
SPS bunch for th&"Ne beam is 2.910'" and the required using a single evaluation procedure of the 3 studied facil-

DR bunches are 5 ns long with an intensity of 3142 . e
. L . Lt f I ted at CERN. H th
(EURISOL Design Study [3]).This is a serious constraln(liIes as I mplemented a Owever e resources

\ ticular for the D Rina RE (b loadi vailable for the cost evaluation of the civil engineering
In particutar for the Uecay Ring (beam loading) an nly permits a very shallow estimation, not taking into ac-
beam stability conditions. However, recent results fror%

i lati . ts 1111 show that it i ount infrastructures, which will result in large errorgtie
neutrino osciflation expenments [11] show tha L 1S POSGgtimations. Projections from existing projects will bedis
sible to relax the requirements on the bunches in the D

. ~10r th fet ts.
and get stable beam behavior (Transverse Mode Couplmgr © salely aspects

Instabilities, TMCI). The design of the Decay Ring, as de-
scribed in the EURISOL Design Study [3], has also been ACKNOWLEDGMENTS
adapted to be able to store higher intensitigdrénsition We acknowledge the financial support of the Euro-
has changed from 27 to 18) [12]. Using octupoles showgsean Community under the European Commission Frame-
no significant improvement of the number of ions possiblgyork Program 7 Design Study: EURONu, Project Number
to store (emittance blow up) [13] . A complete analysi®12372. The EC is not liable for any use that may be made
including other collective effects in the Decay Ring is necpf the information herein.
essary.
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