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Near Detector Complex N (Anti-)neutrino beam (~600 MeV)
(280 m from production) “measures” produced at J-PARC
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Full ND280

Wall MRD

%

Proton Module WAGXSCI

Baby MIND ‘

Wall MRD

 Unmagnetised detector, consisting
of 16 identical modules, each
made of alternating iron (Fe) and

plastic (CH) layers « Water/CH lattice neutrino target
(WAGASCI) with a magnetised (1.5 T)
* Used to constrain non-hadronic iron and scintillator (BabyMIND) muon
beam systematics (e.g. off-axis range tracking detector
angle on a run-by-run basis), and
to monitor beam profile stability * Plans to start using in oscillation
analyses, and already producing cross
e Also measures cross sections for section results

neutrino interaction models

Tomislav Vladisavljevic (tomislav.vladisavljevic@stfc.ac.uk) 3

T2K’s near detector physics programme

SMRD

UA1T Magnet Yoke

Downstream

Barrel ECAL

Magnetised (0.2 T) composite detector: 2 Fine
Grained Detectors (2x 0.8 t target mass, mostly

CqHg and water) sandwiched between 3

vertical Time Projection Chambers (PID and
momentum measurements) + POD (mostly
carbon alternating with water target, lead foil or
brass foil) + ECal + SMRD (high energy muon
range)

Main constraint of flux and cross section model
parameters in the oscillation analysis + rich
suite of cross section measurements
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Neutrino flux model 2 :
5 0.8 — 0.0 degrees = INGRID —

» Flux tuning involves constraining the modelled hadron production 2 I = 1> degrees = WAGASCI -
with external data, most importantly NA61 data, but also data from 5. 06 = 2.0 degrees = ND280  —
other experiments (HARP, BNL, Eichten et al, Allaby et al etc) & i T2K neutrino flux at different

. . . . . 04— off-axis angles corresponding

° ~RO u
Atptilyl?lg this tlt(mlng brings us to flux uncertainties at the ~6% level - to INGRID. WAGASCI and
at the Tiux pead 0ol ND280 positions

External hadron production data usage: : E: II““““III

-‘-;;-».E.,.i! AEssB=cLcE :.E..; ........ e -— 3
NAG 2009 thin- target data NAG61 2010 replica- target data ‘ |
mt, K, p E (GeV)
ND280: Neutrino Mode (250kA), v
Ll_% : s Hadron Interactions dxE,, Arb. Norm.
_g 03—  —w—mimem Proton Beam Profile & Off-axis Angle ———- Material Modeling
. _ . _ § | e Horn Current & Field Number of Protons
NAG61 2009 thin-target data: NAG61 2010 replica-target data: T Hom & Target Alignment 5024 Total Flux Error

Eur. Phys. J. C 76, 84 (2016) Eur. Phys. J. C 79, 100 (2019)

Slightly higher error
due to contributions
from material

modelling and proton
beam profile

T2K replica-target
mounted at NAGT
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Neutrino interaction models

At ~0.6 GeV peak beam energy, neutrinos interact via charged current quasi-elastic (CCQE)

scattering, with subdominant contributions from, resonant CC1x (CC-Res) and deep-
inelastic (DIS) scattering

1% [~ i [~ Ul\/l_ Vl\/l/l
l\/ \/ P % 70
CCQE W~ CC-Res WV~ CC-DIS Wé NC@}Q‘)
'/@ & A7 @
T2K also probes neutral current
(NC) interaction channels

» But the target nucleons are not free, and the nuclear medium introduces various nuclear

effects e.q. initial nuclear state modelling (Fermi motion), multi-nucleon “2p2h” correlations,
final state interactions (FSI) etc.

Looks like CCQE after
FSI, even though it was

2 \/ [~ scattering off of a * \We define states based on the final
correlated nucleon pair track topology observed in the
detector after nuclear effects e.qg.

for CC interactions CCOx, CC1x
and CC-0Other

Schematic example of some
of the nuclear effects

5 Tomislav Vladisavljevic (tomislav.vladisavljevic@stfc.ac.uk)
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Neutrino interaction models

At ~0.6 GeV peak beam energy, neutrinos interact via charged current quasi-elastic (CCQE)

scattering, with subdominant contributions from, resonant CC1x (CC-Res) and deep-
inelastic (DIS) scattering

v-mode beam N%Jg IV 12CCC o1h
— NG e -1p
B Np2s0 CC-2p2h - CC-SPP

Bl SK Osc. (x109) ... CC-DIS

Q0
| | | |

Charged-current neutrino

Interaction cross section as a
function of energy, overlaid
on the T2K neutrino flux
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Cross section measurement history with the T2K beam

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
On water.
OnC On Fe, CH On Fe OnC,0O,H, 2DonC ’ . (=)
(FGD1) (INGRID) (INGRID) Cu (POD) FGD1) , Fe Inclusive v, charged-current
— ‘ / (INGRID)
OnC  On water nu+anti-nu, on CH nelusi (=) oroed-current
(FGD1) (POD) (FGD1) Nciusive LU e C g
(—) nu+anti-nu. On water, On water,
v charged- QEonC QEonC OnCH On water TKI, On CH on CH On O, C Anti-nu, on CH (I\?SQ%& CH
gurrent (INGRID) (FEGD1) (FGD1) (POD) (FGD1) (FGD1) (FGDs) water (POD) (WAGASCI INGRID) (WAGASCI-
pionless ‘ ' +PM) - BabyMIND)
On O QE on O, nu+anti-nu C)  utral-current bionless
(Super-K) (Super-K) U neutral-current p
(;)ﬂ charged-current with a COHon C On water 1 pi+,on 1 pi+, TKI, COH on C,
(;)e charged-current with a Pion(s), on
pion in the final state CH (FGD1)
(;) neutral-current with a 1 pi0, on water 1 pi+, on CH
pion in the final state (POD) (FGD1), PRL & PRD
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Cross section measurement history with the T2K beam

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
On water
OnC On Fe, CH On Fe OnC,0O,H, 2DonC ’ . (=)
(FGD1) (INGRID) (INGRID) Cu (POD) FGD1) , Fe Inclusive v, charged-current
‘ ' ‘ / (INGRID)
OnC  On water nu+anti-nu, on CH nelusi (=) Haraed t
(FGD1) (POD) (FGD1) nclusive v , charged-curren
(—) nu+anti-nu. On water, On water,
v charged- QEonC QEonC OnCH On water TKI, On CH on CH On O, C Anti-nu, on CH (I\?SQ%Q+ CH
gurrent (INGRID) (FEGD1) (FGD1) (POD) (FGD1) (FGD1) (FGDs) water (POD) (WAGASCI INGRID) (WAGASCI-
pionless ‘ ' +PM) = IBabyMIND
On O QE on O, nu+anti-nu C) utral ¢ oion
(Super-K) (Super-K) U neutral-current pionless
(;)ﬂ charged-current with a COHon C On water 1 pi+,on 1 pi+, TKI, COH on C,
(;)e charged-current with a Pion(s), on
pion in the final state CH (FGD1)
(;) neutral-current with a 1 pi0, on water 1 pi+, on CH
pion in the final state (POD) (FGD1), PRL & PRD
8 Tomislav Vladisavljevic (tomislav.vladisavljevic@stfc.ac.uk)



mailto:tomislav.vladisavljevic@stfc.ac.uk
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.092003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.092003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.052010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.052010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.072002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.072002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.052001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.052001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.012004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.012004
https://academic.oup.com/ptep/article/2019/9/093C02/5573875?login=false
https://academic.oup.com/ptep/article/2019/9/093C02/5573875?login=false
https://academic.oup.com/ptep/article/2019/9/093C02/5573875?login=false
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.241803
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112010
https://link.springer.com/article/10.1007/JHEP10(2020)114
https://link.springer.com/article/10.1007/JHEP10(2020)114
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.032002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.032002
https://arxiv.org/pdf/2503.06849v3
https://arxiv.org/pdf/2503.06843v3
https://arxiv.org/pdf/2505.00516v1
https://arxiv.org/pdf/2505.00516v1
https://arxiv.org/pdf/2505.00516v1
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.072012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.072012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.112009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.112009
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.192501
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.192501
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.012010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.012010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.112009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.112009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.112003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.112003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.012001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.012001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.032003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.032003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.012007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.012007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.012007
https://academic.oup.com/ptep/article/2021/4/043C01/6156643?login=false
https://academic.oup.com/ptep/article/2021/4/043C01/6156643?login=false
https://academic.oup.com/ptep/article/2021/4/043C01/6156643?login=false
https://academic.oup.com/ptep/article/2021/4/043C01/6156643?login=false
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112009

\  EP% 0.9 GeV

H

Grid scintillator
Plane scintillator

13

x 10°°

detector
schematic

Filled with water

5.0 cm

Wall MRD

Signal definition
Pion: p, > 0.3 GeV/c,

COS 6’ﬂ > (.34

Proton Module WAGASCI

1200

1000

800

600

400

Number of events (/2.96 x 10 POT)

200
— — SIS X B SRRS
3 e e T
ERSIRSIS GRS SRS SIS SSRGS SIS IS S SIS K]
1= D RS SRS IS R S SIS o 20 e Rt e e Se et
500 1000 1500 2000 2500 3000
P, MeV/c)

Tomislav Vladisavljevic (tomislav.vladisavljevic@stfc.ac.uk)

cm?

dPpt nucleon GeV/c

do

CCOrx v, interactions on hydrocarbon and water

Differential flux-integrated cross section result, in

muon momentum phase space, compared against

; 5: EREREN RN different generator predictions (NEUT and GENIE)
35_ * Postfit Range (GeV/c) -
- — NEUT 0.3 - 0.9 -
2.5 NEUT My =1.03, %’ 0.5-07 =
- — GENIE 0.7 - 0.9 -
2 |1 09-11 -
15:_ T 1.1 = 1.5 _:
= 1.5 - 5.0 -
1= ‘F T -
0.5 ¥ -
oF . T
: I I I | I I I | I I I I I I | I I I | I I I I I:

0 2 4 6 3 10 12
Bin index
Momentum bins 0-5 Momentum bins 6-11
CH results H20 results


mailto:tomislav.vladisavljevic@stfc.ac.uk

Cross section measurement history with the T2K beam

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
On water
OnC On Fe, CH On Fe OnC,0O,H, 2DonC ’ . (=)
(FGD1)  (INGRID) (NGRID)  Cu(POD)  (EGD1)  NGRID) nolusive w7, charged-current
On C On water nu+anti-nu, on CH . (=)
(FGD1) (POD (FGD1) Inclusive v , charged-current
(—) nu+anti-nu. On water, On water,
U charged- QEonC QEonC OnCH On water TKI, On CH on CH On O, C Anti-nu, on CH (I\?SQ%Q+ CH
gurrent (INGRID) (FGD1) (FGD1) (POD) (FGD1) (FGD1) (FGDs) water (POD) (WAGASCI INGRID) (WAGASCI-
pionless ‘ ' +PM) - BabyMIND)
On O QE on O, nu+anti-nu (-) .
(Super-K) (Super-K) U neutral-current pionless
(;)ﬂ charged-current with a COHon C On water 1 pi+,on 1 pi+, TKI, COH on C,
(FGD1) (FGD2) CH (FGD1) on C (FGD1) nu+anti-nu

pion in the final state

(-)

v . charged-current with a

pion in the final state

(=)

U neutral-current with a
pion in the final state

1 pi0, on water

(POD)

10

Pion(s), on
CH (FGD1)

1 pi+, on CH

(FGD1),

PRL & PRD

Tomislav Vladisavljevic (tomislav.vladisavljevic@stfc.ac.uk)



mailto:tomislav.vladisavljevic@stfc.ac.uk
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.092003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.092003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.052010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.052010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.072002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.072002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.052001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.052001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.012004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.012004
https://academic.oup.com/ptep/article/2019/9/093C02/5573875?login=false
https://academic.oup.com/ptep/article/2019/9/093C02/5573875?login=false
https://academic.oup.com/ptep/article/2019/9/093C02/5573875?login=false
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.241803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.241803
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112010
https://link.springer.com/article/10.1007/JHEP10(2020)114
https://link.springer.com/article/10.1007/JHEP10(2020)114
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.032002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.032002
https://arxiv.org/pdf/2503.06849v3
https://arxiv.org/pdf/2503.06843v3
https://arxiv.org/pdf/2505.00516v1
https://arxiv.org/pdf/2505.00516v1
https://arxiv.org/pdf/2505.00516v1
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.072012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.072012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.112009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.112009
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.192501
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.192501
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.012010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.012010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.112009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.112009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.112003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.112003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.012001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.012001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.032003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.032003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.012007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.012007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.012007
https://academic.oup.com/ptep/article/2021/4/043C01/6156643?login=false
https://academic.oup.com/ptep/article/2021/4/043C01/6156643?login=false
https://academic.oup.com/ptep/article/2021/4/043C01/6156643?login=false
https://academic.oup.com/ptep/article/2021/4/043C01/6156643?login=false
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112009

Entries / (350 MeV/c)

CCr" v, interactions on hydrocarbon: signal selection & background

CCr™ is the sub-dominant mode that EPek 0.6 GeV
contributes to the v, appearance signal in (@)

T2K/HK, and understanding it is important for -
better (&-p, 6;3) oscillation parameter -7t
constraints TPC Sample: y N
Signal definition Pion escapes FGD1 and enters
Pions: p_+ < 1.5 GeV/c downstream TPCs —er

Electron: p,- € [0.35, 30] GeV/c, cos 6,- > 0.7

Coloured stacked histograms show NEUT prediction
broken down by signal and background types (from truth)

T | I L
35k T2K FHC 11.6 x 10* POT =
¢ Data 115 .
30 NEUT 54.0 129 E
5 pe ] v.CC-rt* 62.1% E
B v.CC-0n 5.6% - FGD Sample:
20 B v.CC-other 5.1% — Pion remains in FGD1 and
v 16.1% E decays to a Michel electron via
15
Other 4.1% E n —H —€

[
-

N

~ 1000 2000 3000 4000 5000
Reconstructed p_ (MeV/c)

-
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CCr™ v, interactions on hydrocarbon: signal selection & background

e CCx™ is the sub-dominant mode that (b)

contributes to the v, appearance signal in
T2K/HK, and understanding it is important for

better (0p, 0,3) oscillation parameter FGD Sample:
constraints Pion remains in FGD1 and

decays to a Michel electron via
Signal definition + + +
. T > U —e
Pions: p_+ < 1.5 GeV/c

Electron: p,- € [0.35, 30] GeV/c, cos 6,- > 0.7

Coloured stacked histograms show NEUT prediction
broken down by signal and background types (from truth)

S F | J L L L

% 25k T2K FHC 11.6 x 10* POT =

; S0 * 11\)112:; 540 Bg _ Mfmentum of FGD—cont.ained

< LR VRGO AN YR TN /7 ' tracks cannot be easily

I : B v.CC-On  5.6% el reconstructed from the short

5 20p 8 v.CC-other ? '61(170(7 el track curvature. Instead,

sk O L S Il momentum is inferred from the
oE Other 4.1% El distance between the primary

: il Interaction vertex and the

Michel e vertex
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CCxz™ v, interactions on hydrocarbon: results

Differential flux-integrated cross section result, in the (p,, cos 0,, p..) phase space,  For a complete description see
compared against different generator predictions (NEUT, GENIE and NuWro) arXiv:2505.00516v1

L A
cosf.>0.7, p_<1.5GeV/c

"8 Data fit (stat)
B Data fit (stat + sys)
—— NEUT 540 %*=2.69

7

0.35<p <30GeV/c, cosB,>0.7

"8 Data fit (stat)
B Data fit (stat + sys)
—— NEUT 540 *=647

LI DL R BN B B AR BN
0.35< p < 30 GeV/e, p_< 1.5GeV/c

8 Data fit (stat)

B Data fit (stat + sys)

— NEUT 540 ¥*=2.69
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S
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( 10° cm?2 nucleon™ ¢/GeV )
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NUWRO 2192 *=0.29 15 NUWRO 2192 *=0.28 i - 3 | NUWRO 2192 y*=241
- i 5 | - - i
i | iS1S: . - bbb bbb
02 o ] . 1= =
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cos 0, P_ (GeV/c)
Uncertainty source Fractional error on o [%]
. . (Generator o (107°? cm? nucl™! -value
?f’teCtordrelSponse 01 Systematics dominated by the ( ) P
ux mode Padl interaction modelling uncertainty NEUT 5.4.0 3.01 0.30
Interaction model 7.8
GENIE 3.4.2 3.25 0.59
Target mass 0.7
Total statistical 20.6 NUWRoO 21.9.2 2.84 0.89
Total systematic 11.7 Data 252 4+ 0.60 -
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Cross section measurement history with the T2K beam

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
On water
OnC On Fe, CH On Fe OnC,0O,H, 2DonC ’ . (=)
(FGD1) (INGRID) (INGRID) Cu (POD) FGD1) , Fe Inclusive v, charged-current
: ' ‘ J (INGRID)
OnC On water nu+anti-nu, on CH nelusi (-) - 4- t
(FGD1) (POD) (FGD1) nclusive v , charged-curren
(—) nu+anti-nu. On water, On water,
v, charged- QEonC QEonC OnCH On water TKI, On CH on CH On O, C Anti-nu, on CH (I\?SQ%Q+ CH
gurrent (INGRID) (FGD1) (FGD1) (POD) (FGD1) (FGD1) (FGDs) water (POD) (WAGASCI ‘INGRID) (WAGASCI-
pionless ‘ ' +PM) - BabyMIND)
On O QE on O, nu+anti-nu (-) ol ¢ oion
(Super-K) (Super-K) U neutral-current pionless
(;)ﬂ charged-current with a COHon C On water 1 pi+,on 1 pi+, TKI, COH on C,
(;)e charged-current with a Pion(s), on
pion in the final state CH (FGD1)
(;) neutral-current with a 1 pi0, on water 1 pi+, on CH

pion in the final state

(POD)
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NC17z™ neutrino interactions on hydrocarbon: signal selection & background

N 20 - § DATA BNCX7Y 7.6 %
o At T2K/HK, NC17z— interactions where the pion is — GENIE NC1™Np 0.5 %
sidentified f tribut Anifi ' g NC1xt0p 35.0 % M NCO7 5.8 %
misiaentitied Tor a muon contribute a significan 2 ] } Bu./5, CC 05 % = CCother 1.2 %
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~ Signal definition
T2K/HK v-mode - Pion: p,. € [0.2, 1.0] GeV/c, 6, < 60°
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03 - : . : 0 i -!’q£3“h_ ,
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NC17z™ neutrino interactions on hydrocarbon: results

* First measurement in this channel since Gargamelle and

ANL bubble chamber experiments

* In the process of publication as a joint PRL and PRD
release (arXiv:2503.06843v3 and arXiv:2503.06849v3)

Differential flux-integrated cross section result,

comparison against different FSI models
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For this analysis
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Transverse kinematic imbalance measurements

 Motivation: transverse kinematic imbalance (TKI) variables (defined in the plane perpendicular to
neutrino motion) are a powerful direct probe of nuclear effects

* This T2K concept has been pioneered in Phys. Rev. C 94, 015503 (2016)

Pv D,

Any imbalance observed in
TKI variables is a direct
probe of nuclear effects

Without the presence of the
nuclear medium, the lepton
and nucleon momenta in
the transverse plane would
perfectly balance out for
CCQE interactions

Image credit: LU Xianguo
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Upcoming results: new TKI measurement (v, CCOzNp)

For this analysis

» Statistics will be almost doubled (11.61 x 10220 POT) EV™* ~ 0.6 GeV

wrt the previous result and this analysis considers 2D _ T T R
correlations between TKI variables: 6p; — dar- and 3 signal samples 2 control samples
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Conclusions

* 12K keeps producing a rich programme of cross section measurements that can benefit the
wider community and feed into neutrino interaction model development

 Many new analyses are in progress - stay tuned!

* An upgrade of the ND280 detector has been completed in summer of 2024, the first data from
which opens up a wealth of new opportunities for cross section measurements that probe
new parts of phase space (wider acceptance, improved signal efficiency and purity etc)

UA1 Magnet Yoke UA1 Magnet Yoke

: Y > — -/ . :‘
< erFGD; i e
" POD - y P :' 14
(x0- Downstream 1 il
\ detector) _____,___—-l‘—"".' ECAL g -
' N —— ——— Classic ND280

' h d
Original ND280 detector rémains unchange
(2010-2023) New ND280 detector

(Completed in 2024)
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Thank you very much!
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