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10 0 Y +c, O +s.,e™\+c, +5S, O)
Upng =10 +Cp;  +5Sy, 0 1 0 -S, +¢C, 0
0 —s; +Cyu \-s€° 0 +c; O 0 1)

(C; =cosd;,s; =sinb;)
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DA—DEL TR DERE1THID ELER

U CKM

U

quark
(0.97 0.23 0.004) (0.82
0.23 1.01 0.04 Uouns ®| —0.49
. 0.008 0.04 0.89 ) . 0.20

CKM (quark sector) 6~60°
PMNS (lepton sector) o~7

lepton

0.55 0.16)
0.52 0.55
-0.65 0.70,




Leptonic CPV can be much larger than Quark’s

SeXM ~60°~70° looks large, but cannot explain matter-dominant universe.

Ocp is dependent on definition.

J?clglslgcog Invariant : independent of definition. show the size of CP violation
effect.

.]CP = Im(UﬂgUggUerﬁz) = %Sin 2612 sin 2023 sin 2613 COS 013 sin SCP

CKM -5
CKM ~ 3 % 10

EMNS ~ 0.03 sin &p

PDG2015 “NEUTRINOMASS,MIXING, AND OSCILLATIONS”

A value of |sinfi3sind| 20.09, and thus sinfy3 2> 0.09, is a necessary condition for
a successful “flavoured” leptogenesis with hierarchical heavy Majorana neutrinos when
the CP violation required for the generation of the matter-antimatter asymmetry of the
Universe 1s provided entirely by the Dirac CP violating phase in the neutrino mixing

matrix [191]. This condition is comfortably compatible both with the measured value of
sin A13 and with the best fit value of § = 37/2.| |sin 0,5 sind| = 0.09 — |sind| = 0.58

Za—hJ/IREITCPOBENNRZ =MoLV S>T, EMMEEBRFHEZHRHATESIRT
[FEWD. MEEBDRFEZHATE ALV KRELCPOBNDIRELSFH. ELVDTE,
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Appearance vs. Disappearance

Why disappear?
How is the neutrino flavor identified?

Neutrino flavor is tagged via charged current (CC) interaction.
threshold energy

v,+h—>e +p 0 MeV for v,

VptN = +P 110 MeV for v,

Vet =7 +p 3.5 GeV for v,

At Ev < Ethreshold,

that flavor is not observed and recognized as disappearance.
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Neutrino beamline
|

Proton Beam
Accelerator Decay Volume dump
/ST VII
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A few 100m ~ a few km
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Near Far
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A few 100km

R—DERDAESTEADCET. Sa—FrZa—M)/ZEmTEL
FE—LMRIa—F2Za—RMNI/ZERRAELIZE—LDOEYIYE

Ab

nd.

Example:

~1v/cm?/s at T2K Far detector(295km away)

(@750kW proton beam power)
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3-flavor Oscillation (simplified) Lis to0 small
| or Eis too high
Oscillation Probabilities when |AmS3, | ﬁ ~ % for Am,,? to oscillate

neglect Am,,2 term because Am35; < |Am§2| ~ |Am§1|

» 0,5 v, disappearance

P, ~1-Gn > 20)sin *(1.27am )L/ E, )

AM?® = Am3, =~ Am’, \ Common
> 0,5:v, appearance

P, . ~sin 20, -sin 2(1.27 /E,)



V., appearance
(complete version in vacuum)

2 2 2 . A .
P(—>1)=4C, S, S, *sin’ @,
+8C 28 S.S,.(C.,C,,c0s5—S,,5.S,,)cosD,, smCD3lsmCDzl

—8C,,’C,,C,.S,,5,:S,,5ino$in®,, sin®, sin®,,
2~ 2 2~ 2 2 24 2 .
+4S,,C, (C,C,; +S5,,°S,;,S,; —2C,..C,.S,,S,,5,; cosd)sin (1)21

0,,=33.6" £1.0° ~AmgL
6,,=45° +6° (90%CL) ’ 4E
0,,=9.1° *0.6°

Max. 27% asymmetry (violation) by CP phase for 6,;=9.1° , 0,,=45°




V, appearance
(complete version in vacuum)
At oscillation maximum,
P —>16)=4C, S, S, 2sin’ @, B13

Lo 2
' 8Vl3 S12813

P(vu—1)=4C,;’S,,’S,; —8C,;’C,,C,;S,,S,.S,, sindsin®,

Observation
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to v, oscillation probability

at oscillation maximum

sin22633=1 in vacuum

P(Vu_)ve
0.1
— 2 2 2 2 . .
= P(vu >1)=4C S,,’S,; —8C,; C,,.C,.S,,5,55,;5s1n0sin®,,
0.08 = sin?20,3=0.12 observation
0.07 sin220,,=0.1
0.06
L e ¥
00512 —
0.03
, - Solution for sin220,,=0.08 sin%20,,=0.08
002 ¥ BI7E sin O, L EFHF=2—
0.01F k1) /@ RITE T0.085740.0046&
= | | | | - RESNTND, (S%DFEE)
D L 1 I I | I | I I | I I | I I | L PR

150 100 50 0 50 100 150
CP & (deg)
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Simulated event display

N

_ Signal for v,
Signal for ve disappearance
appearance

S0l odke <> wike
s : : *! . e gmof— } .
Water-Cherenkov Detector 5100:— 1 } .
: of :
Very good PID for sub-GeV particles ;
mis-identification ~1% L
] %

-0 8 6 4 2 0 2 4 6 8 10
Particle ID parameter

2K Far Detector — Super Kamiokande -



|8 Selected for a Viewpoint in Physics P
PRL 112, 061802 (2014) PHYSICAL REVIEW LETTERS 14 FEBRUARY 2014

£

Observation of Electron Neutrino Appearance in a Muon Neutrino Beam

The T2K experiment has observed electron neutrino appearance in a muon neutrino beam produced
295 km from the Super-Kamiokande detector with a peak energy of 0.6 GeV. A total of 28 electron

neutrino _events were detected with an energy distribution consistent with an appearance signal,
corresponding to a significance of 7.30 when compared to 4.92 + (.55 expected background events. In the

Pontecorvo-Maki-Nakagawa-Sakata mixing model, the electron neutrino appearance signal depends on
several parameters including three mixing angles 6,,, 6,3, 85, a mass difference Am?2, and a CP violating

phase S¢p. In this neutrino oscillation scenario, assuming |Am2,| = 2.4 x 1073 eV2, sin?6,; = 0.5, and
Am2, > 0 (Am2, < 0), a best-fit value of sin?26,3 = 0.140700%5 (0.17075033) is obtained at d¢p = 0.
When combining the result with the current best knowledge of oscillation parameters including the world
average value of 6,5 from reactor experiments, some values of o.p are disfavored at the 90% C.L.

1517 <— —— RUNI1-4 data
(6.570x10""POT)

B Osc. v, CC
[ v+, CC

—a 2014%F appearanceIRZ HY. F1&H TScLL
3 (MC w/ sin 29I13—0.1) J:o)ﬁ:%-:,l.ﬂi_csmﬁ |
N b 30MeY LT oo 8—I2 511 BCPr R D5
NDAENBREIZ,

—
=]
\

Number of events

0 1000 2000 3000
Reconstructed v energy (MeV)



&L AT, Earth is not symmetric about flavor nor CP

Near Detector

Super Kamiokande

Mt. Noguchi-Goro

2924 m
ML |keno-Ya
1360 m water equiv.i 1700 m
b . Neutrino beam 8 .; —
N 295 km X

BREBZEZALGVSOIGHEERAL, MHBEFEATLES. (RTUIvILELTRELS)

, Vo) e orporn

o Ve %@ﬂﬁ,ﬁa&;

N
=

ve (orv, v.) eorporn v, borv v e erporn
NC interaction CC interaction




Time evolution of wave function eXp(_i Ht)

Hamiltonian in vacuum

p, 0 0 . 0 0 0
U\ 0 p 0 |Utx—p+5-U0 Amy 0 U
0 0 ps 0 0 Am2,

Hamiltonian of the interaction with matter

V2Gen, 0 0 n,: electron density

0 00 (Opposite sign for v and ;)
0 0 0 PP g
The part which 9
affect the phase is, a vV (GIREFFDOMIEEZE
O Ar?]Z O 2E O O 1téﬁéo
H~U|O 21 0O U+l 0 0 0] v SuIZ. BN TDIE
2E ) 0 0 0 BEEZATLES,
0 Am;, (MSWHEHER)
2E

_ E
This cannot be solved analytically. |a=2v2G.n,E =7.56x10"eV’ E u
gcm ~ GeV




More complete eq. of v, appearance
(15t order for matter effect)

Leading including matter

+8C13 S5,,5,39,4(C,C, 3(:035 S,5,39,;)c0s®P,, sin®d,, sind,,
—8C,,"C,,.C,,S,,S,.S,;sindsin®,, sind, sind,
+4S122C132 (C122C232 +S,,° 3 28132 —2C,,C,55,,5,35,5€080) sin’ D,

2a 24 2 )
_8C13 S13 823 (1_281 S(D32 sm(D31 Matter effect (This is small)

RIIRY
a=756x10"[cV"] [[g/cm ]) ([GeV]]

- for v



v, tov, oscillation probability

at oscillation maximum

sin?20,,=0.1, sin%20,,=1, w/ matter effect
P(vu—wj
0.09
0.08
Normal Hierarchy
0.07

0.06

0.05 Inverted Hierarchy
0.04
0.03

0.02

-150 -100 -50 0 50 100 150
CP & (deq)

0.01



Actually, w/ 0,5 uncertainty

P(v,—Ve)
0.09

Normal Hlerarchy

0.08 peenenn, Uncertainty by 0.,

0.07

I|IL‘II|IIII|IIII

0.06

0.05

T

0.04

0.03

0.02

IIII|IIII|IIII‘.lII

II|IIII|IIII|IIII|IIII|IIII|IIII|I[
0.01 -150 -100 -50 0 50 100 150

CP & (deg)




1A m2,) (107 eVZ/c*)

E 80? , TZK Ruénl—.—7t_p§reli:1r§1i.nary — gr[::?isigitﬂ)afd
2 = 2 0 % 70 S | — Best-Fil
Ams,,sin “093 e
= g
2016 result
20; .................
]();.... -
2 15
0 2x107 1 2 3 4 5678
Reconstructed Encrgy [GeV]
3.6_| 1T I 1T T T I T T | T T I LI L L I LI L L I T T | T T | T I_ v disappearance Spectrum
34 68%CL . ] U P. Vahle, Neutrino 2016
- 90%CL. Normal Hierarchy -
32~ * T2K best-fit /\ - NOVA Preliminary
- ] C L L L LA S L B
3 — - —— FDData E
— ] 25: ——— Best-fit prediction: -2LL=41.6 .
238 E_ _E 205_ ———— Best maximal: -2LL=48.0 (A=6.4) _E
25F ERIN: ;
2.4 = s °F E
~ . L C N
2E NOVA (2016) Super-K 7 5 .
1.8F T2K Runl-7c preliminary MINOS+ = 00: .
_J Ll I N - I ) I 11 1 | I ) - I N - I N I ) I 1 I_ . . L . L . .

1 > 3 4 5

0.3 0.35 04 045 05 055 06 0.65 0.7 Reconstructed Neutrino Energy (GeV)

.2
sin 823



2016 T2K Expected number of (anti)v, events

Normal . 19.6 24.1

Inverted

Normal

Inverted 6.5 7.4 8.4 7.4

6cp = —1'[/2 6CP =0 8CP = +Tl'/2 6cp =TT
S H
Vy = Ve 2.8 3.8 4.8 3.8
Vy = Ve 1.0 0.9 0.7 0.8
other bkg. 2.2

@Sin 2023 = 0.53

*R=—a—k) /& BTEREML/3KLWNIEELD T, T—2ZEFHIDNKE,



vV, and V,, selected event

Expectation @sin “6,5 = 0.53

T &§p=0 T §.p=m
6CP=—E cp 6CP:-|-E cp
v-mode run Normal | 240 196 24.1
Inverted 25.4 21.3 17.1 21.3
v-mode run Normal 6.9 o 6.8
Inverted 6.5 7.4 8.4 7.4
Normal Mass
% 14 . —5.=0
2 pf  neutrino-mode beam cp
2 10F- 32 events lan | ) L
g i3 4 E HETH S DEDEVESS
3 —~4 | 4 E D, AsymmetrymDPMNSTF 48
4= - - - =
A : SNBBALYLKEL !
0E == S T O
0.55 + ’ | -
= + =
LsE- | 4devents 3
2E =
2'_52_T2K Runl-7c z?ntineutrilno-modelbeam —;
30 0.2 04 0.6 0.8 | 1.2



-2InLL

Op Confidence Level

Ax? v.s. 8cp T2K + reactors 6

. e . T
] S I LM B o comparison to sensitivity at 8¢cp = — NO
909 NR - i
§9” /) C(Ij_ N\ : T2K Runl-7¢ preliminary 1 20 | —_ 1
= dllOWed re IOﬂ N — - Normal Hi h ; 7
20{\3 g Q\ — Normal Hierarchy . 18- No ierarchy  T2K Run1-7c preliminary
% : NN . ] 16— [ 68.27% of toys MC 3
sk | Inverted Hierarchy 14F- [1195.45% of toys MC =
‘\\ A ] 12 —Mean Exp. -2InL E
:§ \ ] 10~ —-2InL_; (90% CL) =
10}~ \ B 8  -2InL_, (20 CL) =
R N 6F —Data =
[ ; 4t .. .-
0 -3 -2 -1 0

dcp (radians)

A A A

no CPV
90% Confidence Interval:

Normal mass ordering (—3.13rad, —0.397rad.) = (—179°,—22°)

Inverted mass ordering (—2.09rad, —0.74rad.) = (—120°, —

d¢p (radians)



Number of v, candidates

significance to mass hierarchy

T T T T

—
(=]

— Normal Hierarchy

T T T T T L | LI T

9 - — Inverted Hierarchy ‘%’ T2K Run 1-7¢ preliminary
8 5 =
- sin“0,,=0.55 .
T =
6 sin®0,,=045 =
5 :— o) aCP =7 —:
B n Opp =+m/2 =
4 o 6CP =0 .
- o dp=-m/2 ]
C L L I L L L | L L L 1 | L L 1 1 ] 1 | 1
3[0 15 20 25 30 35

Number of v, candidates

Ax? 12t EDLp-valuelZHFEYIE
HITFHETEELY,

IHIZ%t 9 B p-valuelFAELYAINHIZ
L THELMG,

X 4>YZBayesian posterior
probabilityz!)1)—RXLT=,

| Normal inverted .

sum

29% 10% 39%
46% 14% 61%
75% 25% 100%

T2K Run1-7c preliminary

NHTHAHHEZEIL75%....
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v, tov, oscillation probability

at oscillation maximum

sin?20,,=0.1, sin%20,,=1, w/ matter effect
P(vu—wj
0.09
0.08
T2K Normal Hierarchy
0.07

0.06

0.05 _
T2K Inverted Hierarchy
0.04
0.03

0.02

II|IIII|IIII|IIII|IIII|IIII|IIII|II
0.01 -150 -100 -50 0 50 100 150

CP & (deq)



MY

to v, oscillation probability

at oscillation maximum

sin220

P(vu—wj

0.09

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

.=0.1, 5in?20,,=1, w/ matter effect

T2K Normal Hierarchy

T2K Inverted Hierarchy

i

~ T2K (rough) full stat. error+/-1c \*-/

-150 -100 -50 0 50 100 150
CP & (deq)



v, tov, oscillation probability

at oscillation maximum

sin?20,,=0.1, sin%20,,=1, w/ matter effect
P(vu—wj
0.09
0.08
T2K Normal Hierarchy
0.07

0.06

0.05 _
T2K Inverted Hierarchy

0.04

0.03 ET2K (rough) full stat. error+/-1c

CP o
allowed region

II|IIII|IIII|IIII|IIII|IIII|IIII|II
0.01 -150 -100 -50 0 50 100 150

CP & (deq)

0.02




v, tov, oscillation probability

at oscillation maximum
sin?20,,=0.1, sin%20,,=1, w/ matter effect
P(vu—wj
0.09

Normal Hierarchy

0.08

0.07

0.06

0.05

0.04

s
T2K (rough) full stat. error+/-1c \\i///
v

0.03

0.02 Inverted Hierarchy

II|IIII|IIII|IIII|IIII|IIII|IIII|II
0.01 -150 -100 -50 0 50 100 150

CP & (deq)



v, tov, oscillation probability

at oscillation maximum
sin?20,,=0.1, sin%20,,=1, w/ matter effect
P(vu—wj
0.09

Normal Hierarchy
0.08

0.07
0.06

0.05

T2K (rough) full stat. error+/-1c

0.04 [
0.03[—
0_023_ Inverted Hierarchy

- CP o6 allowed region
D.{}“I_II|IIII|IIII|IIII|IIII|IIII|IIII|II

-150 -100 -50 0 50 100 150
CP & (deq)



v, to v, oscillation probabﬂ/

at OSC|IIat|on maximum
5|n220%3=0. 1, sin?20,,=1, w/ matter effect

P(v,—V,
0.09
N | Hi h
- ormal fierarchy Soild T2K
--------- Dotted : NOVA (US, 810km)
0.07

0.06

0.05

0.04 IgK*(rough) full stat. error+/—1‘6_,~n

0.03— B
0_02:_ Inverted Hierarchy Qo

= CP o6 allowed region
0'01_||llllllllllllllIllllll"|||lll||||

-150 -100 -50 0 50 100 150
CP & (deg)



v, tov, oscillation probability

at oscillation maximum

sin?20,,=0.1, sin%20,,=1, w/ matter effect
P(vu—wj
0.09
0.08:— Normal Hierarchy Soild T2K
T Dotted : NOVA (US, 810km)
0.07—

0.06

NOvﬁCA[Iowed regii I

- - .

0.05 s \\\
L —

0.04 - T2K(rough) full stat. error+/-1o.

0.03—

002:_ Inverted Hierarchy e -
- CP & allowed region
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CP & (deg)
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at oscillation maximum
sin?20,,=0.1, sin%20,,=1, w/ matter effect

P(vu—wj

0.09

0.08

0.07

0.06

0.05%

0.04
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0.02

0.01

to v, oscillation probability
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See Poster P1.033 by G. Davies and
C. Backhouse for details on Reconstruction

Event Selection
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Improved Event Selection

[ P. Vahle, Neutrino 20167

o This analysis features a new event selection technique
based on ideas from computer vision and deep learning

o Calibrated hit maps are
inputs to Convolutional Visual
Network (CVN)

o Series of image processing

transformations applied to

extract abstract features sof . i : —

o Extracted features used as T sof >
S

inputs to a conventional

neural network to classify the |

-
event % 20 m %0 80 100 - = -
2

A. Aurisano et al., arXiv:1604.01444
Posters P1.028 by A. Radovic, P1.032 by

F. Psihas and A. Himmel for more detail



Improved Event Selection

0 | P. Vahle, Neutrino 20163

o This analysis features a new event selection technique
based on ideas from computer vision and deep ledarning

o Calibrated hit maps are
inputs to Convolutional Visual  E
Network (CVN)

o Series of image processing
transformations applied to | T =
extract abstract features s Ee

sof a9 .

o Extracted features used as Tl et _ , B = —
inputs to a conventional - ' ! et
neural network to classify the fZ | '
event % T T — =

Flane

A. Aurisano et al., arXiv:1604.01444
Posters P1.028 by A. Radovic, P1.032 by

F. Psihas and A. Himmel for more detail



Improved Event Selection

| & P. Vahle, Neutrino 20167

o This analysis features a new event selection technique
based on ideas from computer vision and deep learning

o Calibrated hit maps are
inputs to Convolutional Visual
Network (CVN)

o Series of image processing
transformations applied to

a0 : : : : .

T o1 &

extract abstract features sof . - ; —

S0k

= Extracted features used as =m-\‘ ] >
inputs to a conventional

C

&
3oF

201

neural network to classify the |
eve nT o 20 a0 50 &0 100 . = -

Flana

Improvement in sensitivity from CVN
equivalent to 30% more exposure



sin 20, M0.5MBFT Nf=1=8.

Contours NOVAZS 5 C I SRR T 12U VR,
Ed < P. Vahle, Neutrino 2016

NOVA Preliminary

o Fit for hierarchy, ép, sin%0.,,

= Constrain Am? and sin2823 with NOvA

disappearance results

|

=

o Not a full joint fit, systematics and other «

Ie:3
o
UI

= —J
oscillation parameters not correlated 0 g4k ( ki
o Global best fit Normal Hierarchy 0.3 E
c ' Cl2o .
OCP = 1.497 Il\lo FC Corrlec’rion NH 1
51112(92:3):0.40 o
best fit IH-NH, Ay>=0.47 0.6
both octants and hierarchies allowed at 16 o
D 0.5
36 exclusion in IH, lower octant around N
Scp=T1/2 ? 04

Antineutrino data will help resolve degeneracies,

particularly for non-maximal mixing 0.————

Planned for Spring 2017

rla-
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Densily [kg:m * x 10°]

Atmospheric neutrino
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Resonance occurs only for (anti-)
neutrinos under the normal
(inverted) hierarchy.




MSW effect _H{XDIFESTEZS

cos® —sin@) Y A%z cosd sind N \/EGFne 0
sind cos@d )| 0 —sind cosd 0 0

U

2E
2 2
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SK onIy para meter determmatlon
20— 77 _ | 7 B prehmmary
/ | ﬂ, i
sl I / 1 wl \ N 1wl Inverted _'
i \ (£ f AmZ. | ; l.'-h /| ' Normal ]
' m A |
E‘,‘* o :'x f; ’r | Amzijl s 111..! :.f .'f 1 Wl Ocp 7
I T 1\ [t ‘ ‘
- son I'I,m'ﬁ.,_ I;j :99% I'i ) /| i
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— . - e
ﬂ[.'ﬂl)‘ll - [']0'02' o (Itllﬂ:i — I}{IIM e |I_'|._1](]5 ?).2 I lIIII.I-l == &;.{; 0.8 l:.{fl I 2; = Htli e é
eV
Fit (517 dof) e sin?05 Ocp sin26,; | |Am?;,|eV?
SK (IH) 576.08 |0.0219 (fix) | 4.189 0.575 2.5x1073
SK (NH) 571.74 |0.0219 (fix) | 4.189 0.587 2.5x103
* SKonly (08,5 fixed): Ay? = ?\u-x2 = -4.3 (-3.1 expected)
* Under IH hypothesis, the probability to obtain Ay? of -4.3 or less is
0.031 (sin%0,,=0.6) and 0.007 (sin%6,,=0.4). Under NH hypothesis, the
probability is 0.45 (sin?0,,=0.6). 1
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SK+T2K v, v, parameter determination

Ay

Not a joint analysis, fit external data using publicly available T2K info.
T T T N o preliminary
i II I\" | #
i | /| 1 | l. | I
15| ]I' | ’ Az | - 5| II]H f II - 15 —
- m | { I T .
- | Am232 | Sin’B,; | | 1'1 | fl /N Ocp
10| \I | = L \ I /
- |l | — 10— T | I| — 10 ¥d ]
L 4 J' I 1. “-.\. ."II ‘ 4
”'. I ! Jﬁ \ ,-'II . |
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_GT%. Ll 1J:. N R B m.ﬁ L pd _ - | ) iy L
00.001 0.002 0.003 0.004 0.005 %.2 0.4 0.6 0.8 l:'lIZl 2 4 6
eV? s
Fit (585 dof) y? sinZ0; dcp sin?0,; | |Am?Z3,|eV?
SK+T2K (IH) 644.82 |[0.0219 (fix) 4.538 0.55 2.5x103
SK+T2K (NH) | 639.61 |0.0219 (fix) 4.887 0.55 2.4x10°3

o SK+T2K (6, fixed): Ay? = %2\ X%, = -5.2
(-3.8 exp. for SK best, -3.1 for combined best)
Under IH hypothesis, the probability to obtain Ay? of -5.2 or less is

0.024 (sin?6,,=0.6) and 0.001 (sin?6,,=0.4). NH: 0.43 (sin6,,=0.6)
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Proton delivery to T2K

Total Accumulated POT for Physics §

. v-Mode Beam Power 2
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Dec/31  Jan/01  Dec/31 Dec/31 Dec/31 Jan/01  Dec/31

23 January 2010 - 19 January 2017 v mode POT: 10.68x 1029 (58%)
POT total: 18.29x102° V mode POT: 7.62x102% (42%)

Stable operation at 450kW achieved (first design goal: 750kW)
(Ep=30GeV) x (230Tp/5us pulse) x (2.48sec cycle)

Number of protons on target (POT)

18.3 x 10%Y accumulated (10.7 x 102° for nu & 7.6 X 10%° anti-nu)
7.8 X 102! aimed as original T2K goal



T2K+NOVA sensitivity

Assuming both experiments run 50% v-mode, 50% anti-v mode.

with 5% normalization uncertainty on signal and 10% normalization uncertainty

on background. _
solid : w/o sys. error

Shown is NH case. iy dash: w/ sys. error
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Disappearance of v, from reactor
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Reactor Next step -Mass Hierarchy-
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Reactor Next step Mass Hierarchy
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JUNO

— LS large volume: =¥ for statistics
— High Light(PE) =» for energy resolution

Steel Truss A
Holding PMTs JA¥
~17000 x 20” F‘”‘”’ 3
~34000 x 3” ol - e

Acrylic Sphere
filled with 20 kt LS

Neutrino 2016 - July 6, 2016 Gioacchino Ranucci - INFN Sez. di Milano
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T2K-Il target statistics and systematics

v'Target Beam power
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The T2K off-axis near detector: ND280

@280 m from the proton target

0.2 T magnetic ﬁeld




FGD1: finely-segmented
scintillator bars
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http://arxiv.org/abs/1607.08004
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Hyper-Kamiokande
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