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The pioneering experiment of R. Davis [1] has started
the era of neutrino astronomy. Because they only have
weak interactions with matter, neutrinos are precious
messengers of what happens in the interior of stars, like
our sun, or in explosive phenomena, such as Supernova
type II explosions. Such astronomical neutrinos therefore
provide an important source of information for our understanding of the life (and death) of stars. Nuclei are commonly used as detectors in neutrino observatories as well
as in various experiments aiming at studying intrinsic
neutrino properties, such as their masses, and mixings.
A precise knowledge of neutrino-nucleus cross-sections
is needed for the interpretation of these measurements
and/or to study the feasibility of new projects. The
understanding of neutrino-nucleus interactions is also of
crucial importance for various astrophysical processes. A
timely example is that of the nucleosynthesis of heavy elements during the so-called r-process. If the latter takes
place during the explosion of Supernovae type II, where
a gigantic amount of energy is emitted as neutrino of
all avors, nal abundances depend on several nuclear
properties, among which the interactions with neutrinos
[2{8].
Neutrinos emitted from core-collapse supernovae have
typical energies of several tens of MeV. In the detection
on earth, they have impinging energies from ten MeV for
reactor and solar neutrinos, to the GeV and multi-GeV
range for atmospheric neutrinos and long-baseline experiments. The various theoretical approaches employed to
describe neutrino-nucleus interactions therefore involve
from nuclear to nucleonic degrees of freedom (for a review, see [9]). There are a number of open issues in this
context. The A=2 system is the simplest case, for which
the reaction cross sections can be estimated with high
accuracy [10]. However, there is still an important quantity, namely L1;A , related to the axial two-body current,
which dominates the theoretical uncertainty in neutrinodeuteron interactions. For heavier nuclei, in the tens of
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MeV energy range, the reaction cross sections are dominated by collective modes, like the Gamow-Teller resonance or the Isobaric Analog State, which have been
extensively studied in the past [11]. As the neutrino impinging energy increases, transitions to states of higher
multipolarity (such as the spin-dipole or higher forbidden transitions) become important [12]. The latter also
play an important role in the context of core-collapse supernova physics [4, 12, 13]. However, the experimental
information on these states is rather scarce. Note that
the understanding of neutrino-carbon reactions with neutrinos produced from the decay in ight of pions is still an
open issue, for most of the theoretical calculations overestimate the experimental value [14]. So far, measurements with low-energy neutrinos have been performed in
a few cases only, namely deuteron [15], carbon [16], and
iron [17]. Systematic studies would be of great importance both for what concerns the interpolation from the
MeV to the GeV neutrino energy range and the extrapolation to neutron-rich nuclei, as required in the astrophysical context.
Neutrino-nucleus interaction studies were one of the
main physics issues of the proposed ORLAND underground neutrino facility, which was based on a conventional neutrino source (pion and muon decays) [18]. At
present, the MINER A project [19] includes the study of
neutrino-nucleus interactions for neutrino energies in the
GeV range. Here, we study the potential of a low-energy
neutrino facility based on beta-beams, a novel method to
produce neutrino beams. This consists in boosting exotic
ions which decay through beta-decay and produce pure,
collimated and well-understood electron neutrino uxes.
Such method could be exploited for a future facility at
CERN [20, 21]. High energy beta-beams would be red
to a gigantic Cherenkov detector like UNO [22], located
in an (upgraded) Frejus underground laboratory to study,
in particular, the possible existence of CP violation in the
leptonic sector [20, 21, 23]. The discovery potential with
a very high and a longer baseline is discussed in [24].
It has recently been proposed to use the beta-beam
concept for the production of low-energy neutrinos [25].
Several laboratories will produce intense exotic beams in
the near future and could, therefore, be possible sites for

a low-energy beta-beam facility. These include GANIL,
CERN, GSI, as well as the EURISOL project. Lowenergy neutrino beams would o er an interesting opportunity to study various neutrino properties, such as e.g.
the neutrino magnetic moment [26], as well as neutrinonucleus interactions, of interest for nuclear physics, particle physics and astrophysics. In the former case, one
would exploit the ions at rest as an intense neutrino
source, whereas, in the latter case, one would use boosted
ions, which would be stored in a storage ring [25], as in
the original high energy proposal. An important feature
of such beta-beams is that the boost factor of the accelerated ions can be varied, allowing one to explore various
neutrino energy ranges.
In this letter, we present for the rst time chargedcurrent neutrino-nucleus interaction rates achievable at a
low-energy beta-beam facility. We consider two possible
cases for the dimensions of the storage ring, for which we
inspire ourselves of the one planned in the GSI upgrade
[27] and the one thought in the CERN baseline scenario
[20, 21]. We consider various target nuclei as neutrino
detectors, namely deuteron, oxygen, iron and lead, which
are commonly used in existing or planned experiments
[18].

I. CALCULATIONS OF THE NEUTRINO
FLUXES AND INTERACTION RATES
The decay rate of a nucleus in the rest (cm) frame can
be written as:
dW =  (E ) dE d2 ;
(1)
dt cm cm   4
where E and denote respectively the energy and the
solid angle of the emitted (anti-)neutrino, and where the
neutrino ux cm (E ) is given by the well-known formula
[28]:
p

cm(E ) = b E2 Ee Ee2 ; m2e F (Z; Ee) (Ee ; me ) :
(2)
where the constant b = ln 2=m5e ft1=2 , with me the electron mass and ft1=2 the ft-value. The quantities appearing in the above expression are the energy Ee = Q ; E of
the emitted lepton (electron or positron), Q being the Q{
value of the reaction, and the Fermi function F (Z; Ee),
which accounts for the Coulomb modi cation of the spectrum.
In the laboratory frame, where the boosted nucleus has
a velocity v = c, the decay rate reads:
dW = 1  (E ; ) dE d2 ;
(3)
lab 
 4
dt lab
p

where = 1= 1 ; 2 is the time dilation factor and
where E and  (; ') now denote the energy and
solid angle of the emitted (anti-)neutrino in the laboratory (lab) frame,  being the angle of emission with

respect to the beam axis. The boosted ux lab (E ; )
is given by:
]) :
(4)
lab (E ; ) = cm (E[1 ;[1 ;cos cos
]
We consider a storage ring of total length L with a
straight sections of length D. In the long-time, stationary
regime, the mean number of ions in the storage ring is
g, where  = t1=2 = ln 2 is the lifetime of the parent
nuclei and g is the number of injected ions per unit time.
The total number of neutrinos emitted per unit time from
a portion d` of the decay ring is
dN =  g  dW  d` :
(5)
dt
dt lab L
For simplicity, we consider a cylindrical detector of radius R and depth h, aligned with one the straight sections of the storage ring, and placed at a distance d from
the latter. After integration over the useful decay path
and over the volume of the detector, the total number of
events per unit time is:
dNev = gnh  Z 1 dE  (E ) (E ) ; (6)
 tot 

dt
0
where n is the number of target nuclei per unit volume,
(E ) is the relevant neutrino-nucleus interaction crosssection, and where
Z h
Z 
Z D
(`;z )
d`
dz
sin d  (E ; ) ;
tot(E ) =
lab 
L
h
2
0
0
0
(7)
with
tan (`; z) = d +R` + z :
(8)

Large versus Small Ring con gurations
The storage ring geometry is characterized by the length
of the straight sections D and by its total length L. Below, we consider the cases of a small (SR) and a large
(LR) ring con gurations, characterized by (DSR ,LSR )
and (DLR ,LLR ) respectively. The results in both con gurations can easily be related to one another Rby splitting
theR integral over the useful decay path 0DLR 
RD
SR + DLR in Eq. (7). Up to trivial 1=L factors, the
0
DSR
LHS corresponds to the LR con guration and the rst
term on the RHS to the SR con guration. The remaining integral can be given a simple analytical estimate if
one can neglect the angular dependence of the ux under
the integral. This happens when the angle under which
the detector is seen from the extremity of the SR decay
path  R=(d + DSR) is small compared to 1= , i.e. to the
typical opening angle of the boosted ux. In that case,
we obtain, for the total ux (7):
o
LSR n SR
LR
tot (E ) ' L  tot (E )+ G lab (E ;  = 0) ; (9)
LR

L x Φtot(Eν) [m x sec x MeV ]
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2
dt LR ' LLR  dt SR + (1 + ) F gnh hi ;
(11)
where we de ne the ux averaged cross section:
R1
hi = 0 dER1cmdE(E) ( (E(1 +) )E ) :
(12)
 cm 
0
It is to be noted that, when the detector is placed close to
the storage ring, as it is the case here, the total rate (6)

where the geometrical factor G is given by:


2
DSR
G = 4L (dR+ D ) 1 ; dd +
+ DLR : (10)
SR
SR
The overall factor LSR =LLR in (9) simply accounts for
the fact that the number of decaying ions per unit length
is smaller in a larger storage ring, and the second term
in brackets on the RHS represents the contribution from
the longer useful straight section. Figure 1 shows a comparison between the exact ux obtained with Eqs.(7)-(8)
in both the SR and the LR con gurations, and the analytic estimate Eq. (9), for the two possible detector sizes
considered in the following. We see that the analytical
formula (9) works very well in the cases considered here.
Besides, Figure 1 shows that the contribution from the
longer decay path only brings a  10% di erence for the
small detector and contributes a factor  2 for the larger
detector. This already shows that the main di erence between the LR and SR uxes comes from the geometrical
factor LSR =LLR ' 1=15.
Using the approximate formula for the total uxes, we
obtain an approximate relation between the total number
of events in the LR and SR con gurations:
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Here, we present charged-current neutrino interaction
rates with various target nuclei as obtained from Eqs.
(6)-(8) (Tables I and II). Four possible nuclei are taken
as typical examples, namely deuteron, oxygen, iron and
lead. The \small ring" we consider has 150 meter straight
sections and 450 meter total length, while the \large ring"
has 2.5 km straight sections and 7 km total length. The
detectors are located at a distance 10 meters from the
storage ring, to allow a maximum shielding of the induced
background in the ring [29]. For the detector size we inspire ourselves on the kinds considered for the proposed
ORLAND facility [18]. The transverse size is chosen so as
to catch as much as possible of the boosted ux, which
main contribution is concentrated in an opening angle
 1= . More precisely, we choose as typical dimensions
(R-radius, h=depth): R = 1:5 m and h = 4:5 m. We also
consider the case of a large (kiloton-type) water detector
with R = 4:5 m and h = 15 m. Finally, we have to specify the number of parent ions g injected per unit time in
the storage ring. According to the feasibility study [21],
2  1013 6 He/sec and 8  1011 18 Ne/sec could be produced
with an ISOLDE technique, giving about g = 1013 /sec
and g = 5  1011  /sec respectively [21]. An important

II. RESULTS

depends non-trivially on the geometry of the latter. For
instance, as discussed above, we observe an approximate
1=L scaling at xed D=L in the small detector case. This
is in contrast with the case of a far detector considered
so far, where the rate is simply proportional to the ratio
D=L of the straight sections over the total length of the
ring [33].

FIG. 1: Neutrino uxes scaled by the length of the storage ring L  tot (E ): The exact results obtained with Eqs.(7)-(8) with
a small storage ring SR (solid lines) and a large storage ring LR (long-dashed lines) are shown. The left (right) gure shows the
uxes impinging on the small (large) detector (the sizes are given in Tables I and II). For the small detector (left), the LR result
obtained with the analytical estimate (9) coincide with the exact result and is not represented here for clarity. For the large
detector (right), it is also a very good approximation as shown by the dotted-line. The contribution L  G  lab (E ;  = 0)
is also presented (dashed lines). All uxes are obtained with 18 Ne boosted at = 14.
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FIG. 2: Neutrino uxes tot (E ) as a function of energy for
18
Ne nuclei boosted at = 7 and = 14. This corresponds
to the small ring and small detector con guration.
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FIG. 3: The total rate for the reaction  + D as a function
of the boost factor . This corresponds to the small ring and
small detector con guration.

feature of beta-beams is that the number and average
energy of neutrinos entering the detector depend on the
boost factor of the parent ion, which can be varied.
We present results for two di erent values, namely = 7
(Table I) and = 14 (Table II). The corresponding neutrino uxes are presented in Figure 2 and range up to
about 50 and 100 MeV respectively. Note, in particular, that the = 7 spectrum covers the energy range of
interest for supernova astrophysics.
Let us discuss the number of events shown in Tables I
and II. The di erences between the  {induced versus {
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