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mailto:okumura@icrr.u-tokyo.ac.jp

T2K (Tokai to Kamioka) (2010~)

e | ong baseline neutrino oscillation experiment with high intensity muon
neutrino beam from J-PARC MR to Super-Kamiokande (Super-K)

e Goals:
e Precise measurement of v, disappearance
e Measurement of v, appearance > Discovery

- Search for leptonic CP violation (dcp)
e Search for non-standard oscillation, Cross section measurements
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Neutrino Oscillation

ve v Mass stat
Flavor state _ ass state
. vy | =Upuns | V2 .
(Interaction) (Propagation)
V+ V3
1 0 cos 013 sin @3¢~ cosfio sinfio O
Upmng = | 0 cosfaz  sinfas 0 0 -sinf12 cosfip O
-sin 053  cos f93 ~sin #15€ cos b3 0 1 0
Atmospheric, LBL Reactor, LBL
Am§2 ~ 2.4 x 10 3eV? Am2. ~ 10 5eV2
= sin? 63 ~ 0.021 Mgy = 15 10TV
Sin 923 =04~0.6 sin2 912 ~ 0.30
Still unknown: Normal
(Am23,>0)
V V m2‘ I:ajevus 2 -e%?lv m i lILI’)‘I ~ I0|4I .Sfr..;is.??. 016 (|)7_- % "5 :;jm:
I\ @ 7N ANEEC— Y
0—0 g '” 22f we—— ) W L
Vi V., VH \Ir — v [ b
: Mass Hierarchy o
Leptonic CP (&cp) 0,3 Octant Sterile neutrino

(Mass Ordering)



Neutrino Oscillation in T2K

e Disappearance of muon neutrino (023, Am23y) :

.......... 4F
T Leading term

Am2, L
P(v, = v,) =~ 1— (cos*f13sin” 2093 + sin® fa3 sin® 2613) sin ( 32 )

e Appearance of electron neutrino (813) and CP measurement (Ocp)

Am3, L A4+/9 E
P(Vp, — I/e) i Sin2 02381112 2913 Sin2 ( M3 ) (1 + \/_GFne

(1 — 2sin? 913)) «— Leading term

4F Am%l
Am2, L Am2. L Am2. L
. . 29 . 29 . 29 6 . . 32 . 3]_ . 21
sin 2649 sin 2053 sin 2673 cos #13sin J sin ( T ) sin ( Vo sin T

"\ CP violating term



CP effect on electron appearance

neutrino

sin22613=0.1

........ 0=0
........ o=1/2n

e ~25% change at oscillation peak between 6=-1/21m and 1/2m

e Opposite direction for neutrino and anti-neutrino

0.1 By

0.02

anti-neutrino

0.08 i

1> 0.06

= [ aER
|> 0.04 ¥

sin2281 3=0.1

........ 0=0
= 0=1/2n
........ 6: TC

E, (GeV)

- Possible to measure CP by independent v and v measurements

e Marginal effect due to neutrino mass hierarchy
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Off-Axis Beam

e Neutrino beam are pointed to 2.5°
off-axis direction from SK direction

* Produce intense narrow-band beam

e Optimize peak energy by off-axis angle
(~0.6GeV)

e Suppress high energy flux (Ev>1GeV)

producing v, backgrounds

* First experiment to utilize off-axis beam

( Far Detector\
(Super-K)

V _--®
target/ M _.---

AL = SE— -~ @: off-axis angle
e R

\ Decay volume /

3000

2500

2000

1500

1000

500

v(E)

7 (M)

00

DAB 2 deqgre=
0AB 2.5 degree
0AB J degree
lII|IIIII||IIIIIIIII|IIIIIIIIIIII

O'Il‘lt'“lll 3 4 5 B 8 'QII“‘ID
. Off-Axis beam pn((‘ﬁ"é@/)

1 Osc. Prob |
I e S A A

Neutrino Energy (GeV)



T2K overview
Near detectors

P T U V

o ‘ ~—— off-axis o
_ Sl -@:__—_ _______________ ____%_ _______ g
J-PARC 30 GeV ~ NEZTESLqE~-- A | JAI 2.50 Supe

Proton beam Decay volume  Muon On-axis™ = = = -—--_V__
} rr;onitor \I N l «
Om 120m 280m //
Off-axis (2.5 °) v, beam Muon monitor
— Intense, low energy narrow-band — Monitor intensity and profile

— Peak E, tuned for oscillation max. (~0.6 spill-by-spill

GeV) On-axis detector (INGRID)
— Reduce BG from high energy tail

— Monitor v beam day-by-day
— Small v, fraction (~1%)

— Detector coverage is 10m x 10m

g 300 — 05, = 0.0°
S 3000 - — Og, = 2.0°
Py — 85, =2.5°
S 2500 |- . o
b= . 05, = 3.0
< 2000 |
£ 1500
S i o
5 1000 | OA2.5
|
500 |- |
=N : — —
N : : - . g
“c o8l p! : Oscillation probability
2 oebllf ¢ Am? = 2.5x10°° eV?
[«] :
& oabll L = 295 km
0.3 :
0.2
0.1 &}
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o

v

A

E, (GeV) 17.5m



Near detectors

Off axis u §§_
Pz R, || | W - ) ) mm e = - - >
> PARC 30 GoV ‘@_— 7‘ ----- @2. 5o Supe kande

Proton beam Bacowialune ks on-axjs ~ — - SR A
_ monitor I - §§ f .

Om 120m 280m 295 km
Off-axis detector (ND280) Far detector (Super-Kamiokande)
— Predict interaction rate before oscillation — Water Cherenkov detector (total mass ~50 kton)
— UA1 magnet — Excellent particle ID for u / e particle with ~99%
— Fine grained detector (FGD) efficiency

FGD1: CH target, FGD2: 42% water - Simulation events

— Time projection chamber (TPC), ECAL, POD

Super-K detector

SMRD ”H
UA1 Magnet Yoke |||

POD
(0-

detector) .—-—H“—)
—_—-"-—-_—--_—-—_- -
) « :

ND280

Top view of

detector




Beam Power and Accumulated POT

35|§un1 Rl§1n2 gRun3 R;un4 - Run$ Run6

Tbtal Accurrfulated POTE for Ph sicé.
30) v-Mode Accumulated POT for Physics | ... .. o ¢
v-Mode Accumulated POT for Physics
v-Mode Beam Power ol
75 V-Mode Beam Power =400
20
15
10

J

2010 ' 2011

500

Accumulated POT

.............. . ; ' 300

........................................................................................................................................................

Beam Power (kW)

200

100

M NEAS N W

2012 ' 2013 ' 2014 ' 2015 ' 2016 ' 2017 2GQ8
Year

e 3.16 x 1021 Proton On Target (POT) accumulated until May 2018

e neutrino: 1.51 x 1021 POT, anti-neutrino: 1.65 x 102" POT

e ~30% increase of anti-neutrino data from previous result



Neutrino Beam Stability

S'.S_?'giw%wm@*»-@-—#ﬁ *LJ ------ e 3
= 1.4 e . : : : :
o128 Horn250K : : : :
a 1F - : : : E
Zog Eventrate | yomaosk G 5
58'25 : + Horn 250 et s E
= [Horizontal beam direc |on : : +INGRID

20.5_‘]. Iz a al t I I —e—lMUMON ]
_0_55— E 5-0-' I I E I I I _E
T Vertl aI b am dlrectlon o | | +INGRID |
Eosf o e - o “MUMON
i oJ;4 f ;::t:f Caamama T
_0.5 TZKR n1i T2KR n2 T2KR n3 T2K Run4 ;\-nz';:m; 1(;2K2F:)146June.2015 E :::.:01(;May.20165 :::IEZR(HG?Apr.2017 E-CI-::.::H7?May.2018 _:

J .2010-Ju 201Q Nov.2010-Mar.201 ]M r.2012-Jun 201@ Oct.2012-Ma y.201f§ .:J .2011

e Neutrino event rate and direction are stable

' Daiy'-
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Number of events/20 sec

Super-K Data Quality

(224
o

Beam timing

I Run1-8 (22.29x10% POT)

TTT

(=2}
o
T T

B Rruno (8.99x10% POT)

.
(=)
I

N
(=]
L L R

r
m
Number ofevents/25.nsec.
I $ T

o]
S
T T

1 b ’ 1 L
200 400 -1000 O 1000 2000 3000 4000 5000

AT, (nsec)

AT, (usec)

e Data taking is stable and efficient (~1% inefficiency)
e Clear bunch structure in beam timing

e Stable event rates for both v and v mode

Neutrino Rate Stability

e s s e
T T 2
;0. Neutrino-mode :
6005 (FH -\) /
s00F /
= o
400 /
- e
300F //
200 //
100
% ~7200 400 600 800 1000 1200 1400
Protons on Target
250:' o | /:
oF Anti-Neutrino-mode =~ 1
: (RHC) -~
150 /
100 /f/
50 ,/
% TT200 400 600 800 1000

Protons on Target

Ix10'®

Jx10'®
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Oscillation Analysis




Oscillation Analysis Strategy

Beamline simulation

[Neutrlno flu redlctlon]
< b

a Near detector fit

e Tune nominal rate
prediction
 Constrain flux and

. interactions Unce”a'”“es/ Neutrino interaction models

< L

Hadron production model

~—__

Near detector model

\
Far detector fit

Estimate oscillation parameters | ® Far detector model

Jest hypotheses

4
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Neutrino Flux Predictions

NAG61/SHIN data . ]
+Fluka simulation horn focusing, VIJ

decay is simulated
by GEANT3

actual beam profile & _
position graphite Tr, K
target

ND

(beam monitors meas.)

proton beam

T ~13m

upgraded NA49 detector

B‘*—"‘»g';i_;{g:i --- - AL I
Hadron production in 30GeV proton + C S N
- Use CERN NAG61/SHINE pion measurement | Edfatt-H O I

(large acceptance: >95% coverage of v parent pions) ‘

* Kaon, pion outside NA61 acceptance, other interaction n* Measurements with Thin Target Data
in the target were based on FLUKA simulation e [ | e [

: ’ [ 3.
%o:- L& ﬁm““':» % D:: ) '/ém”‘;"\"
1 it e | D e
§ H H H E 0 H0<h<60m ad Zosf Mch<somat [ 4 —
* Secondary interaction x-sections outside the target were based on i A o
- “E T v \ 02 e "'\
expenmental data 1s- €0 < 6 <100 mrad _{h\ 100 < 6 < 140 mrad I ;::3<I(lemd ﬁ 100 < 6 < 140 mrad
i { f N \
\¥ T V‘?‘Tﬁ"‘ls‘ » 3 10135 0 \“ -
(GeVEe] PIGeVEe) pIGeVie) plGeVie)
P 50 180 <6.<240m 14 140<0<180mnad | 0 <6 < 240 mrod
7Y ) LA
Zosff N . Zoslf \\ i e
E— I. H40<0<300mnd [ . 00 <6< 360m Z”_ N 240505300 wuad | 300 <0< 360 nual
s Ha TR A
iy A i
NAB1/SHINE = " = o 7 o~
|J".;5 Venus 4.12 " Venus 4.12
0sE A i ;25‘,’35:#’.9‘2 o “3 o _gfgfnm
: p('cne - p(GeVic]

Vic)
Relative errors in the region of the T2K interest ~4%
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Fractional Error

0.3

0.1

0.0

Neutrino Flux

Neutrino-mode

(Forward Horn Current: FHC)

Neutrino Mode Flux at the far detector

)
g 6
o, J.O = i

§ ¥ —Vu —Ve

> ] -V, -V,

= 5 .

S 1074

v I
Q I

E H

\p‘f i

Z 104

— ;r\'\

10°¢ |
1 1 1 | | 1 | ! 1 1 I 1 1
0 2 4 6 8 10
E, (GeV)
SK: Neutrino Mode, Ve
T T T T T T 17T T T T T T L

I Hadron Interactions ! = Material Modeling }
| == Proton Beam Profile & Off-axis Angle Number of Protons _|
[===Horm Current & Field = 13av2 Error N
:== Horn & Target Alignment = == 11bv3.2 Error :
[ ] @®xE,,Arb.Nom. -

107

Fractional Error

Predictions

Anti-neutrino-mode
(Reverse Horn Current: RHC)

Antineutrino Mode Flux at the far detector

0.3

[
[en]
(=)}

10*

Flux (/em?*/50MeV/10*'p.o.t)
)

[a—
[«
w

uncertainty is

_I_I_ .
- 2 e
107} L dominant
C o 1 P R R
0 8 10
E, (GeV)
SK: Antineutrino Mode, Vp
| T T T T T T 1T 7T | T T T T T T 1T 7T
| == Hadron Interactions e Material Modeling
| == Proton Beam Profile & Off-axis Angle
Number of Protons
=== Hom Current & Field
:== Horn & Target Alignment ava Ewox
[ ] @xE,,Arb.Nomm.

L1 I | I I | | | I | I L

e Still hadron prod.

e ~8% absolute error
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Data / Sim.

Events/(100 MeV/c)

Near Detector Fit

= 8

|II[||IIII|IIIIII

2

1000
500
1.1
1.0

.9
0.8

Pre-Fit

Iy
3
]
a

—4- Data

B v ccQu
[Jv cC2p-2n
v cCRes In
Bl v cC Coh In
- v CC Other
[ v NC modes

- V modes

<+

Lrvra bl

® —

500 1000 1500 2000 2500 3000 3500 4000 4300 5000
Reconstructed muon momentum (MeV/c)

Initial uncertainties on flux
and cross section are further
constrained by ND280 data

e Significant reduction on SK

prediction uncertainties

Post-Fit

Vv-mod
O as00 = i
N 2500 - —4— Data -
o — ) 1 :
= - B v ccQu ]
2000 — - —
S s [Jvcc2p2h
= I OJvcCResin 3
=2 1500 — —
% n Bl cccohin I
1000 [ v ccother A
é - v NC modes
500 - V modes |
g 12 -
A 1.1 —
2
-~ 1.0 > &
s 0y —
S 0.8 ) ) , ) . , ) ) , —
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Reconstructed muon momentum (MeV/c)

Uncertainties on SK event rate w/ and w/o ND fit

Sample Pre-fit Post-fit
v-mode 1Rp

v-mode 1Ru

v -mode 1Re

v-mode 1Re
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Super-K neutrino data sample

1Ring wu-like 1Ring e-like 1Ring CC1m+

Vu U Ve e Ve e
Neutrino-mode N N N
(FHC) K K W
A++ T+
n o n o o P
V u u Ve et
Anti-Neutrino-mode
(RHC) W- W-
P n P n
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Number of events per bin Ratio Number of events per bin

Ratio

Events in bin

w
=3
=

IIII|[IIIIIIIII]I[IlIIII]I[lII

Unoscillated Prediction

Oscillated with Reactor Constraint

8scillated without Reactor Constraint
ata

T2K Run 1-9d Preliminary

gll

250

200

o
=]

Super-K Data

v-mode 1Ru

100

[ 3

Predictions with: sin2013=0.0212, sin2023=0.528, Am232=2.51x103, NH

O=T1T/2

I E—T— A +++ﬁ* Sample O=-1/2 6=0
. +* . . . _
Reconstructsd Neutrino Energy (GeV vV-mo d e 1 RlJ 2 72 . 4 2 7 2 . O

b —— e, ZUCLCELT 1395 139.2 1395 1399 140
3 T2K Run 1-9d Preliminary R LE 744 622 506 627 75
3 v-mode 1Ry 2OLCEREN 171 196 0 217 193 15

v CC1mr 7.0 6.1 4.9 5.9 15

2y £ o £ 4
20F- T2K Run 1-9d Preliminary c F T2K Run 1-9d Preliminary 2 b T2K Run 1-9d Preliminary
18- 2 5 2 -
16— e — S of
v-mode 1Re “E v-mode 1Re o F v CC1r
2f- - :
E 3 2
o C C
82_ 2:— 1'5;_
°E" - £
4 1= i
E B 05—
21— C E
00_ 0.4 0.6 0.8 1 "2 C.0 0.4 0.6 08 1 "2 00_ . 0‘12 — 0.4 0.6 0.8 1 "2

Reconstructed neutrino energy (GeV) ) Reconstructed neutrino energy (GeV) Reconstructed neutrino energy (GeV)



O (degrees)

New V. appearance data

Full Run1-9 Data (~May 2018)
T2K Runl-9 Prelimina

180 2
— ° o)

160E * New Points g

140 ko)
— —

120— .-8
- &

100— =
- Z.

80

60—

40

20—

0

0.2 0.4 0.6 0.8 1 1.2

v Reconstructed Energy (GeV)

Angle(degree)
§_ 8 5 § 8

Previous Data (~Dec 2017)

e Number of Ve 1Re events:
9 (prev.) > 15 events

e Distribution of new data points agrees
better with Ve signal

e Convincing that T2K is really
observing Ve appearance

Y] 1200 1400

Momentum{MeV)
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Systematic uncertainties in Nsk

1-Ring u 1-Ring e

Error source FHC | RHC || FHC | RHC | FHC 1 d.e. | FHC/RHC
SK Detector 2.40 | 2.01 2.83 | 3.80 13.15 1.47

SK FSI+SI+PN 2.21 1.98 3.00 | 2.31 11.43 1.57

Flux + Xsec constrained || 3.27 | 2.94 3.24 | 3.10 | 4.09 2.67

Ey 2.38 | 1.72 7.13 | 3.66 | 2.95 3.62

o (ve) /o (7,) 0.00 | 0.00 || 2.63 | 1.46 | 2.61 3.03

NCly 0.00 | 0.00 1.09 | 2.60 | 0.33 1.50

NC Other 0.25 | 0.25 0.15 | 0.33 0.99 0.18

Osc 0.03 | 0.03 2.69 | 2.49 2.63 0.77

All Systematics 5.12 | 4.45 881 | 7.13 | 18.38 5.96

All with osc 5.12 | 4.45 ][ 9.19 | 7.57 | 18.51 6.03 |
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Oscillation fit result: 013 vs Ocp

d.p (Radians)

Ocp (Radians)

T2K Run 1 9 Prellmmarv

3 ]_— ! L I e Norm 11 68CL ]

— est fit —— Normal - 90CL -

- PDG 2018 ----- Inverted - 68CL -

2 —— Inverted - 90CL —_

1= T2K only -

OF —

~1F —

2F —
—3 l_— l L1 1 I 1 1 1 1 l 1 EX](-)_3

10 5 50
sin(0 13)
T2K Run ] -9 IPrellmmary

3= b Normal - 68CL —

- ¥ Bestfit ~—— Normal - 90CL

L PDG 2018 ----- Inverted - 68CL _

2 — —— Inverted - 90CL —]

I . -

- T2K with reactor -

O g

~1F -

2F -
-3 Lo | —=Ix107

15 30 35

T2K Run 1 9 Prellmmary
e ool

3 e e Norm 11 68CL ]
» Bespfit —— Normal - 90CL

G 2018 ----- Inverted - 68CL |

2 —— Inverted - 90CL —]

Sensitivity

dcp (Radians)
o
| TTTT | TTTT | ITTTT | ITTT ' TTTT I TTTT ]

|IIII|IIII|IIII|III

—Ix107

W
<L

IIlOlllllsllllz()lll25I11I3OII I35IIII4>OIII145|II
sin“(8,5)

e Update reactor constraint:
sin2013 = 0.0219 £ 0.0012
— 0.0212 £ 0.0008 (PDG2018)
( sin22013 = 0.0857 — 0.0830)

e Preferred Ocp~ -11/2

e Better fit result than sensitivity
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_2AIn(L)

Constraint on Oc¢p

Data (20 CL)

T2K Run 1-9 Preliminary
LI B AL I L

— Normal

— Inverted

(]
=

O
III/rIIII4|MIHII/W4IHIWI4I4|IvII4I|IIII|IIII|

18
16
14
12
10

llllllll'lllllllllll
-2AIn(L)

| llllllll

ON-PO\OO

L1111

W

e Best fit: dcp =-1.885 radian
NH: [-2.966, -0.628], IH: [-1.799, -0.979]

e 20 confidence interval

Sensitivity
T2K Run 1-9 Preliminary
_I I I I I I I I I I I I I l I I T T I I J.-('-J‘ I T I T l_
- —Normal \ -
= ---Inverted '3’ k =
E :'):U "" E
- / X
ﬂ\-—-_ _4/ T
-3 —2 -1 O 1 2 3
dO.p (Radians)

e CP conservation points (dcp =0, 11) are both outside of 20 CL
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Ve / Ve events and 6cp/MO/023 exp’d

Antineutrino mode 1Re candidates

24
22
20
18
16
14

12
10

— sin® 8,, = 0.50, 0.45, 0.55
— AmZ, = 2.45x107 eV¥/c*
----- Amj, =-2.43x107 eV¥c*
O p=T
Opp = +T/2

8”, =-1/2
Data (stat. errors only)

O
u
O 8.,=0
L
¢
I

l|lllllllll|llll|llll|llll|llll|llll|

T2K Run 1-9 preliminary

Fan
A 74

lllllllllll|lll|lll|lll|lll|lll|l

30 40 50

60 70 80 90 100 110
Neutrino mode 1Re candidates
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Ve Appearance Result (New)

Ll]l]ll]lllliillii]]]llllIIIIIII]'_
S

=15

e Test with two analysis methods:

= “Rate-only” and “Rate + Shape”
Rate-only

10

Number of toy experiments

— e |ntroduce scaled v,->Vve probability:
: P(0, — ) = 8 X Ppuns(y — )

(B: 0=no Ve appearance, 1=PMNS)

Number of events

e Rate+shape result excludes no

g ' ARRRRRRE appearance hypothesis by 20 level

£ e though still inconclusive

2 102 A 3

32 107 Rate + _ Rate-only Rate+Shape

3 Shape -

5 o E No app. (8=0) 0.0686 (1.820)  0.0244 (2.250)
o E PMNS (B8=1) 0.246 (1.160) 0.261(1.120)

A ¥ =x2(B=0)-(B=1)



Future Prospects



Beam Plan and Expected Sensitivity

T2K-Il Target POT (Protons-On-Target)

s [ 40 40 e MR PS upgrade in 2020

=.1400— MR RF upgrade E

0‘21200;-—. _____________________________________________________________ \L __________________________________ | ¢ Upgrade to 1.3 MW beam by

2 oo v rower Sy wporase | e repetition rate (2.48 — 1.16 sec)
= B 25 25

e increase proton / pulse (+28%)

8001 20x 107POT

20 2.0

|

30 CPV for sin9,,=0.580=-7

600

15 1.5

e Associated improvement in
neutrino beam line

Delivered Protons / Period [102'POT]

400

Integrated Delivered Protons [10°'POT]

Illlllﬂlll'llll'Illlllllllllll'llllI[lll’

IIII|IIII|IIII|IIII|IIIIlIIIIIIII

/—, 10 1.0
200; 5 0.5
: e 20 x 1021 POT by 2028
0 . 1 . 1 . 1 . | . | [ | 1 0 0.0
2016 2018 2020 2022 2024 2026 2028 2030 —_———
Jan. Jan. Jan. Jan. Jan. Jan. Jan. Jan. © 15+ -
”tl - = w/ eff. stat. improvements (no sys. errors) 7]
"80 : - = = w/ eff. stat. & sys. improvements g
K7 [~ - == w/eff. stat. improvements & 2016 sys. errors ~
: : : o Ofawer ]
¢ Reducing systematic error is necessary E C
O E 99% O e A e e e e ]
X -
@ B - _
e ~9% (current) — 4% (goal) o I
90% C.L
NX _________________________________________
< -
O | | I |
0 5 10 15 20

Protons-on-Target (x10%)) 29



Near Detector Upgrade

New detectors

e Upgrade for 4% systematic
error and 30 exclusion of
CP conservation

e Increase acceptance of
arge angle scattering and
ow energy particles

Positron, 1 GeV,B=0.2T

¢ Highly granular scintillator:
detector (Super-FDG)

* High angle TPC (x2) + TOF

e TDR under review
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Super-K refurbishment and SK-Gd

=4 -3 -‘—:' - = ‘ =
'L ~
ly

[ S |

il Mg oo

Ve+ p et +n

neutron
@ . proton,

- y
Ve O Gd@
L L
Prompt signal

Delayed signal
(~8 MeV in total)

Refurbishment work is on-going
from summer 2018 for SK-Gd

Water filling almost completed
and will resume from next month

Gd loading schedule with
consideration of J-PARC
schedule

Start from 0.01% Gd
— 0.1% Gd
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Summary

e T2K collaboration has released updated oscillation results
with increased anti-neutrino data up to May 2018

e CP conservation values (0cp =0, 1) are not within 20 CL
intervals

e Strong motivation for further beam data taking for 3o
exclusion

e New result of ve appearance with 2o CL level

e Many upgrade plans (Beam, Near detector, SK-Gd) are
on-going
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Atmospheric parameter: Am23; and 0>3
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T2K\

NOVA Experiment

* US long-baseline neutrino oscillation experiment

Fermilab neutrino beam to Sudan mine = 810 km baseline length

Off-axis neutrino beam
> 700 kW beam achieved
Functionally identical near/far detectors  810km

* Segmented liquid scintillator bars ‘.

(
: g rarfia
NOvA Near Detector

NOVA Far Detector
s

* 14 kton total mass (65% active mass)
Data analysis ; =
* Event classification with Convolutional Neural Network
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12k New Results from NOvVA

* NOvA Updated results for Neutrino2018 (June 4, 2018) \.5anc"ez

June 5, 2018

First antineutrino results with 6.9 x 102° POT (in addition to neutrino-mode
8.85 x 10%° POT data)
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12k New Results from NOvVA

* NOvVA Updated results for Neutrino2018 (June 4, 2018)

M. Sanchez
@ Neutrino2018

First antineutrino results with 6.9 x 10?° POT (in addition to neutrino-mode
8.85 x 10%° POT data)

* 18 antineutrino events < 5.3 events BG

* 58 neutrino events & 15 events BG

Prefer non-maximal 623 with 1.80 and exclude lower octant at similar level
Prefer NH by 1.80 and exclude /2 in IH at >3c

* Competition is severe, therefore stable and powerful beam delivery
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T2K is the key
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