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Мотивация участия в 
эксперименте T2K-II

• Основное направление исследований в ЛЯП -
нейтринная физика

• Предложение об участии со стороны лидеров коллаборации T2K и  
ИЯИ РАН.

• T2K – эксперимент наивысшей значимости в нейтринной физике.

• Договор с ИЯИ о совместном создании активной мишени Super FGD
детектора ND280 и проектировании платформы и оснастки для ее
сборки

• Ресурсы – с эксперимента Mu2e – из за больших проблем с
получением US виз, невозможности работы в национальных лаб.
США…

• Следуем рекомендациям ПКК + УС

The Sun at night. Solar 
neutrinos as detected by 
Super-Kamioknade looking 
through the Earth.

For the discovery of neutrino 
oscillations, which shows that 
neutrinos have mass 
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Обширная нейтринная физическая программа T2K-II + SK(HK)

• Precision measurements of 𝝂𝝂µ and 𝝂𝝂µ disappearance -> 𝜽𝜽𝟐𝟐𝟑𝟑 and ∆𝒎𝒎𝟑𝟑𝟐𝟐
𝟐𝟐

• Precision measurements of 𝝂𝝂𝒆𝒆and 𝝂𝝂𝒆𝒆 appearance -> determine 𝜽𝜽𝟏𝟏𝟑𝟑
and 𝜹𝜹𝒄𝒄𝒄𝒄

• Search for heavy neutrinos with the T2K near detector ND280

• Gadolinium doping to separate anti-neutrino interaction by neutron 
capture

• HK program
• CP violation measurement
• Determining the Ordering of the Neutrino Masses
• Cosmic Neutrino Observation (Solar, Supernova, Relic), Dark 

Matter Search
• Proton decay Searches
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Probability for muon neutrinos (antineutrinos) to
oscillate to electron neutrinos (antineutrinos)
neglecting effects from propagation through matter

probability for muon neutrinos and antineutrinos 
to maintain their initial  flavour

Main T2K physics goals:
Observation of 𝝂𝝂𝒆𝒆and 𝝂𝝂𝒆𝒆 appearance -> determine 𝜽𝜽𝟏𝟏𝟑𝟑 and 𝜹𝜹𝒄𝒄𝒄𝒄

Precise measurement of 𝝂𝝂µ and 𝝂𝝂µ disappearance -> 𝜽𝜽𝟐𝟐𝟑𝟑 and ∆𝒎𝒎𝟑𝟑𝟐𝟐
𝟐𝟐
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Constraints on PMNS oscillation 
parameters
arXiv:1910.03887v3 [hep-ex] 25.01.2021

10

Two-dimensional confidence intervals at the 68.27% and 
99.73% confidence level for δCP versus sin2θ23 from the T2K + 
reactors fit in the normal ordering, with the color scale 
representing the value of negative two times the logarithm 
of the likelihood for each parameter value.

99.73% (3σ) confidence and credible intervals on δCP. In 
the favored normal ordering the confidence interval 
contains [−3.41, −0.03] (excluding 46% of the parameter space)
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Измерить 𝜃𝜃23 and ∆𝑚𝑚32
2 с точностью of 1.70 и 1% или 

лучше. Сейчас соответственно 2.60 для угла (T2K)  и  2.9 % 
(T2K)



Super-Kamiokande detector

15



T2K signals
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CC0π

CC1πCCOther

ND280 samples
CC deep inelastic scattering
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Upgraded ND280 
Reduce detection threshold
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JINR participation in T2K 

• Study of the secondary particle yields from 
graphite target

• Participation in the simulation and data analysis 
to reduce systematic uncertainties for T2K data

• SFGD box design (alternative variant)  Special 
NOTE 

• Design of the SFGD assembly platform  and 
tooling for assembling 

• Development of the electronics for LED 
calibration system

• Study of cubes parameters
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NA61/SHINE for T2K-II/HK

NA61/SHINE replica-target measurements allow for a significant improvement in T2K (anti-
)neutrino flux uncertainty (down to ~5%, unprecedented for accelerator experiments). Even 
a better knowledge is desired for T2K-II and Hyper-K. New measurements with Carbon 
target are planned after the CERN LS2 (see CERN-SPSC-2018-008). Additional plans:

Improved measurements with T2K replica target, maybe considering alternative target 
material – Super-Sialon (Si N Al O);
Hadron production with lo beam  (<12 GeV/c).
Improve (anti-)neutrino flux uncertainty down to 3-4%
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Oscillation analysis using T2K data
- Parameters of interest: δCP, sin2θ23, Δm232 and sin2θ13
- Neutrino mass hierarchy
- Probing of the consistency of the PMNS framework

 DLNP group participation in T2K oscillation analysis:
- analyzing new data obtained with the upgraded ND280 detector;
- developing event selection methods;
- performing studies on various types of systematic uncertainties; 
- developing software tools for analysis

 On the first stage (year 2022) we expect to join to the ongoing T2K analyses and focus on  
adapting and developing their methods with respect of  the upgraded ND280 detector.

 As soon as the new data from the T2K upgraded arrives and is available (years 2023 and
2024), we are going to participate in analysis of them and in obtaining physical results.



JINR contribution to the SFGD assembly platform  
Nikolai Kirichkov, Andrey Shaikovsky, Alexandra Sinitsa, A.O. Brazhnikov

• Alternative box design with bottom panel reinforcing ribs and 
suspensions for earthquake compensation

• seismic calculation

• design of the platform for the SFGD assembly in J-PARC

A subgroup for SFGD assembly is formed (Yu. Davydov, M. Khabibulin) 

31
Максимальные деформации ящика детектора SFGD при 
сейсмическом воздействии (2,5 мм)

Сборка платформы и 
опорной системы для первого 
этапа работ



Расчет собственных 
колебаний системы доступа

Calculation of natural 
vibrations of the access 
system

Расчет собственных колебаний 
опорного стола

Calculation of natural vibrations of 
the support table

Seismic calculations
расчет прочности и жесткости по нормам строительства в сейсмических районах 
Дальнего востока ( 9 баллов, 0.65 g )
Сalculation of strength and stiffness according to construction standards in 
seismic regions of the Far East (9 points, 0.65 g)
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JINR contribution to the calibration system of SFGD 

The 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 to calibrate all 
56k MPC
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JINR contribution to the calibration system of SFGD 

The slide shows the module 
of the 12-channel SFGD 
electronics board. The detector 
will use 8 such modules. The 
graphs demonstrate the 
calibration of a single LGP 
channel by single photons.
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SFGD cubes optical crosstalk study with LED

The scintillator cube excited by
the LED. Reflective coating has
been removed from one side for
demonstration.

The clear fiber used for light
injection has a tapered end.

 Fibers:  d=1mm, no reflectors/attenuators
 MPPC: Hamamatsu S13360-1350CS 1.3x1.3 mm2

36



SFGD cubes optical crosstalk study with LED
SFGD cubes composition:
 polystyrene base, 
 (1.5%) paraterphenyl (PTP) ,
 (0.01%) of 1.4-bis benzene (POPOP). 

Wavelength of the LED light is in the range of
absorption of POPOP.
→ The spectrum of the light which comes out of
the cube is mostly the same as one from
scintillation. 

Reflective coating has been removed from the one
side of the cube. The light coming out of the cube
goes to the entrance slit of the monochromator. High
light intensity of the LED. 

Monochromator (190-1100nm) + PMT Hamamatsu R2059 
were used for the measurements. PMT anode current has
been measured using Keithley 6487 picoammeter.
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Event by event ratio

LED light injection into cube 0. (No common fiber, hole is open)

Green: event by event sum: 

Light yield cube 1Blue: 
Light yield cube 0.



Optical crosstalk for different cases. Led light injection into cube 0

1

Blue: Light yield cube 0
Green: event by event sum 

plugs
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Measured optical crosstalk of the two cubes (%)

Ratio of the light yield mean values
of the cubes

The red dot / label indicates
the point of light injection.
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Study of heating influence on the light yield and crosstalk of 
the cubes

• We want to check how temperature treatment, for example, heating 
of the transportation container during the transportation of the 
detector from CERN to J-PARC could affect on the scintillating 
properties of the cubes and on the reflecting coating and consequently 
crosstalk.

• Using the UV LED (λ≈375 nm) light injection into the cubes we can 
measure the light yield and crosstalk of the cubes before and after 
heating and compare the results.

• Heating of the cubes we are going to do using the industrial 
thermostabilized chamber. 

• We have selected 5 pairs of cubes, measured their light yield and 
crosstalk before heating and then 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.

• Each measurement of the light yield of the cubes was accompanied by 
measurement of the LED intensity using the PMT Hamamatsu R2059. 
Using the PMT as a reference will let us to compare the results despite 
of the LED intensity drift during the measurements. On the plot below 
one can see the LED intensity drift. 
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Results

•As one can see, the light yield and crosstalk did not changed significantly after heating.

Case 1: Case 2:
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Plans of the JINR group in T2K

• Finalize design of the SFGD assembly platform (2021) 
• Participation in the assembling of the SFGD (2022)
• Participation in the creation of the LED calibration 

system for SFGD (2021-2022)
• Possible participation in the DAQ of the SFGD (2022)
• Participation in the start-up and maintenance of the 

SFGD during data taking (2022-2024…)
• Participation in the simulation and data analysis 

SFGD and T2K in perspective (2022-2024…)
• Participation in the HYPER-KAMIOKANDE in the 

perspective (HK outer detector, data analysis)
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Thank you for attention
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T2K-II
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ND280 upgrade to reduce the total systematic error down to ~ 4%
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BACKUP
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For the first time, T2K has disfavored 
almost half of the possible values at 
the 99.7% (3σ) confidence level, and is 
starting to reveal a basic property of 
neutrinos that has not been measured 
until now.

To further improve the experimental sensitivity to a 
potential CP symmetry violating effect, the T2K 
Collaboration will upgrade the near detector suite to 
reduce systematic uncertainties and accumulate more 
data, and J-PARC will increase the beam intensity by 
upgrading the accelerator and beamline. 54
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An exploded cross section of the ND280

To measure beam’s flavour composition, 
energy spectrum, and interaction rates

A schematic of the PØD, the beam enters 
from the left side of the figure.

The primary goal is to measure the
neutral current process on a water
target. These single 𝜋𝜋0 form a
significant background in the 𝜈𝜈𝑒𝑒
events at the Super-K
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T2K ended its 2019-2020 data-taking 10-th run on February 12, 2020, with a record beam
power of 515 kW stably delivered by the J-PARC Main Ring accelerator. T2K has accumulated a
total of 3.64×10^21 protons on target (POT) so far.

The protons are produced by the J-PARC Main Ring synchrotron accelerator in Tokai
on the east coast of Japan. The 30 GeV protons are directed onto a graphite target,
producing charged pions and other secondary particles.
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The uncertainty on the predicted number of 
selected events at the  T2K far detector
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pdglive.lbl.gov

{0-2π] range
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Nuclear effects and 𝐄𝐄𝛎𝛎
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