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The ENUBET project is studying a narrow band neutrino beam where lepton production can
be monitored at single particle level in an instrumented decay tunnel and that could provide a
1% measurement of the neutrino flux at source. The three body semi-leptonic decay of kaons
monitored by large angle positron production offers a fully controlled νe source at the GeV scale
for a new generation of short baseline experiments. The ENUBET Collaboration presented at
NuFact2018 the first end-to-end simulation of the beamline, the physics performance and the
results of the test beam performed on the positron tagger. We reported ENUBET expected fluxes
for νe and νµ .
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1. Monitored neutrino beams: the ENUBET approach

2. The transfer line
The ENUBET transfer line has to focus and transport a collimated beam of pions and kaons
with high efficiency, limited losses by decays and low beam-induced background. The optimization
of the optics is performed with TRANSPORT [2] using a reference momentum of 8.5 GeV/c and a
momentum bite of 10% while particle transport and interactions in the beamline are simulated with
G4beamline [3]. Two options have been investigated: a horn-based beamline employing a pulsed
horn between the target and the transport line and a static system where the transport and focusing
line is implemented directly after the target and the field in the focussing or bending elements do
not vary in time.
Though the horn-based solution would provide higher yields at the decay tunnel one has to
consider the horn pulse limit (<10 ms) and the tagger rate limit that would be reached with ∼1012
protons on target (POT) per spill. The static transfer line on the other hand only requires a single
slow extraction and is beneficial in terms of pile-up effects in the tagger. Preliminary results obtained with the static option look very promising: by using a triplet-dipole-triplet scheme we obtain
hadronic rates at the decay tunnel entrance that are 4 times better than the first estimate presented
in [1]. Moreover, this solution would also offer the possibility of event-by-event tagging by coincidences between νe at a far detector and e+ at the tagger. In Tab. 1 our expected rates for the two
configurations are reported. A schematic view of the static transfer line is shown in Fig. 1.

3. The positron tagger and detectors R&D
The reference design of the positron tagger is based on calorimetric units (UCM) made of five,
15 mm thick, iron layers, interleaved with 5 mm thick plastic scintillator tiles. The total thickness
1
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Neutrino cross sections play a crucial role in the oscillation physics of the next generation
νµ → νe experiments and are mainly limited by the estimate of the initial flux that relies on the
simulation of the beam line and on the limited knowledge of the hadro-production in targets. The
ENUBET project [1, 4] addresses this problem by developing a neutrino source based on tagging
of large angle positrons from the three body semi-leptonic Ke3 decays (K+ → e+ π 0 νe ) in an instrumented decay tunnel. This technique may lead to a reduction of the systematic uncertainties on the
knowledge of the initial neutrino flux to ∼1%, i.e. one order of magnitude lower than at present
neutrino beams.
In the present ENUBET configuration the decay tunnel to be instrumented consists in an hollow cylinder with a length of 40 m and a 1 m radius. The maximum expected rate at the detector
(positron tagger) is about 200 kHz/cm2 and e/π separation better than 3% is needed to reject the
pion background due to beam halo and to other kaon decay modes. This separation is achieved
by means of longitudinally segmented calorimeters. Photons produced by π 0 decays are vetoed by
plastic scintillator pads located just below the calorimeter. The photon veto also provides a precise
timing of the positrons. These requirements constrain the detector technology, that must be based
on radiation hard components with O(10 ns) recovery time and 10 cm2 granularity.
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Focusing

π + /POT [10−3 ]

K + /POT [10−3 ]

Extraction Length

Factor w.r.t. [1]

Horn-based
Static

77
19

7.9
1.4

2 ms
2s

×2
×4

Table 1: Expected rates of π + and K + in [6.5÷10.5 GeV/c] range at the decay tunnel entrance for the two
possible focusing schemes. The improvement factor in kaon transport with respect to [1] is shown in the last
column.

of the UCM module corresponds to 4.3 X0 and its transverse size is 3×3 cm2 . The readout is
performed through WLS fibers coupled to silicon photomultipliers (SiPM). Doublets of plastic
scintillator tiles (3×3 cm2 surface and 5 mm thickness for ∼0.02 X0 ) provide e+ /π 0 separation.
This photon-veto also provides the absolute time of the event (t0 -layer). During 2016-2018 tests in
four two-week slots of data taking were performed to validate prototypes for the t0 -layer and the
calorimeters both in shashlik and lateral readout modes [5, 6, 7, 8]. At present, both options fulfill
the requirements of ENUBET and a final decision will be taken in 2019 based on the result of final
tests in 2018.
During the lifetime of the experiment the SiPM will integrate a neutron fluence of O(1011 )
1 MeV-equivalent neutrons/cm2 . A dedicated irradiation campaign was performed in 2017 using
the CN accelerator at the INFN-LNL laboratories where neutron fluences up to 1012 n/cm2 were
integrated. UCM prototypes read out by the neutron irradiated SiPM boards were then tested at the
CERN-PS T9 beamline. The calorimetric performance of the detector were not compromised by
irradiation. During the beam test at CERN we were also able to perform the measurement of the
photon-veto time resolution and we validated the 1-mip/2-mip separation capability using photon
conversion from π 0 gammas.

4. The ENUBET narrow band beam
Assuming 4.5×1019 POT at the CERN-SPS, about 1.13×106 νµ -CC and 1.4×104 νe -CC interactions will be observed at a neutrino detector (500 t fiducial mass) located 50 m from the end
of the tunnel. A narrow band beam such as ENUBET not only provides a beam with a precisely
measured flux but also a measurement of the neutrino energy that does not rely on the reconstruction of final state particles. This feature (“narrow-band off-axis technique”) results from the narrow
momentum bandwidth of the beam and the finite transverse dimension of the neutrino detector. The
energy measurement exploits the correlation between the energy of the neutrino interacting in the
detector and the radial distance (R) of the interaction vertex from the beam axis. The centroid of the
2
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Figure 1: Schematics of the static line design.
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distribution of the vertices of interacting neutrinos could be determined very well in a short time
with a high-granularity detector like a LAr TPC (cm level precision). The radial distance could
then be measured on an event by event basis with an extremely good resolution. The incoming
neutrino energy can be determined with a precision given by the pion peak width of the spectrum
at a fixed R. It ranges from 7% at 3.5 GeV to 22% at 0.8 GeV.
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