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We consider g3-Beam facility wheré’Li and 8B ions are accelerated st= 350, accumulated
and let decay, so as to produce intemgandve beams. These beams illuminate two magnetized
iron detectors located &t~ 2000 Km andL ~ 7000 Km, respectively. The physics potential
of this setup is analysed as a function of the flux. We find tfaatthe highest flux considered
(10 x 10 jon decays per year per baseline), the sensitivit§itpreaches sf26;3 > 1 x 10%;

the sign of the atmospheric mass difference can be identifégrhrdless of the true hierarchy,
for sin?26,3 > 3 x 104 and, CP violation can be discovered in 70% of thparameter space
for sinf 26,3 > 1073, having some sensitivity to CP violation down to @3 > 2 x 104 for

[5] ~90°.
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1. Introduction

The results of solar, atmospheric, reactor and accelefatoreutrino experiments show that
flavour mixing occurs in the leptonic sector. The experirakrgsults point to two mass-squared
differences Amé ; ~ 7.9 x 10°° eV2 and |Amg,,| ~ 2.4 x 103 eV2. At present, only two out of
the four parameters of the three-family leptonic mixing rixaare known: 81> ~ 34° and 6,3 ~
42° [1]. The other two parameter$;3 and d, are still unknown: for8;3 searches at reactors
give the upper bounél;3 < 12.3° (30), whereas for the leptonic CP-violating phase/e have no
information whatsoever. Another unknown is the sign of ttraaspheric mass differenceym.
These parameters could be measured in “appearance” exesitiiroughve — vy, vy, — Ve (the
“golden channel” [2]).. However, parametric degeneraaneke their simultaneous measurement
rather challenging [3]. Here we propose to alleviate thisbfgm with a setup based &hi/®B
B-Beam accelerated gt= 350, aiming at two magnetized iron detectord.at 2000 Km and
L =7000 Km [4].

This proposal is the natural conclusion of a series of thamae experimental and accelerator
achievements. In Ref. [5] the idea of accelerating radieadbns and store them so as to produce
intenseve(Ve) beams was advancetHe/A®Ne ions were boosted gt~ 100 using existing infras-
tructures at CERN, producings(ve) beams aimed at a 1 Mton wat€erenkov al. = 130 Km
down the source. In Refs. [6] it was proposed to accelerateoiis at a much higher (y = 350
and 580, respectively), aiming at a 1 Mton detector w@terenkov detector at = 650 Km from
the source. Such a high Lorentz boost factor could only lanattl at CERN using new infras-
tructures. A new SPS, the SPS+, is actually under discussidime framework of the planned
LHC maintenance and upgrade programme. AlternativelyTeéhéatron could be used for the last
acceleration stage (see, e.g., Ref. [7]). This setup greatperforms the “low"y one discussed
above and could compete with NF-based setups in the séysitvCP violation. In Ref. [8], the
“jonization cooling” technique to produce inten¥e and 8B beams was proposed. In Ref. [9] a
“cocktail” of 8Li/®B and®He/A®Ne B-beams al = 100 (the maximum that can be achieved with
existing CERN infrastructures) illuminating a 1 Mton waerenkov detector located lat= 650
Km was proposed so as to solve some of the parametric degeterd his setup is only useful
in the case of largé,3, due to its statistical limitations. In Refs. [10], the pbdgy of using a
high-y ®He/A®Ne B-Beam illuminating a (MINOS-like) 50 Kton magnetized irostdctor located
atL = 732 Km down the source was explored. Eventually, in Refg. &= 3508Li/®B B-Beam
illuminating a 50 Kton magnetized iron detector located.at 7100 Km down the source was
proposed, The main difference of usifig/®B instead ofHe/8Ne ions is that the end-point en-
ergy of the®Li/ 8B B-decays i ~ 13 MeV (to be compared wit; ~ 3.5 MeV for *He/¥Ne).
With a Lorentz boost factor of = 350, a (relatively) high mean neutrino energy in the lakmyat
frame,E, ~ 6 GeV is achievable, allowing to exploit the resonant enbarent of the oscillation
probability. through matter effects, providing excelleetsitivities ts,m and 6;3.

A further consequence of having an energetic neutrino flukas we can safely use dense
detectors with a good muon identification efficiency, as éerative to the wateCerenkov tech-
nology. We will therefore consider the neutrino beam to Ineeai at two 50 Kton magnetized iron
detectors of the MIND-type, located ht= 2000 Km (at the oscillation peak) and at the “magic
baseline”,L ~ 7000 Km, as in the NF [12].
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The near baseline, tuned to the oscillation peak, providesénsitivity to CP violation that
the “magic baseline”, at which matter effects cancel theeddpnce of the oscillation probability
on 9, lacks. This sensitivity is, however, spoiled by degenesacspecially by the ones related
to the mass hierarchy. which are effectively solved withabmbination with the longer baseline
with its nearly resonant sensitivity 8m.

2. Signal and backgrounds

Lacking a detailed study of the achievaBla and 8B fluxes, in ref [4] three possible values
for the B-beam flux were considered: “nominal flux” of210'8 decays per year per baseline for
both 8Li and 8B (these fluxes are close to the “standard fluxes”, i.€ >210'® and 11 x 108
decays per year fdtHe and*®Ne); “medium flux” of 5x 10'® and “ultimate flux” of 10x 10'®
decays per year per baseline for both ions. The comparistireqfhysics performance achievable
with each of these fluxes was presented in ref [4], here weshdlwv the results for the “ultimate
flux”. An increase of the ion flux up to the “ultimate flux” is lie¥ed to be possible (see the talk by
M. Lindroos). Notice, moreover, that due to the higher epargthis setup compared to standard
He/Ne options, the atmospheric neutrino background is@ggdeto be significantly lower and a
larger number of bunches can be thus injected into the staiag.

A full simulation of the response of a magnetized iron detetd the beam proposed in this
paper is lacking. In the framework of the ISS report [13], taded study of the MIND detector
exposed to the Neutrino Factory beam (i.e. for a neutrinaggnaround 30 GeV) has been pre-
sented, finding a,, identification efficiency in the energy range of interest @htas 70%. The
fractional backgrounds were found to be around or below? T6r the region around 5 GeV. Since
in our setup there is no such a strong down-feed of the baakgrérom high energy neutrinos, we
expect 10 to be a pessimistic upper limit for the beam-induced baakagio

In the numerical analysis below, event rates have beenathiitto nine bins between 1.5 and
10.5 GeV, withAE = 1 GeV. The detector energy resolution has been implemehntedgh a gaus-
sian resolution function witlhr = 0.15x E. We have considered a constant/v, identification
efficiency of 65% and a constant fractional background etudl0—> of the unoscillated events
per bin. In ref [4] the impact of the beam background on thesptsyperformance of the setup
increasing the fractional background up to-1@vas also studied, showing explicitly that the effect
is small for any of the considered observables.

We have, eventually, considered a 2.5% and 5% systematcsenn the signal and on the
beam-induced background, respectively. They have bedudied as “pulls” in the statisticg{?
analysis. The effect of increasing these errors to 10% aftl, 28spectively, was also considered
in ref [4]. It has been found that the impact is negligible.

The following 1o errors for the oscillation parameters were also considets®, = 1%,
86,3 = 5%, 6AM3; = 1% andAm?, = 2%. If 6,3 turns out to be maximal the error @hs could
be larger than the 5% we assumed. We studied the effect adasitry the error to 10%, which
is almost the present uncertainty, given that this paranvatenot be measured by the proposed
setup. We have checked that our results are not significaffdgted by considering such an error.
Eventually, an errodA = 5% has been considered for the Earth density given by the PRREd&.
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Figure 1: Comparison of the physics performance of the facilities studied in [ 15] with the 8Li/®B B-Beam.

Marginalization over these parameters has been perforanedl bbservables. The Globes 3.0 [14]
software was used to perform the numerical analysis.

3. Reaults

Fig. 1 shows the discovery potential 63 (first panel), CP violation (second panel) and a
normal mass hierarchy (third panel) for #6/8B 3-Beam compared with the results of the com-
parison performed in [15]. The blue curve depicts the switis that would be achieved with
the proposed setup and “ultimate” fluxes. The effect of iasireg the background and systematic
errors is small and was studied in [4]. Decreasing the fluxesdo the “medium” or “nominal”
fluxes has a greater impact in the physics performance andisashown in [4]. The two best
facilities in the comparison study performed in were the K¢k curve) and the highh He/Ne
B-Beam (red curve). The former has excellent sensitivitgitpand to the mass hierarchy (due to
its long baselines and to the combination of the two detecthat allows to measusg,, down to
sin’26;13 > 3 x 10°°). The latter has excellent sensitivity to CP violation,rgglocated on-peak
and with very small matter effects that can mock true CP timta it could detect a non-vanishing
o for more than 80% or even 90% of the parameter spaégsifs not too small. The (too) short
baseline, however, spoils its sensitivity to the mass hoésa

Using the “ultimate flux” (10x 10'8), the sensitivity taBy3 is sirf 26,3 > 2 x 104, regardless
of the value ofd. For specific values dd close to maximal CP violationd| ~ 90°, the sensitivity
reaches sif26;3 > 104, thus outperforming any Super-Beam or lgyB-Beam setup and being
competitive with they = 350 He/Ne scenario. for extremely small values9gf the NF, with its
high statistics, provides the best sensitivity.

The CP-violating phasé can be measured in approximately 70% of éhparameter space
for sin? 2613 ~ 10-2. Some sensitivity ta is achieved fod| ~ 90° down to sif26;3 > 104,
We again find that this setup outperforms all Super-Beamsl@méd/ 3-Beam scenarios. It is,
however, outperformed by the highHe/Ne3-Beam and by the NF. In this case the best sensitivity
is achieved by the higlp-He/Ne 3-Beam covering more than 90% of tldeparameter space for
sin?26;3 ~ 10~2 and with some sensitivity down to $if6;3 > 5x 107°.

As for the sensitivity to the mass hierarchy, we find that the tierarchy could be identified
if sin>26,3 > 3 x 104 for any value ofd, with some sensitivity down to si26,3 > 104 for
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|8] ~ 90°. Only the NF (with sensitivity down to sfi26,3 > 6 x 10~° for any value of3) can in
this case beat the highti/B 3-Beam.

The combination of the two baselines, thus, provides gooditaty to the three observables.
Notice that, if the “medium” or the “ultimate flux” can be aekied, this would be the onfy-Beam-
based setup capable of simultaneously probing CP violatimhthe neutrino mass hierarchy in the
range sif263 € [3x 1074,1 x 10°2]. The main drawback is its low statistics compared to the
He/Ne setup (with a shorter baseline and larger detectdo) the NF-RS (whose flux is two orders
of magnitude above the most optimistic ion flux considere@he

In summary, we think that the combination of the “on peak” andgic” baselines at a high-
Li/B B-Beam is a very powerful tool to solve degeneracies and firw gensitivities to the most
relevant unknown parameters of the leptonic flavour sedtois setup is, however, limited by the
statistical error and would strongly benefit of any improeatnon the neutrino flux, detector mass
or efficiency.
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