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59 istitutes
11 countries

« 2.5° — peak at ~ 0.6 GeV
* Enriched in Quasi-elastic interactions

(good measurement of E )

« Reduced instrinsic v_background
« Reduced NC n°~backg from D.I.S.
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The far detector (295 km):
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The far detector (295 km):
Super-Kamiokande
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ND280 (off-axis)

Measures vu & Vv, fluxes and cross-sections
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TPC: p measurement + particle-ID with dE/dx

FGD: Fine grained detectors (2 x 0.8 t):
Proton tagging
SMRD: magnitized muon range detector

UA1 Magnet Yoke

SMRD

POD: pi-zero detector (Pb/brass-H, O-scintillator)
ECAL.: electromagnetic calorimeter
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INGRID (on-axis)

quC rate — beam profile
Fe/scintillator tracking calorimeter

16 modules
central one scintillator only

Solenoid Coil (0.2T)

Barrel ECAL

lead/scintillator
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Off-axis near detector analysis

Fit of v spectrum to constrain flux X cross-section (vM
also constrain v_via correlation in the production
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Hyper-Kamiokande

4 “H P - E'_".

Super-Kamiokande
roughly to scale

S S 1 Mton mass
Ring-imaging water Cherenkov detector

Tochibora mine: 648 m rock overburden (1.750 mwe) g9 000 20” PMTs 20% photo-coverage
2.5deg. 295 km (as Super-K) 25.000 8" PMTs
oL s Light attenuation > 100 m @ 400 nm
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K: v _samples &3 _,

Antineutrino mode: Appearance

%4502_ L L B B AL L %400;—""""' N I I
Z a00c = 3505 —5=0
@ 305 % 3005 —8=90
g 3005 E 250= — 5=-90
2 2508 ® L0E —— 5=180
= 2006 a ‘E 150§
2 1505 | - 2 °E
'E 100E- — —= E 100
Z S0 | Zz S0
05 =0 e ] 0E— L . P TR RS |
0 0.2 04 0.6 0.8 1 1.2 0 0.2 04 0.6 0.8 1 1.2
Reconstructed Energy E:“ (GeV) E (GeV)
0.1 neutrino o1 anti-neutrino
L=295km, sin22645=0.1 K L=295km, sin2285=0.1
0.08 — 0=0 0.08 {8 —— 0=0
o —= o=12n | — i 1. - 0=12n
?OOB T 0=T I:E 0.06 = 0==
50.04 o=n) 2 0.04 1Y = §=-1/2n
E W ]
ool I £/ TS 0.02
ot - oLl -
0 1 2 0 1 2
g Ey (GeV) Ey (GeV)
r; """"""""""""
signal BG
B B Total
v, = Ve Vy—v. 1y,CC 7v,CC v CC v,CC NC | BG Total
3016 28 11 0 503 20 172 706 3750
396 2110 4 5] 222 396 265 891 3397
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WeII known detector
' technology + analysis.

- systematic uncertainties

. Robust/realistic estimation of

— 100—

T T I T T T | T T T ] T T | I

Fraction of values of §_, for which CPV can be discovered

T T I T

IIIIIIIIjI|Illl|I|||

b 2 4 6 8

10

__.-..,.1- ,-_E
.-.Sﬁii‘ﬂf), 11/06/2015, JENNIFER, Roma

10—

X
= 8

CPV 5

—Oorn

50—

150

-100

-SOI N

.0.

100 150
6CP [degree]

45
40
35
30
25
20
15
10

n

IIII|IIII|IIII|IIIlillIIlIIIIIIIIIIIIIIIIIII|IIII

CP

precision

§—6=0
§—6=90

IIII|IIII|IIII|IIII‘IIII|IIIIIIIIIIIIIIIIIIIlIIII

¢c

68 % CL error of d.p [degree]

.2.

.4.

6 8
Integrated beam power [MW 10’ sec]

10

T2K oscillation physics 74



Hyper-K atmospheric data

295 km — small matter effects
it

0.05 Leading (63)

5 > Total
o >
7 0 Mattl
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30 . . 0

- |
"8' 25: | |
— 2o | |
e | | | Would mass
2200 : hierarchy be still
g I | | unknown by the

- | [
£ 150 4 — time of Hyper-K:
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e 10— I 3!(:! :
£ T . . of atmospheric
%ol : 2: | neutrinos for which
< ; K0T CL o matter effects are

L | e }l _

N e T definitely large.
04 045 0.5 0.5 0.6
sin‘0,s
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..... T2K 2014

;yper-K: 0, octant

3

2 — e Hyper-K
Sin 623 =0.5 = Hyper-K + reactor
90 % CL -
045 0.5 0.55 0.6 0.65
sin’0

Oa degeneracy can be solved using
~ reactor data and atmospheric neutrino

NF), 11/06/2015, JENNIFER, Roma
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1 T2K with 13% of the final POT: 90% CL exclusion for some 8 , regions. Best fit at -n/2 =

maximal CPV. World leading 6, measurement. Large space for improvement with

nominal POT in next years. Hyper-K can constraint CP violation in the leptonic sector
with high probability/precision. After the first results on anti-vu disappearance

the anti-v_appearance analysis with 4e20 pot is foreseen soon, stay tuned!
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ion analysis strategy

| Neutrino cross-section M&tm‘tm . gfﬁj{;ﬂ;ﬂ;‘ﬁ{fﬂf“”"

| models and uncertainties systematic interactions in target

| + NEUT interaction generator \ uncertainties . Propagation and decay of

| + Constraints from external data secondary particles

| * « Tuned to experimental results
| _ (CERN NA61)

| Fit of near detectors

events (ND280)

Constrain flux and some of the
Neutrino interaction uncertainties

)
' Far detector systematic
Fit of far detector events B aintes -
using PMNS model i cona s

N

~ >

Oscillation parameters estimations

R T
. e _15-\. o q
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List of the systematic parameters

Category SOUrCe Near /Far # of
detectors params
Beam Beam flux prediction CONMIMON 25
Constrained by ND280 COMINON 8

 interact ions

Unconstrained by ND280 independent 12
. SK detector efficiency independent 5246
Far detector ‘
sk momentum scale independent 1
Final State Interactions : ,
F5I independent 5246

secondary interaction
PN Photo-nuclear effect independent 52

Joint v /v, analyses
Systematic uncertainties 1RH:1ringmuon like (v )

1Re: 1 ring electron-like (v,)

Effect on predicted number of
v, and v, events (%)

Error source

| Re sample

| Rpp sample

Effect on predicted number of v, and v, events (%)
Grouped by category of uncertainty

Error category 1Re sample 1Ry sample
Constrained by near

2.92 2.73
(]{*I-H'i.: IS measurements
Other v interactions o
It ;. 1_{ actions 1.39 4.55
uncertainties
Far detector 3.56 4.92
6.28 7.35

INEN-LNF), 11/06/2015, JENNIFER, Roma

Beam only 7.41 6.08
M$E 3.07 2,76
M3* 1.02 2.36
CCQE norm. 6.22 4.060
CCla norm. 2.03 2.99
NC1#" norm. 0.43 N/A
CC other shape 0.12 .89
Spectral Function 1.11 0.21
E, N/A 0.21
PF 0.11 0.14
CC coh. norm. 0.24 0.81
NC coh. norm. 0.24 N/A
NC 17* norm. N/A 0.76
NC other norm. 0.5 (.86
ov /oy, 2.86 <0).01
oy /oy 0.14 1.2
W shape .23 0.26
pion-less A decay 2.0 1.03
SK parameters 3.56 4.92
SK momentum secale 0 0
Total 6.28 7.35
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0 Fit Performance

K MC =
« Previous TRK v appearance [N 11 ®eiosteon
cut: :mi___ ‘ ﬁP;‘lt. ; dli]-E_.l’LdiiiE_.tEE-_—:.
Mno < 105 MeV/c? ' |
. Passes W
The ° mass tail is much 100 TI};TD ;:t
smaller for iTQun | ;

150

B [ (i 120 140 T 200

e Significant spike at zero L ® Mass (MeV/c)
ma,ss in previous fitting
algorithm (APFit)

MC
Single-ring
electron
candidates

Lower plot:

19 rejection efficiency vs
lower photon energy

n” Rejection Efficiency

ATOun
APFIt

e fiTQun is more sensitive : - |
to lower energy photons D0 0 30 w0 50 60 0 e -
EA <)

True Energy of the Less Energ
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~ Two main target regions:

- Pi-0 Detector (POD): optimised for (NC) ° events
- Tracker: optimised for charged particle final states
Both regions have passive water planes

POD, Barrel anad DownStream ECAL
Scintillator planes with radiator
Measure EM showers from inner detector
(y for NC 2%, bremstrahlung in v, measurement)

P HGL -.;Il- ne rainaed Detectors ! 3 TRPCsS me FPro ec 17

Thln wide sunhllatnr pl.'.mes .Fh‘r;reniwn meemment nfdwged

Provides active target mass particles from FGD and POD

Optimised for p recoil defection PID via dE/dx measurement

FGD1: Scintillator planes ~ 1 ton,
FGD2: Scinti. & H20 planes ~ 0.5 & 0 5 ton |
(INFN-LNF), 11/06/2015, JENNIFER, Roma

Yoke Fe mass ~ 900 tons

Scintillator planes in magnet yoke.
Detect muons from inner detector
(neutrino rate, side muon veto, cosmic trigger)
Momentum measurement

Santillators planes
interleaved with wate

POD mass
16.1 tons w/ water

"'\ 13.9 tons w/o water

=
SE— L
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Near detector constraints
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Fit Parameters
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v Cross

Correlation

Fit Parameters

Correlations after including
Near detector constraints
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SK vy
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