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Physics Motivation

Brief Neutrino History

Nobel & Breakthrough

Credit to APS . . o llati
The Growing Excitement Tk ohscrve v, v,
- - appearance
of Neutrino Physics iy By e
theta 13 at 5 sigma
K2K confirms
< 1930: On-paper appearance as “desperate” remedy by W. Pauli SR
_ . i B KamLAND confirms
< 1956: 7, first experimentally discovered by Reines and Cowan solar oscillations
Nobel Prize for
< 1962: v, existence confirmed by Lederman et al. noutrino ssiroparticle
< 1998: Atmospheric neutrino oscillations discovered by Super-K T
flavor
<> 2000: v, first evidence reported by DONUT experiment SemiemiToms
eficit and “images® sun
. i H H Super K sees evidence
<~ 2001: Solar neutrino oscillations detected by SNO (KamLAND 2002) eIl
ey oscillations
< 2011: v, — v, transitions observed by OPERA Nobel Prize for v discovery!
LSND sees possible indication
< 2011-13:v, — Vby T2K, U, — U deficit observed by Daya Bay(2012) pfoschaton sgral
or discovery o
. -t . - nct fl rs!
< 2015: Nobel prizes for v oscillations, Breakthrough prize (2016) K I et MBS o smermors
th
predicts theory Reines & 2 distinct neutrino anomaly §
the of weak Cowan discover flavors Davis discovers SAGE a;c Gallex see the solar deficit
Neutrino interactions  (anti)neutrinos identified the solar deficit LEP shows 3 active flavors
Kamioka Il confirms solar deficit
1930 1955 1980 2015
T2R\ o)
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Physics Motivation

Neutrino oscillations

@ Neutrino have mass and mixings:

Vo = § Univi
i

Neutrino
Oscillations imply
neutrino mass

Vo v - 2 . 2 . L
N P(v —v ) =sin"20. *sin“[1.27Am; —
a B i iE
0 4
v VE |
; Ve The mixing angle, 8, Am? determines the
determines the amplitude | | shape of the oscillation
of the oscillation as a function of L (or E)
N ) ) A wave-m,;
Amy =m;—m; v
! I wave-m,
1 UVVVUVVVVVUVY
Y, cosf; sin; (v,

TZ)iz\ vy = -sinf; cosf, (v, \M\M\MNUW\M“WU * iy s
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Physics Motivation

Neutrino oscillations

e Pontecovo - Maki - Nakagawa - Sakata (PMNS) matrix

0 (v U U U, | v o,
3 e el e2 e3 Q
R U, @mm U $ 3
7] b ¢ = v Q
SN DRI
2| U U U v, | o
o T tl T2 ™3 3/ @
4’}
3 mixing angles + 1 phase ‘
(¢; =cos g, s; = sing;)
i&
C129812 €13 13 | @ 7
a
U=\ S % €23 %23 .
" i ip
P\ =13 €13 =2230525 .
s 5 Majorana
Solar Atmospheric Atmospheric Phases
Reactor

T2k o
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Physics Motivation

Results are coming from the experiments

KamLAND SNO Reactors SBL

Reactor LBL w  golar CC/NC Ratio  v.Disappearance

veDisappearance’. T MINOS,/T2K
j ?eAppeéranée

MINOS/T2K

v, Disappearance

OPERA and SK
SNO - v Appearance
Solar NC fluxes

Measured oscillation parameters

sin*6,3/107 ~ 5.661%%%
sin®613/1072 ~ 0.093 + 0.008
sin*012/107" ~ 3.18 £ 0.16 @

Ami = Am%, ~ 256 5% x10%eV?

TofR\ Amb = Ay, ~ 7.5755x10 eV
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Physics Motivation

The T2K results: Nature (2020) 580 339 - 344

P(v,, — ve) ~ sin®(2613)sin’(023)sin®
2 2
T 1'27AEm21L8JCpsin2 (127AEm32L)
P(v, — v,) ~ 1 — 4cos®(013)sin® (623) x [1 — cos®(013)sin” (623)] X
2 (1.2TAM5L
sin ( E T2K Run 1-9

a e 3
0.033 — T2K + Reactors
T2K Only

0.032
Reactor
0.03 ==

& 0.028
€ 0.026

T2K improve the oscillation parameters P no2af E
0.022 .O =

@ sinf; = 0.0375% (both mass ordering)
@ Am3, = 2.45+0.07 x 10~ (NO)
@ Ami; =2.4340.07 x 1072 (10)

o 6cp = —1.89707.(—1.3810:48)

T2K\
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T2K Experiment

Content

© T2K Experiment
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T2K Experiment
T2K experiment

Main goals

e Discovered appearance of v, — v. 613(2013), d¢cp
e Measurement of v, — v, 03, Am3,
T2K upgrade — 30C.L on d¢cp

o Long-baseline (295 km)
v experiment in Japan
from J-PARC(Tokai) to
Super-K (Kamioka)

B 5D A R C Main Ring

o p (30GeV) + graphite — pu+ v,(~ 600MeV) - high intensity
e The MR beam power: from 500kW to 700kW(2022) and 1.3
MW (2028), 30 x 102°POT (Proton On Target/year)

T2R\ | 9
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T2K Experiment

Near Detector

Target Beam

J-PARC
accclerator

Muon | v
monitor, v

Far detector
(Super-K)

295km

INGRID

ND280O

10m

10m

e ND280: constrain flux and cross-Section parameters

T INGRID: Measure v beam intensity & profile: 16 scintillator-stell @
~=""interleaved modules (7.1 tons/each)
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T2K Experiment

Far Detector, Super - Kamiokande

@ Super-K is 2.5° off the beam’s axis to achieve narrow band
beam peaked at oscillation maximum (0.6GeV)

J-PARC ¢ Target Beam \ N B

T Near detectors

accclerator o - dump ! f torsi
|

Muon |y,
l]]()mTﬂT

Neutrino beamline

Far detector
(Super-K)

o Muon and electron are well—se'pgrated — ldenxm‘y Vp/Ve with

high purity

At Maiios ot iai Mes aties
§m e-like €+ muon-like]

P

Super-Kamiokande = - ] F
(41.4'm tall x 39.8m dcameter) B
22.5 ktons!fiducial volume L . 3

1000m underground ’ I R B O

(atmospheric v data)
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T2K Experiment

Physics Processes vs Event Topologies

Interaction modes in CCOT
topology: (NEUT, T2K v, flux)

Interaction Interaction | "4
Modes Topologies S
s
”
* i ccom
CCQE v wi
: Nuclear Effects /V@\(\CCQE like)
Charge Exchange ‘ Gt
R
v Yot W~ CCim
CCRES | — . wi  (CCRES-like)
n ¥ n n P

Absorption

prae
- Pion Production \v‘\,//
u\:/p' \ 3 WE W CCom+Np
“./.p /@P< (N>0)
< A2

2p2h
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T2K Near Detector Upgrade status

Content

© T2K Near Detector Upgrade status
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T2K Near Detector Upgrade status

Role of Near Detectors

CC-0n

TPCI TPC2 ||| TPC3
FGDI FGD2

@ Near Detector complex is 280m downstream of neutrino production
point (target).
@ Measurement of the interaction rates before oscillation
@ Measurement of neutrino nucleus cross-section in several channels
@ Strongly constrain the expected rates at Super-K for precision
oscillation analyses
good acceptance only for forward tracks

T2k o
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T2K Near Detector Upgrade status

Limitation of current ND280

SMRD
UA1 Magnet Yoke

N [[ocumstream
detector) oSS
== enaid o

Beam

Barrel ECAL

— lower efficiency

e Small acceptance
e Low efficiency to reconstruct the hadronic part (, p) of the
interactions

-
Vu

e 2 D
\ o

@ [ .M_
__—

T2R\
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T2K Near Detector Upgrade status

Motivation of T2K near detector upgrade
@ Control the systematic uncertainties associated with the v production
and detection

e 1 POT in T2K-Il goal — | Stat. error
o Current sys. error ve( 7.) event candidates is 8.8 (7.1%)
o Near future: Suppression of sys. error becomes more important

PRD 103, 112008 (2021)

1-Ring p 1-Ring e

Error source FHC RHC FHC RHC [H¢  FHC/ruc
Flux and (ND unconstrained) 14.3 11.8 15.1 12.2 12.0 1.2
cross-section (ND constrained) 3.3 2.9 3.2 3.1 4.1 2.7
SK Detector 24 2.0 2.8 3.8 13.2 1.5
SK FSI+SI+PN 2.2 2.0 3.0 2.3 114 1.6
Nucleon Removal Energy 2.4 1.7 7.1 3.7 3.0 3.6
o(ve)/o(Te) 00 00 26 15 26 3.0
NC1y 0.0 0.0 1.1 2.6 0.3 1.5
NC Other 0.3 0.3 0.2 0.3 1.0 0.2
sin® 23 and Am3, 0.0 0.0 0.5 0.3 0.5 2.0
sin” 013 PDG2018 0.0 0.0 2.6 2.4 2.6 1.1
|All Systematics 5.1 4.5 8.8 7.1 18.4 6.0 |

Dominant error is Flux (Detector upgrade) + Cross section @
-

2K Interaction model) — aiming to reduce overall error to 4%
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T2K Near Detector Upgrade status

T2K Upgrade plan

@ T2K upgrade near detector: expected | overall systematic uncertainty
to 4%

@ Goal of T2K upgrade is to accumulate enough POT — to exclude
sindcp =0 at 30
an installation is expected in the first half of 2023

T2K-Il Target POT (Protons-On-Target)

= 40 T T T
e 15 31 F © — —
214001 MR RF upgrade 323 8 I} 15 [ —True sin’,,=0.43 ]
g S SO =35 & 958 % L 5 —w/ eff. stat. improvements (no sys. errs.)
1200 EE-T =) —True sin6,,=0.50
£ - : Ao 2 a0 3 B == w/ 2016 sys. errs.
g r MR Power Supply upgrade 59 o F
& 1000/ 1218 o 10
2 £ | A2s 3 —es E S
C 3 = 3 S e §
800 20x 107pOT 5 et 0 $ 4,8 O
F - E R -
r = =X = 4 o
600 30 CPV for sir 05502 Le 1.3 3. g o 5
//_/ 8 472 R
L i 54 =
= s Bl = o
400 .~ Orighfal T2K-1 goal o € S0 R
200 s Tos < 00 | | |
3 E 5 10 15 20
1 Il L Il L Il e | 3

S
s

0 PR I
2016 2018 2020 2022 2024 2026 2028
Jan. Jan. Jan. Jan. Jan. Jan. Jan.

T2k o

8
£

@
5g

Protons-on-Target (x107")
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T2K Near Detector Upgrade status

ND280 upgrade
POD — Super-FGD, 2 HA-TPCs, 6 ToF planes

Current ND280 Upgraded ND280
>

Super-FGD

— improve the reconstruction
hadronic part and low
momentum leptons

2 HA-TPCs

— improve the reconstruction
high angle leptons

6 ToF planes

— reduce background from
the outside of SuperFGD

Super-FGD
High-Angle TPCs
[ TS @ @ w
Y / v, pd w v TN _— [ ]
T2K\ — ——— %0 ——m

o
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T2K Near Detector Upgrade status

Efficiencies of ND280 upgrade

Current ND280

Good acceptance only for
forward tracks

Muon angular acceptance

>
2 osf
.g E
= 08:'
= F
wE TR T
oo; : L
osf e
oaf — -
osk - Muons in
E TPC only
I 3= agnat® ~""Current
= .~ efficienc

- Proposed ND280 upgrade

e

+ 6 TOF planes surrounding the new tracker

Efficiency

y

06 04 02 0 02 04 06

Dung Nguyen (VNU-HUS)

08 1
true cos 6

ND280 upgrade

Efficiencies of ND280 upgrade:

47 acceptance, high efficency
of particle low momentum.

Efficiency to select CCOpi events

E T T T T T T3
095 Proton tracking threshold -
o0.8E Work In Progress |
0.7% f
0.65 3
057 E

ND280 Upgrade
04} E
0.3F Cun.er.ﬂ_rigzso
02 - ———t ]
0.1 . E
ak —1 1 1 1 L 1.3
0200 400 600 800 1000 1200 1400

momentum (MeV)

July 20, 2022

o
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T2K Near Detector Upgrade status

Event display in ND280 upgrade

CClm event: v, + N = 7" +p+ 1

Dung Nguyen (VNU-HUS) ND280 upgrade July 20, 2022



T2K Near Detector Upgrade status

SuperFGD

2 million cubes 1x1x1 cm3 plastic scintillator cubes with 3 holes
Fully active target (200 x 180 x 60 cm?)

Active mass 2,2 tons

~ 60 000 readout WLS and MPPC

3D reconstruction and high segmentation, 47 acceptance

Good tracking, timing, PID

Electronics

Mechanical box Optical parts
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T2K Near Detector Upgrade status

Prototypes test

Two prototypes 125 and 9216 cubes were tested at CERN (2017 , 2018)

X 24 x 48
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T2K Near Detector Upgrade status

Neutron test beam in LANL

US-Japan SuperFGD
@ 2 prototypes (Super-FGD and US-Japan) ' =
were tested in 2019 and 2020 in LANL

@ Neutron beam energy ranges from 0 to 800 MeV

@ Access to neutron kinematic is crucial to understanding better
anti-neutrino CCQE and 2p2h interactions

Neutron Cross Section vs Neutron Energy Fractional Uncertainty vs. Neutron Energy

€ Total Uncertainty z o

g o8 £ .

S —— Statistical Uncertainty s

s e P H Neutron Detection

g aton | 8 0.15

g o 1 S5

ook 7

2 ., :W S oo

3 4|——}— 2 i

§ or Vit x

T | « n

g 0.0

e PRELIMINARY = .
. | i
%300 200 300 w0 500 00 ’ °-%955 700 30 [T 00 p

Neutron Kinetic Energy (MeV) Neutron Kinetic Energy [MeV]

Source of uncertainties: time resolution, invisible scattering, detector effect, geometric

acceptace, collimator-induced energy
T2k o)
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T2K Near Detector Upgrade status

SuperFGD test beam events

Positron, 1 GeV,B=0.2T

Muon, 5 GeV, 45 deg

[e——

Dung Nguyen (VNU-HUS)

ND280 upgrade

Stopped proton, 0.5 GeV, 45 deg

July 20, 2022
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T2K Near Detector Upgrade status

High Angle - TPC

Horizontal TPC

B1 Amplification gap: ~100pm 'E

Drift volume

ii

MicroMegas Resistive Micromegas

Module Frame “ ‘ B field
@ Main difference with existing TPC: thin field cage, resistive Micromegas module
@ Main purpose

o High-resolution tracking (3D reconstruction) of charged particles
o Particle identification (charge and momentum measurements)

@ HA-TPC requirement:

ToR ° To distinguish between p/e at 30 level — energy resolution < 10% @
o Momentum resolution < 10% at 1 GeV/c — spatial resolution < 0.8 mm
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T2K Near Detector Upgrade status

High Angle - TPCs performance

o CERN 2018 (Nucl. Instrum. Meth.V. 957, (2020) Achieve requirements
1.5 m drift distance; MMO-DLC1 (HARP field cage); e, m, p (0.5-2GeV); Spatial

resolution is 300 um at 30 c¢m drift distance; dE/dx ~ 10% for a MIP for 35 cm
track length

g " — - -
S dE/dx resolution g Spatial resolution 3
§ = s
5" +-Proten £ + Protons
E 3 w i
g u Blecton g * Electrons
° & i
+~Pion + Pions H
0 w
H 0
’ ) E i
w0 H
* mE 3
2 b R - L
0 10 20 30 4 S 0 M 0 % 10 e
[ Distance [cm] Drift distance [cm]
@ DESY 2019 (arXiv:2106.12634)

0.15 m drift distance; MM1-DLC1; e (0.5-5GeV); Spatial resolution is 600 pm;
dE/dx ~ 9% for all angles

.
Spatial resolution

Resolution [pum]

" ‘ N . |~ Rowicolumn fit
» . 200 -~ Diagonal fit

deg]
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grade status

DESY 2021 test beam results

4 GeV e-; 1 m drift distance

In order to ensure that setup satisfies the ND280
upgrade requirements the test beam intended to:
> test the setup stability

»  characterize the charge spreading and
study resistive foil uniformity.

»  measure spatial and energy resolution;

Horizontal track Inclined track

(VNU-HUS)

dE/dx resolution %]

dF/dx resolution [%]

ND280 upgrade

200 ns Preliminary.

E
2
MO e 4l2ns g
i z
100 £
95 2

5
i

T B

Drift distance [mm]

e b clecialuc NIRRT I TR
W0 20 0 w0 s 60 y s
Drift distance [mm]

+ 50 mm

550 mm

i

Preliminary. Preliminary-|

+ 950 mm

w0

o e e e e
0 [deg]

"

¢ (deg)

Fullfill the requirements: dE/dx resolution <10%
and spatial resolution < 0.8mm
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T2K Near Detector Upgrade status

Time of Flight detectors
Goals: Identification of the direction of the track using time stamp — veto the bkg

from outside of SuperFGD

Bo] I I
=y € I
v: 2109.03078 " £ I {

arXi
I
@ 6 ToF modules will fully cover 2 HA- TPC and “J I |I I “\
Super-FGD ) . ! ‘
@ Each module 2.4 x 2.2 m? consists of 20 scintillator \: r . II I
bars il — ! ‘
@ Readout of 8 MPPC/side (16 MPPC/bar) and total O )
18 | I

236 readouts. ol I 1 f
.I_Zk\ B ey @

time resolution is 0.14 ns
July 20, 2022 29 /' 43

Dung Nguyen (VNU-HUS) ND280 upgrade



T2K Near Detector Upgrade status

ND280 upgrade physics studies

Floxmodel — BREEY ioctonmods »
ND, ND, ND, ND Prapniny
N, (E) =|®,(E) X [e"(E)|x|o,, (E,) Y
FD, FD FD,
N, (E) =|®@, (E,)x|e"™(E,) X0, ( DX\ Py, (E,)

Upgrade — access to reconstruct in
hadronic part of the final state — new,
more powerful variables: dpr,da, E s

missing momentum
= | b P(b)|
T =I|PT — PT
@ Transverse boosting
angle d«

@ Visible energy
Euis = E[,L + Tp(n)
where T, kinetic

Dung Nguyen (VNU-HUS)

Nuclear effects are the main source of E,, uncertainty

-

RO I

“Extra Nuciear
Effects

—» Fermi motion
* —» Removal energy
—» Final State Interactions

Infal Nuclear
Stato

—» Non quasi-elastic event
without pion in final state
(8p2h, pion, absorption,
undetected pion)

arXiv:2108.11779

Future OA for ND280 upgrade
— mu|t|d|menS|ona| fit u + hadron kinematics

Events/30(MeV/c) (x 10°)
BREREs

=
L e LN e
o e

o

@ Opr: Fermi motion, 2p2h, seperate
CCQE/non-CCQE

@ Ja shape sensitive to FSI

@ E,i;: Nuclear removal energy

ND280 upgrade
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grade status

Constraints by NDs on v-N interaction model

The oscillation probability

% (CCQE) K Y (CCRES) % (ccoisy K
depends on E» T -

w w 47 "

SO GG .

i A
){0) x
v-mode beam NEUT, v, —

120
— CClInc - CC-lplh

Il FGD 1 < CC-2p2h - CC-SPP

Bl SK Osc. (x10°) .. CC-DIS

scattering

. We do not fully understand
the v-N interactions

Aesorption

0 .5 V’ 15 ““2
E,(GeV) y  ccom

v, Flux (101 /cm?/GeV/102:POT)
o(E,)/E, (103 cm?/GeV /Nucleons)

Erec — Mp=(mi—Es)’—mi+2(m—E)E.
v

2(mp—Ep—Ec+pe cos 0,

Reconstructed E» from
outgoing tracks

Ev reconstruction accuracy highly depends on
the interaction types. We are working on it with ND.

(VNU-HUS) ND280 upgrade



T2K Near Detector Upgrade status

Conclusion

@ T2K upgrade goal is 30 significance to CP violation
e Beam power is expected to increase from 0.5 MW to 1.3 MW (30 x
10%°POT /year)
o ND280 upgrade intended to reduce total systematics
o ND280 upgrade is in the preparation stage, and an installation is
expected in the first half of 2023
e Super-FGD: more massive (2.2t), more statistics
e Super-FGD and HA-TPCs performance was tested and simulation and
reconstruction procedures are currently under development
o ND280 upgrade program shows the impressive ability to constrain key
systematic uncertainties.

T2k o
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T2K Near Detector Upgrade status

THANK YOU
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T2K Near Detector Upgrade status

T2K collaboration

The T2K Collaboration (2022)

— N
b B JOIS  mmi == 4

~528 members, 76 Institutes, 14 countries

v W
Japan 103 Ced &
Vietnam 6 U 60
Europe EZ Ay 2022
Cl
France 55 -
Germany. 9 il ot accumulated)
Hungary 1  {current)
Italy 30 - sudents(current)
Poland 23 Constn —authors furrent)
Russia 27 postdacs (current) R
Spain 17 : r —r
20 /
Switzerland 2
UK o1
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T2K Near Detector Upgrade status

HA-TPCs performance

o CERN November 2021
i beam; the same TPC as for DESY 2021 = .
+ TRK; no mag. field e g

g "‘ﬂ' [ Xw;
,I. ‘m 3

o CERN May 2022 (rescheduled for
December)
Test of the one-half of HA-TPF (final
desgin)

T2R\
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T2K Near Detector Upgrade status

Beam direction - Oscillation probability

J-PARC Beam
accclerator

Muon | v,
monitor. R

[Far detector

7T Newino beamiine T (Super-K)
118m 295km
g 0 — 05, =0.0°
£ s000] — 0p4=20°
= o, = 25°
g 2001 — 0pa=3.0° . . . . .
2 2000 @ Oscillation probability is maximum at 2.5°
0 . . .
g 1s00f (off-axis) with narrow v energy band peaking at
#1000 0.6 MeV
500 -

<>
£ Oscillation probability
3 am?=25x10%eV? | @ Sensitive to the beam direction and its stability
& L = 295 km
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T2K Near Detector Upgrade status

Flux, Spectrum and Intrinsic v,

Neutrino Mode Flux at the far detector Antineutrino Mode Flux at the far detector
_fL 10°
= S
> >
23 o
2 10° 2
b by
£ 10% &
10°
| J 1 | L
0 2 4 6 8 10 0 2 4 6 8 10
E, (GeV) E, (GeV)
1) @ Main interaction at T2K: CCQE
N 0 @ can reconstructed v energy and scattering angle 6

@ p and cos . distribution measured by ND are used to
constrain flux and spectrum

m2 — (mp — Eb)2 — mg +2(mp — Ep)E.

le\ v 2(mn — Ep — Ec + pe Cosae) @
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T2K Near Detector Upgrade status

Detectors at ND280

Precise measurement of neutrino-nucleus interactions
T2K ND280 (OA = 2.5 deg.)

2.5°

Secondary beamline

. - T2K INGRID — -
0 bt |

|0l £ ss}

ASCI (OA = 1.5 deg.)

E WAG

o T
05 1 15 2 25 3 35 4 45 5
E, (GeV)

0
E’ M Neutrino beam flux . 1 T ”\ c\ o
H ([} e, = INGRID (on-aixis) 12 || A T—f——Tofal (NC+cC) ]
i/ N\ [=WAGASCI (1.5 M bede T
‘E i1 \, | == ND280 (2.5°) E e 1
et | T, [Netoe ]
L j \ 'z‘?‘ ” ; DI /
A\ E cC single e
! h © 02 :
N ~ NC single Fo————]
-IZK\ L e T I I ; ! -
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T2K Near Detector Upgrade status

Constraints by NDs in v oscillation fit

ND280 detector
model

NA61/SHINE

[
I
I
external data \
: Neutrino flux

INGRID and beam ___—>  model
monitor data 1

I | Cross-Section
1 model ND280 data

e 1
1 External cross- /
1 sectiondata | Lo Mo m e - A= - 1

Super-K i Super-K data
detector model

Oscillation

parameters
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T2K Near Detector Upgrade status

Current ND280

Reused the UA1 Magnet.
Operate with 0.2T field.
Inner volume ~ 3.5m x 3.6m x 7m.

 direction

ECAL: Scintillator planes with radiator.
Measure EM showers from inner
detector.

SMRD (Side Muon Range Detector):
Scintillator planes in magnet yoke.
Detect muons from inner detector.

Tracker Section:

2 FGDs (Fine Grained Detectors):
POD (r° Detector): = Thin, wide scintillator planes.
Scintillators planes » Provides active target mass.
interleaved with 3 TPCs (Time Projection Chambers):
lead/brass; optimized for = Excellent measurements of charged
gamma detection. particles from FGD.

@ FGD: v target scintillator bar along XY to mesure interaction point
@ TPC: to measure momentum & to identify particles from target
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T2K Near Detector Upgrade status

POD Detector

L'pxnmm Water Target Central ECal
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T2K Near Detector Upgrade status

FGD Detector

e Fine-grained active scintillator (CH) target

@ Particle tracking for detection of vertex

) | 365mm
— Ehmzsensor — i
oards
= 1T
-
Ji
Side View

Cooling lines

e Plastic FGD (FGD1) with 15 XY modules

x2

~1cm

~1cm

SCIntIIIator( TiO, Wavelength shifting

e 2 fiber {Kugaray\’ll)

PPC
184cm O'glglcm

Fiber end mirrored by aluminum

e Water FGD (FGD2) with 7 XY modules & 6 water layers (2.5cm)
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T2K Near Detector Upgrade status

TPC Detector

L. Outer wall

E.B B /
directions >

Field cage
Inner wall

. Micromegas
27 Module

v beam

||Readout
electronics

Central cathode

Cathode High Voltage f/"’/lé};d-plate cover

@ 3D tracking gas detector for charged particles
@ Momentum measurement by trajectory & PID by energy deposit

T2k o
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