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The rationale of ENUBET
The knowledge of neutrino cross section is stuck at 10-30 % level and the needs of the neutrino community are at 1% 
level because:

Å Leading systematics for long baseline experiments Ҧ Neutrino Oscillation Physics

Å Limited possibility to validate nuclear electroweak effects (άnucleus and nuclear correctionέ) Ҧ Electroweak physics

Å Neutrino generators based on different approach still provide results with >50% discrepancies Ҧ  Nuclear Physics  

Fromthe EuropeanStrategyfor ParticlePhysicsDeliberationdocument:

To extract the most physicsfromDUNEand Hyper-Kamiokande, a complementaryprogrammeof experimentationto determineneutrino
cross-sections and fluxes is required. Several experiments aimed at determining neutrino fluxes exist worldwide. The possible
implementationandimpactof a facility to measureneutrinocross-sectionsat the percentlevelshouldcontinueto be studied.

Fromthe PhysicsBriefbookfor the EuropeanStrategyfor ParticlePhysics(arXiv:1910.11775)

Both nSTORMand ENUBETare to a large extent site-independent concepts,studies and R&D; however both consider a possible
implementationat CERN. FornSTORM, underthe auspicesof the PBCprogram,an initial studyof implementationat CERNwascarriedout,
andno showstoppershavebeenidentified. ForENUBETthe option of usingSPSasthe proton driver hasbeenconsideredin greaterdetail
with a possiblesite in the North Areaandthe ProtoDUNEsasneutrinodetectors.
A dedicatedstudy should be set-up to evaluatethe possibleimplementation,performanceand impact of a percent-level electron and
muonneutrinocross-sectionmeasurementfacility (basedon e.g. ENUBETor nSTORM) with conclusionin a few yearstime.



A harmful ignorance
Å Major impact on the sensitivity of DUNE and HyperKamiokande

(already dominant in T2KΧ) 

For a review seee.g. NuSTECwhite paper, arXiv:1706.03621

Å Modeling of nuclear effects in neutrino interactions 

N. Rocco, Nufact2022

DUNE 

J. Paley, Nufact2022

HyperK



What is needed for a new generation cross-section facility?

Å Measure the neutrino flux of a xsect-dedicated short baseline beam with a precision <1% in ne and nm . Fluxis the 
dominant systematics. Generally known at 10% level with a few notable exceptions 

Å Combinehadroproductiondata+ v-e scattering(5-10%). World record: arXiv:2209.05540(3.3-4.7%!)

Å Monitored neutrino beam(this talk) 0.5-1 %

Å Muon storagering (nuSTORM) <1%

Å Measure the energyof the neutrino without relying on the final state to get rid of all biases coming from nuclear 
reinteractions 

Å Narrow band beams combined with movable detectors (rough approximation of a άmonocromaticbeamέ)

Å Monitored neutrino beam άNarrow band- off-axis techniqueέ (this talk)

Å Use the same target ad DUNE and HyperK+ low Z target (existing or new experiments)

Å Some information available from near detectors (but, then, issues with flux × cross-section deconvolution)

Å New experiments with existing or novel detectors along a short-baseline beam (following the success of dedicated 
experiments like Minerva) 

Å Statistics (double differential cross sections)

Å Not an issue for nm. O(104) ne  in conventional beams and monitored neutrino beams

Å O(106) in all flavors using muon storage rings (nuSTORM)

For a review seee.g. A. Branca et al., Symmetry 13 (2021) 9, 1625 



What is ENUBET?
ENUBET is the project for the realization of the first monitored neutrino beam.

× ENUBET: ERC Consolidator Grant, June 2016 ςMay 2021 (COVID: extended to end 2022). PI: A. Longhin;

× Since April 2019: CERN Neutrino Platform Experiment ςNP06/ENUBET ςand part of Physics Beyond Colliders;

× Collaboration: 65 physicists & 13 institutions; Spokespersons: A. Longhin, F. Terranova; Technical Coordinator: V. Mascagna;

to neutrino 
detector

Visit our webpage for further info and 
material!

https://www.pd.infn.it/eng/enubet/
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K+

άMonitored neutrino beams are beams where diagnosticcan
directlymeasurethe flux of neutrinosbecausethe experimenters
monitor the production of the lepton associated with the
neutrinoat the single-particlelevel.ά
(Wikipedia)

https://www.pd.infn.it/eng/enubet/


ENUBET: the first monitored neutrino beams

How do we achieve such a precision on the neutrino cross-section, flavor composition and energy?

protons
target

Transfer Line

“Ⱦὑ

“Ⱦὑ

proton 
dump

instrumented
hadron dump

calorimeter

photon veto
shielding

Monitored ’flux from narrow-band beam

measure rate of leptons monitor ’flux

A. Longhin, L. Ludovici, F. Terranova, EPJ C75 (2015) 155

× ERC project focused on: 
measure positrons (instrumented decay tunnel) from ὑ determination of ’ flux;

× As CERN NP06 project: 
extend measure to muons (instrumented decay tunnel) from ὑ and (replacing hadron dump with range meter) “

determination of ’ flux;

Main systematics contributions are bypassed: hadron production, beamline geometry & focusing, POT;

Conventional beamline with 
instrumented decay tunnel

L = 50m

’-Det
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The 2020 breakthrough: a high-intensity horn-less neutrino beam

When we first proposed ENUBET, we were aiming at a beam where the leptons in the decay tunnel are 
produced  at slow  rate because we were afraid of pile-up and saturation of the instrumentation in the tunnel

Original design: a horn pulsed every 100 mswith a 10 mspulse (άburst proton extractionέ) 
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First demonstrationof this proton extraction
schemein 2018at CERN-SPS

M. Pari, M. A Fraser et al, IPAC2019 

2020 design (άstatic focusing systemέ): a neutrino beam without a horn where focusing at 8 GeV/c is
accomplishedby quadrupoles(likee.g. NuTeVbut at muchlower energy!)

Thedesignwasso successfulthat it achieveda flux that is just 2 times smallerthan the correspondinghorn-
baseddesignbut protonsareextractedin 2 seconds!!Ratesreducedby more than oneorderof magnitude!

https://doi.org/10.18429/JACoW-IPAC2019-WEPMP035


The ENUBET beamline (details in A. BrancaICHEP2022)

Transfer Line

Å normal conducting magnets;

Å quadrupoles + 2 dipoles 
(1.8 T, total bending of 14.8o);

Å short to minimize early K decays;

Å small beam size;

Tagger (decay tunnel)

Å length of 40 m;

Å radius of 1 m;

Dumps

Rates @ Tunnel entrance 
for 400 GeV POT

“ ρπ /POT ὑ ρπ /POT

4.13 0.34

ρͯȢυX w.r.t. previous results

Large bending angle of 14.8o:

Å better collimated beam + reduced muons background + reduced ’ from early decays;

Transfer Line:

Å optics optimization w/ TRANSPORT(5% momentum bite centered @ 8.5 GeV) G4Beamlinefor particle transport and interactions;

Å FLUKA for irradiation studies, absorbers and rock volumes included in simulation (not shown above);

Å optimized graphite target 70 cm long & 3 cm radius (dedicated studies, scan geometry and different materials);

Å tungsten foil downstream target to suppress positron background;

Å tungsten alloy absorber @ tagger entrance to suppress backgrounds;

Dumps:

Å Proton dump: three cylindrical layers (graphite core -> aluminum layer -> iron layer);

Å Hadron dump: same structure of the proton dump -> allows to reduce backscattering flux in tunnel; 8

Full facility implemented in GEANT4:

Å Controll over all paramaters;

Å Access to the paricles histories;

assessment of the nu flux systematics

primaty protons



The ENUBET beamline:optimization studies

An optimization campain is ongoing:

Å Goal: further improvement of the “Ⱦὑflux at tunnel entrance 

while keeping background level low;

Å Strategy: scan parameters space of beamline to maximize 

FOM;

Å Tools: full facility implemented in Geant4 -> controll with 

external cards all parameters-> systematic optimization with 

developed framework based on genetic algorithm;

Theseare the ICHEP2022 results. Optimization
completedin Oct2022. Finalresultsin Jan2023

Opt. parameters: 

apertures and shapes of 

last two collimators

FOM dependence on opt. parameters

FOM = signal/background

Signal: “Ǫὑ@ tagger 

enterance

Background: ὩǪ“hitting 

tunnel walls

Rates @ Tunnel entrance 
for 400 GeV POT

“ ρπ /POT ὑ ρπ /POT

Design 4.13 0.34

Optimized 5.27 0.44

Å About 28% gain in flux -> 2.4 years to collect 104’ ;

Å Reduced backgrounds, but similar to signal shapes -> next step: 

improve FOM definition (include sgn/bkg distributions);

Background hitting tunnel 
walls

Å ρπ Ⱦὑ ʌ ρπ Ⱦὑ

Design 7 59

Optimized 2 35
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ⱨ▄
╒╒energy distribution @ detector

’CC spectra
A total ʉ statistics of ρπevents in ͯ ςyears (aim of the 

optimization: 9 1019 pot if implemented at CERN SPS)

Å@ SPS with τȢυɇρπPOT/year;
Å 500 tonne detector @ 50 m from tunnel end;

Contributions to ’ from 
the different parts of the 

ENUBET facility
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ProtoDUNE-SP (NP04)


