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ENUBET (Enhanced NeUtrino BEams from kaon Tagging) project: 
monitored neutrino beam with an instrumented decay tunnel

Neutrino flux systematic uncertainties reduction: O(1%)
 → improve by ~1 order of magnitude the precision on ν

e 
cross section

Novel ν
e
 source from  K+  e→ e + π0 νe decays, monitored at single particle level by 

calorimetric techniques  tagging the e→ + in an instrumented decay pipe (40 m long)

Positron tagger requirements:
✔ radiation hardness
✔ cost effectiveness

Hadron beamline: new narrow band beam (8.5 GeV ± 10%) based on conventional accelerators 
and existing infrastructures

 → Collects, focuses, transports K+ to the e+ tagger
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Requirements:
✔ Maximize number of K+ at tunnel entrance 
✔ Minimize total length of the transferline (~20 m) to reduce kaon decay losses
✔ Small beam size: non decaying particles should exit the decay pipe without hitting the walls 
✔ Keep under control level of background transported to the tunnel
✔ Use of conventional magnet field and apertures (normal-conducting, aperture < 40cm)

 
Focusing system: a quadrupole triplet before the bending magnet
Optics: optimized with TRANSPORT to a 10% momentum bite, reference momentum 8.5 GeV 
Particle transport and interaction: full simulation with G4Beamline

Two quadrupole triplets, one bending dipole (7.4° bending)
Advantage w.r.t. horn-based line: strong reduction of the rate (pile up) in the 
instrumented decay pipe. 
The single resonant slow extraction over O(s) times is less challenging than 
a horn-based beamline  
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Larger bending angle (15.2°)

Reduces the beam halo background (muons) and the untagged 
neutrino component at the far detector (ν produced in the 
straight section of the transfer line are less probable 
to reach the detector)

Static focusing - double dipole beamline

Magnetic horn placed between the target and the quadrupoles. Pulsed with large currents (2 ms pulse, 180 kA 
at 10 Hz). Need to “synchronise” proton extraction with current pulsing  → more challenging than the single 
resonant slow extraction over O(s) times!

The horn option has the advantage of a more efficient focusing

Under development and experimentally tested at CERN-SPS 
(CERN-BE-OP-SPS, F.Velotti, M.Pari, V.Kain, B.Goddard)

Burst slow extraction – horn-based beamline

https://ipac2019.vrws.de/papers/wepmp035.pdf
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Conclusions 
Collection efficiency comparison of the horn-based and static beamlines (G4beamline full simulation):

Protons on Target (PoT) to get 104 ν
e

CC with a 500 t detector:
✔ 0.5-7 × 1021 static focusing - single dipole beamline 
✔ 0.5-5 × 1020 pulsed extraction - horn based beamline 

Static transferline offers several advantages
✔ No need for fast-cycling horn
✔ Strong reduction of the rate (pile-up) in the instrumented decay tunnel
✔ Pave the way to a “tagged neutrino beam” (ν interaction at the detector associated in time with the 

observation of the lepton in the decay pipe)
 → configuration still under optimization 

Focusing 
system

π/potpot
(10-3)

K/potpot
(10-3)

Extraction 
length

Horn 77 7.9 2 ms

Static 19 1.4 2 s
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Thanks! 

See you at poster session 
for more details
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