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What is T2K trying to measure? T2\
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T2K aims to measure the 6 parameters which describe neutrino oscillation probability
. Three m]xing ang|eI 923 913 912 s NOVA 3¢ dexr BemectBa 30 %, nporus 10% nas T2K uro npuBoaut K

Lo 0oJibIIIeli YYBCTBUTEJIBHOCTH VISl M3MEPEHUsI HepPapXuM MacC HEUTPUHO
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Key questions to answer: T A,

- Discovery of CP violation (5__,not 0 or )

T ]

T A2
Am3,
Ty h Ty

« Determination of mass ordering (Am?_,> 0 ?)

Normal Inverted

« Octant of 6_, (sin?0,, > 0.5 ?)

- Precise measurements of 5_,6,, Am?, T2K can measure
C these!

Edward Atkin, Moriond 2022 2



Sensitivity to oscillations
Atmospheric parameters

> Muon (anti-)neutrino disappearance gives sensitivity to sin2(2623) and |Am?Z2a,|
> 0,3 octant sensitivity from appearance channel
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Comparison of results to NOVA T2

 NOVA experiment is a long-baseline neutrino experiment in the USA
- Baseline of 810 km

— Higher energy and broader neutrino flux
NOVA Preliminary
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CpaBHenue pe3yabratoB T2K u NOVA

OcHoBHbIM pesynbTatoM T2K siBusieTcst usMepeHue asst .,
uckirovaroiiee coxpanenue CP-uHBapuaHTHOCTU HAa YPOBHE 2 CUTMa, a
TSl HEKOTOPBIX 00J1acTel Ha YpOBHE 3 curma.

Jannbie skcnepumenTa NOVA npoaomKaroT NpeanoyuTaTh
HOpPMAaJIbHOE yIIOpSJ0UYnBaHUE Macc U coxpaHeHrne CP-UHBapHaHTHOCTH.

Bo03M0kHO, COBMECTHBIN aHAIU3 TaHHBIX dKcrepuMeHToB T2K u
NOvVA npuBesnet Kk 00paTHOMY YIOPSI0YMBAHUIO MacC HEUTPUHO U K
TOMY, 4TO MakcumaibHoe Hapyuienue 8., = 3*1m/2  CP-cummerpun
OyJleT ABJIATHCS OOUIMM MPEANOYTUTEIbHBIM PEIICHUEM 7



ND280 upgrade

ND280 current
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UAI Magnet

*Main strength of ND280 : magnetized detector —
separate v from v (cannot be done in SK or HK) PODECil

*Main limitation of ND280 : reduced angular acceptance
— only forward going tracks are reconstructed with
high efficiency

*An analysis dedicated to select tracks with high polar
angles — 20% efficiency

*We can do better with an upgrade — Horizontal target
and horizontal TPCs

% + Efficiently detect charged particles at any angle

% + The reduction of the protons threshold

*#+ Measure neutrons in antineutrino interactions

%+ As a result, reduce the systematic error from 6 to 4%
when counting electronic antineutrinos

Barrel ECal

Super-FGD
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Bxnao compyonuxkoe OUIAHU ¢ T2K

CropoexkTupoBaHa M CO3JaHa OCHAcTKa JJig cOopku akTuBHOM wmumeHu SFGD,
BKJIIOYaromas cOOpodHyro IUIaThopMy, CUCTEMY AOCTyIla CBEpPXY JJIs MOHTa)ka
JETEKTOpa, KOMIUIEKT TPAaHCHOPTUPOBOYHOM Taphl [JId IIEPEBO3KH MacCHBa
CHUUHTHUJIISTOPOB M KOMIIOHEHT OCHACTKH.

Pa3zpaboTaH M co3laH NHJIOTHBIM 3JICKTPOHHBIM 010K B cranjgapre NIM s
kannopoBouyHOU cuctembl SFGD.

[IpoBeAeHO U3yUYEeHUE ONITUYECKUX HABOJOK MEXKY JJIEMEHTAMU AKTUBHON MUILIEHU
SFGD. Pesynbrathl mojioxkeHbl B Kojumabopanuu u Ha cemuHape JIAIL. Crates
CIlaHa B I1€YaTh.

IIpoBeneH aHaln3 CUCTEMAaTUUYECKUX MOrpelIHoCcTer B OmkHeM aeTtektope ND280
BOCCTAHOBJICHUS UMITYJILCOB 10 TipoOeram. Pesynbstat npeacrasiieH B 12K Note.

M3yuen BbIXOA BTOPUYHBIX 4YacTull ¢ rpaguroBoil mumeHu (replica target at
CERN). VYiaydmieHa TOYHOCTh OMNpEIENECHUs BBIXOJAa HEUTPUHO M3 MHUILEHHU [0

~5%




@) S u p e r F G D JINST 13 (2018) 02006 J—Z/R\

~XiElure <000 w0 Fully active, highly granular,
- ~2 x 106 scintillator cubes, each 1 x1x 1 cm? 4 scintillator neutrino detector
- Each cube has orthogonal 3 holes, diameter 1.5 m ith 3D WLS/MPPC readout

- 3D (x,y,z) WLS readout \*
- About 60000 readout WLS/MPPC channels
- Total active weight about 2 t

Cubes produced by injection molding
Covered by chemical reflector
Tolerance (each side) about 30 microns

3
Std Dew
%"/ ndf
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Mcan

F
=
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3 holes in each cube drilled
with the tolerance of 50-70 microns

‘ ‘ \A/INE O C V. Wisddmonli NID RARSRHE O
\ WIN 2019 Y. Kudenko INR, Moscow 8



¢ Assembly procedure o

Baseline method: 1- assembly of planes and whole detector using fishing lines
2 - replacement of fishing lines by WLS fibers

Fishing lines

Y11 WLS fibers

Method was tested \
with small prototypes .-

Swiss roll made of
a plane of cubes

WIN 2019 Y. Kudenko INR, Moscow 10




Packing cube layers: box #1 T2/K)\

Joint Institute for
Nuclear Research

E;‘ _m\,

- Move every cube layer + polyethylene film using wooden bars
(~4x4 cm cross section, ~ 3 m long);

- A strong and light pipe can be used instead of a bar (better to cover by a polyethylene)

9/May/2022 M. Khabibullin (INR), Yu. Davydov (JINR)




Cubes shipment J<

Nuclear Research

. 6/June/2022: from INR to Vnukovo airport (VKO)

== i S ’

14/Jun/2022 M. Khabibullin (INR), Yu. Davydov (JINR)



e = The assembly platform T2

Nuclear Research

Top access
system

g

L —
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L
.
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June 2022: shipment of the platform elements from JINR to INR
May-July 2022: paperwork for platform shipment (INR)

system ]
July-Aug 2022: shipment of the platform to KEK/J-PARC

09/May/2022 M. Khabibullin (INR), Yu. Davydov (JINR)
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Strong contribution of the [INR engineers

The SuperFGD assemble platform is developed

1. Platform for the SFGD assembly. Manual

Reliability calculations of the assembly platform for the 2. Note to the technical project
static load and seismic stresses demonstrate that the 3. Calculations. Statics (Reliability calculation. Part |)
structure has a good safety margin. 4. Calculations. Seismic (Reliability calculation. Part Il)

5. SFGD Detector Assembly Procedure
SuperFGD assemble procedure is developed

--——JI \:UPGRADE r2/i\ 2
UPGRADE UPGRADE
Platform for assembling and maintaining of the SFGD detector = = o T e Z
Platform for assembling and maintaining of the SFGD detector T 2 e Platform for assembling and maintainimg of the SFGD detecror
-.-—Ji EL UPGRADE A Sty st ~«-—J| = i Ek UPGRADE

A. Shakovskiy

latform for assembling and maintaining of the SFGD detect Calculations. Statics SFGD Detector
o i y Fiatiorm for sssamiling and mantnng of e ST 0D dewcior
Platform SFGD oe20n bty calcifption e Assembly Procedure
partl
Manual Shatkovskiy, A Suutsa, A Brazhnikow T
Note to the technical project Calculati Selsmi
alculations. seismic
«Platform SFGD»
Relabiity calcuiaton
part 11
«Platform SFGD»
o,
— at losestue for Nuoclear Resead
Iint Institute for Nuclear Ressarch “« Plaﬂorm S FG D» ~ Jomt Instiute for Muckear Researh

e
(Easd)

Jout Insuee for Nuclear Research
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Fiber insertion

* Much person power is needed for the work.
* Eight people will work in parallel.
* First shift will be outsourced to company.

Fiber insertion work with eight people Daily work schedule

15



Overall Time Schedule

tr1,2022 Qtr2,2022 Qtr3,2022 Qtr4,2022 Qtr1,2023 Qtr2, 2023

s an Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
IHBox : ; :
FHCubes
[F1Assembly Structure
[F MPPC

Fibers ready

[HCalibration

Electronics

HWork @J-PARC

Start Cube+Box Assembly
Cube+box

Fiber+MPPC+Calib+elec (on surface)
Electronics (on surface)

Bottom TPC installed (middle October)
Installation in ND280

Commissioning in ND280

Ready for Top TPC Installation

® Qverall schedule is not impacted by the various updates

16



JINR contribution to the calibration system of SFGD

LNP develops electronics for the SFGD
calibration system. The Figures show the
concept of the calibration system. 93 LGP
modules are located around the detector and
allow us calibrate all 56k MPPC. Intensity of
calibration LED radiation is controlled down
to single photons.

l I | Scintillator cube

CF sandwich &
readout interface

——

[ lm———} LGP moduie
I WLS fiber T

( Readout

interface

PCB \
—

Diffuser
LGP

Light-tight
container

Notch on LGP

17



Photo on the left shows a
module  developed and
manufactured in DNLP,
which contains 12 channels
of SFGD electronics. JINR
group is obliged to
manufacture 8 such modules
up to June 2022.

Upper right picture shows
the module's scheme. Lower
right picture demonstrates
calibration of a single LGP
channel with single photons.
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-~
SEGD cubes optical cross talk study using a LED excitation &&=

L We have developed a way to study optical light leakage

—lL T e Ll between cubes using LEDs, which provides a fast and reliable

o s CAE;\‘? DTs751 way to control light leakage through the surfaces of the cubes.

| 10bit 2Gs/s

=] N . Amp. —

? - trig. in

m LED Generator

box [* | BNC 8010

LED370E wavelength spectrum is peaked
around of 375 nm

POPOP
2.00 1 r1.80 ~
.80 7 -1.62 . d . . -
_ 1601 [ 1as o Fiber to illuminate the cubes with a LED light
O 1.40 126 ©
B 400+ ~ F1.08 2
= 1.00 0.05 wt. % -0.90 OCJ
_8 0.80 -0.72 8
< 0.601 -0.54 O ; :
s 030 S WLS fibers: 1 mm diameter, open far end
; iy 1R
0.00 T T T T y T r T T 0.00 : 3 2
s 5 Bw 2w &5 A 45 48 &0 5o b SiPM: Hamamatsu S13360-1350CS 1.3x1.3 mm
Wavelength(nm)

19



Cubes optical cross talk measurements

s 11555 i | re1LcY i 51' Spectra of signals from cubes, obtained when the cube "0"
(BMS __81s4) E ‘ I RS 1.19 is illuminated. The left spectrum shows the signal from
- I'I H <:| the illuminated cube "0", and the right one - the signal
o “E | |] } from the cube "1" due to the light leak from the cube "0".
Light yield cube 0 : [ ‘ | \ ” Hottylekd cabe L
£ f IU’\ Light leak through one side wall is about 3.3%, it
FLd i iy e coincides with the data obtained by our colleagues in
| L measurements on accelerators.
‘ T T cubel o oaac ‘X‘b‘&?? [ LY.cbed || Fmf —Cv.abe 1 _
IT o™ cati =
"-;' ? 1 O Q,Q wf |l [RVS os4ss 5 Hm T e
\\“'H--- T @ vcgeyo ’ 1 Light yield cube 0 ®E Ei[;;: yield cube 1
ey ¢ iy :
wf || | &
In the case of illumination of cube "1" light leakage e J’ | \/ \/&A : ,
into cube "0" is noticeably less and the ratio of the AL L
signal in the cube "0" to the signal in the cube "1" is E>
1.8 % . This is due to the different distance from the ‘ l ._L LY cube0_, . -c
illumination spot to the cubes boundary walls. 001 N LY. cubel
s

This effect can be used to increase the "spatial" sensitivity when reconstructing tracks of charged particles. i



Heating influence on the light yield and crosstalk of the cubes

Test Reference
We want to check how temperature treatment, for example, heating of the cubes  cubes
transportation container during the transportation of the detector from INR to —- ﬁ’ CAEN
J-PARC could affect on the scintillating properties of the cubes and on the — L -
reflecting coating and consequently crosstalk. cube \ Ll
Using the UV LED (A=375 nm) light injection into the cubes we can measure L Ls);«_ oyeight
the light yield and crosstalk of the cubes before and after heating and compare D= bof | i
the reSUItS. DTo7o1 - MPPCs: Hamamatsu s13360-1350CS
Heating of the cubes we are going to do using the industrial thermostabilized P, famamatsy 2059

chamber.

We have tested 5 pairs of cubes, measured their light yield and crosstalk
before and after heating. We put it to the thermostabilized chamber and kept
under 60 °C for 24 hours, and then allowed them cool to room temperature for
20 hours before measuring. Q@

S48 . Llo" Q .éting i
L eating
2as | ’l @j |
240 '
¢ ) [P
- 3 'E_ 235 ] ':“;":
The light yield and e -
: © 230 % =
crosstalk did not change Z l 1 : 1l
3 Ak 2 © 2251 i I
significantly after heating 2 i ; S EY
22,0 - 1 1
LT = 41,0
215 | ] 0.5
pol— 0 T
1 2 3 4 5
Pair number
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3x3x3 cubes matrix tests

ONn cosmic muons Signals from cubes from the central column and
cross talk on adjacent columns when cosmic
muons pass vertically through the central column

We plan to study the possibility of improving the accuracy of reconstructing the tracks of charged particles
in the SFGD taking into account the optical cross talk in adjacent channels. To do this, it is necessary to
develop an algorithm to take into account cross talk in cubes.

To test this technique on cosmic muons and on accelerator beams, it is planned to create a
prototype detector with a size of about 5x5x10 cubes.

22



OcHOBHbIe pe3ynbTaTbl U NNAHDI: @® NAG61/SHINE 2010 replica target data Carroll et al.

NA61/SH|NE anA T2K 260(— A NAG1/SHINE 2007 thin-target data

1. BbiInoOAHEH aHann3 AaHHbIX 3KCNepUMeHTa ¥ NAG61/SHINE 2009 thin-target data

1. Hadron production measurements NA61/SHINE v onybavnkosaHbl pe3ynbTaTbl Mo = INAGUSHINE 2016 tun-Rrgte duts

with a thin Carbon and a replica of N3MEPEHMIO BbIXO0B aPOHOB U CEYEHUIO 2 M H
the T2K target using the poxaeHusa [Phys. Rev. D 103 (2021) 1, 012006] B I !
NAG61/SHINE spectrometer at the NPOTOH-Yr1ePOAHbIX B3aUMOAENCTBUAX. o ol T ’ +l
CERN SPS " |

2. OTU AaHHble bbbl Mcnonb3oBaHbl ans Honee -
DDl il f - e A ) TOYHOrO npeAckasaHWsa CheKTPpoB W MOTOKOB 200,;, T U S
antineutrino fluxes in T2K/T2K- (@QHTWM)HENTPUMHO B  3KcnepuMmeHte T2K:  ans - ‘ P, (GeV/o) *
Il/HyperKamiokande with YCKOPUTENbHbIX 3KCNepUMEHTOB nosy4yeHa
unprecidented precision pekopAHas TOYHOCTb ~5%. SK: Positive Focussing (v) Mode, v,

E 03 Mt Emor Uncertainties on _|

3. Upgrade of the NA61/SHINE 3. Yuactne B MogepHuM3aLmMmn cnekTpomeTpa -t e Lt ~ hadron
spectrometer and of the readout NAGT/SHINE: 3amMeHa 3/1eKTPOHNUKM C4UTbIBAHNA R Oniuned int. Exror UEE R
system (DAQ rate increased by a CUTHanoB C BPEMA-NPOEKLMOHHBIX Kamep T Denlaoinmmy o DOKIRIRARER
factor of 10) VR o e 1

4. MoarotoBka npeanoxexHmn (CERN-SPSC-2021-

028 n CERN-SPSC-2022-022) B Hay4HbI KOMUTET

SPSC no  CO34aHuKO n NCMOJIb30BaHMIO
HW3KO3HEePreTUMYHOM NHUKN Nyyka H2 coBMeCTHO ¢
MoAepHM3nMpoBaHHoU yctaHoBko NA61/SHINE

5. Ha neto 2022 roga 3ansaHMpoBaH HOBbIV Habop
3KCNEePUMEHTaNbHbIX AaHHbBIX C TOYHOW KOMueu
MuweHn T2K. 3TO NO3BOJUT yayyllnUTb TOYHOCTb

CRACKH : AT M3MEepeHMa BbIXOAOB aApPOHOB, OCOBEHHO Anf
Anindicationof matter-antifmater ~, 3aps>KEHHbIX N HEUTPa/IbHbIX KAOHOB

_Symimetry.violation in néutrinos -

TPC readout rate increased by ~



Inan vuacmusa ¢ T2K-11 na 2023 2.

Yuactue B coopke mumienu SFGD B J-PARC nHa neckax, gajee Ha
ONTUYECKUX BOJIOKHAaX. TecTupoBaHHME ONTHYECKUX KaHAJIOB B
Ipolecce COOPKH.

Coznanue octaibHbIX 7 NIM 0110Kk0B cuctembl kaauOpoBku SEFGD B
J-PARC. VYuactue B cOOpke M HajlagkKe MOJHOM CHCTEMBI
KaJIuOpPOBKH.

Yyactue B ceancax HaOopa gaHHbix 12K-II

[Iouck «TeMHBIX» (POTOHOB HA JAHHBIX C OJMIKHEH MHUIICHU
skcrnepumenTa 12K u T2K-II

[IpoIOJDKUTh M3y4Y€HHE BbIXOJla BTOPHUYHBIX 4YacCTHUIl C I'paduTOBOMU
mumeHn (replica target at CERN). Yiydiene TOYHOCTH
ONPEACICHHS BhIX01a HEUTPUHO M3 MUIICHU 10 ~4 %

24



11;1aBHO mepexoauM K J0KJIaaam
HUropsa AlleKkcaHIpoOBUYA U
AJiekcanapa BagepbeBuua
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T2K-11

*Upgrade of ]-PARC Main Ring (1.3 MW beam)
* Approved and funded, will be done by 2022
*Goal: collect >10x10% POT by 2026 — 30
measurement of CP violation if dcp~-11/2
*Near Detector upgrade to reduce systematics
from ~7% to ~4%
* Installation the new detectors in 2022
%* Use the ND280 Upgrade detector also as
initial Near Detector for Hyper-Kamiokande
* Strong involvement of the JINR group
*Improvements of the Far Detector thanks to
the SK-Gd project
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2020 2025

Hyper-Kamiokande

* Exclusion of &cp=0
% 8ofordcr~%m/2
% >30 (50) significance for 76% (57 %) of dcp
space
* Sensitivity will be further enhanced by
combination with atmospheric neutrino
measurements

* Assume systematics uncertainties of ~4%
(currently 7% for T2K)
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