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Steady increase in beam power: 515 kW this year
Run 1-10: 1.97 X 10?! POT in v mode and 1.63 x 10?' POT in © mode
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2.5° off-axis composite detector inside a 0.2 T Magnet:

- Two Fine Grained scintillating detectors
FGD1 (C) and FGD2 (C,0O)

- Three Time Projection Chambers (TPCs)
between FGDs

- One Upstream 7" detector
- ECal surrounding inner detectors

FGD1 FGD2

Downstream

FGDs used as neutrino targets
Magnetization — charge and momentum

= Constraints on cross-sections, flux
uncertainty model and wrong sign backgrounds
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Three interactions channels:
CCQE (and 2p2h)
CC Resonant (RES)
CC Deep Inelastic Scattering (DIS)

—t b
0 - N D

%(10'3" cm?/ GeV)

— Define samples enriched In

each of the processes using
reconstructed pion multiplicity

— Constrain cross-section
models for each interaction
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Modeling of neutrino cross-sections

- Tuning of baseline nuclear model (Spectral Function)

- 2p2h modeling: new uncertainty on energy dependence

- Improvements of nucleon-nucleus binding energy (momentum shift)

- Improved parametrization of CCDIS and CCNx models

Data from run 2-9
1.15 x 10%! POT in v mode and 0.83 X 10%! POT in  mode
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Near detector fit

Modeling of neutrino cross-sections
Model after fit reproduces well the data (p-value of 0.74)
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Modeling of neutrino cross-sections

Model after fit reproduces well the data (p-value of 0.74)
Introduction of anti-correlations between flux and cross-section
parameters due to fit
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Introduction of anti-correlations between flux and cross-section
parameters due to fit

— Flux and cross-section uncertainties reduction from ~13% to ~4%

FHC 1Ru average spectrum with all systematics

— Spectra prediction at far detector e
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" Yo -
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Reconstructed energy [GeV]
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D soreome Off-axis Far Detector: Super Kamlokande

Control room
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T — Inner Detector (ID):

~11,100 20” PMTs
Outer Detector (OD):

1,885 8” PMTs
50 kton of purified water — 22.5 kton fiducial

1000 m under Mount Ikeno

e-u identification et kinematics using Cherenkov ring pattern
No charge identification (contrary to ND280)
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Selection based on ring counting and shape
Two samples with 1 u-like ring (v mode and anti-v mode) — I/M—CCOJZ

Two samples with 1 e-like ring (v mode and anti-v mode) — v ,-CCOx
One sample with 1 e-like ring + 1 Michel electron ring — 1,-CC1rm

Sample FHC 1Ry RHC 1Ry FHC 1Re RHC 1Re FHC 1Re1de

Total uncertainty
(after fit) [%]

Total uncertainty

3.0 4.0 4.7 5.9 14.3

11.1 11.3 13.0 12.1 18.7

(before fit) [%]
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Constraints on 6, compatible with PDG2019 at better than 10
Using PDG2019 constraint on 0,5, better constraint on o-p
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2019 2020 2021 2022 l
J-PARC Beam upgrade :—

ND280 upgrade

Construction Commissioning

SK Gadolinium
(neutron tagging) Gd dissolving Gd fully loaded

'ﬂ See Michael Smy’s talk in ~30 minutes

Combined analyses :—
TZ}iz\ T2K Experiment — NuTel21 February 22nd 2021 24
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Experiments with different neutrino energies have different oscillation probabilities
(and potentially different systematic uncertainties)

Two on-going combined analyses efforts:

- T2K beam and Super-Kamiokande atmospheric data

— very long baseline and higher energy neutrino more sensitive to mass ordering
- T2K and NOLA beam data
— different baseline and systematic uncertainties

Ny 7 AR \ j ‘ ' '~ 1 3 '..3“,;;‘ 3
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O SoRBONNE J-PARC beam upgrade

J-PARC main ring upgrades on-going

J-PARC Main Ring Fast Extraction Power Projection

5 | I o 1600
- X MOore puise per secon % oof  Tos0" iom bosol os | ose 34 S
(One pulse every 1.3 seconds) s F Main Rihe 232 5
S 1200:_ Power Supply - 3 %
= 1000[- SR 528 &
- Increase power from 515 kW 2 g0 EPlE
toup to 1.3 MW 600 :225 j
400 . . 318
. . - :l | l I | | l I | : \ | l . . | : . I l : . l . l_: 1.6
— Boost statistics during T2K-lI 20143016 2018 2020 2022 2024 2026 2028

Fiscal Year

— Prepare for Hyper-Kamiokande

T2K
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High-Angle TPC TP1
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SuperFGD Y ;
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Upstream g g
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New v target (SuperFGD) with 1 cms3 scintillator cubes
High-Angle TPCs using resistive MicroMegas

Time-Of-Flight detector
Target total mass: 2 — 4 tons

T 2K\

ND280 Upgrade
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Backups

T2K Experiment — NuTel21 February 22nd 2021

PARIS

29



I R N T 1 T 1 1 o)~
m B X [] -#
= ) G
q L = L N~
. = > 1> e
] > - - F e E
e L Il I
5 = = .
_ " — L L2 - -
X I < I < o
| Z 9 Z 9 [
I &) o -
O 0 N o N '
— O Al O 1r 1 O\
O 1 1| 1| 1 ' i
LO Q Q Q Q /]
i . &) ) &) &) . i
ANl O O KL © .
BN I I ! N
BN L rot
NN I I f W
B NN C D
Yo
N N
D) 4 ~~
_V i ? 0 N
N ?
% ¢ J
| 4 Y N
| ¢ NN
_V ¢ ’ NS
’, ’ NN
- ? NN
’ NNERRRRRRN
O | ¢ NLAONNNRRRRRRRRN
V DAL,
— A .
N o e NN Y
Nz nmnmymununuuuy
2 IO
- R I ey
| N N R N NN Vo
= NN T i
N — SRR, R .
V SN\ Sstal o
N — T L T

qo1d ‘9SO

techn
0.
0
0.06
0.04
0

-aXIS

0°

T2K Experiment — NuTel21 February 22nd 2021

D D .Y D W v e — ) B = = e e m—

Off

L OA 0

Y |/
S e "‘.«-"54--l--‘-_-‘
b5 N R SPTRCTSA RIS TS

——— MMM AYA%
SOSSS S S S S XXX
R NSRS S S SSS S SRARRR
N\ et NN NNNRRRRNY . .« O OO OO

e S S S S S S S S S S S R AR R IR R X

AN N N SN N N N N N N N NIYONONENNNY YN YN X

A NN NN NKAARARARARAARAARAARAARAARAARARAARAARAARAAAA
/// ——— AV AV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAN
AN 4‘4‘4 L X XXX X XX X XX XXX XXX XXX XX X
- O "’ ‘ XX ‘va DAL

q O
AW AT A’ B /N NINININININININIZNIZNIZNINIZNIZNIZNIZNIZNZNN
)/ Ye% 0% %% % ®:9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.4
[ ‘\\\ wO»O»O»OQOOOOONQ 'M@NONONONONONONONONONONONONONONON@NON@N&
(L L PIXX »090004 AN AV AV AV AV AV AV AV AV VAV AVAV AV AV AVAVAN
I E .00 00O
! ,'( A ANAAAAAAAAAAAAAAAA
VAVA V09 Savy v o ava a A AA7A AT ATAYA"
F /IXXIR XXX XXX XXX XXX X]
X NNNNNNNNNNNL
el X X XXX XXX

MM AAR AR ARAARAARARARARAAN]

y

UNIVERSITE

L
 Z
Z
O
.
oc
O
)




"\ SCIENCES

SORBONNE
UNIVERSITE

Proton
beam

Graphite target
replica

NAG61/SHINE

Vertex-TPC V-TPC

T2K Experiment — NuTel21 February 22nd 2021

LPNHE

PARIS

31



I

wA\ SCIENCES - -
suew:  ND280 samples (continued)  Levie”

Prefit — Postfit Prefit — Postfit

FGD1 vy CCOn FGD1 Vi CCOr FGD1 vy CC1In FGD1 vy CC1In
~~ — L I B L e L B B ~ L e e e I L L L ~ - L I B B B e e A B B b ~ - | | e I L B A A LR
8 ~ —$-Data Bl CCQE . N ~ —$- Data Bl v CCQE . 8 800 = —$-Data v CCQE — 8 800 — —$-Data Bl v CCQE —
> 5000 — @l CC2p2h  [@@vCCReslt — > 5000 — @l CC2p2h  [@@vCCResln — > = @lvCC2p2h  [@@vCCReslt = > 700 E- @lvCC2p2h [@@vCCReslt =
o m iss @V CC Coh1x [Jv CC Other . @ m @ CC Coh1x [Jv CC Other . o 700 = @BV CCCohlt [JvCCOther = o = @ CC Coh1x [Jv CC Other =
E 4000 — [Jv NC modes []V modes _— E 4000 — [Jv NC modes []V modes _— E 600 [Jv NCmodes []V modes — E 600 — [Jv NC modes []V modes —
— - . s = S = = S = = S = 3
& — _ & — . S 500 — e 500 — —
i 3000 — — i 3000 — — — - 3 \mm. - -
< - - =~ - Z =~ 400 — =~ 400 & —
) L _ 2! — ] 9] = — 7)) = =
= 2000 — = 2000 [ — = 300 B = = 300 = —
> oo b 2k - S 200 3 2200 & =
= - . = - ] = 00 — =
14 — 14 — 14 14
£ §1'2 ~ ¢ """"'0'!!!!. o 5 ¥ 5 88 o] £ EI'Z :—o e ° X ] 'y 5.8 o_: Z 51'2 £ 51'2
R 1 A e coeeyeneteay iy s ot g K K. g i 1t o g e L
06 = | , , , , , , , — 06 = | , , , , , , , — 0.6 , , , , , , , , — 0.6 , , , , , , , , —
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800 2000
T2K Preliminary pu (MeV/ C) T2K Preliminary pu (MeV/ C) T2K Preliminary pM (MeV/ C) T2K Preliminary pu (MeV/ C)
Prefit — Postfit Prefit Postfit
- FGDI VMBkg CCOTC m Anthu Mode - FGDI VMBkg CCOther m Anthu Mode FGD]. VM CCOther re I OS I FGDI VM CCOthel‘
= L L B L I B B L L BN B L LU L L L A I B AL LA LS (L L R L
) — — [>) - 7 ~~ = L I B e e A B B ~~ e A UL I L L BN
<~ 300 — ——$- Data v CCQE —] < 60 —-Data v CCQE ] 3 — - 3 — -
- - — - < = —$- Data v CCQE = < - —$- Data v CCQE =
= - @vCC2p2n  EVCCRestn o = - EvCC2p2h  EQVCCRestn - 3 > 600 — EBvCC2p2h  @IvCCRestt —  p> 600 @B CC2p2h  [@vCCResln  —
250 — @l v CCCohIn []v CC Other — 50 — @l v CCCohIn []v CC Other —] o) - In 3 ) - L 3
E - Jv NC modes [)% modes = E - Jv NC modes [)% modes - — @l v CC Coh v CC Other - ~ @l v CC Coh1n []Jv CC Other -
= 200 — - = 40 - - E 500 — [Jv NC modes []V modes = E 500 — [Jv NCmodes []V modes =
- = - = = - = ) - =
S F R I & —— $ . S 400 — 3 3 = S a0 3 3 =
= 150 - ¢ 4 T oaQ ; i = = s ics Z I A = : -
2 = 1 = 12 - - = 300 — ) ; 3 3 300 - = =
= 100 — . o 20 - I ] ~Nd — ;% . N — _|—|_I_I_I_‘—|_| -
O TF . 1 2 Tk = §zoo:— e * = §2oo:— ——y & =
= 50 =10 E — - —__ o E
- E S = 100 = 100 E =
14 14 E - h
312 R A : E 12 120 E
--------------------------------------------------------------------- hessssssssdssssssssssssssssssFessssassnaeeanannssnnnsnnnasnnnmnnnnnnnnn=s gl o 1. S| o la [ ]
ZQZ Og ZQZ ()g — * .I - ZS ZE 1.0 prmmmmmmmm e B e T e R st e ZS ZE 10 !'!!!'!'!!! 2 !'"!""!‘ """ K bbb e (R
0.6 , , , , , , , , , 06 = , , , , , , , . 8-2 - 3-§ - e
2K Prel(;min?: 400600 800 1000 1200 1400 pl 60&&20% /(2300 2K Prel(;minzaon? 400600 800 1000 1200 1400 pl 60&&?{; /(2300 0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800 2000
y w y w T2K Preliminary pu (MCV/ C) T2K Preliminary pu (MeV/ C)

CCOther Background CCNr
TZ K T2K Experiment — NuTel21 February 22nd 2021 32



N SCIENCES

S ORBONNE ross-section correlation matrix Leive

T2K

XSec Correlation Matrix

---,IllllllllIllllllllllllllllIllllllllll

?a‘w"’e"o"’
-
- f‘l

nZ
EE ,_-,_I__

NC Olhtf

ogl

S50

v
-
£ ..

AA
-

C
C
IS multi-n N
IS multi-n Nurm \

AA
--
]AA

§

cCp
cCDp

CC Mise.
CC AGKY multi-n
CC Bodek-Yang multi-nt

CC Bodek- \ang_l)l's

\n‘\
CC Nurm\

non RES Bky.

I,, moa- l“'\ Bkg. Low p
My

t)3

E QO Mod. 7
E OF Mod. 6
l: *Mod. 5

“Mod. 4

E O Mod. 0

pZh Shape O

ﬁlh Shape €

2p2h Norm C to O
2p2Zh Norm ¥

2p2h Nnr;xla \

FSI Charge Fx. Low'f.

1.0
0.8
0.6
04
0.2
0.0
0.2
—0.4
0.6
—0.8

FSI 1t Absorplion :

FS1OF Seatter High E : '

. Lacaller In . ]

FSI QE Scatter Low E 1|l11|ll1|IHIIHIIHIIIIIIIIIIIHHHH— -1.0

L

HEdER sxOUC @AM ene e forg Ff 2GR U0 E
sElS tTEE EEI3IIIIITICOVeApEabagidpraacg F4c
S = B R E LR EEE R > b w8 3- 5 .55 W 2
'L""gi"f zz 358 ZFzsz==22 -E zZz gEEuzz:'f.‘sz££~
2EESS 5E55000090% F¥UU ZEzVEERI 3
eegct‘ A A A e T = ESS é,’,‘.- s = o
e Nmﬁmmog_gggggg :,;E - = = zz
2w 7L 2 3 SE¥EEgEE B 2F. EE
39&. : b WU UWU O é-- ""'8:'3 éé
£ I 2 e s

T2K Preliminary

T2K Experiment — NuTel21 February 22nd 2021

33



