Summary of the nuSTORM/ENUBET workshop
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Outline

* nuSTORM: neutrinos from stored muons
 ENUBET: monitored meson-based beams
e common aims, problems, opportunities!

A. Longhin, nuSTORM/ENUBET summary from Stefano Garau-SardegnaTurismo 1



Novel beams (muon based)

1) “clean” source (~ easy, “textbook” flux prediction)

~\

protons — (K*, ;') —»= | decays  —= v, /v — neutrino
detector

/

Pre-2012 the prevailing idea was that these superbe sources might be
needed to probe 0., down to 10° in long baseline experiments.



Novel beams (muon based)

1) “clean” sources (~ easy, “textbook” flux prediction)

protons —» (K*, ') —» p decays —»ve/v“—u- neutrino
detector

After-2012: large 9., allows to “attack” o, with the “old dirty” high intensity meson

based beams. Still ... a muon based beam (at lower E than the standard v-factory)
could be what we need to make superior cross section measurements at short
baseline to support the long baseline program — nuSTORM

Bonuses:
1) a relevant intermediate step in the path for a muon collider (6D cooling)
2) a test-bench to deepen the insight on possible exotic physics



Talk by G. Brunetti

Novel beams (meson based) ENUBET

2) Conventional “meson based” beams brought to a new standard — use a narrow band beam
and shift the monitoring at the level of decays by instrumenting the decay tunnel (tag high-
angle leptons) — remove the main limit to cross section measurements by reducing the flux
normalization uncertainty from O(5-10%) to ~O(1%).

7

g v/[v -
protons — (K, ') =~ K decays § _+ "+, Nneutrino
o detector

.

Hadro-production (p-target) uncertainties — by-passed by lepton “counting”

An ancillary Facility providing physics input to the long-baseline program: reduction of
systematics thanks to unprecedented measurements of the v, (and v ) cross sections


https://indico.cern.ch/event/855372/contributions/4406042/attachments/2304885/3921181/enubet_nufact_brunetti.pdf

Summary of the ENUBET/nuSTORM workshop

Clickable links

Talk by F. Pupilli

Talk by L. A. Ruso

Talk by F. lacob

Talk by M. Pari

Talk by J. Pasternak

Talk by A. Branca

Talk by P. Kyberd

Talk by R. F. Ximenez

A. Longhin, nuSTORM/ENUBET summary


https://indico.cern.ch/event/855372/contributions/4499013/attachments/2306267/3923586/enubet-nuSTORM-coomon_line-nufact21.pdf
https://indico.cern.ch/event/855372/contributions/4499005/attachments/2306230/3923520/LAR_nuSTORMv2.pdf
https://indico.cern.ch/event/855372/contributions/4499007/attachments/2306228/3923578/enubet_mp.pdf
https://indico.cern.ch/event/855372/contributions/4499004/attachments/2306195/3923454/Pupilli_ENUBET_tagger-detectors_2021-09-09.pdf
https://indico.cern.ch/event/855372/contributions/4499027/attachments/2306232/3923522/ENUBET_nuflux_sys_reduction_ABranca.pdf
https://indico.cern.ch/event/855372/contributions/4499006/attachments/2306231/3923521/nufact2021_iacob_v2.pdf
https://indico.cern.ch/event/855372/contributions/4499028/attachments/2306217/3923590/neutrinoFluxesFromnuSTORM.pdf
https://indico.cern.ch/event/855372/contributions/4516203/attachments/2306153/3923386/2021_09_09_NuFact2021_Possible_layouts_at_CERN_RFX_v3.pdf
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Energy spectrum of neutrinos from NuSTORM

nuSTORM implementation at the SPS -
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nUSTORM at the SPS

Physics Beyond Colliders study
Costing performed at CERN(*) and FNAL (PDR)
Layouts at ESS also looked into (see ESS workshop)

Maya Olvegard

Work package Base cost [MS]
Primary beam line 211
Target station 26.7
Capture & transport 10.8
|  Decay ring 89.3
i, Near detector hall 16.8
3 Site work 17.4
i CF ather 1.8

> Total

-29 32 40
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= [m]) By ST e e For sterile searches. For cross sections

other detector schemes could be more

(*) https://indico.cern.ch/event/837890/attachments/1921676/3196005/2019-10-21-nuSTORM-at-CERN_Feasibility-study-d1.pdf appropriate — see later


https://indico.cern.ch/event/837890/attachments/1921676/3196005/2019-10-21-nuSTORM-at-CERN_Feasibility-study-d1.pdf
https://indico.cern.ch/event/855372/contributions/4454097/attachments/2304462/3920343/ESS_nuSTORM_ring_2021-09-07.pdf




ENUBETI NP06 Talk by G. Brunetti A. Longhin, L. Ludovici, F. Terranova, EPJ C75 (2015) 155

ENUBET: 60 physicists, 12 institutions é
CEMS
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Aims at demonstrating the feasibility and physics performance of a neutrino beam where lepton production is
monitored at single particle level

Enhanced NeUtrino BEams from kaon Tagging ERC-CoG-2015, G.A.
681647, Pl A. Longhin, Padova University, INFN

 CERN Neutrino Platform: NP06

* Physics Beyond Colliders CERN study

Requires a collimated p-selected hadron beam

) Instn:umel}tedodecae/ region W — only decay products hit the tagger > manageable rates
K*—e’v " (large angle) e Requires a “short”, 40 m, tunnel (~all v from K, ~1% v from )
+ + 0 + + € €
K*=prv,ntor—p'v = (largeangle) 1 _, gonus: an “a priori” constraint on the v energy by exploiting
- v _and v, flux prediction from e'/p’ rates correlations between E and the position of interactions in the

detector (narrow band beams)

1) Design/simulate the layout of the hadronic beamline

1L 2) Build/test a demonstrator of the instrumented decay tunnel


https://indico.cern.ch/event/855372/contributions/4406042/attachments/2304885/3921181/enubet_nufact_brunetti.pdf

The ENUBET hadron beamline ~ #egq ... -2

* Focuses 8.5 + 5% GeV/c

4.5x10" POTfy —
10*v_“ on 500t @ 100m

from target in ~ 2 years

1073

-
o
IS

10°

Particles/PoT @ tagger

entrance

Focusing system: normal-conducting magnets (numerical aperture<40 cm):
quadrupoles & two bending dipoles (1.8 T field, 7.4° each)

quadrupoles

hadron
dump

Total bending of the beam w.r.t
the primary proton line: 14.8°
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https://indico.cern.ch/event/855372/contributions/4499007/attachments/2306228/3923578/enubet_mp.pdf

The lepton tagger

1 Lateral Compact Module

| 330am-43X,

(

Calorimeter

Longitudinal segmentation

Plastic scintillator + Iron absorbers

Integrated light readout with SiPM
- e*[n*/p separation
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Integrated photon veto
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ENUBET: lepton reconstruction Talk by F. Pupil

GEANT4 simulation of the detector, validated by prototype tests at CERN in 2016-2018.
Clustering of cells in space and time. Treat pile-up with waveform analysis. Multivariate analysis.

Hit map fOI' o F. Pupilli et al., PoS NEUTEL2017 (2018) 078
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https://indico.cern.ch/event/855372/contributions/4499004/attachments/2306195/3923454/Pupilli_ENUBET_tagger-detectors_2021-09-09.pdf

ENUBET: flux constraint

Not directly taggable components:
1) v, from K™ in the

— reduce by tuning the dump geometry/location

2) v, from K* in front of the tagger

(after
accounted for with simulation (~geometrical).

Uncertainty reduction for the tagged flux
component

Constrain the flux model by exploiting correlations
between the measured lepton distributions and the
flux — Fit the model with data and get energy
dependent corrections.

2" bend) ~10% contamination —

:
wm
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Talk by A. Branca
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https://indico.cern.ch/event/855372/contributions/4499027/attachments/2306232/3923522/ENUBET_nuflux_sys_reduction_ABranca.pdf

The demonstrator

WLS routing

tndoublt::

Talk by F. lacob

1.65M

Sampling
iron/scint calo

3D-printed fiber
concentrator

//// ///” Iy

A. Longhin, nuSTORM/ENUBET summary


https://indico.cern.ch/event/855372/contributions/4499006/attachments/2306231/3923521/nufact2021_iacob_v2.pdf

Joint opportunities

A. Longhin, nuSTORM/ENUBET summary 16



Fluxes "tunability”

NuSTORM: vary the channeled
muon energy from 1 to 6 GeV/c

ENUBET narrow-band off-axis
technique:

Bins in the radial distance from
the center of the beam — single-
out well separated neutrino
energy spectra — strong prior for
energy unfolding, independent
from the reconstruction of
interaction products in the
neutrino detector. Position is an
easy variable to reconstruct.

A kind of “off-axis” but without
having to move the detector
(thanks to the low distance of the
detector) !

A. Longhin, nuSTORM/ENUBET summary

vSTORM: v, Relative Event Rates at a 5mx5m Plane, 50m Beyond End of Production Straight
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Talk by P. Kyberd

vSTORM: v, Relative Event Rates at a 5mx5m Plane, 50m Beyond End of Production Straight
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https://indico.cern.ch/event/855372/contributions/4499028/attachments/2306217/3923590/neutrinoFluxesFromnuSTORM.pdf

Physics reach for cross sections Tl by L. e

B Quasielastic scattering

B better understanding of the initial state
m study of meson-exchange currents (or 2p2h)
B nuclear effects on PDF
m study of exclusive final states
W one- and two-nucleon knockout
W single and multiple pion production
® “Rare” processes
W strangeness production
m coherent meson production

g‘l.-‘ | ’ .

B Inelastic scattering T2 W single photon emission

' ' . "

® Shallow inelastic scattering i,o;‘

B Deep inelastic scattering 506
En.‘ E E ~———— BNB Flux at yBooNE (a.u) %3 SM rate (MiniBooNE LEE)
§0.2 'g 40— - GENIE o (G18_10a_02_11a) Expected 90% C.L
=gl R‘g - Flux Averaged GENIE <o>  +««--+ Runs 1-3 (6.9620 POT)

m characterization of v, vs v, differences B e — Rums023e0pon

o

30 Preliminary

20

v (m? 50 MeV 10%! POT)!

from M. Hostert

W trident scattering v v .
Cross section at the level " . .
m Possible ' contributions 7 y+  of10%0f CCOE al2 Gev Complement superior flux control with
SO T — - _d—u Magnetized detector excellent detectors!” (disentangle

with large Z nuclei is ideal.

B — o processes with the hadronic final states)


https://indico.cern.ch/event/855372/contributions/4499005/attachments/2306230/3923520/LAR_nuSTORMv2.pdf

Physics reach for exotic phenomena

Sterile 1 search

B »STORM has a unique sensitivity to light sterile neutrinos.
® v, appearance fromv, - v,
® v, disappearance from v, - v,
B 102! POT ~ 2 x 108 u* decays
B 1.3kt FD located ~ 2 km away from the ND
B |n a 3+1 sterile model:
10 L
%
N_ 1 F ?
=
99%, 1% Sys., Dis.
99%, 5% Sys., Dis. - o
n 99% EXCIUSION s
0.1 L g s 0.1 .
0.0001 0.001 0.01 01 0.01 0.1
sin®2e,, sin’28,,

Adey et al., PRD89 (2014)

B Heavy (keV-MeV) neutrino production in decays

Iy

K+ O>/ N
"y »

[

K+ @/ N

from M. Hostert

EXCess cvenis

Talk by L. A. Ruso

B Heavy (1-100 MeV) neutrino production in scattering
B Proposed as possible explanations of the MiniBooNE anomaly
Hy — -y, ete
B experimental v, e* , e*e distinction required
By, can be produced:
M EM (y mediator), transit. mag. moment Masip et al, JHEP 1301 (2013)
B NC (Z mediator), mixing Gninenko, PRL 103 (2009)

B BSM (Z' mediator) Ballet et al., PRD 99 (2019)
Bertuzzo et al., PRL 121 (2018)
Arguelles et al., PRL 123 (2019)

B Proposed as possible explanations of the MiniBooNE anomaly

MiniBooNE excess dala . MiniBooNE excess data
1284220 POT Neulrino-Mode 12 84220 POT Neuwrino-Mods

This Mocel 150 +— This Model
T M- 1216 GaV, M, - 0.140 GoV, T My= 1.215GeV, M, = 0.140 GeV

120l Sterile Neutrino Oscillation
Sin"26 - 0,684, A 7 - 0.04 sV

Starile Neutrino Oscillation
100+~ sin26 = 0,684, A i’ = 0.04 &V

Excess Events

B e v . 1 . N 1 1
08 1 12 14 1 08 08 04 02 0 02 04 08 08 1
Reconstructed Shower Angle [Cosine 8]

o2 04 a8

Reconstructed Visible Energy [GeV]

Z' mediator Ballet et al., PRD 99 (2019)
B On nuclear targets:

Vi (17,u) A—=vp(p) A coherent: light mediators

Vp(f’p) A — vp(7n) X < incoherent: heavy mediators


https://indico.cern.ch/event/855372/contributions/4499005/attachments/2306230/3923520/LAR_nuSTORMv2.pdf

Detectors to “live up” with excellent fluxes

Material “Same as far”

Ar pDUNES

H,O

2

WCTE

H/D

+ > granularity

GAr TPC

WAGASCI/
NINJA

H bubble
chamber

Talk by F. Pupilli

LAr TPC - ProtoDUNESs

ProtoDUNE-SP and DP @ CERN represent an excellent option for @ x € measurement:

* Very same technology as the DUNE Ffar detectors

* Almost full containement of the neutrino interaction (unlike the ND-LAr of DUNE)

* ProtoDUNE-SP response to charged particles already fully characterized in EHN1 exposure

Drift volume

+ 7.2x6 m?transverse dimensions

« 7 m length in the beam direction

* ~400 ton mass

\ cPa -
Sensing planes composed by 3

- ‘ \ on each
Drift Volurme-beamy 'ﬁ side
3.6 AN I R

APA (1-3)
\Dnﬁ Volume ﬁam right,

3
s the middle

Kichannel (ke)

200 300
Wire Number

HPTPC with Argon

The simultaneous use of a liquid and a gas phase TPC could be an ideal solution to
decouple the neutrino cross section (@) in Argon from the detector efficiency (g)

An example is provided by the TPC of the DUNE ND-GAr, whose design is inherited from ALICE one

OUTER FIELD
CAGE g CO: GAP

A\, READOUT WIRE
A\ CHAMBERS

* Argon-CH4 mixture at 10 bar
* R=2.5m

* L=5m

* ~1.8 ton active mass

CENTRAL HV
ELECTRODE

INNER FIELD
CAGE

DUNE-ND-CDR

ENDPLATE rXiv:i2103.13910

2 3
&
Main advantages: 3 o8 ]
& expected to push it
0.6 down to 5 MeV with |

* Excellent momentum resolution (B field) ML techniques

* Improved particle-id (especially p/n 0.4
separation)

* Significantly lower energy threshold - full 02

characterization of the hadronic system
(low-E p and n) 0 50

100 150 200
Proton KE (MeV)

M. Hartz
CERN SPSC 13/04/2021

Calibration System

|

&3

Tank

mPMT Array /
Structure

measurement in water:

Base Plate

Acryic dome —
Stamoss soe ring

Stainless steel backpia

Sciniitator panel
Support pilars.
_Main Board

Water Cherenkov Test Experiment | L.nthonytalkin wGs on /05

The exposure of a small WC detector is planned in 2022-2023 @ CERN
to pursue R&D studies for future detectors including the Hyper-K far one

H WCTE proposal i
i CERN-SPSC-2020-005, SPSC-P-365

H=4m
R=4.1m
~50 ton fiducial mass

19 PMT (8 cm @) arranged in 128
multi-PMT optical modules

It could represent an interesting opportunity for the cross section

* Full prior characterization of the response to charged particles

* Despite the smaller PMT size (driven by the smaller Cherenkov
rings size) the detector technology and the event reconstruction
are very similar to those of HK

Should be complemented by a spectrometer for p measurement

+ Given the small mass, not possible to have enough ve-int.

with a moderate intensity beam like ENUBET, but still possible to
measure double differential cross section with v, (O(10) events)

High precision measurements in water

Fine-grained detectors with H,0 targets can be used to disentagle
the neutrino cross section from the detector efficiency

Side muon range
detectors

BabyMIND Grid scintillator
magnitized spectrometer WAGASCI

i
Plane scintillator

0.6 ton water target

+ Encompassed by a 3D grid-
« like structure of plastic
scintillator strips enclosing
cells of O(cm) size

v-H interactions

* The measurement of neutrino interactions with Hydrogen would provide a clean and solid
base to build reliable models not affected by nuclear effects scalable to higher Z materials

It would also be major asset for electroweak nuclear physics and the study of nuclear media

x10%
asfT

Indirect approaches exploiting the transverse
momentum imbalance due to nuclear effects have
been recently proposed to disentangle hydrogen
interactions from those with other nuclei in
composite materials (like e.g. hydrocarbon targets)

40E-{ L Munteanu et al. Hydrogen
I Carbon

Carbon CCQE

CCQE Vp-p'n

o Nucleor' GeV']

[ Emutsontin ) Amicpian
o

Nuclear emulsion films and
iron plates intervealed in a
sandwich-like structure with
2 mm water layer

Saintilating
Fibor Tracker

Scintillating fiber tracker
downstream to timestamp
and match tracks in emulsion
L] 8 One INGRID module for
muon range measurement
P-threshold:

200 MeV/c for p

50 MeV/c for

Caoling
sheltor

ing oy
S pers Slonioes

A. Hiramoto et al.
Phys. Rev. D 102, 072006 (2020

20|
isidemodules (Steel Duyang, B. Guo, S. Mishra, R. Petti, Phys. Lett. B 2019, 795, 424 3 =
(I— i X ,B.Guo, S. , R. Petti, , 795, : Spy=lpie B
‘““"[a/ gl:btef,ﬁ;c'D":‘ Sel;':z)nfgirfor Munteanu at al, Phys. Rev. D 101, 092003 (2020) L ogg o Pr=lpi+pi
i Y P . Hamacher-Baumann, X. Lu, J. Martin-Albo, Phys. Rev. D 102, 033005 (2020) 5
WAGASCI target P muonp : P Y T T 5
E. Noah talk @ EPS-HEP2019 Pos 2019, 2019, 142 | . ) , ap,(GeV]
LS Afully unbiased measurement would be provided by using a liquid-H target
—— - NINJA (5 S S A

* Constraints posed by modern safety requirements
for underground experimental halls make this
option challenging

FERMILAB

15’ bubble

chamber

Recently in the SNOWMASS framework it has
been proposed a revival of the time-honoured
magnetized bubble-chamber technique with
modern digital camera technology and machine-
assisted reconstruction techniques to improve
precision and data analysis speed.

i L Alvarez-Ruso et al., Lol-Neutrino Scattering Measurements on Hydrogen and Deuterium



https://indico.cern.ch/event/855372/contributions/4499004/attachments/2306195/3923454/Pupilli_ENUBET_tagger-detectors_2021-09-09.pdf

Opportunities

The first stage of nuSTORM can be seen (simplistically) as an “ENUBET without a hadron dump” where pions and
muons are channeled into a ring. The “pion burst” neutrino component of nuSTORM is what ENUBET constrain
thanks to the instrumented tagger — room for smart ideas to match the requirements of the two experiments.

 common points: proton extraction line, target station, 1*stage of meson focusing, proton dump, v-detector

(7 v /v

protons = (K*, )\ K decays § ¢ » | neutrino
L ( ) iE*/u* detector

A

(protons — (K, ') = decays —b‘\‘e/‘vu—b neutrinoJ

detector
o

* Similar goals (high precision v-fluxes) — strengthen the physics case, involve the larger community.
* Natural/mandatory to look into possible common infrastructures to reduce the costs.
* Not straightforward though (devil in the details) — joint work, sharing of results, experience, tools: STARTED!



See also Efthymiopoulos
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Samelayout staged/mlxed operatlcm7 :

Option1 (“serial”): ENUBET is much smaller, less challenging
from the point of view of accelerator physics (key is really
background reduction keeping a large statistical sample) —
Same target+meson transfer line feeding ENUBET and, in a 2"
phase, the nuSTORM storage ring. How similar is the desired
phase space of mesons at the level of the tagger entrance /
storage ring ? Is it possible to design a transfer line being
flexible enough to feed a very well collimated 8.5 GeV meson
beam to an instrumented decay tunnel or a wider beam to | e _ _ |
match the storage ring acceptance ? Talk by J. Pasternak | - A 4 A ; : : : d

Option 2 (“parallel”): independent secondary beamlines fed by splitting of proton beamlines + two targets, same detector ?
a proton beam splitter. Parallel operation, more independence, e tost effective, more degrees offreedom/parallelization
Still would allow to optimize the target station costs. How
compatible are our proton extraction schemes? (F.E. vs S.E/burst
S.E.) How Flexible are we in respect to using the same proton
energy? Which one should it be ? Talk by F. Pupilli

Neutrino detector — an optimal design could be perfectly good IEQE
for both projects. The most significant difference is in the / ’]% -
position (close for ENUBET, after the straight section for == |
nuSTORM). movable detector ? double detector ? Use other

straight section of the racetrack for nuSTORM ?


https://indico.cern.ch/event/855372/contributions/4499013/attachments/2306267/3923586/enubet-nuSTORM-coomon_line-nufact21.pdf
https://indico.cern.ch/event/855372/contributions/4499004/attachments/2306195/3923454/Pupilli_ENUBET_tagger-detectors_2021-09-09.pdf
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* Horn can simultaneously provide the beams for
momenta of 5GeV/c and 7.5GeV/c
* The same current is assumed
« The optical conditions are not identical
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Talk by J. Pasternak

Splitting

x[m]

4 6 g 0

[} 2 4 8 ] 1 i

Tracking ~1000 particles along the common transport line with large
momentum spread (10%). The initial alpha and beta are assumed to
be the same. Good beam separation was achieved.

Conclusions

The preliminary design of the first part of the common transport line for parallel
running of ENUBET and nuSTORM was implement using a system with 5
guadrupoles and 4 bending dipoles that are placed alternatively to allow an effective
generation of x-axis dispersion for separating the beams for two facilities

» The current design requires quadrupole coefficients to be relatively large, and possibly requires to be
operated with superconducting quadrupoles with the field at the poles as large as 3.5 T, subject of further
optimization

« We also started working on FFA-type lattice
* No short stopper was found

Further work will include the design and performance studies of downstream parts
of the transport lines matched to ENUBET and nuSTORM experiments

» Optimization of lengths and beam parameters

= Investigation of flexibility for different operating modes


https://indico.cern.ch/event/855372/contributions/4499013/attachments/2306267/3923586/enubet-nuSTORM-coomon_line-nufact21.pdf

Compatibility of proton extraction schemes? [, oy pasternak | [Talkoy vt pari

Is the slow-extraction or burst-mode slow extraction needed by the ENUBET tagger compatible with nuSTORM?
In principle it could be, it would become more difficult to separate neutrino from muons from the initial burst of
neutrinos from meson decays. Could be solved by aligning the detector to the straight section of the racetrack
opposite to the injection one. This might also help having a shorter baseline for ENUBET and a longer one for
nuSTORM with the same detector. Some reduction in statistics for the baseline nuSTORM setup (with horn).
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https://indico.cern.ch/event/855372/contributions/4499013/attachments/2306267/3923586/enubet-nuSTORM-coomon_line-nufact21.pdf
https://indico.cern.ch/event/855372/contributions/4499007/attachments/2306228/3923578/enubet_mp.pdf

ENUBET/nuSTORM at CERN-PS p-collider Facility ? Talk by R. F. Ximenez

Talk by D. Schulte

» Possible synergies with nuSTORM/ENUBET if Target complex is shared such as
reduced costs, Radiation Protection, equipment, etc.

= Muon Collider facility and its integration/compatibility with nuSTORM/ENUBET should
be explored

= Other alternatives focused on muon collider demonstrator objectives could be
investigated

We are studying how working at 26 GeV would impact the current baselines
(SPS, 100 and 400 GeV). Do we need a new PS to do the physics in reasonable
amount of time ? (POT increase to cope with the reduction of primary yields).
Work in progress.

A. Longhin, nuSTORM/ENUBET summary 25


https://indico.cern.ch/event/855372/contributions/4516203/attachments/2306153/3923386/2021_09_09_NuFact2021_Possible_layouts_at_CERN_RFX_v3.pdf
https://indico.cern.ch/event/855372/contributions/4456520/attachments/2303915/3919730/neutrino.pdf

Conclusions

nuSTORM: offers an unprecedented statistics of well controlled v_ and a major
leap toward Neutrino Factories and the muon collider.

ENUBET: a narrow band neutrino beam at the GeV scale to measure at 0(1%) the
flux, Flavor and (at 10%) the energy using lepton-neutrino correlations. CDR and
preliminary costing in ~1y timescale.

A very stimulating brainstorming process is ramping up (also thanks to this
workshop!) to get the most out of these ideas. Aim is to provide an optimized and
convincing proposal that could serve the needs of the neutrino community. Let's
talk about this in the Round Table!
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DOSE vs XZ
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Talk by M. Pari
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https://indico.cern.ch/event/855372/contributions/4499007/attachments/2306228/3923578/enubet_mp.pdf

nuSTORM & ENUBET

Similar but at Replaced by straight
similar >300 m from target section of the ring (180
(ring straight section) m).

No. u kept: the most
interesting Flux parents.

Fast extraction (+horn)

NUSTORM 100 GaV



BSM and more opportunities

Low normalization errors is @ must to further constrain sterile neutrinos or STUDY them in the - exceptionally

exciting - scenario of having them discovered at FNAL!
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Tagged neutrino beams

Profit of advances/affordability of excellent
timing capabilities over large areas —

- time coincidences of v_and e*

Example with reconstructed e*
2.5x10' pot /2s with 20% eff. S/N 1.6

genuine K, cand. : — 1 every ~ 77 ns
background K ,cand. ~ 0.6 x — 1 cand / ~ 130 ns

Assumed time resolution:; 0.4 @ 0.4 ns

Flavour and energy determination at
interaction level are enriched by
information at the decay level.

Distance corrected At between tagged
leptons and neutrino interactions

\ t.<(tag/det)= 0.4/0.4 ns, e+ each 7.7e+01 ns, $/N untag 1.6 tag 5.7 efftag = 0.2
1 40j —all
120 — K true
100~ — K5 bckg
80/~
60
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