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The Hyper-Kamiokande Project

Multi-purpose neutrino experiment.
Wide-variety of scientific goals:

..Atmosphéri.(':' v,

eNeutrino oscillations, using both:

> Neutrino beam from J-PARC
(expected beam > 1MW)

> Atmospheric neutrinos

eSearch for proton decay

e Solar neutrinos

eAstrophysical neutrinos (supernova, :{
dark matter, solar flare, ...) |

eNeutrino geophysics |




The Hyper-Kamiokande Project

eThree International Open Meetings (2012-2013) @ IPMU, Japan.
eFormed international working groups.

August 21-23, 2012 August 14-15, 2012
http://indico.ipmu.jp/indico/conferenceDisplay.py?confld=7

. “\__

http://indico.ipmu.jp/indico/conferenceDisplay.py?confld=10

June 21-22, 2012
http://indico.ipmu.jp/indico/conferenceDisplay.py?confld=23

Next meeting:

27-28 January 2014,
Kavli, IPMU.




The Hyper-Kamiokande Project

e First European Open Meeting (18 Dec. 2013, London, QMUL):
http://indico.cern.ch/e/HKEUOpenMeeting
e More than 40 participants from 9 Countries.

e Discussed common issues. One more open meeting this year.
e Created mailing list <hyper-kamiokande-eu@qmul.ac.uk>


http://indico.cern.ch/e/HKEUOpenMeeting

Hyper-Kamiokande Overview

25 X Super-Kamiokande -



Hyper-Kamiokande Overview

*\Water Cherenkov, proved technology & scalability:
e Excellent PID at sub-GeV region >99%
e Large mass — statistics always critical for any
measurements.
Total Volume 0.99 Megaton
Inner Volume 0.74 Mton

Fiducial Volume 0.56 Mton (0.056 Mton x 10 compartments)
Outer Volume 0.2 Megaton

Photo-sensors 99,000 20"® PMTs for Inner Detector (ID)
(20% photo-coverage)

25,000 8"®d PMTs for Outer Detector (OD)
Tanks 2 tanks, with egg-shape cross section 48m
(w) x 50m (t) x 250 m (1)

25 X Super-Kamiokande -



Physics Topics

CAVEAT (Letter of Intent, Hyper-K WG arXiv:1109.3262 [hep-eX])
® 5% overall systematic error

e 3y.7y v-beam:v-beam sharing
e No fiTQun used (= higher n° background)

® No new near detector
New updated results expected by Summer 2014 (Lol to J-PARC).
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viI50MeV/iecm2/1021POT

eNatural extension of the technique being
proven by the success of T2K:

- Off-axis narrow band beam: suppress

background from high energy component”  zow

= Jow

- E ~0.6 GeV: peaked at oscillation maximum  ©

(v_negligible)

[Probability]

.

L=295km

@ |
\ Am?=2.5%107
3.0x10%{eV?]

= o
=3800
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2800

Expected unoscillated neutrino flux at Hyper-K

viI50MeV/ecm2/1021POT

Anti-neutrino run

(flux x Cross Section)

OAO0°

Beam sharing
between

neutrinos and
anti-neutrinos

v-mode: v-mode
3y .7y



Expected Sensitivity to CP Violation

CPV discovery sensitivity w/ mass Fractional region of 6(%) for which the

hierarchy known. CPV (sin & #0) significance is > 36
= ear’ 100
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o \ 80 i749 .................................................................................................................................. ]
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Mass Hierarchy Sensitivity

Significance for MH determination

as a function of Hyper-K Iifetim
500
- 30 30

C H.) —_ L B
- §_=40° SIN'0,.=0.6 10 years = 10 years

§ 25- 251
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e Sensitivity mainly depends on 6_, o and slightly on the MH itself.

e 306 mass hierarchy determination for sin2923 > (0.42 (0.43) for normal

(inverted) hierarchy for 10y data taking.
e Caveat: the Ay* method to determine the number of ¢'s is used.
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Sensitivity for 8 Octant and CPV

Sinzzel3 = 0.098 .Bcp Uncertainty Sin22913 = 0.098 'acp Uncertainty
o “
e 0 octant sensitivity. . -

_ 10 years : 10 years
® Thickness of the band g
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@ \We can expect
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eExcluded 30 SCP fraction. % .
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eThickness of the band 12 2
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Beam + Atmospheric v: Allowed o_,

Beam Map Atm. v Map Atm. v + Beam
30; 30
25 25l
20[ : > 20l
= 15: 30 =150
10} 100 30
5 M 5:_ U
| | | | | | | | | | | | | | | | | | :
0-1 -0.5 0 0.5 1 0-|1 1 | | I0|5I 1 | 1 O | 1 | I0.|5I 1 | | .!I

e, [7] ' 5., (1]

® Hierarchy is unknown, but NH is true.
e True §_, = 0.0; sin“26__ = 0.10; Maximal mixing sin“26_ = 1.0

® Degenerate solution exists at 3¢ in the beam only case.
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Proton Decay Sensitivities

. Surpass SK I|m|t |n 1 year

Hyper Kamlokande_____::::i
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@10 times better sensitivity than Super-K
eHyper-K surpasses SK limits in ~1y

> p—en’: 1.3x 10* y at 90%CL
> p— vK: 25 x10*y at 90%CL

> Many other modes:

* P(n - e,u) + (m,p,0n); 10*-10%

e K° modes
e vii’, vit*

1
1/B (years)



“Other” Physics Topics at Hyper-K

More physics topics than the ones described can be investigated by
Hyper-Kamiokande:

eSolar Neutrinos: 200 v's / day from Sun — day/night asymmetry of
the solar neutrinos flux can be precisely measured at HK.

eSolar flares can be discovered at Hyper-K (important information
about particle acceleration at work in solar flares)

eAstrophysical neutrinos:

e 200k v’s from Supernova at Galactic center (10kpc)
— time variation & energy can be measured with high statistics

eIndirect dark matter search, excellent capabilities at low mass
region.

eNeutrino geophysics: neutrino radiography w/ atmospheric

neutrinos for surveying the internal structure of the Earth. .



Cavern & Detector

Schematic View of the Hyper-Kamio_kande

Photo-Sensors ; :

(Phato Senpor)

BELORBERERG

WaterDepth 48m

2002/ '3




Candidate Site: Tochibora Mine

el ocated under “Nijugo-yama” (Mt. 25), ~8km south from Super-K
e|dentical baseline (295km) and off-axis angle (2.5°) to T2K

eQverburden ~650m (~1755 m.w.e.)

I.IEEma.s.a.

-
A

overburden

B48m

.y
e

e

-
F

5, «NIjugo-yama

N 1/
\ N \ . L / .
\\ S e £/ 307
N = L 3.637°(o
e S e 4,159

5 Fig. 13. Schematic directional view of Super-K and HyperK from
. M=845m a.s.l.
i -
T
.,

— A 2300M

2 53 70M
2 -430M

~8k
Tochibora 21
Mine

eThe candidate site vicinity used for mining. Many existing tunnels and shafts.
eHistorically many surveys have been done in wide area and at several

levels/depths, especially mapping the location of faults.

eConfirmed that he HK cavern can be constructed w/ existing techniques. 17



Geological Survey at Mozumi Mine

eGeological survey at the Mozumi mine, already used for Super-K,
recently started, to have a deeper cavern (~800m).

eFirst rock mass characterization has been done: rock quality at
Mozumi-site is comparable with Tochibora-site.

eMore tests under way to complete the geological survey.

eNote: Tochibura and Mozumi are on the opposite sides of the
beam, but same off-axis angle (2.5°).




Design Work...

eAll major part of HK tank has been designed, water containment
system, photosensors support, layout of water pipes, front-end

electronics, cables, calibration holes, plug manholes, ...

. Water containment
system

Electronics &
cable layout

Water piping layout

etc.

—2940mm__

ABBEBE

S=1/50

(EBRELT )

0

e - Inner top pipe
—;‘ 5 . Inner barrel pipe

Inner hnttnm nine

Badaxsy—F

ez 7 -f

LT I il o S
(FEP-R2R 17 PymLassy

R

@ S.000 B - R “

<o e o — V7B 20 v
[T Al R 40 e o
%300 B (1020

——: Support structure
——: Cable for inner PMT

—: Cable for outer PMT
—: Network/Power cable

[0 : Hub / Front End Electronics

: Inner photo-sensor (20”)

() : Outer photo-sensor (8”)

: Outer top pipe

: Outer barrel pipe
: Outer bottom pipe
. Inlet/Outlet

Separation
wall




Photosensors Candidates

20" PMT
(Venetian-Blind dynode)

e Super-K ID PMTs
® Used for ~20
years
- Guaranteed
& Complex
production
- Expensive

Lower |
Risk

20" Improved PMT

(Box&Line dynode)

e Under
development

@ Better
performance

® Same technology
— Lower risk

Avalanche

HighQE /P

20" HPD

(Hybrid Photodetector)

® Under development
® Far better
performance
® Simple structure
— Lower cost
® New technology
— Higher risk

Higher
Performan&?




Tests In a Water Cherenkov Detector

®EGADS detector : a 200 ton scale model of Super-K
~To demonstrate the safety and effectiveness of “SK + Gadolinium”
~240 inward-facing photodetectors
~Electronics : ATMs (used in SK-1,2,3), to be upgraded to QBEESs (SK4)

eEight 8" HPDs and five 20" high-QE PMTs were mounted

~Other 227 photodetectors are R3600, and can be used as references for
the new photodetector evaluation
D EGADS 200t tank

176 182 188 195 201
171 175 181 187 194 200 204
170 174 180 193 199 203
169 173 1?9-192 198 202
172 178 185 191 197

y

168 161 154 147 140 133 126 119 112 105 98 61 84 77 70 63 56 49 42 35 28 21 14

167 160 153 146 139 132 125 118 111 104 97 83 76 69 62 55 48 41 - 27 20 13

159 152 145 138 131 124 117 110 103 96 8% 75 68 61 54 47 40 33 19 12
165 151 144 137 130 123 116 108 102 95 88 81 67 60 53 46 39 32 25 11
164 157 143 136 129 122 115 108 101 94 87 80 73 66 59 52 45 38 - 24 17 10

163 156 149 142 135 128 121 114 107 100 93 86 79 72 65 58 51 44 37 30 23 16 9
162 155 148 141 134 127 120 113 106 99 92 85 78 71 64 57 50 43 36 29 22 15 8 1

(S B S I S S I

T
i F T
= T

=

208 214 221 227 233
205 209 215 222 228 234 238

206 21000 B 235 239 8” HPDS
207 211 217 223 230 236 240 20” hlgh-QE PMTS

212 218 224 231 237
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1kton WC Prototype

ePrototype (1kton, ~10x10x10 m°®) for R&D test approved in
Japan as Grant-in-Aid: ~ USD 1.7M/5 years (2013-17).

e|t's one of the 20 proposals selected each year from all areas in
science.

eMain feasibility studies:
> Photosensor and corresponding support structure
> Liners

> Leak water collection detection

> DAQ ———

- Electronics T 3 7 LQA? 21 1]
~ Calibration system a—"

N

e|l_ocation site (J-PARC, KEK, Kamioka) being discussed.
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The T2K Collaboration

I * I Canada

I I Italy B Poland E Spain USA
U. Alberta INFN, U. Bari A. Soltan, Warsaw IFIC, Valencia Boston U.
U. B. Columbia INFN, U. Napoli H.Niewodniczanski, U. A. Barcelona Colorado S. U.
U. Regina INFN, U. Padova Cracow U. Colorado
U. Toronto INFN, U. Roma U. Silesia, H Switzerland Duke U.
TRIUMF plds ETH Zurich U. C. Irvine
U. Victoria ® Japan == U. Bern Louisiana S. U.
U. Winnipeg ICRR Kamioka SRR U. Geneva U. Pittsburgh
York U. ICRR RCCN LeMiigciaw o U. Rochester
- Raek KAVLI IPMU A gl :ZITQ UK Stony Brook U.
KEK Imperial C. L. W. Washington
CEA Saclay Kobe U. S Lancaster U.
IPN Lyon Kyoto U. Liverpool U.
LLR E. Poly. Miyagi U. Edu. Queen Mary U. L.
LPNHE Paris Osaka City U. 4 Total: ) Oxford U.
e . - Okayama U. 500 b Sheffield U.
y Tokyo Metropolitan .mem ers STFC/RAL
U. Aachen U. Tokyo 29 InStltuFeS STFC/Daresbury

Europe
8 Countries; 30 Institutes

Near & Far

Y . AMIOKA
ot PRRC OBSERVATORY|

> 50% members are from Europe. e
Largest European neutrino experiment T KEK/JAEA ICRR
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Had delector Basm Jump Tangat

Demonstrates the ability of Europe to make significant
contributions to facilities which are not in Europe!

Ongoing work for the T2K upgraded beam power (up to 750MW)

and for multi MW beams (HK) = see C. Densham's talk




T2K Near Detector Suite ot onis

. INGRID (L. /d
V{ w on-axis |
! - il B

Oif-Axis
oaitor e - e Meutrimo Detector

ND280 CCQE

European Contributions:
UA1/NOMAD Magnet
TPC MicroMegas
TPC/FGD Electronics
Contributions to INGRID
ECAL
SMRD
Trip-T electronics

INGRID neutrino event DAQ
Side View Top Vien Software

TR ! Analysis

' e ND280: neutrino spectrum, neutrino
Interaction properties
e INGRID: beam energy and profile




See C. Andreopoulus' talk

(2013) Near Detector Constraint to SK

. . N
p -, | Neutrino Cross Section Model
Neutrino Flux Model.: (NEUT):
* Data-driven: NA61/SHINE, * Data-driven: External neutrino,
beam monitor measurements electron, pion scattering data
- N\ )
- N
Constraint from ND280 Data
* Input: CC interactions with O, 1 or multiple pions
* Fit to data constrains flux, and cross section parameters
* Constrained SK flux parameters and subset of cross
S section parameters are used to predict SK event rates P

27



Beam flux prediction

'ﬁa | —Pi T |
: 5 16— bonTuning QI ﬂux .
Beam flux is predicted based on % | - Kuon Tuning |
NA61/SHINE m, K production 1P mtRaeTumng oo
measurements and T2K proton beam N A W
measurements ; |
T S S
E, (GeV)
LN O R T2K Runl-4 Flux at ND280
G | T T
> 10° V. - = IV
ﬁg ; w—u : 31012 Vu -
=R %VM z %V
= 10 %V, @ S0t i
5 > 7Ve
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Q) 3 N -
PPN 1 ~ L
5 10 gg % - < 108 )
a Y £ \
g § § . - l
2 2 g 6 8 10 0 2 4 6 8 10
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SK Predicted Events after Constraint

Error on Number of SK Events (%)

w/o fit wl/ fit

sin“20,,=0.1

NA61 ND280  25.9 @
Constraint

Other v- 7.5 7.5
Interations

SK/FSI 3.5 3.5
Total 27.2 8.8

arbitrary unit

100016 .4 % 10° p.ot.

500

2000 —

[ sin®20,,=1.0 ]
15001 Am2, =2 4x107 eV? ]

o

T | T T T T T T | T - - : |_
. 3 P w/o ND280 fit -
sin"26,= 0.1 B/ ND28O fit -

(Normal hierarchy)
8ep =0

il £ il ra
10 20 30 40

Expected number of signal+background events

Near Detector and Hadronization constraints vital for reducing the errors

29



ND280 Upgrade

eSeveral studies being performed for a possible upgrade -
beneficial for Hyper-K as well. Undergoing study.

emprove ND280 to optimize cross-section measurements.
eProposed high pressure TPC to access the low energy
nuclear debris and help in the study for neutrino-nucleus

Interactions. Investigated 3 basic gases (He, Ne, Ar and CF4)
and 2 pressures.

High Pressure TPC
(Barcelona)

3
i
\

-
[=]

Range [cm]

-
W =4 o) >
LU ILLLY ISR LLLLL AL

R 1\ W
C b ._"-._"\ i
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Integrated Flux Normalized

New Near Detector

v Mode: v, Flux

v Mode: v, Flux — SK
: L DL L B L P IIII_ Q 141!!1|IIII|IIII|""|""""""_ankm
0.1~ — SK - 4 e — ND Ikm
I ':q — ND 2km ] | : L3¢ — ND500m
0.08— o 1.2 :
r — ND Ikm < U N 28
- A LA B B
0.06 = — ND 500m ; | Cg nglgCéE —
i ] T | — E
B — ND 280m - s F E
0.04F - Z 09F :,_E_I =
L ; o L :
0.02F & g 5
:- : 0.7__ -
== i - ]
UI_I L1 | | e | L T‘_'_'_'_'_I R e == 0-6:_|| 1 | | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 11 ||_:
6 05 1 15 2 25 3 35 0 05 1 15 2 25 3 35 4 45 5
E, (GeV) E, (GeV)

At 280m: neutrino source not point-like, spectral differences
with respect to SK

Neutrino spectra at SK and 2KM are almost the same:
~same beam — energy spectrum

To improve our current precision we need to improve our

errors on the flux predictions
31



. Design Work On-going

~ MRD eAdopted technology is WC. Same detector as
far detector — minimize error propagation.

e“Nominal” 1kton, size 11mx11m as K2K 1kton.

eMuon Range Detector (MRD) to measure the

muon energy. Possibly looking at a MIND-type

detector as well.

e“Nominal” local baseline at 2km.

—+— RUNI-3 data

(3.010x10°°POT)
I Osc. v, CC S K
vty cC ‘

- ND280

v+, CC
4 EENC
(MC w/ sin®28,~0.1)

Events/0.02

Cos6 =0

1000f

Number of events

500f

% 02 04 06 08 1

-1 -0.5 0 0.5 1
cos B,

Further advantages:
> Full 4% coverage for new near and HK detectors.

> Measure NC=P° rate in water.
32



Detector Sites

lozumi

eSite optimization:

> compromise between physics and land availability.
eA site at ~2-3km will see similar spectrum to Hyper-K.
eOngoing work on cross section errors, pile-up, size, location,
etc.
eVery first expected proposal by the end of February 2014, to be
added to the J-PARC Lol.

33



DAQ & Electronics
(for Hyper K and new ND)

solid state photon
Plastic detector (MPPC)

scintillator read

out by Y-11 fibre

T2K DAQ
system
architecture

: , dedicated front-
[ ] | e ND280 electronics for | end electronics

e ! ! MPPC-based detectors

Persistent Storage

eDAQ & electronics run stably since the start of T2K.

eBased on the previous experience, we are devising the DAQ for
HK and the new ND — new ideas/design being discussed.

e\We are also interested in the electronics based on both T2K and
other experiment expertise. 34



Calibration Strategy
(for Hyper-K and new ND)

eEXploit current expertise (e. g SNO+ ANTARES..)

ANTARES Beacon

SNO+ Detector

eSome Iinitial work:
> Development of updated LED drivers for HK (UK)
> A source to simulate muons and test reconstruction (UK)

0
}?1

' T

|
|
1to3m .
: \ n;

l (altematively, a few cm)
2 02 | n,

Muon Source Design (UK)

Laght Transparent Section Lt zhéAuElg?nbe cight




Photo-sensors Studies
(for Hyper-K and new ND)

eStudying new
generation of

50cm ¢

photosensors for much
Improved performance.

Vacuum Silicon PhotonMultiplier (Naples)

High-QE = %/ SPM

Segmented
Photocathode
VSIPMT

Each segmented part
focusing on a SiPM

Large Area Picosecond Photo-Detector (UK)

<— Photocathode

<— MCP 1
<«— MCP 2

Anode micro-
striplines (50Q)

Dual-end
readout

o= 44.16 psec

2896 events

Very Large
Photocathode for
the VSIPMT

Advantages with respect to the
HPD solution: higher gain

09

180°
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ND280 Data Distribution Implementation

Software/Computing

as of June 2010 KEKCC ‘ The ND280 saRawEvent T pre—
(Computmg Centr E) Offline (data decoding library (channel mapping) database
—— Software from DAQ group) ——
E— 2] . m -
== % 4 Suite oaUnpack ) tp“(it?;'('j’g'?gf"]‘w MINOS-DBI
Offline-DB OB took ‘ Ar'"l:‘fr}r (MIDAS unpacking (routines tc)lpt'-(-).duce (database
rchive o G A N
Pr{l:iilsg;‘ aFt into anvcvnt format) calibration constants interface)
Digitised (0aCalib/tfbApplyCaliby...
. . data/MC == (routines to apply
GRID Tier 1 Sites . % output *s,\_ calibration constants)
« TRIUMF . ) = File catalogue & DB . . oaEvent
Secondary ND280 SW tools n mic/elecSim ROOT *,, Format
« RAL/UK Archives (Geant4-based MC) Geometry ~ oaRecon/fgdRecon/...
' « File replica tracking ND280 ., (reconstruction)
(first-pass & GRID tools Counting Room
subsequent processing) (LEC at RAL) i ‘rooTracker eventDispla Reconstructed| oaAnalysis
Reoi * DAQ/Online neutrino .
egional q ion format events (oaEvent reduction)
Centres = Slow Control mteracuzn DI
) Regional . - i i
«QM, .. gmols Semi-Offline Processing Neutrino oaAnalysis oaAnalysis
- \ Individual - Stable low-level Recon Tiirang i (analysis code run over (simple
* 1o = Generators oaAnalysis format) ROOT trees)
Institutes
* Colorado, ... Offlme—DB‘\ « Calibration constants
» Paris, ... R

eCentral role in software/computing for T2K.
eAlready working on Hyper-K computing model.
eCurrently producing Hyper-K simulated events.
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Schedule & Summary




JFY

Overall Project Schedule

e Overall HK construction: ~7 years
e Assuming full funding starting in 2016.

Construction start

W

2012 /2013|2014 /2015 201720182019 /2020|2021 /2022 | 2023 2024
-4 | -3 | 2 | -1 2 3 4 D 6 7 8 9

Tunnels

Cality eXcavation |we———
Concrete, liner w—
PMT support, PMT installation ey
Photo-sensor R&D
Prep—forglassvalve;
PMT [proauction

39



JFY

Overall Project Schedule

e Overall HK construction: ~7 years
e Assuming full funding starting in 2016.

20122013 /2014

2021|2022 2023 2024

Tun
Ca

ity EXCaVALION |we————

Con

]

PMT support

Phntu-ser‘:sur %&D E

Desired timeline for prototype
« 2013: discussion on site,
B detector design, R&D
3 * 2014: R&D
e 2015: R&D

e 2016: prototype detector
construction
e 2017: operation and
' conclusion on components PR



Approval Status Iin Japan

eApproval of the experiment happens in just one phase that
allocates the total funds for the experiment, in a given timeline.

eCommunity consensus crucial — bottom-up approach.
eR&D budget (w/ WC proto-type) for Hyper-K approved in 2013.

eRecommended by HEP community as one of the two major

large scale projects:
http://www.jahep.org/office/doc/201202 _hecsubc_report.pdf

eKEK Roadmap includes Hyper-K:
http://kds.kek.jp/getFile.py/access?sessionld=1&resld=0&materialld=0&confld=11728

eCosmic Ray community endorses HK as large scale project.
~Sclence Council of Japan master plan:

~Proposal submitted, expecting outcome soon.
eMEXT:

-Based on the SCJ master plan the MEXT will update the

roadmap of the big projects. We should prepare report to
MEXT in 2014.

el_ol to submit to J-PARC for T2HK in April 2014
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Approval Status outside Japan
eEU:

-Statement-of-interest approved in the UK (2014). Proposal
to STFC to be submitted in May 2014. Awarded “bridging”
money to fill the gap up to the proposal approved.

-Hyper-Kamiokande strongly supported in other T2K
Countries. New non-T2K Countries interested.

eCanada:
~Proposal to Canadian Foundation per innovation under
preparation to submit around June 2014.
~Green light from TRIUMF to proceed.
eUS:
~Under discussion in P5.

~Historically strong commitment to Super-K, K2K, T2K, and

generally experiments in Japan (e.g. KamLAND, KamLAND-
Zen, ...)
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Overall Cost Estimate
Total 800M USD

Cavern 300M USD

Tank & structure 200M USD

Photo-sensors 200M USD High QE HPD
Near Detector 30M USD @ Tokal

eCosts estimated based on the current design and including a
new near detector.

eProportional sharing of costs between the interested Countries
IS expected.
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Summary

eHyper-K - extremely large physics portfollo

CPV-fied MH

- Excellent performance for CPVy= === »

- Atmospheric neutrinos [ Uy N

- Nucleon decay search 17 R ° 720 1 {77}

- Astrophysical neutrinos / \\ N \ / \Y/A\
I FASSA\ N /AU | | /AN ¥ / S—_—

eJapan HEP community: IS e E——

- Hyper-K at highest priority . . | @0

- Lol for T2HK (April 2014) RPNy

> CDR (2014-2015) e -

> TDR T T T n'|:II'- 50 100 150 50 -100  -50 ﬂil'- 50100 Ta
Input to strategy group for the update of the EU

strategy

e - I - http://cds.cern.ch/record/1628377/files/Briefing_book.pdf
Next Hyper K Open Meetmg' (2013). Beam power: LBNE 700kW 10years,

January 27-28, Kamvli, IPMU  T2HK'1.66 MW 5 years, LBNO 800kW 10
years).
e|t's a very powerful upgrade of T2K
~ Largest European neutrino experiment
> Many contributions from Europe in many areas 44


http://cds.cern.ch/record/1628377/files/Briefing_book.pdf

Summary of areas of Interest

Beam

NAG61/SHINE
ND280 upgrade
New Near Detector

DAQ & Electronics

Calibration
Photosensors

Software/Computing working on computing model.

contributed to T2K. Already intense
work towards a ~MW beam.

crucial for reweighting the beam flux
neutrino interaction measurements

work started towards the optimization
of the design at ~2-3 km. To make
basic choices (site, size etc) by
February 2014.

extremely successful performance In
T2K. New Ideas being investigated.

huge expertise. Starting to work on 1It.

original work ongoing to improve
current performance.
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V.~ V. Probability

b= Am%
M2 02 @2 .2 . 0
P(v,2v,)=KUC;S1;Sxsin” @, | Leading term E
+8C135,,513(C1,C13€0588 —S,,S,3S,3 ) cos P, 5in P, sin P, CPC
—8C,C1,C138:,S13S s si@in ®,, sin @, sin D, CPV
5 5 5 5 5 o 5 .9 5~ 8forP(v ~v)
+4S5), C13(C12C23+512523513_2C12C23512523S13COS@)Sm D,, Solar
alL
—8C;, S, Sh—r iF (1—2S;,) cos @ ,,sin Py,
a’ Matter Effect
+8C13S13523 (1 2513)Sln Dy,
Am13 =22Gyn, E=7.56x10 ev’—_ L
a= rn, E=7.56X10 "eV Cm%@
aComparlson between P(v —Vv ) and P(v v ) ’
0.1 0.1
|| neutrino Sin?20;,=0.1 1| anti-neutrino sin2o..-0.1
0.08 — §5=0 0.08} 520
’;60;60 ............. R 6:1/23‘[ I’B : o 621)‘(2“
Tj_ ' — d=n T>0-06: 8 = o
it |2 NN SR |2 00ef]
0.02 o.ozj
0 L 0: ,
0 1 2 0 1 2
Ey (GeV) E, (GeV)

Difference P(v —v_) and P(;u%;e) as large as ~ +27% at nominal (6=3/4)




Simulated v, Candidates after Selection

e Full simulation of v beam, detector response and reconstruction
e PMT Coverage: ~20%

v mode 2 25MW - 107s VYV mode 5.25MW- 107s
500F o : = 0.75MWx7yrs
3 Total (|.5'wa |.5yrs)  300F Total  (1.5MWx3.5yrs)
400;_ / 3 /vuave + BG
300F — 200 BG Ve/Ve/Vy/Vy
200;: BG from V.u 100 : BG from V.U.+ \_).U.
100;_ _ BG fromyv,,
o 1 2 o 2
E,"¢ (GeV) E." (GeV)
Signal Wrong sign | Vu/Vy beam Ve/Ve NC
Vyu— Ve CC) | appearance CC contamination
V (2.25MW - [07s) 46 35 880 649
V (5.25MW - 107s) 380 23 878 678

e~2000 ~ 3600 events in v and v beams, respectively E'eCfSﬁﬁl;?rr%léTﬂé%”

eMajor backgrounds: beam ve/ve and NC-rt° by fiTQuN 49



Effect of o

Neutrino Energy Distribution:

v mode v mode
600 400§
- 0.75MW x3y| - F 0.75MW x 7y | |0 =Yam
@ i @ = —
= 400F = SDUE_ 0=T
o f T 3 0=32mx
-F-Cﬂ Total BG --c--‘:"'J 200 Total BG
© 200 F vV, BG ﬂJ 3 /v, BG
= o 100F Wl
D' i T S = e -4 il PN T R
0 1 2 O 1 2
. E.©¢ (GeV E. ¢ (GeV
Difference from 6=0: (GeV) v (GeY)
150F 1007
~100f I >
Suf | g s0f
50t - l
o - o
L . l”l l |“|II|| = ||”] I“ll
— D = ¥ II.II:::::I‘I‘H‘H — D | 1 IIIIII'II'I'I'III'I!'II:I,I
LT T L R T T L
2 -50F l g
LU1DDE— l Ars0p
'150[;Illl.i||||2 _1DDD||||.|I||,|2
E,¢ (GeV) E,"¢¢ (GeV)

eNumber + shape sensitive to all values of o
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Atmospheric Neutrinos

Oscillated v_flux relative to the non-oscillated flux as a function of the
neutrino energy for the up-ward going neutrinos with zenith angle 0.8

1 cos® =-0.8  NH, sin’0,,=0.4, sin”0,,=0.025, 5=40° 1 cos® =-0.8  NH, sin6,,=0.6, sin°8,,=0.024 @
™— a) solar term
| 08 ( -~~~ =" interference term 08 2
-2 06 F 0 e 812 resonance term 0.6 sin 923 =0.4 vs 0.6 E
< e /s @
2 0.2 §, &
= 0 wi I
‘Ej -0.2 Z
= -0.4 >
[
=
[\
.
- 9
I L
‘-&’ m
2 7]
= :
< £
L]
}
S
=

Through matter effect (MSW), we study: B
@ Mass Hierarchy: asymmetry between v and v

e Octantof 6_: v_appearance and v, disappearance interplay
e SCP (and 6_)): interference effects in ~GeV region
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Atmospheric Neutrinos

1 ;

v_appearance and v, distortion are

expected due to the MSW effect in the
Earth's matter:
e \Vass hierarchy: asymmetry between 8
neutrinos and antineutrinos o
e Octant of oscillation: appearance

(and VoV disappearance) interplay g .. |

Cosine Zenith Angle

e CP phase 6 (and 6_): magnitude of
resonance effect. 1 10 107

Energy [GeV]

“Sub-GeVv” “Multi-GeV”

D (v
Ve —~1~P,(rcos’0,,—1) Solar Term
(I)O(Ve> N )~
—rsin®,,co0s"0,55in 2 0, (cos 6R22) Interference
+25in” 0,5 (rsin®0,—1) Matter Effect

P,=P(v,?v,.) R, and /, are the oscillation amplitudes for CP even and odd ter6%



Beam + Atmospheric v: Hierarchy sensitivity

Atm. v + Beam
Beam Map Atm. v Map
30 30r
)
20 20
=150 P EI
i i 30
1{]—30 1001
5 J UI_I—‘_L‘{ 5
I | | | | | | | | | | | | | | | | | | | :
0-1 -0.5 0 0.5 1 0-|1 | | | I-0|-5I | | | [.l;l | | | I0.|5I | | | JI
Ocp [7] 8, [n]

® Hierarchy is unknown, but the NH is true.
e True §_, = 0.4; True sin“26 _ = 0.10; sin°26,, = 0.4

® Even under a conservative assumption its possible to achieve ~3c
discrimination or all values of 6_, if the true hierarchy is normal.
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Atmospheric Neutrino Sensitivity

Objective Normal Inverted Comment
20 sin22(923 > 0.96 sinzze23 > 0.96 5 years
Hierarch
U 30 sin‘e_, > 0.4 sin“g_, > 0.4 10 years
20 sin°26,, > 0.997 sin‘26,, > 0.99 5 years
Octant : _
30 sin“26,, > 0.99 sin‘26,, > 0.97 5 years

94



ou

S 8 & &8 &

i 1/,

M

Nucleon Decays

]

1/a

60
50

ol 40

20

10

10

15 0

S i

MSSM

]Iu:

“ e

L]

5 10 Lllj'a
log Q

eOnly direct probe of Grand Unified Theories

eMany GUT models predict
decays of protons and bound
neutrons with t = O(10°**)
years.

eTwo modes favoured by many models:
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X
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eOther modes are also important.
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_ s
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Experimental Limits

Super-K

ms}

minimal S B8)
flipped SU(5), SO(10), 5D SU

B
B |

minimal @}

0

SUGRA SU(5)
SUSY SU(B) with additional U(1) flavor symmetry
various SUSY S0(10)
SUSY SO(10) with G(224)
SUSY SO(10) with Unified Higgs

p— gt 0
p — E+HD
'}i predictions
e’ 0 N
\ p —= “_-i-K'D
n—=vKO
p—=vK*
Br = 63.5%!
p—=vK*
+ -
Vv u predictions
S Y
K+
31
10

32
10

10

34

33
10 10

/B (vears)

35

eMost stringent limits from Super-K for many decay modes.
eNo signal evidence has been found - give constraints on models.
eAfter 15y Super-K running (220kton years):.

T(p—e'n°)>1.3x10>"y

T(p—vk') > 4.0x10% y

@90%CL

eOrder of magnitude necessary to be significant.
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Cosmic Neutrinos

High statistical observation by 200,000 v events
eTime variation of v luminosity, temperature, flavour
e Explore core collapse and mechanism (model)

» Exp'd v from neutronization is 20 (NH) or 56 (IH) in 10 msec

duration — precise moment when a neutron star is born

- Precise time determination ~1ms — combined study with optical

and gravitational wave observation

eAbsolute v mass (v's TOF) - 0.3-1.3 eV
eEnergy spectrum transition by v mass hierarchy

d.a 4000 _‘
o 3500 -
g |
= 3000
5 I
o 2500

@

£2000}
21500
1000}
500 [[7 eiiin e

o ff S

0 0.05 0.1 0.15 0.2 0.25 0.3
Time (sec)

Mean energy (MeV)

N NN
N B2

N
=]

— ek
N B

- ek
e o

| Totani et al. [1998]
' Thompson et al. (2003)

B Sumiyoshi et al.(2005) Shen EOS f

0 0.05 0.1 0.15 0.2 0.25 0.3

Time (sec)

g D=
@\ 3
210 %
=
=
=
=
e 2
o £ N
:‘E L -\ Neutronization v+e™ ]
5 3 No oscillation ]
>
w s
3 - __Qsc_i!_lgtior?.l.l_i_.
10 _ F F_?S:L.I”d'[loﬂ N.H.
0.02 0.04 0.06 0.08 O
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Excavation Schedule

Muck transport shaft
Muck pit

eCavern construction period: ~5 years
eTransport / approach tunnels: ~3 years
eExcavation of caverns: ~3 years
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Tank construction schedule

pTE 3 I e 1 P ;
LT <—>>
» N TR T 7
e L
FARET
A T T

PMT &
support
ﬁ_ i S

eTank construction: ~2 years
eLining: 1+ years, PMT installation: ~1 year



R

8" HPD Prototype 3

3

High voltage module
(2ch 10kV/500V Max.)

-'): HV module and preamplifier
are packed and
waterproofed

— No HV line in water

Spectral response 300 - 650 (420 max.) nm

Photocathode Bialkali
Window material Borosilicate glass
Gain 4-9 x 10°
Time Rise 1.7 ns

Fall 2.7 ns

T.T.S. 062ns (o)
Dynamic range 100 pC (1.5 X 104 p.e.)

Ten 8" HPDs were made for long-term testing 60



See A. Bravar's talk

Hadron Production with External Data

® Reweight flux for each energy to match MC prediction to data.

® External data : NA61/SHINE [1][2], Eitchen et al. [3], Allaby et al. [4]
400 I 1.6 E { 6l — Pion Tuning T |
— 300 I 1.4/~ ... Int. Rate Tuning s =
E 12 I . ;.'.T_.._.T.'.'.I.'E
% 200 ‘ ‘ j - Total Tunmgu """ i
< i 12 iy
100 | 0.8
u I e e R B
0 5 10 15 20
p_ (GeVc) E, (GeV)
1] N. Abgrall et al. (NA61/SHINE Collaboration), Phys. Rev. C 84, 034604 (2011)
2] T. Eichten et al., Nucl. Phys. B 44 (1972)
3]N. Abgrall et al. (NA61/SHINE Collaboration), Phys. Rev. C 85, 035210 (2012)
4] J. V. Allaby et al., Tech. Rep. 70-12 (CERN,1970)
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Flux and X-Sections after Constraint

SK F|UX Normahzaﬂon Parameter Prior to After ND280
= lop —— ND28(_) Constraint
‘% 145_ - Prlor to ND280 Constraint _E Constraint
% 135_ After ND280 Constraint _§ MAQE (GeV) 1.21 + 0.45 1.22 + 0.07
g § After ND280 Constraint (2012) g
% 1.2F - CCQE Norm.x* 1.00 = 0.11 0.96 = 0.08
,*ié L1 M ARES (GeV) 1.41 + 0.22 0.96 = 0.06
I CC1m Norm.** 1.15 = 0.32 1.22 + 0.16
0.9
0.8 *For Ev<1.5 GeV *For Ev<2.5 GeV
) L ! Lol
1 10
. E, (GeV) SK Ex ected Number of Events
sin226,,=0.1 i P
—— . -wm Nmsu m -
v, Prediction Error from E{HH}_—Sin—ggu =0.1 B/ ND28O fit ]
(Events) Constrained -
Parameters [ sin®20,,=1.0
1500 Am3, =2.4x107 eV?
No ND280 0 i [Eﬂumml hicrarchy)
Constraint 18.4 25.9% - =0

1000164 % 10™ pot.

arbitrary unit

ND280
Constraint 173

Near Detector and Hadronization .
. . . { = i — Py
constraints vital for reducing the errors b 10 20 30 40

Expected number of signal+background events 62
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