
My name is Atsumu Suzuki (鈴木州）
from Kobe University
Member of SK, HK, and T2K

Self-introduction

Scuba diving 
(a couple of times a year)

Tennis
weekend

Skating in winter

My shoes
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6→ See Prof. Agarwalla’s lecture on the 1st day) 



T2K δCP measurement
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1.36 sec

or
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Primary Proton beam line

Magnets in Preparation section

neutrino beamline

Arc section

Superconducting magnet in Arc section

Normal-conducting magnet in

Preparation section
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How to produce neutrino beam

Proton synchrotron

Target

p/K
nneutrino beamline

π+→μ+ + νμ

K+→μ+ + νμ

p

We have to make the 2ry charged particle direction parallel 
and inject neutrinos to the target direction.

Magnetic horn !
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Magnetic horn

Cross sectional view
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(May 2015 ~ )
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Off-axis detector (ND280)
⚫ ND280 is made of several components.
⚫ 2 FGDs (Fine-Grained Detectors) consists of scintillator bars.

FGD2 has water as a target material.
⚫ 3 gas-filled TPCs (Time Projection

Chambers) track charged particles.
⚫ All components are in 0.2 T of magnetic

field. The magnets were previously
Used in UA1 and NOMAD.

⚫ Charged  particles are deflected by the
magnetic field. The curvature of 
the track recorded by TPC are used to
determine the momentum of the particles.

⚫ Energy of  wide angle muons are measured 
by SMRD (Side Muon Rage Detector)

⚫ P0D (𝝅𝟎 detector) was replaced by new 
detectors, SFGD, HATPC, TOF (ND280 upgrade).

⚫ Neutrino flux as well as neutrino
interactions can be studied from 
the reconstructed track information. 33

𝝂 beam
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Easy exercise for a range detector

Assume that a 𝝁− stops in the mid. of the Fe layer
Densities of Fe & the scintillator : 8 g/cm3 & 1 g/cm3, respectively.

de/dx ~𝟐 𝐌𝐞𝐕/ 𝐠/𝐜𝐦𝟐

Plastic scintillator 1 cm, 1 g/cm3

Calculate the muon deposit energy: 𝑬𝝁
𝐝𝐞𝐩𝐨𝐬𝐢𝒕

𝑬𝝁
𝐝𝐞𝐩𝐨𝐬𝐢𝐭

= ( Τ𝟓 𝐜𝐦 𝐬𝐢𝐧 𝟑𝟎° × 𝟖 Τ𝐠 𝐜𝐦𝟑 + Τ𝟐 𝐜𝐦 𝐬𝐢𝐧 𝟑𝟎° × 𝟏 Τ𝐠 𝐜𝐦𝟑) × 𝟐 Τ𝐌𝐞𝐕 Τ𝐠 𝐜𝐦𝟐

= 168 MeV

2 cm, 8 g/cm3
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ND280 upgrade

Super-FGD can fully reconstruct tracks in 
3D. → Lower threshold and excellent 
resolution to reconstruct protons at any
angle.

38

P0D was replaced by Super-FGD, 2 High Angle TPCs, and 6 Time-of-Flight detectors.

2 High-Angle TPCs can reconstruct
muons at any angle with respect to 
beam.

6 ToF planes can veto particles originating 
from outside the ND280 fiducial volume.



Super-Fine Grained Detector (SFGD)

➢ A fully active high granularity plastic scintillator 
target/detector.
• Total volume ≈ 192 × 182 × 56 cm3

• Fiducial mass ≈ 2 tons
➢ ～2 million optically isolated plastic scintillator 

cubes of 1 × 1 × 1 cm3

➢ Readout- 55000 WLS fibers with MPPCs at one end.
➢ Dew to 3D tracking, 4π acceptance, and high vertex 

resolution, we can improve hadron reconstruction 
and PID. 39

FGD readout SFGD readout



Expected performance of SFGD

40

First neutrino interactions recorded in SFGD !

FGD data

SFGD MC



First neutrino interaction with full ND280 upgrade
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June 2024

Side view Plan view



Physics with ND280 upgrade
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4π acceptance for outgoing
muons thanks to high 
angle
detection by HATPC.

Decrease in proton detection
threshold and improved 
efficiency
over entire momentum range.

Better estimation of Etrue using Evis,
which utilizes lepton and hadron
kinematics.
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𝟑𝟎 𝐆𝐞𝐕 × Τ𝟐. 𝟐𝟕 × 𝟏𝟎𝟏𝟒 𝟏. 𝟑𝟔 × 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗 × 𝟏𝟎−𝟑 𝐤𝐖 = 801 kW

K2K proton energy: 12 GeV, protons per cycle: 6 × 1012 cycle time: 2.2 sec, beam power: 5 kW

47

1.36 sec

2.27

800



Data accumulation summary

9

◆ Current power : 700 - 800kW (was 500 kW before 

upgrading)

◆ Intensified horn current from 250 kA to 320 kA

→ ~𝟏𝟎 % more neutrino flux

Data used for this analysis

 > 𝟒. 𝟑 × 𝟏𝟎𝟐𝟏 POT
 Total POT for the result hear :
 𝟑. 𝟕𝟕 × 𝟏𝟎𝟐𝟏

• 𝝂 𝐦𝐨𝐝𝐞 𝟐. 𝟏𝟒 × 𝟏𝟎𝟐𝟏

• ഥ𝝂 𝐦𝐨𝐝𝐞 𝟏. 𝟔𝟑 × 𝟏𝟎𝟐𝟏



arXiv:2303.03222

(to be appeared 

In Eur. Phys. J. C)

arXiv:2303.03222 (to be appeared in Eur. Phys. J. C)
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1.36



50



51



52



53



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Reconstructed neutrino energy [GeV]

0

5

10

15

20

E
v
e
n
ts

in
b
in

0 0.2 0.4 0.6 0.8 1 1.2
Reconstructed neutrino energy [GeV]

0

0.5

1

1.5

2

2.5

3

3.5

4E
v
e
n
ts

in
b
in

0 1 2 3 4 5 6
Reconstructed neutrino energy [GeV]

0

2

4

6

8

10

E
v
e
n
ts

in
b
in

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Reconstructed neutrino energy [GeV]

0

2

4

6

8

10

12

E
v
e
n
ts

in
b
in

0 0.2 0.4 0.6 0.8 1 1.2
Reconstructed neutrino energy [GeV]

0

2

4

6

8

10

12

14

16

E
v
e
n
ts

in
b
in

0 0.2 0.4 0.6 0.8 1 1.2
Reconstructed neutrino energy [GeV]

0

0.5

1

1.5

2

2.5

3

4E
v
e
n
ts

in
b
in

Multi-ring 𝝂𝝁

Oscillated neutrino events spectra

CCQE enhanced samples (1 ring events): CC1𝜋+ enhanced samples

3.5  

One ring 𝝂𝒆+ 1 Michel 𝑒–

T2K preliminary

4.5 T2K preliminary

25   T2K preliminary

T2K preliminary

T2K preliminary

4.5 T2K preliminary

Super-K selections

ഥ𝝂𝝁 𝝂𝝁

ഥ𝝂𝒆 𝝂𝒆
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Normal ordering

Inverted ordering

1 CL

90% CL

2 CL

T2K Run1-11 2023, Preliminary

• Weak preference of upper 

octant

• Compatible with maximal 

mixing

The latest results - 𝜽𝟐𝟑 -

𝟐𝐬𝐢𝐧 𝜃𝟐𝟑 =

𝜃23

Upper

Octant

Lower

Octant

𝟎.
𝟓𝟔𝟖

– 𝟎.𝟎𝟑𝟔
+𝟎.𝟎𝟏 −

– 𝟎.𝟎𝟏𝟏𝟎.𝟒𝟕𝟓+𝟎.𝟎𝟎𝟕 −
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∆𝑚32
2

10-3

2.3 2.35 2.4 2.45 2.5 2.55 2.6 2.65 2.7

m2 (NO) / |m2 | (IO) [eV2]
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3C.L.

90% C.L.

DataRun1_11, w/ RC Data fit OA23 (NH)

T2K Run1-11, 2023 Data fit OA23 (IH)

Preliminary

w/ systematics

𝟑𝟐|∆𝒎𝟐 | = 𝟐. 𝟓𝟐𝟏+𝟎.𝟎𝟑𝟕
–𝟎.𝟎𝟓𝟎

×𝟏𝟎–𝟑 𝒆𝑽𝟐/𝒄𝟒

• Weak preference of normal mass 

ordering

The latest results - ∆𝒎𝟑𝟐
𝟐 -
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𝛿CP

𝜹𝑪𝑷 = −𝟐. 𝟎𝟖+𝟏.𝟑𝟑
–𝟎.𝟔𝟏

CP-conservation excluded with 

90% C.L.
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Normal ordering 

Inverted ordering

1 CL

90% CL

2 CL

3 CL

T2K Run1-11 2023, Preliminary

Th latest  results - CPV -

-2.08
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1 × 1022/ 2.27 × 1014/1.36 = 5.99 × 108 [sec]

≈70 [yr]6,933 [days] (Assume that we can operate an accelerator for 100 days 
per year.)


