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• 1995: K2K Proposal 
• 1999: Data taking started 
• 2002: Indication of Neutrino Oscillations 
• 2004: Measurement of Neutrino Oscillations 
• 2005: Data taking finished.



�����

�����	�

• 2000-2001: JHFnu LOI  (base of the T2K proposal) 
• 2004: Construction Started 
• 2009: First Neutrino Beam 
• 2011: Indication of electron neutrino appearance 
• 2013: Observation of electron neutrino appearance 
• 2016: A hint of neutrino CPV
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T2K meeting in January 28, 2016
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1980’s22000�
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•  1950’s$MNS2P$

•  1988$Kamiokande$atmospheric$anomaly$
•  1991$SK$start$construcEon$
•  1995$K2K$proposal$
•  1995$A$possible$experiment$at$the$new$accelerator$$$
•  1996$SK$construcEon$completed$
•  1998$Takayama$conference$
•  1999$K2K$beam$line$construcEon$completed$
•  2005$K2K$completed$
•  2000$T2K$LOI$
•  2001$J2PARC$approved$
•  2005$T2K$Proposal$
•  2009$T2K$beam$line$construcEon$completed$
•  2012$νe$appearance$$

��



10

number$
density$
(/cm3)�

mass$
(eV)�

mass$
density$
(eV/cm3)�

Nucleon� 1027� 109$� 100�

neutrino� 100$/$flavor� 1~10� 3~3000�
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1988 
KAMIOKANDE�

Sub2GeV$e2like� Sub2GeV$µ2like�

Kamiokande collab:. 
Phys. Lett. B 205, 416 (1988) 
�
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242 Y. Fukuda et al. /Physics Letters B 335 (1994) 237-245 
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Fig. 3. Zenith-angle distributions for (a) the e-like events and (b) 
p-like events (the fully-contained and partially-contained events 
are combined). The circles with error bars show the data and the 
histogram the MC (without neutrino oscillations). The downward 
direction is given by cos 0 = 1. 

2.0 
Multi-GeV 

I I I 
T 

Fig. 4. Zenith-angle distribution of (p/e)d,,,/(p/e)Mc, where 
both the fully-contained and the partially-contained events are in- 
cluded. The circles with error bars show the data. Also shown 
are the expectations from the MC simulations with neutrino os- 
cillations for parameter sets (Am*, sin22t9) corresponding to the 
best-fit values to the multi-GeV data for vw - ve ((1.8x10-* 
eV*, l.O), dashes) and vF et I+ ((1.6x10-* eV2, l.O), dots) 
oscillations. 

(a) e-like events, and (b) all p-like events. One 
sees that the e-like events have a small excess of 
events for the upward- and horizontal-going direc- 
tions and the p-like events have a small deficit of 
events in the same directions. These non-uniform 
zenith-angle dependences can more clearly be seen 
in Fig. 4, which shows the zenith-angle dependence 
of ( p/e)data/( p/e)Mc. It should be noted that the 

systematic error associated with any up/down asym- 
metry is negligible compared with the statistical error. 

A possible explanation of the small (p/e)data/ 
(p/e)Mc and its zenith-angle dependence may be 
sought in neutrino oscillations. We analyzed the data 
in terms of two neutrino-oscillation channels, V~ c--f 
v, and vcL tf vr. The method of analysis was similar 
to that for sub-GeV atmospheric neutrinos [ 13. 

To test for neutrino oscillations, the fully-contained 
e- and p-like (FCe and FCp) events are respectively 
mapped on (zenith angle(cos@), and log(Evi,)) 
planes, where (cos 0, log( &is)) is meshed into 
(5 x 8) cells. The range of Evis is from 1 .O to 100 GeV. 
Similarly, the partially-contained p-like events (PC/L) 
are plotted on a cos 0 axis, where cos 0 is divided 
into S-bins. Here we do not use the information of 
Evis for the partially-contained p-like events, because 
Evis is not a good measure of the neutrino energy for 
the partially-contained events. Then a x2 is defined 
to draw contours of allowed regions on the (Am2, 
sin*28) plane: 

X (X~j(FCe))N"'Fce'eXp(-X,i(FCf?)) 1 
+ ln 

( 

(xij(FCp)) N,J(FcI.L) exp ( -Xij ( FCP) ) 
Nij(FC/L)! 1 

+ln lCxi (mp))N’ (pcfi)exp(-Xi (Ep)) 
{ Ni (Pep)! 1) 

7 

Xij(FCC?) = (1 +(Y)(l -P/2)Mij(FCe), 

Xij(FCP) = (1 +a)(1 +P/2)Mij(FCP), 

Xi (EP) = (1 +a>(1 +P/z)Mi (EPL)t 

where Ni(j) (FCe, FC,u or IXp) is the number 
of observed fully-contained e- or ,u- or partially- 
contained p-events in the (cosO(i), log(E,i,(j))) 
cell, Mi(j) (FCe, FC,u or PCp) is that of a Monte 
Carlo sample with given oscillation parameters, LY is 
a factor relevant to the absolute normalization with its 
(systematic) error ga = 30%, and p to the pfe ratio 

Long$Baseline$!�
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7. Comparison with Other Proposals[2, 16, 17, 18] 
 
 Presently two neutrino oscillation experiments are being carried out at CERN, 
exploring the region of Δm2>1eV2, sin22θ>10-4. However, in  the small Δm2 less than 10-
2 eV2, there are as yet no experiments. The need for large detector mass makes it 
advantageous to use multi-purpose underground detectors.  
Possible accelerators to produce neutrinos are BNL, CERN, FNAL and KEK.  The table 
below lists the oscillation probability, for Δm2 =10-2 eV2 sin22θ=1.0 along with the 
expected number of charged current events for 107 seconds. 
 

Table-4 
 

          Δm2=10-2 eV2 
     sin22θ=1.0 
 

KEK-PS 22,000 ton         500*             65% 
BNL-AGS   6,300 ton     10,000**               5% 
CERN-SPS 15,000 ton      <2,000***             50% 
FNAL-MI   1,000 ton-> ?       2,000****             43% 
 
*       Assumed x5 intensity upgrade 
**      Distance of 24km is assumed 
***    This estimate is based on occupation of  100% of the beam time.  Actually 1/2 
may be realistic. 
**** Construction of a new detector (15-20kton) is proposed. 
  
 In order to investigate the Δm2 region which have been indicated by Kamiokande 
data, namely Δm2 =(several x 10-3) to (a few x 10-2 eV2), one need E/L to be of the order of 
0.01.  
 The table-4 below lists the typical E/L value for each proposal. 

 
Accelerator Detector E/L(GeV/km)~ Δm2 

 
KEK-PS Super Kamiokande 2/250=8x10-3 
BNL-AGS 6.3 k ton detector 1/24  =5x10-2 
CERN-SPS ICARUS 8/732=1.1x10-2 
FNAL-MI SOUDAN-II, New 

Detector 
10/800=1.3x10-2 

 
Table-5 

  
 Below we list some comments for each proposal. 
 
[ BNL ] 
 

Accelerator Fiducial 
Tonnage  

No. of Charged-
Current 
Events/107sec 

       Oscillation 
       Probability         
 

Possible$new$accelerator$in$near$future$
Is$it$worthwhile$to$do$in$Japan?$�

	
��
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              Feb.14,1995 
         Revised Feb.24,1995 
         Revised Apr. 4,1995 
 

Proposal for  
a Long Baseline Neutrino Oscillation Experiment,  

using KEK-PS and Super-Kamiokande 
 

      
 Abstract 

 
   We propose an experiment to draw a definite conclusion on the possibilities of 
neutrino oscillations with squared mass differences Δm2 around 10-2 eV2 which has been 
indicated by the Kamiokande group and by other undeground experiments (IMB, SOUDAN-
II) analyzing atmospheric neutrinos. The experiment uses a well-defined muon neutrino (νµ) 
beam produced at the KEK-PS and three detectors, including the existing Super-Kamiokande 
detector. The experiment will be sensitive to the νµ->νe and νµ->ντ oscillations, Δm2>3x10-
3 eV2 and sin22θ>0.1, at more than the 3σ confidence level. The experimental methods, 
accelerator modification, schedule and cost estimates are described.  
  

US2Japan$collaboraEon$
Proposed$as$a$joint$project$of$ICRR,$KEK$and$INS$

	
	
�

K2K proposal



16

Neutrino Oscillation Experiment with 50 GeV-PS 
 

    Koichiro Nishikawa 
� � � 1995.9.26 

    
 
1  Implications of Neutrino mass 
 
2  Neutrino Oscillation and  
 Physics of Leptons 
 
3  Present - Near Future - Future 
 
4 Neutrino Beam with 50 GeV Protons 
 
 4-1  Over-view  
 4-2  Neutrino Beam 
 4-3  Understanding Beam 
 4-4  Discovery Potential  
 4-5  Schedule

14$

T2K origin



K2K�

15$

17

Intensity History of KEK 12-GeV PS
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T2K LOI
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New$idea$of$off2axis$beam$
1994 TRIUMF KAON factory workshop 

	
	�

BNL$long$baseline$proposal$
(not$realized)�
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$

Strong$leadership$and$broad$physics$
view$of$the$Directorates$and$trust$from$
funding$agency$
$
Prof.$Hirotaka$Sugawara$and$$
the$late$Prof.$Yoji$Totsuka$

	
��



Your$choice�

Known$unknown$
result$from$phenomena$which$are$recognized,$
but$poorly$understood.$
$
Unknown$unknown$
are$phenomena$which$cannot$be$expected$
because$there$has$been$no$prior$experience$or$
theoreEcal$basis$for$expecEng$the$phenomena.$
$

���
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1. T2K Breakthrough Prize PartyBreakthrough Prize Party  
T2K (&K2K) Collaboration

January 28, 2016



Bruno Pontecorvo prize for 2016

• Nihikawa-san is awarded the international 
Bruno Pontekorvo Proze with Prof. WANG 
Yifang and Prof. KIM Soo-Bong. 

• For their outstanding contributions to the study of the 
neutrino oscillation phenomenon and to the 
measurement of the Theta13 mixing angle in the Daya 
Bay, RENO and T2K experiments.  

23



Neutrino Oscillation studies with 
accelerator neutrino beams

• Intensity of the Proton Accelerator 
• K2K: 8×1012 Protons/Pulse @12GeV 
• T2K: 2×1014 Protons/Pulse @30GeV 

• Understanding of the neutrino beam 
• Precise beam monitoring with hadron production data from 
• K2K: CERN HARP Experiment 
• T2K: CERN NA61 Experiment 

• Understanding of the neutrino interactions with near detectors: 
• K2K: 1kton WC, SciFi and SciBar detectors 
• T2K: INGRID and ND280 detectors (ND280 upgrade for the future) 

• Understanding of the detector 
• Excellent PID and particle counting with novel reconstruction 
algorithms

24



K2K results: PRD 74, 072003 (2006)
• Measurement of νμ disappearance 
• 112 neutrino events observed with 158+9.2-8.6 expected 
events without oscillations. 

• 0.00015% (4.3σ)  

25

the deviations of the parameters from their nominal values,
and Mj is the error matrix for jth set of parameters.

D. Results

The likelihood is maximized in the !m2 ! sin22! space
and the best-fit point within the physical region is found to
be at "!m2; sin22!# $ "2:8% 10!3 eV2; 1:0#. The values
of all systematic parameters at the best-fit point are within
1" of their estimated errors. At this point, the expected
number of events is 107.2, which agrees well with the 112
observed within the statistical uncertainty. The observed
Erec
# distribution is shown in Fig. 43 together with both the

expected distributions for the best-fit parameters, and the
expectation without oscillations. The consistency between
the observed and the best-fit Erec

# distributions is checked
using a Kolmogorov-Smirnov (KS) test. For the best-fit
parameters, the KS probability is 37%, while for the
null oscillation hypothesis is 0.07%. The observation
agrees with the expectation of neutrino oscillation.
The highest likelihood is found at "!m2; sin22!# $ "2:6%
10!3 eV2; 1:2#, which is outside of the physical region.
The probability that we would get sin22! & 1:2 if the
true parameters are at our best-fit point is 26.2%, based
on the virtual MC experiments.

The probability that the observations can be explained
equally well by the no oscillation and by the oscillation

hypotheses is estimated by computing the difference of
log-likelihood between the null oscillation case and the
best-fit point with oscillation. The null oscillation proba-
bility is calculated to be 0.0015% (4:3"). When only
normalization (shape) information is used, the probability
is 0.06% (0.42%).

The null oscillation probability calculated separately for
each subsample or each likelihood term is shown in
Table XX. In addition, Table XXI shows the effect of
each systematic uncertainty on the null oscillation proba-
bility. The effect is tested by turning on the error source
written in the first column in the table. As shown in the
table, the dominant contributions to the probabilities for
the normalization information are from the F=N flux ratio
and the normalization error, while the energy scale is the
dominant error source for the probability with the Erec

#
shape information consistent with the results found using
the MC test described in Sec. IX B 2.

The allowed region of oscillation parameters are eval-
uated based on the difference of log-likelihood between
each point and the best-fit point:

 ! lnL"!m2; sin22!# ' ln
! Lphys

max

L"!m2; sin22!#

"

$ lnLphys
max ! lnL"!m2; sin22!#;

(28)

where Lphys
max is the likelihood at the best-fit point and

L"!m2; sin22!# is the likelihood at "!m2; sin22!# with
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FIG. 43 (color online). The reconstructed E# distribution for
the one-ring $-like sample. Points with error bars are data. The
solid line is the best-fit spectrum with neutrino oscillation and
the dashed line is the expectation without oscillation. These
histograms are normalized by the number of events observed
(58).

TABLE XX. Summary of the null oscillation probability. Each
row is classified by the likelihood term used, and each column
represents the data set.

K2K-I( II K2K-I only K2K-II only

Shape( Norm 0:0015% (4:3") 0.18% (3:1") 0.56% (2:8")
Shape only 0.42% (2:9") 7.7% 5.2%
Norm. only 0.06% (3:4") 0.6% 2.8%

TABLE XXI. Effect of each systematic uncertainty on the null
oscillation probability. The numbers in the table are null oscil-
lation probabilities when only the error written in the first
column is turned on.

Norm-only Shape-only Combined

Stat. only 0.01% 0.22% 0.0001%
FD spectrum 0.01% 0.24% 0.0002%
nQE/QE, NC/CC 0.01% 0.23% 0.0002%
Far/Near 0.02% 0.23% 0.0003%
%1R$ ) ) ) 0.23% 0.0002%
Energy scale ) ) ) 0.38% 0.0002%
Normalization 0.03% ) ) ) 0.0005%

All errors 0.06% 0.42% 0.0015%

M. H. AHN et al. PHYSICAL REVIEW D 74, 072003 (2006)

072003-36
and Fig. 46. The allowed regions calculated with only
K2K-I and K2K-II data are also consistent as shown in
Table XXII and Fig. 47.

Finally, we compare our result with the parameters
found by the measurement of atmospheric neutrino oscil-
lation by the Super-Kamiokande collaboration [2].
Figure 48 shows the allowed regions of oscillation parame-
ters found in this analysis together with the SK result. The
K2K result is in good agreement with the parameters found
using atmospheric neutrinos, thereby confirming the neu-
trino oscillation result reported by SK.

X. SUMMARY

Data taken by the K2K experiment between June 1999
and November 2004 is used to observe and measure the
parameters of neutrino oscillation using an accelerator-
produced neutrino beam. The K2K experiment is the first

long-baseline neutrino experiment to operate at a distance
scale of hundreds of kilometers. The neutrinos are mea-
sured first by near detectors located approximately 300 me-
ters from the proton target, and then by the Super-
Kamiokande detector 250 km away. The near detector
complex consists of a 1 kt water Cherenkov detector, and
a fine-grained detector system. The energy spectrum and
flux normalization measured at the near detectors are used
to predict the signal seen at Super-K. The results found are
consistent with the neutrino oscillation parameters previ-
ously measured by the Super-Kamiokande collaboration
using atmospheric neutrinos.

One hundred and twelve beam-originated neutrino
events are observed in the fiducial volume of Super-
Kamiokande with an expectation of 158:1!9:2

"8:6 events with-
out oscillation. The spectrum distortion expected from
oscillation is also seen in 58 single-ring muonlike events
which have had their energy reconstructed. A likelihood
analysis was performed and the probability that the obser-
vations are explained by a statistical fluctuation with no
neutrino oscillation is 0.0015% (4:3!). In a two-flavor
oscillation scenario, the allowed !m2 region at sin22" #
1 is between 1.9 and 3:5$ 10"3 eV2 at the 90% C.L. with
a best-fit value of 2:8$ 10"3 eV2.
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 Initial T2K results:  
PRL 107, 041801 (2011), PRL 112, 061802 (2014)

• In 2011, Indication of electron neutrino appearance (non-zero θ13) 
with 6 electron events over 1.5±0.3 background events 
corresponding to 2.5σ. 

• In 2014, Observation of electron neutrino appearance with 28 
events over 4.92 ±0.55 background events corresponding to 7.3σ.

26

6 events(2011) 28 events (2013)



Current status and future of T2K 
(a talk will be given by Dr. IZMAYLOV Alexander tomorrow)
• A hint of neutrino CP violation with 90% CL in 2016 
• arXiv: 1701.00432 [hep-ex] accepted by PRL 

• T2K-II for search for CP violation with 3 σ (T2K-II) 
• Stage 1 status in J-PARC PAC

27

WdY and STU
- T2K result with reactor constraint (sin+ 2-1. = 0.085 ± 0.005)
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FIG. 21: Sensitivity to CP violation as a function of true �
CP

for the full T2K-II exposure

of 20 ⇥ 1021 POT with a 50% improvement in the e↵ective statistics, a reduction of the

systematic uncertainties to 2/3 of their current size, and assuming that the true MH is the

normal MH. The left plot is with assumption of unknown mass hierarchy and the right is

with known mass hierarchy. Sensitivities at three di↵erent values of sin2 ✓23 (0.43, 0.5 and

0.6) are shown.

The expected evolution of the sensitivity to CP violation as a function of POT assuming947

that the T2K-II data is taken in roughly equal alternating periods of ⌫-mode and ⌫̄-mode948

(with true normal MH and �
CP

= �⇡/2) is given in Fig. 22.949
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Today (arXiv: 1702.00432 [hep-ex] Future with T2K-II



J-PARC Neutrino Beam and the detectors 
Very Intense Neutrino Beam for νμ→νe study
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TokaiKamioka

Intense ~600 MeV νµ beam for 
neutrino oscillation studies

• High sensitivity search for θ13

• Precision measurement of θ23, Δm223

J-PARC

Super Kamiokande
“far” detector (FD)

295 km

~500 collaborators from
 58 institutions, 12 nations

The XXVth International Symposium on Lepton Photon Interactions at High Energies

see “T2K Experiment”
arXiv:1106.1238 submitted to NIM A

2Thursday, August 25, 2011

TokaiKamioka

Intense ~600 MeV νµ beam for 
neutrino oscillation studies

• High sensitivity search for θ13

• Precision measurement of θ23, Δm223

J-PARC

Super Kamiokande
“far” detector (FD)

295 km

~500 collaborators from
 58 institutions, 12 nations

The XXVth International Symposium on Lepton Photon Interactions at High Energies

see “T2K Experiment”
arXiv:1106.1238 submitted to NIM A

2Thursday, August 25, 2011

Super-K

Hyper-K • 480 kW (today) 
• ~1MW (2020) 
• 1.3 MW (2025)

•   22.5     kton (Super-K, ~2026) 
• 190(×2) kton (Hyper-K, 2026~)
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My comments for a summary
• Thank Nishikawa-san with his leadership for the K2K 
and T2K experiments. 

• These excellent results are achieved with great efforts 
by all K2K and T2K collaborators. 

• We are in an exciting stage with neutrino oscillations to 
explore CP violation. 

• Let’s keep going forward with more measurements and 
more observations by current and new experiments.
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