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Abstract. We have considered @-beam setup which tries to leverage at most existing European facilitieost bigh-Q
ions aiming at a far detector locatedlat 732 km in the Gran Sasso Underground Laboratory. The averageénueenergy
obtained fronfLi and 8B ions boosted ay ~ 100 is in the rang&, < [1, 2] GeV, high enough to use a large iron detector
of the MINOS type. We perform, then, a study of the neutrino and antimeLfiixes needed to observe CP violation and to
establish the neutrino mass hierarchy in a significant part of the panaspetze.
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THE SETUP One option in order to achieve a larger mean neutrino
energy would be to increase the maximynn principle,

In a B-beam, a pure electron neutrino beam is producedhis would also be beneficial since larggprovide larger
from the decay of beta unstable ions in the straight secfluxes at the detector. However, the decay rate at the
tions of a decay ring aiming at a far detector. The origi-storage ring would decrease due to a larger ion lifetime
nal B-beam design was conceived to leverage at most thin the lab frame. Conversely, Lorentz contraction of the
CERN accelerator complex and profit of the high isotopebunches would allow, in principle, for a larger number of
production yield reachable by ISOL techniques [1]: theions to be injected into the ring. Therefore, an increase
terminal booster was the SPS, which can accelerate ionsf y would be profitable provided that the ion decay rate
up to a maximum Lorentg ~ 450Z /A, while the choice  does not drop faster thayr®. The major disadvantage
of the ions wa$He and'®Ne . Since their Q-values are of this option is that a new terminal booster (such as
around 3-4 MeV, the mean neutrino energy of the beanthe proposed SPS+) and a larger storage?nimguld be
was between 0.5 and 0.9 GeV. Such low energies requiraeeded.
the construction of a very massive low-density detector, None of these challenges has to be faced if the increase
with the consequent technical difficulties related to itsin neutrino energy is achieved employing isotopes with
accomodation in an underground facility located at anlarger Q-values: the SPS can still be used as the termi-
appropriate baseline matching the first oscillation peaknal booster, and the decay ring size does not need to be
On the other hand, employing neutrinos in the multi-increased. The only assumption which has to be made is
GeV range exhibits an additional advantage: the oscilthe replacement of the Proton Synchroton with a new ma-
lation signal can be observed and effectively separatedhine (PS2) injecting protons at an energy of 50 GeV into
from the background in high density detectors, such ashe SP8. Moreover, a new technique to produce low-Z,
an iron calorimetér Such a detector could be hosted in high-Q ions was proposed in 2006 by C. Rubbia [2] and
much smaller underground halls, such as the Gran Sass6 Mori [3] and specifically adapted to high-@-beams
Undergound Laboratory in Italy or the Canfranc Under-
ground Laboratories in Spain.

2 Larger curved sections are needed in order to bend the idrishw
implies a smaller fraction of useful ion decays in the straggdtions
of the ring.

3 Such a replacement is presently envisioned to grant thévilélyeof
the LHC injection complex and for the luminosity upgrade of ith#C
itself.

1 In principle, magnetization is not required forfabeam detector,
since it is a pure source of electron neutrinos. However, midggation
could be used to reduce the background of punch-througtspion



in Refs. [2, 4] through the production &i and®B asve
andve sources, respectively. e
Either using the ionization cooling technique or stan-
dard ISOL methods, a signiticafLi flux can be pro- 10
duced. The ionization cooling technique should be able
to guarantee a similar production rate ¥&. In this case,
however, the problem resides in the extraction and recol-
lection of®B ions, as they are very reactive and therefore
difficult to manipulate. The nominal fluxes proposed in
the EURISOL project fot®Ne CHe) are 11 (2.9) x 108 10
useful decays per year. Significant larger fluxes are ex- 3 3
pected from the use of ionization cooling for high-Q iso- S !
topes. Therefore, we will study the performance of our 10
setup as a function of the achievable neutrino and an-
tineutrino fluxesF andF, with respect to a nominal flux FIGURE 1. CP discovery potential as a function of$26;3

Fo which we have set & = 3 x 108 useful decays per and 0, for several values of both neutrino and antineutrino
year for botHLi and éB fluxes, as indicated in the legend. Dotted vertical lines indicate,

. . from left to right, the values of sfi26;13 corresponding to
We will consider, therefore, g-beam produced 613 =1°,2° and 3, respectively. For the points to the left of

. . 8 .
through the acceleration &L' and B ions up 0y~ each curve, CP violation cannot be establishedcatla.o.f.
100 aimed at an iron calorimeter detector located at thefter marginalizing over the rest of parameters.

Gran Sasso Underground Laboratory, at 732 km from
CERN [5]. Since for this configuration the mean neu-
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trino and antineutrino energies are both GeV, we em- CP discovery potential
ploy the same selection both fey, CC andv,, events:
an interaction is classified aswg (vy,) CC if both the In Fig. 1, we present the results for the CP discov-

event lenght and the total number of hits in the detec-ery potential as a function of 486,53 and 3, for sev-
tor are larger than 12. The efficiency of identifying a eral values of the neutrino and antineutrino fluxes. No-
CC interaction averaged out over the whole spectrum isjce the verical dotted lines, which indicate, from left to
~ 60%. Conversely, the probability for the background toright in the plot, the values of sit26;3 corresponding to
be identified as a CC-like event is slightly less than 1%.9,3 = 1°, 2° and 3, respectively. A remarkable feature in
Efficiencies and background contamination as a functionhis plot is the lack of sensitivity around iP6;3 ~ 102
of the neutrino energy are the ones shown in Fig. 4 fromfor negative values ob. This effect is the so-called
Ref. [6]. Finally, a mass of 100 kton is assumed for the« r-transit” effect [7]: matter effects mimic CP viola-
detector, together with 5 years of data taking both fortion and, for this particular value i3, the so-called
neutrino and antineutrino modes. “sign clones” move from true CP-violating values to CP-
conserving ones. As a consequence, in this region of the
parameter space CP violation cannot be established even
RESULTS though it is maximal fo ~ —90°.
It is also important to pay attention to the dependence
In this section we will present the performance of theon the fluxes. Strong improvement takes place when
proposed setup in terms of two observables, defined asthe antineutrino flux is increased frofy — 4F, even
the CP discovery potential: for a given point in the pa- though we keep the neu.trino'ﬂux fixedfag. However, .
rameter space, we will say that CP violation can pednce we h?"e regched this point, we havg_saturgted statis-
established if we can rule out the CP-conservationfiS 01 antineutrino events, and ho add!tlonal improve-
hypothesis & — 0, ) at 30 1 d.o.f., after marginal- ment will be achieved by further increasing thg antineu-
izing over all the remaining parameters for both hi- trino fluxes unle_ss the neutrino flux is a_Iso increased.
erarhies. This can be easily seen from the comparison of red and
o ' . green lines in the plot: even if the antineutrino flux has
thesgn_(Amge)) reach: this s deflned asthe reglpn of the been increased over a factor of 2, the improvement in the
(sir” 2613, 5) plane for which the wrong hierarchy cp discovery potential is only marginal. This is due to
can be ruled out at@1d.o.f. the fact that, in order to achieve sensitivity to the CP-
violating phase, a comparison between neutrino and an-
tineutrino events at the detector is mandatory: even if we
continued increasing the antineutrino flux, the CP dis-



ity to the mass hierarchy. We found that, for large values
of 613, such combination can be of value for the present
setup in the region of null sensitivity in Fig. 2, bringing
the sensitivity of the setup down to {293 ~ 3 x 10~2.
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other hand, if we compare the green and blue lines in the

plot a remarkable improvement has taken place in this
case (though only the neutrino flux has been enhanced)
because now all the antineutrino events are useful.
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