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ss Spectrum

N

Are neutrino
masses
suppressed by A
new physics at .\,
very high :
energy?

m(v) = m?,,/ M

e S Seesaw in
— Present lab limits: | =% SO(10)

—Cosmology , ~2 eV

— Oscillations:
meV |—at least one m(v)) ~0.05 eV

oA
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A Niucleon decay and Neutrino Experiments: " -

. Probing the earliest time and the highest energies
B=0att~0 P\ooe\e(‘a\O‘s B>>0a
# of antiparticles

r

tt=33.8G '
" WG g\\'\" & y
_ \q \?\\’\\
= # of particles >

e
A%

~

B
oo
e

=
o
(dp}
OB
(=2
35)
o
V)
—
="
=
D
=

c-]|< (‘].QH
Q = Q¢ ¢

)

m(N% o Ll

Leptogenesis

‘. > CPV in lepton sector b,
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3-flavor Neutrino Oscillations (in Vacuum)

under PMNS Framework

P,

For three generatlon Ve appearance (accelerator experlments)

P(v,—v )m 2.5111 —+ subleading terms

Sensitivity to 0,; octant
Full appearance probability includes term that goes as sin(d):

CPV term o« +£in0,,sin0,;sin0,)sin & Sensitivity to CPV-6

Sign flip for neutrino vs. antineutrino  Néed non-zero value for all three I
mixing angles including ©__

Complementary

For anti-v, disappearance (reactor experiments)
P(V,—V,)=1-4C;S}; ( hsin® Ay + S sin® A, )"’ 485,CLClysin’ A l
No CPV-6 dependence, Pure 6,;, measurement

-

P wh/ ~
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~ Current Status of
Neutrino Oscillation Parameter Measurements

»» = Remarkable progress!

" = All mixing angles are now known I orted
- 0,,=33.9°+ 1.0° nverte
73 813= 87Oi 040 ’”22

~ 0,,= 4594 6°(90% C.L.) T ~r.extocov: n,2

1
—> largest uncertainty

;All three angles are non-zero
and relatively large

—> allows exploration of CPV in
the lepton sector

P (v‘u 2> V,)

alat'cacing ieTmEnT RS Critical for the v-less double-B
+ term(siné,, sinf,3siN6,5 SiNdp)

decay searches that would
.« Why is nature so kind to us? determine the Majorana-nature of v

oA \
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Remaining Unknown Neutrino Properties

TWTINTUN &E

0,5> 45°, = 45° (maximal) or < 43°
- maximal mixing may indicate a profound hidden symmetry

Ocp (7 0, i.e. CPV?)

Mass ordering (NH or IH?)

Any sterile v

Is PMNS matrix correct description of the lepton sector?

Absolute m,

Dirac/Majorana

- \
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Accelerator Based Neutrino Experiments

R, N

Recently Completed MINOS ICARUS
MiniBooNE OPERA

Currently Running ArgoNeuT
MINERVA
NOVA, MINOS+

Approved MicroBooNE
LBNE/LBNF (CD1)

Proposed Hyper-Kamiokande

(Not a complete list. Some R&D type experiments and sterile
neutrino search experiment proposals are missing in this list.)

This talk will concentrate on the recent results from the currently
running experiments and prospects of future experiments in terms
of neutrino oscillation parameter measurements

A
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Tau Neutrino Appearance

Zenith Distribution of T-like events
SK-I+1I-+11l 2806 days

— Phys. Rev. Lett. 110, 181802 (2013)

= OPERA published results based on
2008-2012 data [ Fitted Excess

|| AtmvBKGMC
— Phys. Rev. D 89, 051102 (2014) 08080402 0 02 04 06 08 1
= 4% y_appearance event
found in more recent data

— No oscillation is excluded at the
42 oC.L.

OPERA v, appearance
4t candidate event

- S. Dusini, Neutrino 2014

w
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The T2K (Tokal to Kamloka) Experlment
(http://t2k-experiment.org/)

RS PARC Main Ring

{‘““ (.KEK -JAEA, Tokai)

-
Super-Kamiokande e
(ICRR, Univ. TokVO)& .

Super-Kamiokande
Near Detector 280 m

Neutrino Beam

295 km

“The T2K Experiment”, K. Abe, et al., Nucl. Instr. and Meth. A 659, 106 (2011)
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T2K Accumulated # Protons on Target (POT), and }{
J-PARC Main Ring Beam Power

Total Accumulated POT for Physws U-mode
v-Mode Beam Power
V-Mode Beam Power

)
-

S
-

: ! Hadron Hall
Radiation Acciden
% (May 23, 2013)

s 3
Beam Power (kW)

-

Great East Japan
¢ Earthquake
“: (Mar. 11, 2011)

5010 3010 501156135615 3613 56135613
Jul/02 Dec/31 Jul/02 Jan/01 Jul/O1 Dec/31 Jul/02 Dec/31

Time

Stable operation at ~230 kW achieved
Antineutrino-mode run (Run 5) in June 2014

Total POT for physics: 6.88 x 1020 (nu-mode), 0.51 x 1020 (antinu-mode)
- ~ 10% of the total approved POT (7.8 x 1027)

AT
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T2K Expériméntal Sefup and -
Oscillation Analysis Strategy

Muon monitor
| |

1 I
120m ZSOmT

Near
detector data

Fit Measured oscillation
@ Constrained @ o parameters

Tracking inside
horns and He vessel

GEANT3+GCALOR

Proton beam

interaction in the o _
target . Predicted @ and

Neutrino-nucleus
->Hadron production interactions (NEUT) correlated oat SK

8 FLUKA, NAG1, efc.  MiniBooNE, MINERVA @™ P, -0l -
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V,; Disappearance Confidence Regions

I||I|II|IIII|IIII|IIII|IIII|III.||IIII
Normal Hierarch

68% (dashed) and 90% (solid) CL Contours

—— T2K [NH] SKI-1IV [NH]
MINOS 3-flavor+atm [NH]

N

i\J'-h'ox'oo-hi\:

T2K and SuperK: Separate C.L. for NH & |H
MINOS: C.L. from the global minimum

T2K Run 1-4 Best Fit Point (NH):

Am?;,, =251+ 0.1 x 103 eV?

5in20,, = 0.514 002

- The best fit is consistent with the
maximal mixing but not exactly at the

maximal mixing
- T2K now has the smallest error on 6,,,

(~3°)
Note: osc. Max for sin?26,, = 0.098:
sin?6,; = 0.513 (or 6,5 = 45.74°)
P (v, — v,)
~1— (64113 sin? 2093 —I—@ sin? 2913) SiIl2AZ7_§_1L,

03035 04 045 05 055 06 065 07 Leading Next-to-leading
sin (923) is different between 15t/2" octants

<

(107 eV?)

2
32

W W W w

= SuperK

Am
_|
N
mll]]lllll'lll'lllllllll

T I|||III|III|I|||lI

;“;,,Imlmhll

I]]IIII|III|IIllllllllllllI|III|IIIIIII|III|II

7
$
|
|
T

MINOS
Inverted Hierarchy

68% (dashed) and 90% (solid) CL Contours
— T2K [IH] SKI-IV [IH]

MINOS 3-flavor+atm [IH]

E

.

Al s ~
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T2K Reconstructed E, Speéthﬁﬁ of the
Final Selected Events

—4— Data

‘ Osc. v, CC i —— RUNI1-3 data i —— RUN1-4 data
v, +V, CC (3.010x10%° POT) i - Lo 185’0@
v, CC - 7777 Osc.v, CC i = v_u+v_ue(‘(?

- NC i 7] Bkg. v, +V, CC [ = e

MC w/ sin“26,,=0.1 o . — -

| o I , gig\{\‘}ge cc (MC w/ sin20,=0.1)

AN . B

(MC w/ sin*26,,=0.1) - significant

: |+ i reduction in
L i i /' NC BG
| - 2 : - 28 |

w

—

Number of events /(250 MeV)
N

1 2 1
0 — R e = i M 5% 0
0 1000 2000 3000 1000 3000 O 1000 2000 3000

Reconstructed v energy (MeV) Reconstructed v energy (MeV) Reconstructed v energy (MeV)

b

Year 2011 2012 _
POT (10%) 1.43 3.01 = 0,5=0Is

6 11 excluded at

1.5+03 33+04 492 + 0.5
sin? 20;3(T2K) 0.11  0.088+0-049 ' 7.30 level of

Significance 310 Significance
Systematic Error (%) on Ny 17.5 9.9

“.. > Observation of v, appearance from a v, beam!

AT
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Fr‘st’stép to measure 5CP -
T2K v, Appearance Analysis

T2K: Marginalized over Am?,,, sin? 6,; and sin26,,

Best fit values of §.p: —1.65 (NH), -1.57 (IH)
(Note the physical boundaries at +m/2)
e — 90% C.L. excluded
T2K regions using Feldman-
Cousins method:

68% CL (Am?,
68% CI. (Am32<(
90% CI. (Am32>(

T

llllllllllll[lllll

2 — 2 2
A\ = Xtrue — Xmin
(global minimum)

2 2

>()
)
)
)

)
)
)
)

90% CL (Am?,<( /\

\

\¢

NH

Illll;rlIIIIIIIIIIIlIIIIlI

NH: 0.19% < §.p <0.80m,

[Illl/‘

N
@
.
~
4
~
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Iﬁ;pact of Raétér Measﬁrement of 915 -(‘) 6C|; ana
Comparison with MINOS

Daya Bay T2K: Marginalized over Am?,,,
summert3  sin22¢,, and sin?26,,

N AL B B B B B

Note the x-axis scales are
different and the y-axis scales
are adjusted to be same

MINOS

v, disappearance + v, appearance

10.71x10?° POT v,-mode, 3.36 x10°° POT v,-mode,
37.88 kt-yr atmospheric neutrinos

F—— Am;,>0, 5in’2, =0.09820.013 ¥
. ; A .
—— Am;<0, sin’20, =0.09810.013

III

2 . 2an 10008
Am,>0, sin"20, 3—0.090_0‘009

IIII

I Am§2<0, sir1229I 3=0-090ﬁ§00;
T2K

IIIIIIlII

®

EREV4 ”IIMIII.?‘I'TIIIIIIIIIIIllllllll_

—— AmM3,<0, 0,,<n/4
, 0,5>1/4
, 0,5<m/4

|.|'1‘|||||||

—
-

Illllllll[ll

0 I

N
)

>
o
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What does this mean?

’ FT .56

An intriguing and encouraging N AN
results stemming from the strong o 68% C1.

sin’0, ;=04

tension between the T2K and the e ) /o — 5in’6,:=0.5

-:+:5in’0,,=0.6

reactor sin?26,; measurements Reacior 10 range
An excellent news for the current Tow Run1-4 data (6.570¢20 POT)

: : Nonznzilqhierarghy ,
and future accelerator-based S N Am1=2.4x10° eV
neutrino oscillation experiments 2

— T2K, NOvVA, LBNE and HyperK
=>»Need continued precision

measurements of 6,5 by the
reactor experiments

- Both the central value and the
error size are important

—— Rate Only
Rate+Spectra

Insta___ _ ® PRL 108171803
of AD 7+8 O (CPC 37 011001
O This Analysis

Daya Bay

Error of sin22(‘)1 g

Daya Bay projected error on sin?26,,
9 ~OOO3 (40/0) ultlmately 2 400 600 800 1000 1200 1400 1600 ’

Time [days]
»
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— NomaHeaery  PRELIMINARY sin?26,;,= 0.098 + 0.013 (PDG2012)
Inverted Hierarchy [ — Am§2>()

—— FC 90 % Ay (NH)
FC 90 % Ay? (IH)

90 % excluded (NH) /Ve W / | H

90 % excluded (IH)

68% CL (Am;,>0)
68% CL (Am3,<0)
90% CL (Am3,>0)
90% CL (Am3,<0)

_\_-/

IIIIII|IIII|III[|[III|IIII

/

IIIiI,.ll|IIIl|lIII|II

T2K Joint Fit, N~ T2KvFit
5 1 05 05

SCP(R)
» Likelihood ratio fit to both candidate event samples Ocp (M)

* Full representation of correlations among oscillation parameters:
013,6,3, Am?*3; and Ocp

 Constraint on 6,; from reactor measurements N
sin?26,;=0.095 + 0.010 (PDG2013) cp € 228, B 1000

o : , dcp € [-0.91, -0.08]1
- No qualitative difference compared to v, fit

T
-1

90% CL Inclusion

AHVNINITN34d

O '\
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T2K Joint Fit Systematic Uncertainties

-

v, sample

v flux and w/o ND measurement 21.8% 26.0%

cross section w/ ND measurement 2.7% 3.1%

v cross section due to difference of

5.09 4.79
nuclear target btw. near and far % %

Final or Secondary Hadronic Interaction 3.0% 2.4%
Super-K detector 4.0% 2.7%
total w/o ND measurement 23.5% 26.8%

w/ ND measurement 7.7% 6.8%

= An excellent progress has been made in reducing systematic uncertainties
— T2K has now surpassed the original sys. error goal (~10% overall)

= |mportant contributions
— Dedicated Hadron production experiment (NA61)
— Good near detector
— Available external data
— Theoretical modeling
- TR
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T2K-Data Collected at SuperK (Far Detector)

12

RUNI RUN2 RUN3 UNS5

v-mode

250

10
300

Antiv-mode

8

200 ! 6

150 :

I|III|III|IIIIII—t

total events
0.51 x1020 POT) -

st p-value = 41.2%7
B R E—
Total POT Total POT

1406 total events |
(6.81 x10% POT);

KS test p -value = 90. 8%

200 300 400 500

100 :

L1l IIII|IIII|IIII|IIII|IIII|III';U

—_
S
OO

Optimum Run Strategy to Sustain the Best Sensitivity on
Ocp throughout T2K Runs

= Through extensive sensitivity studies, It was found that
approximately 50%:50% nu-mode to antinu-mode run ratio is a
reasonable optimal choice to sustain the best sensitivity on .p
throughout T2K runs

- \
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NOvVA Status

Detector construction is complete; Received DOE CD4 in Sep. 2014
Beam Status: Delivered 3x102°0 POT in 2014, Restarted on Oct. 25, 2014

Beam power: 320 kW (peak in 2014), 410 kW (expected in 2015), 700 kW
(expected in 2016 after booster ring refurbishment)

40M:1 cosmic rejection for v, selection
First oscillation results expected early next year

\

Workers e*se one of NOVA's
huge modules‘\into place, lined
up like slices df breadin aloaf.

ONTARIO

MINNESOTA

(14 KT)

. _WISCON§IN

4 scintillaot
e surface
‘\ IOWA

P
©
2,

‘ Fermilab®
== Muon neutrinos

=== Tau neutrinos

= Electron neutrinos ILLINOIS

oA
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NOvVA Far Detector Events

2400 ) 2800

1000

-100

)(160[) _ ‘ . 1800 , _2000 ‘ 2200 _ 2400 2600
600

Data event display, v, CC candldate
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1000

1200 1400

Data event display, Vv, CC candidate

200 800

1000

1200 1400

Took about two weeks of data. for physics
'>Recorded ~1M events . ‘
> A few thousand nue-like events selected to

detector with <3% uncertainty — M. Messier:::

0 200 400 600 800

‘be used for extrapolate backgrounds to the far

1000

Data event display, NC candidate

lIllIIllI]II

1200 1400
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ToK —— = The combined fit
ToKsNOVA improves the sensitivity
$in2(20,5)=0.1 significantly
Sin (029205 = The combined sensitivity
to CPV could reach up
to 2~3 o for some

values of d-p

-150 -100 -50 0 T2K: full data (7.8 x 102" POT)

True oce 50% v + 50% anti-v runs
Syst. assuming 5% (10%) normalization SO KRV - RIEa Rt RN IR (OaTS

uncertainty on signal (background) @design beam power

Stat Only
With Syst.

AT ¥
s,
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T2K and NOvVA Sensitivity to Resolving MH

) F - AR Y "N

ToK = T2K alone has almost no

NOVA sensitivity
T2K+NOvVA

Sin3(20,5)=0.1 The combined fit improves
SIn"(623)=0.5 the sensitivity substantially

NH > Adding SuperK to the fit
should further enhance the
sensitivity

The combined sensitivity to

K J MH could reach up to ~30

150100 -50 O 50 100 150 for some values of dcp
True Scp

™ -
o,
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MINOS+

* Physics Goals: T L s o Fr et

—— Prediction, No Oscillations T

—— Prediction, Am?=2.37x107 eV?
+ + Uncertainty (oscillated)

— precision 3-flavor mixing tests
— sterile neutrinos

- 10.71 x10° POT v,-mode MINOS_
43,36 x10° POT v,- 'mode MINOS |

I []1.68x10% POT v,-mode MINOS+]

Events / GeV

MINOS+ Preliminary

— non-standard interactions
— neutrino cross-section measurements

% 10 15 20 30 50
Reconstructed v, Energy (GeV)

Tptal NuMI protons

Simulated v Beam
5.4 kton, 6 x 10 POT

j@\.

— MINOS+
— NOvA
MINOS

Preliminary

| | | | L I
Total Protons (E20)

CC Events / GeV

Protons per week (E18)

Vi
w‘\[\l\

=

|

1
L | | 1

0 0
2005/05/02  2006/06/17  2007/08/02  2008/09/16 2009/11/01 2010/12/18 2012/02/02 2013/03/19 2014/05/05

Date
AT \
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Sanford
Underground
Research
Famhty

{ ! 1300 km\? =

e =\

%
“_Wisconsin

—

\ \|
' Milwaukee
x

Cathode bottom 34kt LAITPC - - . g
framework e Re S b
Light readout (PMT g e B it 2 i -

array) » . ol
4

e | Hyper-K am lokade

—

CN2PY (Pyhasalmi)
= Initial : beam from SPS (500kW - 750kW)
= Longterm: LP-SPL + HP-PS - >2MW

.
PROTVINO

IHEP complex Protvino |
* 70 GeV (450kW)

= HP-SPL + accumulator )
(5 GeV -4 MW) CNGS - Umbria
| S « = Beam from SPS (500kwW)
®= No near detector
possibility

CN2FR (Fréjus) N § pf/br/@ Nas\_ ‘7?"21.'}‘!
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Experiment@L.BNF and Hyper-Kamiokande

Beam Energy

-

120 GeV (60 — 120 GeV)

- - -

30 GeV

Beam Power

2 1.2 MW

2 750 kW

Beam Configuration

On-axis, Wide-band

Off-axis (2.5°), Narrow-band

Baseline

1300 km (default)

300 km

Detector Technology

Liquid Ar

Water Cherenkov

Far detector F.V.

35 kt (LBNE) = 40 kt (P5)

560 kt

Near Detector

Yes

Yes

Estimated Cost
(to be re-evaluated)

~$1.5B* (Full Costing* for
beamline, near and far detectors)

~$800M

(only for far detector)

Proposal Status

DOE CD1 approval
(in the process of reformulation)

In discussion w/ MEXT
(See M. Shiozawa’s talk)

(* includes: project management, contingency and escalation)

These two proposed experiments are complementary to each other in
.* many aspects. However, the science goals of each experiment must be
.. compelling on its own. And in my opinion they are.
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LBNE and HyperK Sensitivities to CPV

a0okn BNF 40 Kkt L whitehead HyperK

- 600 kt-MW-yr LAr Known NH

NH (IH considered) | Mass hlerlarchy ?ssumed to be known

Vax?)

Normal mass hlerarchy =
7.5MWx|07s (1.56x10%2 POT)

lllllllllll

CPV significance (¢

I III|III|IllllllllII|III|III|III|III

—
—
-
—
—
—

1

'Y APErE BT EET S AN ST AT AT AT ET AT ATETETErE BT 1 L1 L1 L1 L1 L1 L1 L1
-200 -150 -100 - 100 150 200 150 -100 - 100 150
dcp (degrees)

Exposure of Exposure of
600 kt-MW-yr 7.5 MW x 107 s (~ 750 KW x 10 yr)
(~ 40 kt x 1.2MW x 12.5 yrs) w/ 560 kt F.V. allows:

>30 CPV sensitivity for 75% of & >30 CPV sensitivity for 76% of &
X, >50 CPV sensitivity for 56% of & >50 CPV sensitivity for 58% of 6

O '\
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Reqﬁir.e-Exypos'ure for Given Sensitivities
‘vs. Baseline (LBNE/LBNF Studies)

Homestake/SURF L. Whitehead

Normal Hierarchy Normal Hierarchy

= CPV: 3c for 75% of d.p
MH: Ay Ax2=25 for all dcp

—— CPV: 56 for 50% of 5.p
MH: Ay?=25 for all dcp

Required Exposure (kt-MW-yr)

Baseline (km) Baseli?’n%lo(ém;)
= Baselines of at least 1000 km are optimal for determining the
mass hierarchy and observing CP violation in a wide-band

muon neutrino beam from Fermilab

= At the Fermilab to Homestake baseline (1300 km) observing
CPV is close to optimum and determining the mass hierarchy at
>50 level can be made in a reasonable time frame (~5 years)

o \
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4 Reformulation of LBNE to an Exﬁéri‘ment at
i LBNF w/ Broad International Participation

BRINT 0\

2008: P5 recommendation to move ahead with a long baseline neutrino
experiment

Dec. 2012: CD1 by DOE ($867M)

May 2014: P5 Recommendation 13:

— Form a new international collaboration to design and execute a highly capable
Long-Baseline Neutrino Facility (LBNF) hosted by the U.S. To proceed, a
project plan and identified resources must exist to meet the minimum
requfirements in the text. LBNF is the highest-priority large project in its
timeframe.

July 2014: “Neutrino Summit” at Fermilab
— Formation of interim International Executive Board (ilEB)
Sep 2014: 1stilEB meeting at Fermilab

— Agree to prepare an LOI to form a new international collaboration for an
experiment at LBNF

Dec. 2014: community meeting at CERN (5t") and at Fermilab (12t) to
discuss and sign the LOI, and proceed to form a collaboration

Early 2015: Formation of new broad international collaboration
Physics LOI to PAC in Jan. 2015 and CDR in summer 2015

:,. A \
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Measurements of Neutrino-Nucleus Interactions

- PT e -

Understanding few-GeV neutrino interactions
with nuclei is vital for precision oscillation
measurements

— Such understanding requires understanding
complex strongly-bound systems

— historic data is sparse and at times inconsistent

Interesting effects from nuclear environment
— coherent scattering
— initial state binding/Fermi motion

— final state interactions in target nucleus
(absorption, scattering, charge exchange, etc.)

— multi nucleon effects

- directly impact oscillation observables e.g.
reconstructed E,

=>» Precise and robust measurements and
modeling of v-nucleus interactions are more
important than ever
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Measurements of Neutrino-Nucleus Interactions

FT . A o

Understanding few-GeV neutrino interactions
with nuclei is vital for precision oscillation
measurements

— Such understanding requires understanding
complex strongly-bound systems

— historic data is sparse and at times inconsistent
= Interesting effects from nuclear environment
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MINERA CC 'Single and Cohéf‘én‘t Pion
Production Results

v, Tracker — " 11° X (W < 1.4 GeV) v, Tracker — u 12* X (W< 1.4 GeV)

%10 42
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i ——— GENIE 2.6.2 hA FSI
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NEUT 5.3.1 (CH)
NuWro
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b N\ pion kinematics show
aof- TN, broad agreement with
201 SN models disagreeing

v with MiniBooNE results
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MINERVA sees clear
evidence of coherent
pion production
disagreeing with
previous results from
K2K and SciBooNE
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CC inclusive differential cross sections
- Good agreement w/ models
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Demonstration of power
of LAr TPC

- Low threshold tracking
(down to 20 MeV) and -
excellent PID

- Despite small volume
(175 liter), relevant
physics produced
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T2K v, CC Cross-section Measurements
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= Top: INGRID (on-axis) measurements:

— left: inclusive v, CC using varying off-axis
spectrum
— center: v, CCQE in u, y+p topologies
— right: coherent pion production off '>C
= Right: ND280 tracker (off-axis) v, CCQE
cross section vs. neutrino energy

v. CC: primary channel for studying v-nucleus interactions
due to high statistics (beam is ~99% v./anti-v,)
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T2K'v, CC and NC Cross-section Measurements

T N A

ND280 tracker v, cross section
measurement

— First v, cross section measurement
since bubble chamber days

9]
(=}

T2K v, flux

NEUTprediion 1, — First v, differential measurement
GENIE prediction
--e-- NEUT average

T CENIE e E Important cross check on signal

—#— Gargamelle data

—— T dua | process in v,—v, oscillations,
modeling of differences in v, /v,

v.CCo (x10™* cm?/nucleon)

interactions
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e ) — Flux-averaged Ankowski NCQE cross section
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— Left: recoil p identified in _
POD

— Right: de-excitation y from
n/p knockout in %0 in SK
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Conclusions
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“Observation of v, appearance from a v, beam” has now been made
— This opens the door to study CPV in neutrinos

Physics goals for the post non-zero 6,5 /v, appearance era are now
clearly defined for the world neutrino oscillation community

— Determination of 6.p, mass hierarchy and 6,5 (=45°, <45°, >45°7)

- We may have an initial hint that 6p = — /2

— T2K and NOvVA will lead the world in determining these parameters for the
next decade

— Next generation experiments should follow in order to ensure the discoveries

Neutrino oscillation (i.e. the existence of massive neutrino states) is the
only phenomena beyond the SM observed in laboratory venue today

Measurement of CPV will provide critical experimental input to our
understanding of the matter—antimatter asymmetry in the universe

Nature kindly gave us the non-zero neutrino mixing angles and
v, appearance in order for us to be able to probe CP violation
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