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T2K:ND280O

Q:
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Super-Kamiokande

1,700 m below sea leve

Magnetized (thanks to magnet coming from 295

the CERN UA1 experiment) series of detectors,
located 280 m downstream of the J-PARC
graphite target

SMRD
UA1 Magnet Yoke

PoD (7' detector): measurement of 7"

production (z° — Y + y mimics v, interaction)

Downstream

FGDs (Fine Grain Detectors): plastic
scintillator bars planes (+ water planes for
FGD2) where (antl)neutrmo mteractlon (most
probably) takes place:dargeD;

TPCs (Time Projection Chambers) hlghly
accurate reconstruction of particle’s
momentum: very precisefracker) Schematic view of ND28o
ECAL (Electromagnetic calorimeter): original conﬁguration
measures energy deposit (2010-2022)

Barrel ECAL
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Reduction of systematics thanks to ND280

» Thanks to ND28o fit systematics uncertainties on v, and v, energy spectra at SK are reduced

from15% to 5% !
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T2K (2010-2022)...

* T2K was the first to observe v, appearance in v
beam: 0,5 # 0 at 7.30 [PRL 112, 061802 (2014)]

Later, 0-p = 0 and 6,p = & CP-conserving points
were ruled out at the 20 confidence level !
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*  But at ND280o, mainly v, (17ﬂ) interactions with forward-going u~ (u™)
are selected

= ND280 acceptinte .
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1 * Small number of events and relatively low purity in v, and T, selections
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U interactions, no selection

* High threshold to reconstruct protonsin v,

0 oo o b b b by by T . . . . .

O 200 400 600 800 1000 12:: [M1e‘<’);>c] % 200 200 600 800 1000 Momentum p, (MeV) 0 Of neutrons — Only muon klnemathS used in T2K OSCl"athn Analyses
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https://www.nature.com/

... Sowe can do even better!

* Upgrade of the ND28o: replacement of PoD by:

* SFGD (Super Fine Grain Detector): 2 million
icm® plastic scintillator cubes:

* Higher granularity to better reconstruct p and n if5 (20~ 3
£ detector) 3

* Total target mass (SFGD+FGD1+FGD2) multiplied
by 2 (compared to FGD1+FGD2)

* 2 HA-TPC (High-Angle TPC): new TPCs
equipped with the new Resistive Micromegas
technology:

UA1 Magnet Yoke SMRD

POD ECall Rarrel ECal
* Increase of the angular acceptance

N
.

i = -
. . >
_ E - Lz
. D s .= 0 ¢
- - D o =
L i - ST
7 o 3 :

1 HAJTPC §
N/ 5
/ Up_ SUDG FGD ‘. j

— o~

* 6 TOF planes surrounding this structure:
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* Precise time-of-flight to reject background from 1. b
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T2K Upgrade (2025-2027?)

* Upgrade of J-PARC neutrino beam line: proton

beam power gradually increase from ~ 500 kW
to 750 kW (1.3 MW expected in 2027) thanks to
faster cycle from 2.48s — 1.36s

Electromagnetic horns current increase — 320 kA
instead of 250 kA — 10% increase in neutrino flux

Goal: collect >10 X 10°! POT by 2027 — 30
T

2

Successfully achieved 710 kW stable operation
with 320 kA horn current — continuous
operations at 760 kW were also demonstrated

measurement of CP violation if ocp >~ —
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* 750 kW beam runs and upgraded

ND28o will collect in ~4 months a
statistics equivalent to the one
provided by ND28o for the most
recent T2K OA (2010-2022)
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» SFGD cubes production at UNIPLAST (Russia)

Produce cubes by Etched in a chemical 3 orthogonal
plastic scintillator cubes of 1 cm’ injection molding  to deposit a reflective layer holes are drilled

made of polystyrene and doped
with 1.§% of paraterphenyl (PTP)
and 0.01% of POPOP.

e _40 p.e./MIP/fiber
Nucl.Instrum.Meth A 1041 (2022) 167219
|

2 million optically independent

. Bl 1 . ,
2 Wy ¢ 8 10 [mm]

Q SCIENCES - \ Assembled in 56 X-Y layers with fishing lines before shipment to Japan
b soRBONNE L PNHE
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SFGD assembly at J-PARC

First cube layer assembly e

2022

Horizontal fibers assembly Vertical fibers assembly
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Top MPPCs assembly

Box closure

Stop panels removed
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SKFGD test beams

Proton Bragg peak

S dEdx for protons and MIP
« A24 X 8 X 48 SFGD S & — i f " proton
prototype array as tested & | oonf- — W
extensively at the Tg E oost- 1“!
beamline of the Proton = E : : i
Synchrotron (PS) accelerator g |11 ol %
at CERN in 2018 N e
S e e g s

Average Z-layer dE/dx [p.e./cm]

Total Uncertainty

* Same prototype was also
exposed at LANL neutron
beam in 2019-2020

Statistical Uncertainty

N IEEELEEL Reconstructed Simulation

Physics Letters B 840 (2023) 137843
Total Cross-section (barn)
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SKFGD: v, reconstruction

e"e™ overlap

A
[ |

* SFGD high-granularity verson ot
means better separation

of e~ coming from v,
interactions and the ones

e/y discrimination with particle gun

0.4

coming fromy — e"e”
conversions

0.35 electron

gamma
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SIGD: proton reconstruction

Proton threshold + purity
FGD1, TPC u + FGD p

b = U B L B . . .
* Better efficiency to reconstruct E ool | ¢ —on T
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SEFGD: neutron reconstruction

250

200

150

100

Events/ton/10?' POT

50

0

v/

Phys. Rev. D 101, 092003
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Reconstruction of neutron kinematics event-
by-event for the first time, thanks to their pre-
thermalization scattering on protons

Exclusive selection of ™ + n samples of 7,

interaction similar to what is done with 4= + p in

I/M CasScC

Sample used to measure U, interactions on H, no

nuclear effect so accurate measurement of
neutrino flux!



anode MicroMegas (ERAM)
technology

* Contrary to the bulk MicroMegas which
equip the vertical TPC, ERAM allow a

charge spreading on several pads

bulk MicroMegas

] Mesh @ ~ -360V

Amplification gap: ~1 28uﬁ"'l,’ T E

pads
FR4 PCB
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HA-TPC commisioning and assembly

* Bottom HA-TPC
assembly and
commisioning at
CERN

Cosmics data taken at CERN previous to J-PARC shipment - =S Fa e IR
- - * Arrived fully instrumented E
L \F at J-PARC

--------------------------------------
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HA-TPC performances

At DESY 2021 test beam, a
spatial resolution between

200-800 um has been
measured, as opposed to

600-1600 um for vertical

TPCs

E 1400

=.
= 1200

8
 dE/dx resolution of less than = 1000

Q
10% has also been measured g 800
in this test beam campaign  F 600
S 400
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0
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Time resolution of SiPMs readout

0 ¢ RSiPMs
+ L SiPMs
T()F 280 1 } Weighted average | |
250- H* Work in progress { *”
- | SRR
» 6 Plastic scintillator planes forming a g 10 |
cube that surround SFGD and HAT = 100- T
: . : 30 AL B S RRY
Reconstruction of track timing with a AR SLBELT
resolution between 100 and 130 ps e T e e

Position along bar [cm]
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ND280 Upgrade’s installation
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T2K Upgradeis truly happenmg !

* The Bottom HAT, SFGD and 4/6 TOF
planes were installed in the ND28o pit in
end of 2023 and have started to take data

* The Top HAT will be installed by end of
April

* The 2 last TOF panels will follow by end of
May

* The full upgrade should be ready for June
run!

POD ECal

"
‘ §P(§)D super-FGD

4
_
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Some nice event displays

Run number : 16070 | SubRun number :11 | Event number : 259310 | Spill : 9421 | Time : Thu 2023-12-21 06:00:10 JST | Partition : 61 |Trigger: Beam Spill

Michel e

* Pion and Michel
electron ?

Run number : 16120 | SubRun number :0 | Event number : 12772 | Spill : 12345 | Time : Sun 2023-12-24 17:28:50 JST | Pa

* 2 stopping protons
from 2p2h
excitation ?

S SORBONNE | Pﬁ;-rE\
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ND280 Upgrade: SFGD Preliminary results

* Thanks to the cosmics data collected at J- « Examples of 3D reconstructed tracks in the

MIP peak from cosmic events (p.e.)

v/

PARC, a lightyield of 20-40 p.e./MIP/fiber

has been measured for SFGD cubes
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ND280 Upgrade: HA-TPC Preliminary results

0.75

 Cosmics data taken at J-PARC in end of

2023 — spatial resolution of ~500 um
(about 10% momentum resolution), in
both data and simulation

» dEdx resolution of the order of 10% has
been measured in a wide range of
momenta
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UNIVERSITE pParis

v/

Spatial resolution [mm]

dEdx resolution [%]

o
~

0.65

o
»

o

(9]

(&)
IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII

-
N

11,55_ ____________ ________________ _____________________________ Workmpr@gress ______
Y N RN S SRR T AN LA S aht S
WS N N I N S S .
o { ........ + ........................ S5 T T
ISR WU T N L R YOO WO T
95[ : : : . :

RS0 TN U WU WU WU SUUS WS
85_ ...................................................................................
R T e = e

"ol
5
)

+@-HlH

—@— i

Work in progress

|

+

—i— @

60 80 100
Drift distance [cm]

Ulysse VIRGINET - Nulnt 2024 - Friday, April 19th 2024

p [MeV]

22



12

ND280 Upgrade: TOF Preliminary results
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beam bunches structure!
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Summary and perspectives

Thanks to a lot of work from many people, T2K has entered its
second phase!

2 runs of data-taking were done with SFGD, 1 of the 2 HA-TPC and
4 of the 6 TOF installed

Detectors are working very well

Already observed very nice neutrino interactions

Top HA-TPC has arrived in J-PARC and should be installed in the
pit by end of April

The 2 other TOF will follow by end of May

The whole upgraded ND28o should be ready for June run, ~20000

v,CCOr interactions are expected in SFGD in only one month of
data taking!

g soRBONNE L PNH E\

Top HA-TPC is well arrived at J-PARC!
April 8th 2024
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T2K\

Thank you for your attention!
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Back-up
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295 km

1,700 m below sea level

Neutrino Beam

set of three
graphate target electromagnets
proton beam e
from accelerator c beam dump
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f \ .i' I~ g ! " y ' i f - -
p i o | R e o | r . p
e o e L
. S i Y @ ® - v
..‘ . Tt .‘ - V.
i 0\ ‘.l Fe \ o ‘ ‘ -
% e . .' - o~
’ a2 * @ ® -
.".‘\_ | .
Y .~ X
“ o
i 5 v
n neutrino beam
travelang
through Earth

* Japan Proton Accelerator Research Complex: Acceleration of protons

* Collisions on a graphite target produce mainly mesons: 7=, K~

* Thanks to magnetic horns, select:

v/

» Either z™, K™ which decay mainly in 4™ + v, — v, beam

* Orz~, K™ which decay mainly iny™ + 7, —>7, beam
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The T2K experiment: SK =7

295 km

» gom diameter X 4om height cylinder

* Filled with 50000 tons of ultra pure water

* More than 10000 PMT aim to detect Cherenkov light

emitted by charged lepton coming from v interaction
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The T2K oscillation analysis

FD: Neutrino mode, vy,
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Detector efficiency

Event rate Oscillation probability v flux

U X-S€C

Flux prediction:
Proton beam measurement

Hadron production (NA61 2009
replica target data)

Prediction at the Far Detector:

Combine flux, cross section and

ND280 to predict the expected
events at SK

ND280 measurements:
vy and 7, selections to constrain

flux and cross-sections

Neutrino interactions:

Cross-section models
External data

SK measurements:
Select CC v, V., Ve, Ve candidates

after the oscillations
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Reduction of flux and x-sec uncertainties at ND280O

 Fit non-oscillated v, (U,) spectrum
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* Reduction of flux and cross-section
systematic uncertainties
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