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The rationale of ENUBET et

The knowledge of neutrino cross section is stuck@B0 % level and the needs of the neutrino community ard %t
level because:

A Leading systematics for long baseline experim&hiNeutrino Oscillation Physics
A Limited possibility to validate nuclear electroweak effeétsu€leus and nuclear correctipbElectroweak physics
A Neutrino generators based on different approach still provide results vit¥s>discrepancieBh Nuclear Physics

Fromthe EuropeanStrategyfor ParticlePhysicdDeliberationdocument

To extract the most physicsfromDUNEand HyperKamiokandea complementaryprogrammeof experimentationto determine neutrino
crosssections and fluxes is required Several experiments aimed at determining neutrino fluxes exist worldwide. The possible
implementationandimpactof a facility to measureneutrino crosssectionsat the percentlevelshouldcontinueto be studied

Fromthe PhysicBriefbookfor the EuropeanStrategyfor ParticlePhysicqarXiv.191011775

Both nSTORMand ENUBETare to a large extent site-independent concepts, studies and R&D however both consider a possible
implementationat CERNFornSTORMunderthe auspicesf the PBQorogram,aninitial study of implementationat CERNvascarriedout,

and no showstopperdhavebeenidentified. For ENUBEThe option of usingSP&sthe proton driver hasbeenconsideredn greaterdetail

with a possiblesite in the North Areaandthe ProtoDUNE&sneutrino detectors

A dedicatedstudy should be setup to evaluatethe possibleimplementation, performanceand impact of a percentlevel electron and
muon neutrino crosssectionmeasurementacility (basedon e.g. ENUBE®r nSTORMwith conclusionn afew yearstime.




A harmful ignorance DUNE

. DUNE Sensitivity <= No systematics
. . e . . = Normal Orderin lomina nsitiv|
A Major impact on the sensitivity of DUNE argperKamiokande 10[sin'z6, = 0.088 - 0003 i
. . - sin’0,; = 0.580 unconstrained ... Known Perfect Model
(already dominant in 2KX) " 10 years (stagea) — 1Bk
8 5 Biases
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Systematic uncertainties
Beam mode Neutrino
SK sample 1 Ring p-like 1 Ring e-like 1 Ring e-like 1de
Flux 5.1% 4.8% 4.9% 4
Cross-section 10.1% 10.3% 12.0%
sK 2.9% 4.4% 13.4%
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What is needed for a new generation cresgction facility? ‘j@gt

A Measure the neutrino flux of &sectdedicated short baseline beam with a precisidf4<inn, andn,, Fluxis the
dominant systematics. Generally knownl#B6 level with a few notable exceptions

A Combinehadroproductiondata+ v-e scattering(5-10%9. World record arXiv220905540(3.3-4.7%!)
A Monitored neutrino beam(this talk) 0.5-1 %
A Muon storagering (nuSTORYK1%

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

A Narrow band beams combined with movable detectors (rough approximatiormoaocromatichbeare)
A Monitored neutrino bearmsiNarrow band off-axis techniqué (this talk)

A Use the saméarget ad DUNE andlyperK+ low Z target (existing or new experiments)
A Some information available from near detectors (but, then, issues withxftugsssection deconvolution)

A New experiments with existing or novel detectors along a shasgeline beam (following the success of dedicated
experiments like Minerva)

A Statistics(double differential cross sections)
A Not an issue fon,, O(L0% n, in conventional beams and monitored neutrino beams
A O(L09) in all flavors using muon storage rings$TORMW

For a reviewseee.g. A. Branca et aBymmetryl3(2021) 9, 1625



What is ENUBET? "Dy

<&t
ENUBET is the project for the realization of the first monitored neutrino beam. )
| ,:P' 'I:l I %y ‘\ ] (f v .’g-, .'1 i~ 1
" "FLUKA
dMonitored neutrino beams are beams where diagnostic can A LR Ll
directly measurethe flux of neutrinosbecausehe experimenters
monitor the production of the lepton associatedwith the
neutrino at the singleparticlelevel & v
(Wikipedia) K+ A
o 1000 2000 o 3030 4020 5"“{0 neutl‘an
n detector

x ENUBET: ERC Consolidator Grant, 2006¢ May 2021 (COVID: extended to erkD22). Pl: A.Longhin
x Since Apri2019 CERN Neutrino Platform ExperimemMiFO6/ENUBET, and part of Physics Beyond Colliders;

x Collaboration65 physicists & 3 institutions; Spokespersons: Bonghin F. Terranova; Technical Coordinatoitéscagna

(" Visit our webpage for further info and )
material!
https://www.pd.infn.it/eng/enubet/

Welcome to the ENUBET webpage “
\

Enhanced NeUtrino BEams from kaon Tagging %
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Enhanced NeUtrino BEams from kaon Tagging



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

ENUBET: the first monitored neutrino beams ‘jggt

[ How do we achieve such a precision on the neutrino esession, flavor composition and energy? }

airfisres ? (o S rarehErE] BEsr } | ' A.Longhin L. Ludovick: Terranova, EP¥&(2015 155

instrumented calorimeter

‘hadron dump

_ Mmeasure rate of leptons monitor’ flux

p
Conventional beamline with ] J

instrumented decay tunnel

()
target R

protons - f
|
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K+
Transfer Line “ TO

shielding

photon veto

x ERC project focused on
measure positrons (instrumented decay tunnel) from determination of  flux;

x As CERN NIB project:
extend measure to muons (instrumented decay tunnel) flom and (replacing hadron dump with range metér)

determination of  flux;
Main systematics contributions are bypasseldadron production, beamline geometry & focusing, POT; 6



extracted intensity [p*/s]

The2020breakthrough: a highntensity horn-less neutrino beam — Su

7 St

When we first proposed ENUBET, we were aiming at a beam where the leptons in the decay tunnel a
produced aslow ratebecause we were afraid of pilgp and saturation of the instrumentation in the tunnel

Original designa horn pulsed ever#00mswith al10mspulse @burst proton extractios)

Burst-mode slow extraction in SPS
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- Continuous spill

| —— Burst extracted spill
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First demonstrationof this proton extraction
schemen 2018at CERPEPS

M. Pari M. A Fraser et al, IPAQL9

2020 design (cstatic focusing systeng): a neutrino beam without a horn where focusingat 8 GeV/c is

accomplishedy quadrupoleqlike e.g. NuTeVbut at muchlower energy!)

Thedesignwas so successfuthat it achieveda flux that is just 2 times smallerthan the correspondinghorn-
baseddesignbut protonsare extractedin 2 seconds!'Ratesreducedby more than one order of magnitude!


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

The ENUBET beamlin®tails in ABrancalCHEP2022)

Transfer Line Tagger (decay tunnel)

normal conducting magnets; A length of40m;

quadrupoles 2 dipoles A radius ofl m;
(1.8T, total bending 014.8);

short to minimize early K decays;

small beam size;

primaty protons

Large bending angle df4.8:
A Dbetter collimated beam + reduced muons background + reducdtbm early decays;

Transfer Line;

tungsten foil downstream targeto suppress positron background;
tungsten alloyabsorber @ tagger entranc® suppress backgrounds;

To To To Do o

Dumps:
A Proton dump three cylindrical layers (graphite core aluminum layer> iron layer);

K* XY at Tunnel Entrance

¥ {mm)
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Rates @ Tunnel entrance
for 400GeV POT

4.13 0.34

.t

“ pm /POT 0 pm /POT

x p@XWw.r.t. previous results

optics optimization wW/TRANSPOR%Y% momentum bite centered @.5GeV)&ABeamlinefor particle transport and interactions;
FLUKAor irradiation studiesabsorbers and rockolumes included in simulation (not shown above);
optimized graphite targef70cm long &3 cm radius (dedicated studies, scan geometry and different materials);

" Full facility implemented in GBEA4. )
A Controll over all paramaters;
A Access to the paricles histories;

\_ assessment of the nu flux systematig

A Hadron dump same structure of the proton dumyz allows to reduce backscattering flux in tunner;

S



The ENUB —’]eaml|neopt|m|zat|on Stud|es [ Theseare the ICHER22results Optimization

completedin Oct2022 Finalresultsin Jan2023
J

FOM dependence on opt. parameters

FOM = signal/background

Sgnal:“ QU @ tagger
enterance

Background Q Q“ hitting
tunnel walls
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l Opt. parameters: Rates @ Tunnel entrance
. . * i ]
apertures and shapes of for 400 GeV POT pm /POT v pm /POT &7
last two collimators :
T dy Design 4.13 0.34

H
dx

. . .. . Optimized 5.27 0.44
An optlmlzatlon Campain IS ongoing.

Prel i &
A Goal: further improvement of tHéfu flux at tunnel entrance _- "’"hqry

while keeping background level low; _
Design 7 59

A Srategy. scan parameters space of beamline to maximize
FOM: Optimized 2 35

A Tools full facility implemented in Geaht> controll with o . X
external cards all parameters systematic optimization it About28% gain in flux-> 2.4 yearsto collectt0* Yoy,

developed framework based on genetic algorithm; A Reduced backgrounds, but similar to signal shapeext step:
improve FOM definition (include sgn/bkg distributions);
Q




hE fenergy distribution @ detector ‘j@gt

'’ CC spectra

A totala statistics ofp 1tevents irx ¢ years (aim of the

0.0004

. . . e - é 0.0014 f— — Tgt l
optimization:9 10 pot if implemented at CERN SPS) . = J—'_'_|—|_ —Te
o —— After1stBending
0.001 :— — After2ndBending
E ‘l_L — Tagger
0.0008 — hDump
n.noms:— — pDump

0.0002
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Contributions to0  from
the different parts of the
ENUBET facility
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