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Future oscillation experiments
This talk only on
¢ accelerator and atmospheric GeV-v

< v, flux*: v, disappear, v, appear

v, appearance cf. Tom Stuttard’s IceCube in S12 on Thursday
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Future Oscillation E,/GeV Detector Target
Experiment @Flux Peak Technology Nuclei
Hyper-K 0.6 WC H,O
ICARUS + SBND 0.8
LAr TPC Ar
DUNE 24
IceCube Cherenkov H.O
Upgrade 3-10 in ice 2
(v Mass
KM3NeT/ORCA Ordering/NMO wWC H,O
Atmos-v @ |sensitive region)
JUNO LS CHie

*Referring to neutrinos and/or antineutrinos implicitly depending on the context.
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http://www-pnp.physics.ox.ac.uk/~luxi/visos/

Interaction inside nuclei

4 v, Charged Current (CC) for v detection Neutrino
interaction
 GeV-v interaction: vN interaction embedded in nuclei (A) osciltation

Medium
effects

v 14

Medium effects—source of systematics

v’ v energy reconstruction, event classification
O Through initial state, vertex, final state

s Fermi motion & nuclear potential

¢ NN correlations < Multinucleon excitation
% Pauli-blocking s FSI

For details and impact on oscillation measurements, cf. preceding talks:
Natalie Jachowicz’s Theory of neutrino interactions
Laura Fields’s Overview of recent neutrino cross section measurements

Q? <1 GeV?
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Detector

Sensing v interactions

Embedded in detector, incomplete particle information

% Tracking/Cherenkov threshold s PID * Noise Neutrino
< Angular acceptance < Neutrals SN
oscillation
Proton Range Medium
VS 103 Hamacher-Baumann, XL, and Martin-Albo, Phys. Rev. D 102, 033005 (2020) effects
R IR EEE N B P 4 P T3
Kinetic Energy F || CH, (10 bar)
- | CHs (10 ban) P T
. 102 :_.E.---Gaseous Ar (10 bar) I ....... ,e” ..... ...... -
5 F {|- - Liquid Ar P N P
; i — Polystyrene
g.) " g
E 10 e AN 000
S
. © l
Sensor granularlty E ;Li0bargas~" : ::: . TraCklng threShOId
~mm-cm — ~ few MeV
1 ~10s MeV
o liguid/solid No momentum
1 10 10° measurement downwards

Proton Kinetic Energy (MeV)
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https://inspirehep.net/literature/1795086

1

Detector

Counting oscillated v
At (far-)detector, interactions cannot be measured with

Neutrino
unknown oscillated flux '"te;zgt'on
oscillation
Measurement = (flux x interaction) @ detector effects 3 p
) Model Medium
No two unknowns at the same time constr’t effects

Credit: Luke Pickering @ RHUL

- N
Q 0 42 Unoscillated
% T v, flux
O - Oscillated
> 0.3F
e B v, flux . _
3] - % Near detectors for accelerator-v experiments
i;) 0.2 % Non-accel: rely on externally constrained models
- N i % Unconstrained flavour and/or target nuclei
~ 0.1k Oscillated
W O
£ .-
S

0 2 4 6

E, (GeV)
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~
Jo Hyper-Kamiokande

Plastic scintillator tracker

 Also active target
% Tracking + calorimetry

Detector

Current role in studying v interactions
U Largest data set
O Systematic investigation i co mineERvA Eur Phys g ST 230, 4243 (2021)

Typical event display w/ plastic scintillator tracker 120 | | B I O O B B
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https://inspirehep.net/literature/1876492

=\
JoS Hyper-Kamiokande

Plastic scintillator tracker
1 Also active target

/

s Tracking + calorimetry

D T2K Upgrade/Hypel’-K ND (more later) SFGD

/

“* Homogeneous 4m acceptance Exclusivity: to measure all final
“» Lower tracking threshold states (except nuclear remnant)

Detector

T2K Near Detector ND280
FGD (Fine-Grained Detector)
planes of few-cm-thick bars

v Much improved exclusivity zéi?]tfilizglrogalgil?:sgg
ND280 Upgrade T2K. arXiv:1901.03750
sFGD (SuperFGD)

1-cm3 cube UAI Magnet

Blondel et al. JINST 13, P02006 (2018)

/

T2K, Nucl. Instrum. Meth. A 659, 106 (2011)
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https://inspirehep.net/literature/912952
https://inspirehep.net/literature/1713643
https://inspirehep.net/literature/1608906

DUNE

O FD (Far Detector)
% LArTPC (L|qU|d Al’gon TPC) DUNE, instruments 5, 31 (2021)

v' Mass-scalable for tracking + calo

For LArTPC technical details, cf. Angela Fava's LAr TPC R&D in
S19 on Saturday

J Near Detector ND-LAr

% Same technology as FD

O Near Detector ND-GAr (Gaseous

Argon)—Reference Design
% 10-bar argon-based gas TPC
% ~100 m3 gas volume surrounded by
calorimeter
» B-field provides sign selection

v Large statistics of v interactions on
gas

v 4m acceptance, very low tracking
threshold

v' Arguably ultimate exclusivity for v Exclusivity: to measure all final
interactions states (except nuclear remnant)
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https://inspirehep.net/literature/1854065

ProtoDUNE
LArTPC Demonstrator at CERN for DUNE FD

] Hadron beams of 0.3-7 GeV/c

% 4.7 mm wire spacing (same as FD)
v Versatile reconstruction in LAr

ProtoDUNE-SP
1 1 1 | 1 1

| 1 1 1 1 1 1 | 1 1 1
ProtoDUNE-SP
Photo Credit: CERN

| —— MC positrons
¢ Data positrons

— MC photons
¥ Data photons

e/y separation

Preliminary

Arbitrary Units

4
dE/dx [MeV/cm]


https://inspirehep.net/literature/1806875

ProtoDUNE
LArTPC Demonstrator at CERN for DUNE FD

J Hadron beams of 0.3-7 GeV/c

s 4.7 mm wire spacing (same as FD)

v Versatile reconstruction in LAr

v' hAr interactions to constrain v-int. FSI

v' Exclusivity + beam energy, can “see” inside argon nuclei

Exclusivity: to measure all final SN
states (except nuclear remnant) Photo r(oJerit' CE'RN

Exclusive event candidates DUNE, JINST 15, P12004 (2020)
ProtoDUNE-SP Run 5387 Event 23034 @2018-10-17 14:36:57 UTC

ProtoDUNE-SP Run 5387 Event 9259 @2018-10-17 13:15:05 UTC

Charge-exchange scattering candidate (data)

10 5200
5200 Quasi-elastic scattering candidateydata)
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w
o
o
o

2 +.. (40 0
Michel positron mtn (*"Ar) - np

6 £ 6 ¢
g g 7 4800 £
in 4800 PR 8
% g S 45
[= : g 4600 )
4600 2 2 2 g
Ky <
&) &)

2400 0 4400 0

-2 -2

4200
0 50 100 150 200 250 300 4200 150 200 300
Wire number Wire number

3 June, 2022, NEUTRINO2022 Xianguo LU / # £ F, Warwick 10


https://inspirehep.net/literature/1806875

Detector

SBND

SBN Far
Detect

MINIBZOke
DETECTOR

20~30 x current world vAr data

<+ Large statistics for v, and v,

/50MeV/m%/10%POT
3 .

LAriND

D(v)

-
Q
@
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Electron Neutrinos

| SBN Nr ‘

~SBN. arXiv:1503.01520

SBND Poster 7F. Majorana, MT05-383

SBND Simulation
|

|
CC Exclusive Channels

B v, CCOm, 27k Events
Ve CC 1%, 8k Events
= v, CC 119, 4k Events
~ HEm v, CC multi-pion, 6k Events |

Event Rates for 10 x 102° POT
in Active Volume (80m?3)

GENIE v3.0.6 G18_10a 02 1la |

Neutrino Energy [GeV]

Tail up to 3 GeV

1


https://inspirehep.net/literature/1347383
https://neutrino2022.org/virtual/posters_view?seq_no=383&topic=7&nPage=&nPageSize=&sel_topic=7&search_field=SUBMIT_NAME&search_str=Mun+Jung
https://inspirehep.net/literature/1347383

SBND

20~30 x current world vAr data

% 3 mm wire spacing (same as MicroBooNE and
ICARUS)

Detector
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Tagged proton

SBND

SBND Simulation

% 3 mm wire spacing (same as MicroBooNE and

ICARUS)
v" Proton tracking threshold ~ 40 MeV (277 MeV/c)
v" Proton tagging at vertex Collectidn
Exclusivity: to measure all final
states (except nuclear remnant)
1.0
SBND Simulation
vy CC with=1p
0.8
g 0.6 Induction 1
-g algo. tagged event
£ 0.41 vy +tAr-pu +p
____ Proton tracked . T = 12 Mev
0.2 - (Pandora pat. rec. algorithms) p
_____ Proton tagged through (1 50 MeV/c)
calorimetry at a vertex
0.0 —— Combined
0 20 40 60 80 100 Induction 2

Leading Proton Kinetic Energy [MeV]



1

Detector

Neutrino

interaction
for
oscillation 2

Medium
effects

Detector limit can be pushed,
but inside of a nucleus is
never allowed...
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1

Detector

Neutrino

interaction
for
oscillation
14 2

Medium
effects

Detector limit can be pushed,
but inside of a nucleus is
never allowed...

~

\.
~
input output ~

3 June, 2022, NEUTRINO2022 Xianguo LU / /& £ &, Warwick 15



1

Detector

PRISM (Precision Reaction Independent Spectrum Measurement)

Neutrino

interaction
for
oscillation
p.

Medium
effects

Detector limit can be pushed,
but inside of a nucleus is
never allowed...

input output
TKI (Transverse Kinematic Imbalance)
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https://creativecommons.org/licenses/by-sa/3.0

. beH er-Kamiokande
ws Hyper-Kamiokande "

“+ O FD: water Cherenkov
O ND: IWCD (Intermediate Water Cherenkov Detector)

% Same technology as FD
% 50 m vertical shaft @ 750 m from beam source
v 1°-4° off-axis (OA) angle (“PRISM Definition Part 1”)

Hyper-K Poster 7F. Majorana, MT05-404

2 Ton Crane Hyper-K, arXiv:1805.04163

Maintenanc: e _ Water Storage Tanks
Platfo

Water Purification
System

multi-PMT Module
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https://inspirehep.net/literature/1672899
https://neutrino2022.org/virtual/posters?sel_topic=&search_field=ABSTRACT_NUMBER&search_str=076
https://creativecommons.org/licenses/by-sa/3.0

al\d
bre Hyper-Kamiokande

vl Hyper-Kamiokande  yper € Posier T2 iorana TOS-02

giaadll (1 FD: water Cherenkov
O ND: IWCD (Intermediate Water Cherenkov Detector)

O/

s Same technology as FD
% 50 m vertical shaft @ 750 m from beam source

v 1°-4° off-axis (OA) angle (“PRISM Definition Part 1”)
» ~ 1% residual v,./v, beam components

v Large fraction at far-OA angle

v’ Constrain v /v, (besides v,/v,) cross sections on water
(enabled by active y shielding)

4

D)

L)

Hyper-K, J. Phys. Conf. Ser. 2156, 012121 (2021)

—_ x10™ ) . ><1012
’E 25: Move faster than v, —— 1 deg Off-Axis § 100— —— 1 Deg Off-Axis
£ r — 2.5 deg Off-Axis g [ —— 2.5 Deg Off-Axis
E 2°:— —— 4 deg Off-Axis é 80:_ —— 4 deg Off-Axis
15 50:_
: v, flux : v, flux
o 1 decay product 40:
L Sensitive to OA angle
S 20
0

| | | | |
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 00 ~""500 1000 1500 2000 2500 3000 3500 4000 4500 5000
True v Energy (MeV) True v Energy (MeV)
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https://inspirehep.net/literature/2037361
https://neutrino2022.org/virtual/posters?sel_topic=&search_field=ABSTRACT_NUMBER&search_str=076

| NN

» ¥
wss DUNE-PRISM

effects ND-LAr & ND-GAr > SBND-PRISM see Anne Schukraft's
< Up to 30 m off axis @ 574 m from beam source ARDS OB In B2 on Tueeday
v’ 0°-3 off-axis angle
v E, up to ~ 3 GeV, covering different interaction dynamics
v' Probe energy-dependent medium effects

DUNE, instruments 5, 31 (2021)

~

—
()]

T T T I T T T T I T T T T I
w
(E,) 10°® (/lem? /GeV /POT)

o(E )/E, 108 (cm? /GeV /Nucleon)

2
05
1
- [m) =
_— . %e?
-0 —_— 0
Channel mix E, (GeV)
evolves with OA DUNE, instruments 5, 31 (2021)
location
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https://inspirehep.net/literature/1854065
https://inspirehep.net/literature/1854065

> Previous mention:

we TKI (Transverse Kinematic Imbalance) . Han St Trursdsy
ffect : PN ’
““ = 0O TK orthogonal to unknown E, > Upeoming: o saturday
O Embed in imbalance created by
** Nucleus “contacting” medium v' Signature imbalance probing inside nuclei

¢ Detector loss & secondary interactions X Mock nuclear effects | Exclusivity: to measure all final
states (except nuclear remnant)

o
v
/’

\\<l

Nuclear target (4 > 1)
» Fermi motion

> 2p2h

FSI

>

L)

CAR)

L)

Free nucleon target

L)

J
00

L)

J
00

L)
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Medium TKI L0

effects . Pr
Transverse boosting angle
XL et al. Phys. Rev. C 94, 015503 (2016) “Boosting” “Dragging”

Lo vy 12 - .
QE-like:v "“C - u™p (by ?) (by dissipation)
s 2p2h, RES (= production + absorption) °

v' Energy dependence (12K, MINERVAE, ~ 0.6, 3 GeV) /\\5 or
Y| N\ AP r— 5
4"\-)’6aT
-42 .47 '

X10 — T ' ' T T T T T T T T AEN':O' SﬁT

I —e— MINERVA ]
= P GiBUU T=0 2N, : 18.0/12
§ ool —aiBu T=1;2,me:15,9,12 | = x10'4? | IMI{\IEIRVA, thsl.Relv.Llett. 121, 0225|04 (2018)
S | XK § L GIBUU =13 ]
s | GiBUU T=0 »x*/N i 19.2/8 (@) 20 C - QE _ _
3 | — GiBUU T=1X2/Né:34.4/8 é’ [ [ RES v - p p
> S VA * 2p2h D [ mmDIs :
35 vi2¢ S up * RES © 15 @ 2p2h 1 % 2p2h
= Develop above S | —= QE-like Data | « RES
o 107 + e ,l— ........ |7 T2K energy e} i 1 Dragging =
& + - ’ —l NE 10 { Energy carried
% t——"" ............. - 8 i ] away by
5 O - 5 1 unobserved
S MINERVA, PRL 121, 022504 (2018) 2 r 1 particles

- T2K, Phys. Rev. D 98, 032003 (2018) <

O T I TS S B o) O
0 50 100 150 © 0 50 100 150
da; (degrees) do., (degree)
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https://inspirehep.net/literature/1410087
https://inspirehep.net/literature/1673175
https://inspirehep.net/literature/1673175
https://inspirehep.net/literature/1654927

Medium TKI

relate different nuclei w/ * RES (soft pion)

(6

No boosting,

.y
effects . Pr
Transverse boosting angle
XL et al. Phys. Rev. C 94, 015503 (2016) “Boosting” “Dragging”
‘Lo vy 12 — .
QE-like:v “C - u™p (by ?) (by dissipation)
s 2p2h, RES (= production + absorption) °
v' Energy dependence (12K, MINERVAE, ~ 0.6, 3 GeV) /\\5 or
v’ Target dependence 3 PN =l
+ Further transverse decomposition yr
% \ a
v" Removal energy ci. MINERvA, PRD 101, 092001 (2020) /‘ -
DUNE. | apt=0" O
107 . Instruments 5, 31 (2021)_
% 0.25;— S{?ﬁ:g&‘giﬁ:&emamce . = x10*® MINERVA, Phys.Rev.Lett. 121, 022504 (2018)
% 0.25_ === all .QE B E GiBUU »2=13 ]
o [ [l Wos S 20 mmaE .
& o015 [M202n £ [ mmnREs
s Ut $ [ EmDIS
E [ v¥r-up © 15[ g 2p2h
= o S [ —= QE-like Data
. . o] C K®) L
Predicted target scaling: <« C =
Powerful benchmark to § 0.05¢ * QE Ng 10t
s
3
%®)
D
5
©

minimum model ot . . i

dependence? 2 1 ; just Fermi _

Need experimental o 15 Ratioto °C ; motion I

validation first! = =——b T (b T ] 00 50 100 150
05020 20 80 80 100 120 140 160 180 6(11- (degree)

da.; (degree)
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https://inspirehep.net/literature/1854065
https://inspirehep.net/literature/1410087
https://inspirehep.net/literature/1759868
https://inspirehep.net/literature/1673175

Exclusivity: to measure all final
states (except nuclear remnant)

Emulated nucleon momentum
+ Assumed exclusivity w/ remnant
v' Fermi motion “="” Remnant recoil

v
o
» %

Furmanski and Sobczyk, Phys. Rev. C 95, 065501 (2017)
XL and Sobczyk, Phys.Rev.C 99, 055504 (2019)

Assuming target remnant "'C*

Pn = \/5pr2r—|—5p%

MINERVA, Phys.Rev.Lett. 121, 022504 (2018)

(o)}

v12¢ S pp

N

\V)

n

do/dp (cm?/GeV/c/nucleon)

(=)
O —
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https://inspirehep.net/literature/1486239
https://inspirehep.net/literature/1716116
https://inspirehep.net/literature/1673175

Exclusivity: to measure all final
Medium TKI states (except nuclear remnant)
1u

Emulated nucleon momentum 7
+ Assumed exclusivity w/ remnant
v' Fermi motion “="” Remnant recoil

effects

Assuming target remnant "' C*

P4
. — 5, 2 + 5, 2
Pn = Pt Pr, s
(]
4 n

(SOAT\'
Furmanski and Sobczyk, Phys. Rev. C 95, 065501 (2017)
XL and Sobczyk, Phys.Rev.C 99, 055504 (2019) x1 O_39 MINERVA, Phys. Rev. D 102, 072007 (2020)
- GIBUU =72
3L vi2¢ s upn® - SESMOO
s 1

+ Combining all hadrons i @8 RES multi=® ]
L DIS 1 .
v" Probe beyond QE [ @ DIS multi-n®
S 2 N —a— 1° Data y

v

% vn >upn

/7

S vp oupnt
T2K, Phys. Rev. D 103, 112009 (2021)

—h
T LI —

n

do/dp (cm?/GeV/c/nucleon)

o
O T T

0.2 0.4 0.6 0.8
p_(GeVic)
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https://inspirehep.net/literature/1845154
https://inspirehep.net/literature/1486239
https://inspirehep.net/literature/1716116
https://inspirehep.net/literature/1780811

W v /v, interactions

trt , _ CRE UL
" 0 5. requires v, and 7, appearance L = N B
v' Suppress v, and v, bkg in beams \-g’ - = -
2 o TS ........................-..-..-..-..-.._.._.,,..\.-..-..-..'..'. ................
 Need v, /v, interaction data S L e -_
5 ____-"“r:""‘-------"______--"'-“"““"- ......... __
4 v,-A + lepton universality constrains o _.,;:.:._:._::?3;t_tt.i:::_;‘_;‘_;;.;.;.:..:..;:,;:,:::_._..._._.,._._.;.-.-_-;;_-T-;;;::;;.-::::::r::::rr:rr:rrr:ritfirtittiittiiiiitiiiiiiiE
v,-Ato 18t order precision S fe tsics oy :
. . \ ] . = 2_ .................................................... moroved svst. (v v xsec. error 2.7% __
A Oscillation requires 2" order precision oy T TR 2015 opst. (oo s ermor 0%
v' Higher statistics and better-understood N T S S S S STt
fluxes Hyper-K preliminary HK Years (2.7E21 POT 1:3 viv)

True normal ordering (known)
sin*(0,5) = 0.0218 sin’(0,;) =0.528 IAmj,| = 2.509E-3

/ . Hadronic/nuclear \
Lepton mass correction
2 + Q2 response
E tree;level me
y =
2 (Eg — Py COS 9g>
Lepton observables

s QED radiative corrections and lepton mass
\ “nudge” Q2, shifting internal (q,, g3) phase Space/




v /v, interactions
J Enhanced NeUtrino BEams from kaon

Tagging (ENUBET)
< v, from e™ tagging for K* -» % *v,
» v, from u* tagging
» Flux uncertainty ~ 1%

CR )

)

L)

*

D)

L)

i

|

v, CC o (10*° cm?/nucleon)

| ]
30 A :
quadrupoles )ecay tunn Im,L=40m hadron | —
dump . ENUBET - tagged beam
20 : L 1# ENUBET v<€ rates (a.u.)
y T . T2K
I0 > . Gargamelle
[ 4 a NOvVA
- B T 7, A GENIE 2.86 +/- 15 on '2C
.. Primary protons 10— [
- L]
L
0? ooy o
0 1 2 3 4 5 6 7 8 9 10

E, (GeV)


https://inspirehep.net/literature/2053505
https://inspirehep.net/literature/2053505

Model

constr’t

v /v, interactions
d 6.prequires v, and v, appearance Q v from STORed Muons (nuSTORM)

v' Suppress v, and v, bkg in beams < vV IV, lv, fluxes from u* decays
Q Need v,/7, interaction data v 1% or better flux precision
- K

6D cooling demonstrator

4 v,-A + lepton universality constrains T ——————— .- 0

o Target T 0OCS = [ Detector

v,-A to 15t order precision

Q Oscillation requires 2" order precision
v Higher statistics and better-understood -
NuSTORM, arXiv:2203.07545
fluxes NUSTORM, arXiv:2203.07545
| nIuSTORM Preliminary 1 i | nIuSTORM Preliminary 1
v, flux (2206v2) 1 i Vv, flux (2206v2)

= B p. (GeVic) +16% | = B p (GeVic) £ 16% |
g 3 os7 g 3 " o057
% —1.16 % —1.16
E —1.80 £ —1.80
5 —2.46 | S L —2.46 4
g 2f he 1 g 7 R
J i —6.00 ] 8 i —6.00 ] . .
S | nuSTORM@CERN | & | nuSTORM@CERN |  Oscillation-relevant
= 17 - ] = 17 ] energy regime
& v, flux & v, flux

% T4 6 % 2 4 6

E, (GeV) E, (GeV)
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https://inspirehep.net/literature/2052496
https://inspirehep.net/literature/2052496

vl NMO with atmospheric v Future Detector | Target
st O v energy & angle for L/E-variation Oscillation E/GeV | echnology | Nuclei
Experiment
lceCube Cherenkov in
. H,0O
Upgrade 3-10 (NMO ice
1 1 KM3NeT/ORCA | sensitive WC H,O
Atmos-v region)
@JUNO LS CH46
% . E: Extra-Galactic
ﬁ 107 EE . . Galactic
_g TG EE Accelerator
§ g 10" EE SuperAr\lt(r)l;gspherlc
§ 10'“‘;%
_1 " “o 3 10&;
f:eutrino Ene:;y [GeV] 10 ::: ;g Big Bang Volume ‘_ Threshold
GeV-v interaction more critical and challenging I NI S IR

10*  10? 1 102 10* 10° 10®° 10" 10 10" 10" 10"
Neutrino Energy (eV)

MeV TeV


https://inspirehep.net/literature/1236362
https://inspirehep.net/literature/1632446

vl NMO with atmospheric v Future Detector | Target
el () v cnergy & angle for L/E-variation S(SC'"?“O”t E\/GeV | Technology | Nuclei
1 No near detector peTmen :

% flux x interaction ambiguity IceCube Cherenkovin |, 4
Q Sensitive to new unknowns Upgrade | 3.10 (NMO ce
% E.g. unconstrained low-momentum KM3NeT/ORCA |  sensitive WC H,O
proton production (450 MeV/c Atmos-v region) s CH
common tracker threshold) @JUNO 1.6
% Impact on very-low-threshold calo
%1073 JUNO Poster 7F. Maorana MTQ5-217

—_
(6)]

' Honda qux@JUNO v CC on carbon
GENIE 3.2.0 G18 10a_02_ 11b
------ GENIE 3.2.0 G18_10b_02_11b |
. —— GiBUU 2021, patch 1
N NuWro 21.09, LFG

hN 7
i ihA

1 Dedicated GeV-v interaction measurements:

MINERVA Medium Energy data
v E, peak at 6 GeV, tail up to 20 GeV
v' CH and nuclear targets
v’ ~ 10 M-event data set

—
o
T T T T T

Proton spectrum 1
from atmospheric v 1

d(mo)/dp (cm?/GeV/c/nucleon)
(6]

Q
3
.,
‘0,
‘,
lr,
<Q
",
o
s
,,,,,,,
.....

o 02 04 06 08 1
p(GeV/c)

3 June, 2022, NEUTRINO2022 Xianguo LU / # £ F, Warwick 29


https://neutrino2022.org/virtual/posters?sel_topic=&search_field=ABSTRACT_NUMBER&search_str=268

Summary

Future oscillation experiments require surgical precision inside a black box

Measurement = (flux x interaction) @ detector effects

Technology pushing the limit of exclusivity
O Plastic scintillator tracker Detector
d Liquid Argon TPC

Exclusivity: to measure all final
states (except nuclear remnant)

Dedicated ex situ interaction measurements

. ) Model
Q v./v,interactions constr't
O Atmospheric NMO measurements

Neutrino
interaction

for
oscillation
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Novel analysis methods
O PRISM flux scan
O Signature TKI
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Awaiting the future

2Lt Technology: neutrons
v' v energy budget and event classification—missing piece for exclusivity

» Tagging and calorimetry exist
» 4-momentum determination on the verge (e.g. time of flight)

Medium

~=+ Analysis methods: v-hydrogen interaction
v' Complete removal of medium effects

» Established: statistical subtraction between targets
» ldeas: exclusivity + TKI event-by-event selection using mass-scalable H-based compounds

v Ex situ interaction measurements: precise nuclear response

v’ Break flux x interaction ambiguity
» Electron scattering + exclusivity for initial-and final-state effects (not vertex)
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Collaborations Kinematics Targets Scattering
E12-14-012 (JLab) E. = 2.222 GeV Ar, Ti (e, €)
(Data collected: 2017) 6. = 15.5, 17.5, Al, C (e,€'p)
20.0, 21.5
6, = -39.0, -44.0,
-44 5, -47.0
-50.0
ednu/CLAS (JLab) E.=1,246GeV H,D, He, (e,€)
(Data collected: 1999, 2022) f. > 5 C, Ar, 4Ca, e, P, M, T,
48Ca, Fe, Sn in the final state
LDMX (SLAC) E. =40 GeV (e, €)
(Planned) 0. < 40 e,p,n, T
in the final state
Al (MAMI) E. =16 GeV H, D, He (e, €)
(Data collected: 2020) C, O, Al 2 additional
(More data planned) Ca, Ar, Xe  charged particles
eALBA E. = 500 MeV C, CH (e, €)
(Planned) - few GeV Be, Ca

Table 1: Current and planned electron scattering experiments [46]

Electron-scattering experiments:

Known beam energy as constraint
Usually less often demanding full
acceptance (angle and
momentum) for exclusivity

Could be improved in dedicated e-
scattering detectors for neutrinos.

Contact: Federico Sanchez federico.sancheznieto@unige.ch
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DUNE, instruments 5, 31 (2021)
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* Dimensions in mm

DUNE Near Detector: SAND
O STT (Straw Tube Tracker)

s Polypropylene/CH, tuneable (passive) target
% Interleaved w/ 5 mm tube tracking layer
v" Rich program of v interactions on hydrogen

5
A,
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https://inspirehep.net/literature/1854065
https://inspirehep.net/literature/1854065

O ProtoDUNE-Horizontal Drift: closer to FD final design

O ProtoDUNE-Near Detector: ArgonCube 2x2 at NuMI| beams
s Demonstrator for DUNE ND-LAr
% Optically separated modules, pixelated readout (4 mm pitch)
v' Cope with pile-up expected at ND-LAr
< v, and v, beams peaked at 6 GeV

DUNE, instruments 5. 31 (2021)

simulation

el
Sandwiched by repurposed MINERVA detector components
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MINERVA LE data
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| (b) MINERVA LE data
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https://inspirehep.net/literature/1780811
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Low Energy, peak at 3 GeV
Medium Energy, peak at 6 GeV

.10'* Neutrino flux

. Medium Energy VM

Medium Energy ‘V}l

- Low Energy Vp

Low Energy Vp

ME 12.1 x 102° POT
LE 4.0 x 10%° POT

* Data accumulation
measured by
proton-on-target (POT)
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MINERVA
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Anti-neutrino flux

X

—

Q
(&)

——— Medium Energy 'V',t

- Medium Energy VM

Low Energy VP«

Low Energy Vll

ME 12.4 x 102° POT
LE 1.7 x10%° POT
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