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Targets of Accelerator-based v experiments.

* Understanding the neutrino oscillation

* Measurement of 3 flavor mixing
parameters

* Mass hierarchy
* CP violation in neutrino oscillation
* Sterile neutrino?

* Neutrino-Nucleus interaction
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Targets of Accelerator-based v experlments

* nderstandmg the neutrlno oscnlatlon

* Measurement of 3 flavor mixing
parameters

L * Mass hierarchy
| * : CP violation in neutrino oscillation

% Sterlle neutrlno’? Coverage of this falk.

* Neutrino-Nucleus interaction
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3-flavor Neutrino oscillation

*  Neutrino oscillation is well described by 3-flavor neutrino mixing.

* |Long baseline v experiments mainly measure the "atmospheric” v oscillation.

*  Long base-line : L = O(100)km | . 6 independent parameters: |
Flavor eigenstates Mass eigenstates - 3 mixing angle: 0,2, 023, 0,3
‘ AREEL AN EEN @ ¥ . 2 mass difference: Am22, Am2;, Am?;s
e 1 Am? |,

« Am2pz + Amss + Am2;; =0 by definition. §

1% = if

‘ H Upns| V2 A2 - 1 complex phase: dcp 3

23 ¥ .

@ VT V3 G o S i R S ROt M G A B I TSI MU S NN S
\ / \ / Am = m m

Neutrino oscillation: rv.—vy)=6,-4Y W.00,0,)sin*(am3L/4E)

i>j
[ 1 0 0 \( cos0,, 0 sin913e‘i50P \( cosf, sinf, O )
Upais =| 0 €080, sinb,; 0 1 0 —sinf,, cos6, O
L 0 —sinf,; cos6,, N —sin0,,e” Ocp cos0,, N 0 0 1 )
0,5~ 45°, Am2,; ~ 2.5 x 103 [eV?] < 34°, Am?,, ~ 8x10° [eV?]
Atmospheric nevtrino, ‘ ? Solar nevtrino,
Accelerator neutrino Reactor neutrino

Scope of current & future accelerator-based LBL v experiments

Observation of the mixing via 913,
Determination of SCP and Mass hierarchy (sign of Am?23),
Precise measurement of 023, 013 and Am?zs
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Basic concept of long base-line v experiments

feasyrement Far/Near extrapolation
\p‘ T (I)VND ::Z '(I)VFD(expected) F; Detector
romiadal & BTy Cl . B
Near Detector 3 -0mparison -
osk v oscillation parameters ot
: : D T ' | O(100~1000)km
Om O(100~1000)m TT
N,D(E,)
* 2 detectors: Near detector & Far detector e

*  Generate the high intensity v, beam using pion decay in flight.
*  Measure the neutrino flux by Near Detector

* NP (vy) = @NP(v) x 0 (v-N interaction) x eNP
% Extrapolate the flux to Far detector position
* @FD(expected)( Eivu) — Zj RFD/ND( EiVM, E]’\,H) X @ND( Ejvu)
*  Energy dependent extrapolation considering the bin-by-bin correlation is obtained

based on the hadron-production at the target, horn focusing effect, hadron decay
Kinematics and beam-line geometry.

*  Calculated the expected the number of the event in Far detector assuming null-oscillation.

% NVFD,null(expected) (VM) — @FD(expected)(Vu) X O (V-N interaction) x ¢FD

*  Determine the oscillation probability by comparing it with the observation.

% NVFD (Vx) = P(VM — Vx) X NVFD,null(expected) (VM)
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Briet history of LBL v experiments

* ]st generation: ... Observing dominant mode: v,—v,; oscillation
* K2K / KEK-PS(1999-~2005), MINOS/ FNAL-NuMI(2005~2012): v,—v, disappearance

*  OPERA, ICURUS / CERN-CNGS(2006~2012): v,—v, appearance

*  2nd generation:(Current & Future)
.. osearch for sub-dominant mode: v,—v. oscillation mode
using high intensity v,beam (proton beam power ~700kW)

*  [2K / J-PARC (2009~)
*  NOvA / FNAL-NuMI upgraded (2013-~)

Fermilab
]10 km

735.340 km

.
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Tool for current LBL: "Super-beam”

*  High intensity (~MW class) neutrino beam is essential for current & future LBL.

*  “Super beam”
= conventional horn focused v,-beam using high intensity proton accelerator.

* v energy spectrum can be optimized by changing the beam direction from Far Detector.
*  ON-axis = Wide Band Beam

* OFF-axis = Pseudo-Narrow Band Beam

*  v-beam and v -beam can be produced by changing horn polarity.
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* J-PARC Neutrino beam \
+ Super Kamiokande @ L.=295km, 2.5° |
(Water cherenkov : fiducial mass = 22.5kt )

* Start at 2009. Physics data taking from 2010.
* Beam power: 220kW(now)—750kW (design)

* Expected # of vy,—v. oscillation assuming sin?20:3=0.1,6cp=0
s 16.4 for 6.39x 1020 POT
— ~193 events for T2K proposed POT
(750kWxb years ~7.8x10241)
=> Statistical error is ~14% at full POT.

* Systematic uncertainty in current analysis is ~10%.

* Expected precision of 6,3 measurement: 5(sin?26023)~0.01



NOvVA & I\/IINOS+

* NOvA: Upgraded FNAL-NuMI (700kW)
+ 14kt liquid scintillator

@ Ash Liver: L=810km, 14mrad (0.8")

* [Expected # of events assuming

511122913:0095,8(;1):0 for by NOVA collaboration 3yr:3 yr
beam=V V
6.39x 1020 POT NC 19 10
v,CC 5 <1
(3 years for v beam ¢

v,cC 8 5

2 tot.BG 32 15
and 3 years for v beam) .

VoV, 68 32

*  MINOS+: MINOS with upgraded FNAL-NuMI (700kW) L:735km

0.0026 —

* |mproved 6,3 measurement

* NOwvA and MINOS+ are about to :
start operation in 2013. )

0022 —

| 1 1 1 1 | 1 1 1 1 I 1 1 1 1
0'0020.85 0.9 0.95 1

sin?(26) 9
From MINOS+ proposal




Physics Motivation of “current” LBL v experiments

* Current LBL v experiments search for v,—wv. oscillation to find the
oscillation via 6;s.
P(v, —V,)=sin"26,,sin" 0,;sin’ (Amlz3L/4E) +4J sind, sin(Anfzsz/4E)sin2 (Amf3L/4E) 4

= 1 1 2 1 + for v
J =cos0,,sinb,, cosb,,sinh,,cos” O,;sinb,, el

* |f v,—v, oscillation is found, It is the signal of 0;3%0.
* Reactor experiments with O(1)km baseline can also measure 6;s;.

P(V, —V,)=1-sin’20,,sin’(Am} L/4E)

* |f 6;3201s found, the CP violation term also can be non-zero.
* v,—v, channel is also the prove for CP violation term.

* [he combination of independent 6;; measurement by reactor
experiments can enlarge the sensitivity for 6cp measurement by
LBL experiments.
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Big breakthrough in 2011~2013

* Jun.2011: T2K: 6 ve events for BG 1.5 ... 240

* Fist indication of v. appearance

* Nov. 201 1: Double Chooz : sin226;3= 0.085 + 0.029(stat) + 0.042 (syst.)

*  Mar. 2012: Daya Bay: sin2260;3= 0.092 + 0.016(stat) + 0.005 (syst.) ... 5.20
* Fist observation of v, disappearance via 6;;
*  Apr. 2012: RENO: sin2260;3= 0.113 + 0.013(stat) + 0.019 (syst.)... 4.90

* Jul. 2013: T2K: 28 v. events for BG 4.6 ... 7.5¢

* Observation of v. appearance

vu—V, oscillation is observed by Reactor & LBL experiments.

All mixing angles are determined. T
012 is measured precisely!! | Reactor combined (PDG2012) : 615=9.1°40.6°

| cf. world average for 023 = 40.4°+46" g | 14
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2K experiment In_|-page
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| atest results of 12K

SEE N +h £ Delivered beam
x1
Otlal aellvere edm SO Tar. protons X _ _ _ SoWerkWI
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* Stability of beam is very stable
* Neutrino event rate stability at on-axis neutrino detector = 0.7%
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http://arxiv.org/abs/1311.4750
http://arxiv.org/abs/1311.4750

12K Far detector flux prediction

*  The neutrino flux is estimated based on the dedicated experimental data of p+C hadron
production by the SHINE (CERN NAG1) experiment.

*  Uncertainty of the flux at Far detector / Near detector around Oscillation Max. is 10~15%.
*  The energy dependent correlation between ND and FD also used.

* By using the ND measurement, flux at FD is estimated with 3~5% uncertainty.

‘ K" Contributing to SK Flux |

NA61/SHINE Beam | = Contributing to SK Flux |
Target

Super-conduction
magnets

V.tn—>e+p .
e

Arb. Units

I NAGI Coverage
Phase space
coverage

Time Projection
Chambers —— y

> 90%

"% Np280 CC- O data

Time of Flight 5 10 5 g F
FS}E‘E%E{' . L e J 10 B 15 p, (GeVie) § 25 OOE_ Pred1ct10n beforeNDconstramt
P (GeVIE) “2 2000; Prediction after ND constraint
1, K (p,0) distribution by external v flux v-N int. cross section %3 1300
1000F
measurements (NA61l+etc Z
( ). . NEUT (model) 500}
+ FLUKA/GEANT+GCALOR simulation - O ORI :
: + uncertainties from the = 12} e . ++
(Horn focusing, etc) S by H+ ++H+ £y +++ H*
external data Z o' 4 ' PR
- Near to-Far ﬂux correlatlon 0 s 000
™ Z Near detector constraints Muon momentum (MeV/c)
=t :
E = 1.3: LI B B B B BB | U L B
g -(except for Near Far |_4E_ - Prior to ND2R0 Constraint

uncorrelated parameters)

RS After ND28O Constraint

Fitted Norma'ization

Far detector (flux x Int. cross
section) prediction

\ i% ‘ < AN A~ ;° -M
ST s F s ¥ ¥
E, (0-10 GeV) for each detector flavor
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12K event selection for oscillation analysis

*  Find the on-timing “fully contained” (FC) event in Fiducial Volume (FC).
* 377 events in 6.57x1020 POT (Expected non- accelerator—orlgm BG is 0.0085.)

104 i i I RUN1-3 3010x10°POT)
i IR LE i FC . UN4 (3.383;(10”?0”

~ = Off-Timing FC
.| Observed :11

: : Expected BG: 5.8

. = ; p-value (>11):3.5%

20
8

- — —
< QQ o_.,
SLLAL W A

On-timing FCFV 1-Ring

article

Evisible > 30M€V Evisible > IOOMQV . N(?":'To rejecjrion s

significantly improved
# of Mwhel—e 1§ wA Mlchel—e m 201 3 .analysls
pviree) > ZOOMeV ey | '
|

vp candidate [T CEG A0

Number of events/40nsec
[§~] =

Number of events, sec

— 0
+0.5ms -lus 0 1 2 3 4 5ps

R - I - - IR |
-0.5ms

0 rejection Rasmi

,0,0,0|0,0,0,0 00 8 = & =ajs & a L |':
0 50 100 150 200 250

b
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12K v, disappearance

* 58y, candidates in 3.01x 1020 POT data

* Expected = 205+17 (syst.) for Null-oscillation assumption

*

Oscillation parameters is obtained from the reconstructed energy distribution.
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12K v, appearance

* 28 v, candidates in 6.57x1020 POT data
*  Expected : 4.92+0.55 for sin2 0;3=0 ~
2 1
(c.f 21.6 for sin2 6;3=0.1) g 08
. . : %;D 0.6
*  0;;Is estimated as the function of the d¢pr phase < "
for each mass-hierarchy assumptions. 02
. . - u - I ‘ I I I I I . I I . I I I O
*  Two independent analysis gives consistent results. So&omenifﬁlo(Mev}f)oo
*  Reconstructed electron-momentum and direction. g St Ek;dmp
_ % 6 Fit region < 1250 MeV ]
*  Reconstructed neutrino energy. £ In < :
. . s 1 : Z .k
*  First constraint on dcp 1 - "'l ] H ]
< E ol ' s
0.5 Z 0 500 1000 1500  >2000

Reconstructed neutrino energy (MeV)

by Comblnlng the reactor measurement

Illllllllllllllllll

: SlIlZZ 0,5=0. 136+0 044-0 033(NH) B L T
4 3 L ' PDG2012 lorange] 4~ 0% CL (Ams=0) E
— O 166+0051_0 042(IH) lJrL':._ 35 R
| for IAmsl=2.44x103(eV2]. sin625=0.5. 0cr=0 s 3
[.30 S|gn|flcance e  Taw

H R L This region is

to reJ eCt 91 3 _O : 107505 01 015 03 055 03 035 0 disfavored.
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* Beam commissioning has been started.
* Accelerator: Upgrade to 500kW is done.
* Upgrade to ~700kW in 2014 x

Status of NOvA

—_FY13 NuMI protons to 00:00 Friday 18 October 2013

12

ns per day (E17)

Proto

*  Far detector: Construction is in progress. = i

0
2013/08/26

: ~M.Muether @ NNN2013

From Phil Adamson

== 0.30 &

* [he data taking with installed part has been already started.

* Near-detector: installation will be done in early 2014.

- el
1 ;:w»‘;?"f.‘— ‘ s
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M.Mvuether @ NNN2013

Block 24 Assembly Progress
40% Complete

Block Installed

Block 19 Fill Progress

Block Filled 22% Complete

Instrumentation Progress

Block Instrumented WH e k8 AR i

14 kilotons = 28 NOvA Blocks

24 blocks of PVC modules are assembled and installed in place
19.22 blocks are filled with liquid scintillator

4.34 blocks are outfitted with electronics

First 3D track recordedin
the detector. Event was
recorded on 21 May 2013. ¢ ¢



Next step: MH & CP Violation

* Next questions which LBL v experiment can address.

* CP violation: - I -
P(va—>vg) = P(Va—>7p) .. I
OF P(va—>vg)#£P(Va—>75)
* Mass hierarchy: - [
Am2;3<0(Normal) -
] Inverted Normal
or Am?;3>0(inverted) vl v I -l

* Maximal "atmospheric™ mixing? : sin?20,3=1 (i.e. sin20,3=0.5)
I NOt, sin203<0.5 (923<45°) Or sinZ0,3>0.5 (|e 923>45°)
[Octant degeneracy]
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Key observables in current LBL experiments

* Possible observable oscillation-mode by “super-beam”.

* P(vp—vy) & P(vy—ve) : Includes CPV term + matter effect

Am?2, L
A4 AL A (0082 613 sin® 203 + sin® G5 sin? 2013) (sin2 31 ) 4

41F

~~ ~\

Leading Next—to—leading

A A 2a
4F Amz;

48 cos? 013 sin 012 sin ;3 sin Oy (cos 12 cos B3 cos § — sin O sin 013 sin Oa3)

Am2,L Am2, L Am2, L
X COS 327 ¢ip 317 <in 2]

Plv,—v.) = 8 cos? 015 sin® 615 sin® O3 sin

X [1 + (1 — 2sin” 913)]

4F 4F 4F
Am?2, L A2 Ll gk
—8 cos? 613 sin? A5 sin? O3 cos TEQ sin Tgl ZE (1 L D Eind 913)
Am2, L Am2, L Am32, L
T 2 : . ! : . 32 : 31 . 21
8 cos” 013 cos 019 cos O3 sin B9 sin 613 sin O,3s1n 0 sin iE sin iE sin W,

+4 sin? 015 cos® O3 {COS2 615 cos? B3 + sin? By sin? O3 sin® O3
AmZ, L
AE
* Pv,—w) & P(vi—ve) IT the data accumulated with v-mode beam.

—2 cos 015 cos? O3 sin 15 sin O3 sin? O3 cos 5} sin?

=]

* [here are two experiments with di
(T2K & NOv A, MINOS+)

‘erent base-line length.
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* For demo., the maximum oscillation probabillity is shown here.
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How to obtain CPV In current LBL experiments

1 and 2 ¢ Contours for Starred Point

* Direct comparison between P(v,—ve) and P(vp—ve). 2 |
o T
007 L sin’(26,;) = 1.00

* |ndependent from oscillation mechanism.

0.06 [ o

0.05 |

* Expected asymmetry is ~27% (max). oy
*  Sjze of CPV ~ Measurement precision. v bosco
o 5=mi2
001 [DO=T
. : Error source [%)] sin“2613 = 0.1 sin“2013 = 0 §T§=I3nllzl L
SYS‘rema‘rw unecertainty Beam flux and near detector 2.9 4.8 bo 0 002 004 006 008
. vy NOvVA collaboration P(v,)
of v, event rate (w/o ND280 constraint) (25.9) (21.7)
d ler L] v interaction (external data) 7.5 6.8
pl’edlc‘nO" n 12K [‘7"] Far detector and FSI+4+SI+PN 3.5 7.3
Total 8.8 11.1

* Comparison with the expectation based on the 3-flavor PNMS
mixing framework and the obtain the allowed parameter region of
0 and sign of Am?2is.

* 013 obtained by reactor experiments can be treated as "known
parameter’.

*  Although this method is model-dependent CPV search, it is useful to

address MH & CPV in current LBL experiment.
22



How to obtain the hint of CPV/MH

* \ery lucky case: Hint may be obtained by single LBL experiment+Reactor.

* Case A: P(vpi—ve)islarge :NH & (m < 0< 2m)

* Case B: P(vp—ve)issmall:IH & (0< 0 < m)

P(vy—ve, L=295km, E=0.7GeV) (@ 1st max.

In vacuum
In matter (p=3.2g/cm?)

0.08

0.06

0.04<

0.02

o 05 1 5 e 05 1 15 2
Normal Hierarchy: o [r] Inverted Hierarchy: 6 [r]
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How to obtain the hint of CPV/MH

* \ery lucky case: Hint may be obtained by single LBL experiment+Reactor.

* Case A: P(vpi—ve)islarge :NH & (m < 0< 2m)

* Case B: P(vp—ve)issmall:IH & (0< 0 < m)

P(vy—ve, L=295km, E=0.7GeV) (@ 1st max.
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In matter (p=3.2g/cm?)
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How to obtain the hint of CPV/MH

%

0.08

0.06

0.04

0.02

0.08

0.06

0.04

0.02

Usual case: The combination of LBL with different baseline may give the hint.

P(v,—ve, L

L=295km, E=0.7GeV)

II|III

Illllll,'r
|

_______
~

_____

In vacuum
In matter (p=3.2g/cm?)

-----

_____

o

0.5 1 15 a
Normal Hierarchy: § [n]

0.5 1 15 2
Inverted Hierarchy: 6 [n]

P(vu—ve , L=810km, E=1.9GeV)

I|III/,}'II

-In matter (p=3. 2g/cm3)

N

| In vacuum

------

0

05 7 15 8

Normal Hierarchy: 6 [n]

05 115 2

Inverted Hierarchy: 6 [n]

Allowed region of MH and CPV is
not determined uniquely from
single experiment.

But, the corresponding
expectations for another
experiment is different between NH
and IH assumptions.

The observation by another
experiment may reject one of the

MH assumptions. o



How to obtain the hint of CPV/MH

%

0.08

0.06

0.04

0.02

0.08

0.06

0.04

0.02

Usual case: The combination of LBL with different baseline may give the hint.

P(v,—ve, L

L=295km, E=0.7GeV)

_______
~

HUsual case

_____

III|III'}'

u In vacuum
: In matter (p=3.2g/cm?)

-----

o

0.5 1 15

Inverted Hierarchy: 6 [n]

P(vu—ve , L=810km, E=1.9GeV)

a 0.5 1 15 2
Normal Hierarchy: § [n]

N

I|III/,}'II

| In vacuum
-In matter (p=3. 2g/cm3)

------

005 1 1.5
Normal Hierarchy: 6 [n]

— 05 1 15

Inverted Hierarchy: 6 [n]

Allowed region of MH and CPV is
not determined uniquely from
single experiment.

But, the corresponding
expectations for another
experiment is different between NH
and IH assumptions.

The observation by another
experiment may reject one of the

MH assumptions. o



How to obtain the hint of CPV/MH

%

0.08

0.06

0.04

0.02

0.08

0.06

0.04

0.02

Usual case: The combination of LBL with different baseline may give the hint.

P(v,—ve, L

L=295km, E=0.7GeV)

u In vacuum

_______
~

HUsual case

-----

_____

III|III'}'

: In matter (p=3.2g/cm?)

o

0.5 1 15

Normal Hierarchy: § |n]

L [L=810

P(vp—ve

2 05 1 15

km, E=1.9GeV)

2

Inverted Hierarchy: 6 [n]

N

I|III/,}'II

| In vacuum
-In matter (p=3. 2g/cm3)

005 1 1.5
Normal Hierarchy: 6 [n]

H05115
Inverted Hierarchy: 6 [n]

2

Allowed region of MH and CPV is
not determined uniquely from
single experiment.

But, the corresponding
expectations for another
experiment is different between NH
and IH assumptions.

The observation by another
experiment may reject one of the

MH assumptions. o



How to obtain the hint of CPV/MH

%

0.08

0.06

0.04

0.02

0.08

0.06

0.04

0.02

Usual case: The combination of LBL with different baseline may give the hint.

P(v,—ve, L

L=295km, E=0.7GeV)

u In vacuum

_______
~

HUsual case

-----

_____

III|III'}'

: In matter (p=3.2g/cm?)

o

0.5 1 15

Normal Hierarchy: § |n]

L [L=810

P(vp—ve

2 05 1 15

km, E=1.9GeV)

2

Inverted Hierarchy: 6 [n]

N

I|III/,}'II

| In vacuum
-In matter (p=3. 2g/cm3)

005 1 1.5
Normal Hierarchy: 6 [n]

H05115
Inverted Hierarchy: 6 [n]

2

Allowed region of MH and CPV is
not determined uniquely from
single experiment.

But, the corresponding
expectations for another
experiment is different between NH
and IH assumptions.

The observation by another
experiment may reject one of the

MH assumptions. o



k

k

0.08

But, In reality.

Precise measurement of the mixing angle Is quite important.

Due to “Octant
degeneracy”

/

PDG2012: sin?0;3= 0.0251+0.0034(REACTOR), sin?0,3= 0.42+0.08 o3

uncertainty
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Degeneracy for 6 23

0 23 is dominantly determined by the
v u disappearance.

* Puin(vp—vy) ~ 1 - c0s2 0 135in22 6 23 | Deterwmined by v, disappearance

g 07

6 23 dependence for veappearance is %%
a function of sinZ 6 2s. g

*  Poax(vi—Vve) ~ SiNZ B 235iN22 O 13

* |[f 62315 not 45 degree (= Maximal
mixing), there are two solution. N

0.04-
This effect increases the uncertainty of \

V e appearance expectation. \35 204 o0t 00 008 008 4% wd%

_ | v, appearance size T
Oh the other hand, if veappearance is If the v, disappearance is not

measured with good precision, the maximal, there are two possible ve
octant degeneracy can be solved. appearance expectation.
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How to address octant degeneracy?

* Using anti-neutrino
P(v,—ve , L= 295km E=0.7GeV)
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run Is one method.

In this case, octant degeneracy Is

not solved only by v - mode.

But, the corresponding
expectations for y -mode are

different between two octant
assumptions.
By combining v-mode and v -mode

run, the octant degeneracy may be

untangled. 27



How to address octant degeneracy?

* Using anti-neutrino run 1s one method.
P(v,—ve , L= 295km E=0.7GeV)
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How to address octant degeneracy?

* Using anti-neutrino
P(v,—ve , L=295km, E=0.7GeV)
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Expected precision of 623 measurement
* 12K + Reactor 613 ’ENQV{A
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Case studies for MH & CPV : T2K

*  90% C.L. allowed regions

S
e 150
100
50

-50
-100

=
Illlllllll]lllfl]llllllllI]lIlIlI

-150

7.8 x 1021 POT 100%v-mode

llIlllllllllllllllllllllll

ST

7.8 % 1()21 POT 100%v-m0de + Reaqtor

006 1502— "7 Analysis MH assumptions I—
100} NH -

50(- H -

F +MC truth -
-100:— E
150]- Lucky case E

0 005 0.15 02 025
sm22€)13

( Solid: statistical error only, Dashed: Stat. + Syst. )
7. 8 X 1()21 POT 50%v-mode + SO%V mode

[ . ver | 7

OOU 150 ;_ T Analysis MH assumptions —;
100} NH -

sof [H -

of

50 =

100b +MC truth:
150 . Lucky case

0 02025
sin22(913

7.8 % 1()21 POT IOO%V-mOde + Reactor

= ]

ooU 150 \i Analys1s MH assumptions -

100 NH -

50 [H -

0 E

sok- +MC truth -

100E Usval case |

150 =

| - | 'S | PR R SR S SR B

0 0.05 0.1 0.15 0.2 0.25
sin?20

13 29



Case studies for MH & CPV: NOv A

* Solid: 1 o allowed region, Dashed 20

l:‘xamp]e NOVA 16 and 20 contours. 343 yr (V4V)
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Ay?

Ay?

Sensitivity for CPV

*  T2K + Reactor 013 * NOVA (3y V+3y \_/)

NOVA CPv determination, 343 yr (V+V) by NOVA collaboration
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Sensitivity for MH

* NOVA * - NOVAHT2K

NOvA hierarchy resolution, 3+3 yr by NOvA collaboration NOvA hierarchy resolution, 3+3 yr by NOVA collaboration
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Future Propcsals

* The future experiments e flFuture LBL plans in EU
to measure CPV and :
MH conclusively are
proposed.

15t Phase:
* New v beam @ CERN SPS (700kW)
+ 20kt LAr-TPC w/ magnetized iron

detector @ 2300km

PO R TN

Future LBL plan |n JP

2"d Phase:

* high power PS (2MW)

+ 100kt LAr-TPC w/ magnetized iron
detector @ 2300km

* New v beam @ HP-SPL (4MW)

+ 2x300kt WC @ 130km

[

Future LBL plan in US

&

LBNE: New v beam facility for
FNAL-MI (700kW—>1.2MW—2.3MW)
+ 10kt—34kt LAr @ 1300km

A VU USEERLLVEN SR N

l-PARC+1Mt WC (Hyper-K)
) _L=295km OA= 2.0deg

PASCOS 2013 @ Taipei



Sensitivity for future proposals

* Aiming to address MH & CPV with 3~5 o Significance.
Hyper-K * J-PARC LENE @ US
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Conclusion

* Major breakthrough of neutrino physics in 2011-2013

* Discovery of v,—v. Oscillation by T2K.

* Measurement of 6;; by Reactor experiments: Daya Bay, Double
chooz and RENO.

* Non-zero 6;; opens door to CP violation search.

* Large 6;; (sin226,5~0.1) allow the LBL experiment using
conventional beam to measure the size of dcp.

* Latest T2K & Reactor comparison gives the hints for dcp.

* T2K & NOVA is doing the precise measurement of the neutrino
oscillation to obtain the hint for CPV and MH.

* [he future accelerator-based neutrino experiments to conclude on
CPV & MH are proposed.
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