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S  Analysis workflow 
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mixing angles, squared mass differences, CP violation phase - fundamental 
parameters of nature 
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θ23	  =	  45.8	  ±	  3.2°	  
θ12	  =	  33.4	  ±	  0.85°	  
θ13	  =	  8.88	  ±	  0.39°	  

Δm2
21	  =	  (7.53	  ±	  0.18)·∙10

-‐5	  eV2	  

|Δm2
32|	  =	  (2.44	  ±	  0.06)·∙10

-‐3	  eV2	  

δCP	  =	  [-‐π,	  	  0.14π]	  and	  [0.87π,	  	  π]	  	  
(90%	  interval)	  

Oscillation formulae depend also on neutrino energy and distance between source and 
detector – these parameters are controlled by experimentalists 

mixing of  flavor and mass eigenstates → PMNS matrix 
 

Nobel prize 2015: 

Kajita, McDonald 

measured parameters: Δm2
32, θ23 θ13, δCP Δm2

12, θ12 

T2K  
measurement 

T2K  
measurement 



Remaining questions 

S  Is there a CP violation in the neutrino 
sector? 

S  What is the neutrino mass ordering 
(hierarchy) 

S  What are the exact values of  neutrino 
oscillation parameters (mixing angles, 
mass squared differences) 
S  Is Θ23 maximal? If  not, which octant? 

S  What is the absolute scale of  masses? 
S  Are neutrinos Majorana or Dirac?  
S  Are there only three neutrino types? 

S  Sterile neutrinos? 
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Normal (NH) Inverted (IH) 

Mass hierarchy 



The T2K 
experiment 
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►  Tokai-2-Kamioka: long-baseline 
experiment with narrow-band beam 

►  Muon neutrinos produced in J-PARC 
laboratory in Tokai (30 GeV proton 
beam hits a graphite target) 

►  Near detector station 280 m from the 
production point measures non-
oscillated beam 

►  Far detector (295 km away) – Super-
Kamiokande, large water-Cherenkov 
detector in Kamioka mine studies  
effects of  oscillations 

Main goal: neutrino oscillation studies 

►  muon (anti-)neutrino disappearance 

►  electron (anti-)neutrino appearance 

Kamioka Tokai 



Oscillations in T2K 

S  a 
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components, including the flux (Section IV), neutrino in-
teraction model (Section V) and near detector and far de-
tector data samples (Section VI and Section VIII respec-
tively). The fit to near detector data, described in Sec-
tion VII, is used to constrain the far detector rate and as-
sociated uncertainties. Finally, Section IX describes how
the far detector ⌅e sample is used to estimate sin22⇥13.

II. EXPERIMENTAL OVERVIEW AND DATA
COLLECTION

The T2K experiment [32] is optimized to observe elec-
tron neutrino appearance in a muon neutrino beam. We
sample a beam of muon neutrinos generated at the J-
PARC accelerator facility in Tokai-mura, Japan, at base-
lines of 280 m and 295 km from the neutrino production
target. The T2K neutrino beam line accepts a 31 GeV/c
proton beam from the J-PARC accelerator complex. The
proton beam is delivered in 5 µs long spills with a period
that has been decreased from 3.64 s to 2.56 s over the
data-taking periods described in this paper. Each spill
consists of 8 equally spaced bunches (a significant subset
of the data was collected with 6 bunches per spill) that
are ⇥ 15 ns wide. The protons strike a 91.4 cm long
graphite target, producing hadrons including pions and
kaons, and positively charged particles are focused by a
series of three magnetic horns operating at 250 kA. The
pions, kaons and some muons decay in a 96 m long vol-
ume to produce a predominantly muon neutrino beam.
The remaining protons and particles which have not de-
cayed are stopped in a beam dump. A muon monitor
situated downstream of the beam dump measures the
profile of muons from hadron decay and monitors the
beam direction and intensity.

We detect neutrinos at both near (280 m from the tar-
get) and far (295 km from the target) detectors. The far
detector is the Super-Kamiokande (SK) water Cherenkov
detector. The beam is aimed 2.5� (44 mrad) away from
the target-to-SK axis to optimize the neutrino energy
spectrum for the oscillation measurements. The o⇥-axis
configuration [33–35] takes advantage of the kinematics of
pion decays to produce a narrow band beam. The angle
is chosen so that the spectrum peaks at the first oscilla-
tion maximum, as shown in Fig. 1, maximizing the signal
in the oscillation region and minimizing feed-down back-
grounds from high energy neutrino interactions. This
optimization is possible because the value of |�m2

32| is
already relatively well known.

The near detectors measure the properties of the beam
at a baseline where oscillation e⇥ects are negligible. The
on-axis INGRID detector [36, 37] consists of 16 mod-
ules of interleaved scintillator/iron layers in a cross con-
figuration centered on the nominal neutrino beam axis,
covering ±5 m transverse to the beam direction along
the horizontal and vertical axes. The INGRID detector
monitors the neutrino event rate stability at each mod-
ule, and the neutrino beam direction using the profile of
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FIG. 1: The muon neutrino survival probability (top)
and electron neutrino appearance probabilities (middle)

at 295 km, and the unoscillated neutrino fluxes for
di⇥erent values of the o⇥-axis angle (OA) (bottom).
The appearance probability is shown for two values of
the phase �CP , and for normal (NH) and inverted (IH)

mass hierarchies.

event rates across the modules.

The o⇥-axis ND280 detector is a magnetized multi-
purpose detector that is situated along the same di-
rection as SK. It measures the neutrino beam compo-
sition and energy spectrum prior to oscillations and is
used to study neutrino interactions. The ND280 detec-
tor utilizes a 0.2 T magnetic field generated by the re-
furbished UA1/NOMAD magnet and consists of a num-
ber of sub-detectors: side muon range detectors (SM-
RDs [38]), electromagnetic calorimeters (ECALs), a ⇧0

detector (P0D [39]) and a tracking detector. The tracking
detector is composed of two fine-grained scintillator bar
detectors (FGDs [40]) sandwiched between three gaseous
time projection chambers (TPCs [41]). The first FGD
primarily consists of polystyrene scintillator and acts as
the target for most of the near detector neutrino inter-
actions that are treated in this paper. Hence, neutrino
interactions in the first FGD are predominantly on car-
bon nuclei. The ND280 detector is illustrated in Fig. 2,
where the coordinate convention is also indicated. The
x and z axes are in the horizontal plane, and the y axis
is vertical. The origin is at the center of the magnet,
and the magnetic field is along the x direction. The z

Without oscillations 
With oscillations 

νµ disappearance 

Without oscillations 
With oscillations νe appearance 

νµ →νµ

νµ →νe

Location of  dip ~ Δm2
32  

Depth of  dip ~ sin2 (θ23) 

Magnitude of  peak ~ 
~ sin2 (θ13), δCP, MH 0 1 2 3 

Energy (GeV) 



Off-axis beam 
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components, including the flux (Section IV), neutrino in-
teraction model (Section V) and near detector and far de-
tector data samples (Section VI and Section VIII respec-
tively). The fit to near detector data, described in Sec-
tion VII, is used to constrain the far detector rate and as-
sociated uncertainties. Finally, Section IX describes how
the far detector ⌅e sample is used to estimate sin22⇥13.

II. EXPERIMENTAL OVERVIEW AND DATA
COLLECTION

The T2K experiment [32] is optimized to observe elec-
tron neutrino appearance in a muon neutrino beam. We
sample a beam of muon neutrinos generated at the J-
PARC accelerator facility in Tokai-mura, Japan, at base-
lines of 280 m and 295 km from the neutrino production
target. The T2K neutrino beam line accepts a 31 GeV/c
proton beam from the J-PARC accelerator complex. The
proton beam is delivered in 5 µs long spills with a period
that has been decreased from 3.64 s to 2.56 s over the
data-taking periods described in this paper. Each spill
consists of 8 equally spaced bunches (a significant subset
of the data was collected with 6 bunches per spill) that
are ⇥ 15 ns wide. The protons strike a 91.4 cm long
graphite target, producing hadrons including pions and
kaons, and positively charged particles are focused by a
series of three magnetic horns operating at 250 kA. The
pions, kaons and some muons decay in a 96 m long vol-
ume to produce a predominantly muon neutrino beam.
The remaining protons and particles which have not de-
cayed are stopped in a beam dump. A muon monitor
situated downstream of the beam dump measures the
profile of muons from hadron decay and monitors the
beam direction and intensity.

We detect neutrinos at both near (280 m from the tar-
get) and far (295 km from the target) detectors. The far
detector is the Super-Kamiokande (SK) water Cherenkov
detector. The beam is aimed 2.5� (44 mrad) away from
the target-to-SK axis to optimize the neutrino energy
spectrum for the oscillation measurements. The o⇥-axis
configuration [33–35] takes advantage of the kinematics of
pion decays to produce a narrow band beam. The angle
is chosen so that the spectrum peaks at the first oscilla-
tion maximum, as shown in Fig. 1, maximizing the signal
in the oscillation region and minimizing feed-down back-
grounds from high energy neutrino interactions. This
optimization is possible because the value of |�m2

32| is
already relatively well known.

The near detectors measure the properties of the beam
at a baseline where oscillation e⇥ects are negligible. The
on-axis INGRID detector [36, 37] consists of 16 mod-
ules of interleaved scintillator/iron layers in a cross con-
figuration centered on the nominal neutrino beam axis,
covering ±5 m transverse to the beam direction along
the horizontal and vertical axes. The INGRID detector
monitors the neutrino event rate stability at each mod-
ule, and the neutrino beam direction using the profile of
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FIG. 1: The muon neutrino survival probability (top)
and electron neutrino appearance probabilities (middle)

at 295 km, and the unoscillated neutrino fluxes for
di⇥erent values of the o⇥-axis angle (OA) (bottom).
The appearance probability is shown for two values of
the phase �CP , and for normal (NH) and inverted (IH)

mass hierarchies.

event rates across the modules.

The o⇥-axis ND280 detector is a magnetized multi-
purpose detector that is situated along the same di-
rection as SK. It measures the neutrino beam compo-
sition and energy spectrum prior to oscillations and is
used to study neutrino interactions. The ND280 detec-
tor utilizes a 0.2 T magnetic field generated by the re-
furbished UA1/NOMAD magnet and consists of a num-
ber of sub-detectors: side muon range detectors (SM-
RDs [38]), electromagnetic calorimeters (ECALs), a ⇧0

detector (P0D [39]) and a tracking detector. The tracking
detector is composed of two fine-grained scintillator bar
detectors (FGDs [40]) sandwiched between three gaseous
time projection chambers (TPCs [41]). The first FGD
primarily consists of polystyrene scintillator and acts as
the target for most of the near detector neutrino inter-
actions that are treated in this paper. Hence, neutrino
interactions in the first FGD are predominantly on car-
bon nuclei. The ND280 detector is illustrated in Fig. 2,
where the coordinate convention is also indicated. The
x and z axes are in the horizontal plane, and the y axis
is vertical. The origin is at the center of the magnet,
and the magnetic field is along the x direction. The z

Off-axis beam 
!  Proton beam hits the target, produces 

hadrons, mainly pions 
!  The pions decay: 

!  Beam contamination: 

!  Detectors positioned off-axis to get 
favorable spectrum shape 

Neutrino energy 

T2K beam 
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! + ! µ+ +"µ

µ+ ! e+!µ!e

K + ! " 0e+!e

MC 

April 27, 2012 

l  Proton beam hits the target, produces hadrons, mainly 
pions 

l  Magnetic horns select hadrons of  positive or negative 
charge (hence neutrino or antineutrino beam) 

l  The pions decay (nu beam): 

l  Beam contamination: 

l  νe contamination  
<1% at the peak 

l  Detectors positioned off-axis  
to get favorable spectrum shape (we use neutrinos 
emitted at a small angle w/r to the beam axis) 

l  Hadron production measured  
in NA61/SHINE experiment for better predictions of  
neutrino flux 

π + → µ+ +νµ

µ+ → e+νµνe

K + → π 0e+νe

Off-axis angle chosen: 2.5 degrees 



Near detectors: INGRID 

8 

S  Located on the axis of  the beam 

S  16 modules – sandwiches of  scintillator and iron, 1 all-scintillator 
proton module  

S  Beam monitoring (direction, profile, rate of  CC interactions) and 
cross-section measurements (carbon and iron) 

νµn→ µ−p

Charged Current interactions (CC): 

N 

ν 
charged  
lepton 

N’ 

W 



Near detectors: ND280 
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S  Off-axis near detector 
S  νμ and νe flux measurement 

(constraints for oscillation 
measurements) 

S  Cross-section measurements 
(carbon, oxygen) 

TPC	  	  
(gas	  Time	  Projec0on	  Chambers)	  
l momentum	  measurement	  
l parRcle	  idenRficaRon	  
(dE/dx	  measurement)	  

FGD	  	  
(Fine	  Grained	  Detectors)	  
l acRve	  target	  mass	  
recoil	  protons	  detecRon	  

SMRD	  
(Side	  Muon	  

Range	  Detector)	  
improvement	  

of	  muon	  
idenRficaRon	  

tracker 

TPC TPC TPC 

F
G

D
 

F
G

D
 

Data on event display (CC 2 track): 



T2K far detector – 
Super-Kamiokande 
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•  Large water-Cherenkov detector 
•  50 kton of water, 22.5 kton fiducial volume, >11,000 

photomultipliers on the walls observe Cherenkov light 
•  Many years of experience, very well-known detection 

technique, systematic errors known and understood 
•  Studies also atmospheric, solar neutrinos 
•  Very good μ/e separation 

•  muons misidentified as electrons: <1% 
•  π0 detection (2 e-like rings) 

(MC 
simulation) 

signal for νμ	  
disappearance 

signal for νe	  
appearance 

background for 
νe	  appearance 

Nobel prize 2015 



Analysis strategy 
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flux model 

ND280 
prediction 

SK 
data 

ND280 
data 

oscillation 
fit 

fit	  to	  ND280	  data	  
to	  reduce	  the	  

flux	  and	  	  cross	  secRon	  
uncertainRes	  

S  We simulate our flux. To make this 
simulation better, we use external 
hadron production data 

S  Using this flux and oscillation model, 
we calculate expected number of  
events in the far detector 

S  We fit this expectation to our data 
and extract oscillation parameters 

S  To make our systematic errors 
smaller, we constrain our predictions 
using ND280 data 

Super-K 
prediction 



Flux errors 

S  Uncertainty in flux predictions 
S  Dominant: hadron production model 
S  Proton beam profile 
S  Horn current and alignment 

S  Important role of  NA61/SHINE 
 (at CERN) measurements 
S  hadron production in the target (mainly 

pions and kaons) 

S  Significant improvements in 2015 
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νµ

ν µ

neutrino mode 

antineutrino mode 



Neutrino 
interactions 
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νµ

ν µ

CCQE 

N 

ν μ- 

N’ 

Resonant 

N 

ν μ- 

Δ 
N’ 
π 

DIS ν μ- 

N’+mesons 
q q’ 

N 

Coherent ν μ- 

π 

S  Distinguished by topology (outgoing lepton tags neutrino) 
S  Important for oscillation analysis and cross-section 

measurements 

Multinucleon 
events 

Intranuclear 
cascade (FSI) 

Also remember about: 

(dominant for 
T2K energies) 



ND280 constraints 

S  Measurements in ND280 
constrain our knowledge of  the 
beam and interaction models 

S  We select pure samples of  νμ 
CC interactions in tracker to get a 
grip on different interaction 
channels 

S  subsamples: CC0π, CC1π+, 
CCOthers 

S  selection based on kinematics 
and particle ID 

S  sensitivity to different energy 
ranges and interactions  

S  fit of spectra to reduce flux and 
cross-section uncertainties 

S  results in significant reduction of  
the far detector event rate errors 
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CC0π 

CC1π+ 

CCOthers 

νμ 

νe 

pμ[MeV/c] 

pμ[MeV/c] 

pμ[MeV/c] 



Data collection, result 
publication 
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S  Oscillation analyses released: 

l  7.0·1020	  POT	  
delivered	  in	  ν	  mode,	  	  
4.04·1020	  POT	  in	  anR-‐
ν	  mode	  (Rll	  June	  1.,,	  2015)	  

l  Goal:	  7.8·1021	  POT	  	  
•  Maximum	  	  beam	  
power	  	  achieved	  	  so	  	  
far:	  	  371	  	  kW	  	  	  

2011 2012 2013 2014 2015 
recent results 

2010 
data taking 

starts 

POT = Protons On Target 



Electron neutrino 
appearance 
discovery 

S  Neutrino oscillation parameters 
extracted in two ways: 

S  using reconstructed neutrino 
energy distribution 

S  using observed electron momentum 
and angle 

S  28 events observed 

S  expected background 4.64±0.53 

S  Best fit results for δ=0 (68% C.L. 
contour) 

S  normal hierarchy 

S  inverted hierarchy 

S  7.3σ significance for non-zero θ13 16 

Phys. Rev. Lett. 112, 061802 (Nov 2013) 

1-ring e-like 

vertex distribution 

νe



Run 1-4 muon 
neutrino 

disappearance 

S  Precise measurement of  
“atmospheric” oscillation 
parameters 

S  1-ring µ-like + additional cuts: 
S  muon momentum >200MeV 
S  one or fewer decay electrons 

S  120 events selected 

S  446±22.5 expected without 
oscillations 
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S  Fitted parameters:  
S  sin2 (θ23) = 0.514 +0.055

-0.056 (NH), 0.511 ± 0.055 (IH) 
S  Δm2

32 = 2.51 ± 0.10 × 10-3 eV2/c4 (NH), Δm2
13 = 2.48 ± 0.10 × 10-3 eV2/c4 (IH) 

Phys. Rev. Lett. 112, 181801 (Mar 2014) νµ



T2K νμ & νe joint analysis  

l  We consider both T2K νμ and νe spectra 
simultaneously 

l  4 parameters fitted: |Δm2|, sin2θ23, 
sin2θ13, δCP 

l  sin2θ23 favours maximal mixing – world 
best precision 

l  sin2θ13 larger than reactor result (but 
compatible within errors) 
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Phys. Rev. D 91, 072010 (Feb 2015) νµνe

NH 

IH 

P(νµ →νµ ) ≈1− sin
2 2θ23 cos

4θ13 + sin
2θ23 sin

2 2θ13( )sin2 1.27Δm23
2L / E( )

Subleading Leading 



Joint analysis (+reactor): CPV 

S  We can include 
results from 
reactor 
experiments 
(Daya Bay, 
RENO & 
Double Chooz) 
in the fit, by 
using their 
measurements 
of  sin22θ13 

u  As a result we 
get constraints 
for δCP and a 
preference for 
mass hierarchy 
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νµνe

Exclusion (at 90% CL):  
δCP=[0.15,0.83]π for normal hierarchy  
δCP=[−0.08,1.09]π for inverted hierarchy 

Phys. Rev. D 91, 072010 (Feb 2015) 

The T2K and reactor 
data weakly favor the 
normal hierarchy 

A hint towards CP violation! 



2015 Antineutrino 
oscillation analyses 

S  In 2014 we started running with muon 
antineutrino beam 

S  This gave us an opportunity to make the first 
T2K measurement of  muon antineutrino 
disappearance 

S  An important step towards the CP violation 
search 
S  and a possibility to search for new physics by 

comparing anti-νμ disappearance to νμ 
disappearance (testing CPT theorem) 

S  4.01·1020 POT collected in antineutrino mode 
(till June 2015) 

S  Analysis upgrades 
S  New NA61 data used in the beam MC 

simulation (uncertainty reduced by 4% in the 
energy peak) 

S  New neutrino MC model with multinucleon 
interactions 

S  New constraints on CCQE from MiniBooNE 
and Minerva 

20 

ν µ



2015 Antineutrino 
oscillation analyses 

l  Expected spectrum obtained using the 
oscillation parameters from neutrino beam 
results 

l  Systematic errors dominated by uncertainties 
on the difference between interactions on C 
(ND280) and O (Super-K) 

l  34.6 events expected with oscillation and 103.6 
without oscillation 

l  dominated by CCQE events 
l  Selection of  events @SK: 

21 

SystemaRc	   without 
ND280 

with 
ND280 

Flux and 
cross 
section 

common to 
SK/ND280 9.2% 3.4% 

SK only 10% 
all 13% 10.1% 

FSI/SI 2.1% 

SK detector 3.8% 

total 14.4% 11.6% 

ν µ



Antineutrino oscillation analyses’ results 

S  34 mu-like events observed at 
Super-Kamiokande 

S  Clear oscillation pattern 
S         and           fitted (other params 

assumed the same as for 
neutrinos) 

S  Best fit:  

22 

arXiv 1512.02495 
ν µ

•  World-leading results 
•  Consistent with neutrino fits 

(less statistics – larger contours) 
– no evidence for any differences 
between neutrinos and 
antineutrinos 

•  Compatible with MINOS & SK 
results 



Electron antineutrino plans 
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l  Expected number of  events      
   
 
 
 
 
 
 
 

l  Short term (1 year) goal: ~9.5·1020 POT 
-  ~2σ level rejection of  no νe 

appearance  
-  ~60% chance of  99% CL observation  

l  Analysis improvement expected: near detector 
water samples 

l  Joint neutrino+antineutrino fit 

–π/2 0 π/2 –π/2 0 π/2 

signal νµ→νe 1.96 2.64 3.29 2.48 3.25 3.94 

signal νµ→νe 0.59 0.50 0.39 0.53 0.42 0.34 

background NC 0.35 0.35 0.35 0.35 0.35 0.35 

background other 0.83 0.83 0.83 0.82 0.82 0.82 

total 3.73 4.32 4.86 4.18 4.34 4.85 

normal hierarchy inverted hierarchy 

Current data set does not 
favor appearance over no-

appearance hypothesis 

3 e-like events 



Cross-section measurements 

S  νe  CC inclusive on carbon  
(Phys. Rev. Lett. 113, 241803 2014, Jul 2014) 

S  νμ CCQE on carbon  
(Phys. Rev. D 92, 112003 2015, Dec 2014) 

S  Double differential CCQE on carbon 
(preliminary)  

S  νμ CC coherent on carbon (preliminary)  

S  νμ CC 1pi on water (preliminary) 

S  νμ CC 0pi on carbon (preliminary) 
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INGRID ND280 
S  off-axis 
S  carbon, oxygen 

S  on-axis 
S  carbon, iron 

S  νμ CCQE on carbon 
 (Phys. Rev. D 91, 112002 2015, Mar 2015) 

S  νμ CC inclusive on carbon 
 (arXiv: 1509.06940, Sep 2015) 

S  νμ energy dependent CC inclusive on 
iron (preliminary) 

Recent analyses: 

Other recent publication: sterile neutrino analysis (Phys. Rev. D 91 051102 (2015)) 
 



Summary & future 

S  Recent oscillation analyses:  
S  Combined νμ & νe fit with reactor constraint 

S  preference for values of  δCP around -π/2 
S  weakly favored normal hierarchy and octant sin(2θ23) > 0.5 

S  First anti-νμ disappearance result 
S  consistent with T2K νμ disappearance measurements 

and MINOS νμ disappearance result 
S  Combined neutrino+antineutrino fit is underway 

S  Many cross-section analyses released & in progress 

S  A lot of  progress has been done, more results coming up! 

S  Future projects: T2K-II, T2HK 
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Backup 
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Oscillations in T2K: formulae 
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Analysis strategy (detailed) 
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flux model 

cross section 
model 

SK detector 
model 

ND280 
detector 
model 

ND280 
prediction 

SK 
data 

NA61/SHINE data 
INGRID+beam 

monitor data 

external data 

ND280 
data 

oscillation 
fit 

fit	  to	  ND280	  data	  
to	  reduce	  the	  

flux	  and	  	  cross	  secRon	  
uncertainRes	  

S  Simulation of  neutrino flux using 
hadron production models 
constrained by external data  

S  Near detector data improve 
predictions at far detector (reduction 
of  systematic errors) 

S  Selection of  νμ (νe) candidate 
events at far detector for 
disappearance (appearance) analysis  

S  Prediction of  expected number of  
events after oscillation with oscillation 
model  

S  Likelihood function based on 
predicted and measured event rates is 
constructed and fitted 

S  incorporating covariance matrices 
from various systematic sources 



ND280 
constraint 
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ν µCC1track	  

CCNtracks	  

CC1track	  

CCNtracks	  

CC0π	  sample	  

CC1π+	  sample	  

CCOther	  
sample	  

S  Old samples for neutrino mode 
S  before ND fit the MC 

underestimates CC0π and CCother 
samples, overestimates CC1π+ 
sample 

S  New samples were introduced for 
antineutrino beam mode 
S  CC 1track, CC Ntrack in 

addition to previously used 
samples for neutrino mode 

νµ

neutrino beam 

antineutrino beam antineutrino beam 

ν µ

νµ



CCQE in INGRID 

S  Measurement using specialized proton 
module 

S  Two energy selections 

S  One- and two-track samples 

S  Results with different nuclear and 
multi-nucleon model assumptions 
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Phys. Rev. D 91, 112002 (June 2015) 



CCQE in ND280 Tracker 

S  Cross-section as a function of  energy 
based on muon momentum and angle 

S  CCQE axial mass estimated 
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Other analyses 

S  Sterile neutrino search - 
short baseline νe 
disappearance analysis 
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Exclusion region calculated – 
more data needed! 

S  Lorentz violation tests 
(physics beyond Standard 
Model) 

S  Neutrino oscillations as a 
probe - oscillations depend  
on the baseline alignment with 
absolute LV direction 
S  Muon neutrino 

dissapearance measurement 
in INGRID 

S  No hint of  LV observed in 
the neutrino mode 

Phys. Rev. D 91 051102 (2015) 



Future sensitivity 

S  Combination of  Nova and T2K enhances the capability of  CP 
violation discovery 

S  A significant fraction of  antineutrino mode running improves the 
sensitivity to CP violation 
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dashed – syst. incl. dashed – syst. incl. 

NH IH 
7.8·1021 POT 

ArXiv: 1409.7469v2 



Future precision 
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