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OUTLINE

» Why do we need an intermediate water Cherenkov detector
(IWCD)?

» What is the E61 (formerly NuPRISM) proposal?

» Plan to realize the IWCD for the Japanese long baseline
neutrino program.



CP VIOLATION MEASUREMENT AT HYPER-K

Neutrino mode: appearance Antineutrino mode: appearance
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Search for asymmetry
in the rates of electron
neutrino and
antineutrino candidates

10 years, 1 tank = 2058 electron neutrino and 1906 electron antineutrino candidates

3.2% statistical error on measurement of CP asymmetry



CURRENT SYSTEMATIC ERRORS FROM T2K

» Systematic errors in T2K are 4.8%

> 4.5% of errors related to neutrino
and secondary particle interaction
modeling

» A program to reduce systematic
errors for Hyper-K is necessary

» Requires new measurements at
near (intermediate) detectors

» Uncertainties on the shape of the
observed spectrum are also
important

% Error on neutrino/

Error Source ) )
antineutrino rate

Pion Interactions 1.6
Neutral Current Background 1.5
Electron (anti)neutrino cross 30

section )

Extrapolation from near
2.5
detector

Far detector modeling 1.6
Total 4.8



AN INTERMEDIATE WATER CHERENKQV DETECTOR
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-aY volume Bc-'amdump:,' ~1 km base”ne

» Intermediate water Cherenkov detector: kiloton scale detector at 1-2 km
baseline

» Advantages:
» Same detector technology as far detector
» Matching acceptance and efficiency
» Same nuclear target

» At 1 km baseline, un-oscillated flux is similar to far detector
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» Neutrino spectrum peak energy "
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THE E61 COLLABORATION

» Formed from merger of NuPRISM and
TITUS intermediate water Cherenkov
proposals

» E61 is the J-PARC experimental
designation - has received Stage-1
status from the J-PARC PAC

» 100 collaborators from 34 institutes
In 8 countries

» Maintain the proposal for an off-axis
spanning detector

» Pursue Gd loading in support of SK-Gd
and Hyper-K programs

Report from the E61 Experiment, July 2017

A. Abramowski,” A, Ajmi,'" M. Barbi,” G. Barker,™ L. Berns,* S, Bhadra,™ J. Bian,” A. Blondel,” S. Boyd, **
A. Bravar,® C.Broaner,®* A. Buchowicz,” G.Catanesi,® C.Checchia,'” J. Coleman,'® G. Collazuol,' G. Cowan,*
G. De Rosa,” T, Dealtry,'® F.Di Lodovico,?® E. Drakopoulou,® T. Feusels.? A. Finch,'* G.A. Fiorentini, *
G. Fiorillo,” D.Grant,! D. Hadley,™ L. Haegel,® M. Hartz,'> % N, Hastings,** R. Helmer,™ R. Henderson, ™
T. Ishida,% * M. Ishitsuka, ™ B. Jamieson, ™ H. Kakuno® T. Katori,” M. Khabibullin,'? A. Khotjantsev,'?
S. King,*' A. Konnka,™ C. Kopper,' L. Kormos,'® K. Kowalik,'* Y. Kudenko,'* ' R. Kurjata,® M. Kuze, ™
M. La Posta,*? J, Lagoda,' M. Laveder,' T. Lindwser,™ A. Longhin,'® P. Loverre,'' X.Lu,® P.Lu®
L. Ludovici,'' K. Mahn,'” M. Malek,® L. Maret,® J. Martin,® J. Marzec,*' N. McCauley,'® A. Mefodiev,'?
C. Metelko, " M, Mezzetto,'” O, Minoev,'? S, Nakayama,** ! M. Needham,* Y. Nishimura,*® H. O'Koeffe,'®
A.Owen,?' G, Pastuszak,” C. Pideott,® E.Pinzon Guerra,™ S. Playfer,® A, Pritchard,'® N. Prouse,”* B. Quilain,'*
C. Riccio,” B. Richards,”' E. Rondio,’™ B. Rossi,” A.C. Ruggeri,” A. Rychter,” M. Scott,™ T, Sekiguchi ® *
M. Smy,” H. Sobel,” T.Sumiyoshi,”™ S. Suvorov,'? M, Teanl,* R. Tacik, H.K. Tanaks,** ¥ H.A. Tunakas, ™
L.F. Thompson,®* T. Towstego,® C. Vilela,'* V. Volkov,'? J. Walker,™ M. Wascko,” M. Wilking,'* J. Wilson '
N. Yershov,'? T. Yoshida,™ J. Zalipskn,'® K. Zaremba,*' G. Zarnecki,'® M. Ziembicki,* and 8. Zsoldos**
(The E61 Collaboration)

University of Alberta, Centre for Particle Physwics, Department of Physics, Edmonton, Alberta, Canada
? University of British Columbia, Department of Physics and Astronomy, Vancouver, British Columbia, Canada
Y University of California, lrvine, Department of Physics and Astronomy, Irvine, Colifornia, U.S.A
' University of Edindwrgh, School of Physics and Astronemy, Edinburgh, United Kingdom
* University of Geneva, Section de Physique, DPNC, Geneva, Switzerland
“High Energy Aceelerator Rescarch Orgendzation (KEK), Tsubube, Ibareki, Japan
" Imperial College London, Department of Physica, London, United Kingdom
*INFN Sezione di Bari and Universitd ¢ Politecnico di Bari, Digartimento Interuniversitario di Fisica, Bari, ltaly
"INFN Sezione di Napoli and Universitd di Napoli, Dipartimento di Fisica, Nagoli, Italy
'PINFN Sezione di Padova and Universitd di Padova, Dipartimento di Fisica, Padova, Italy
"INFN Sezione di Roma and Universitd di Roma “La Sapienze”, Roma, ltaly
¥ Institute for Nuclear Research of the Russian Academy of Sciemces, Moscow, Russia
" Kavli Institute for the Physics and Mathematics of the Universe (WPI),

Todai Institutes for Advanced Study, University of Tokyo, Keshiwa, Chiba, Jopan
" Kyoto University, Department of Physics, Kyoto, Japan
S Lancaster Unsversity, Physics Department, Lancaster, United Kingdom
' University of Liverpool, Depurtment of Physics, Liverpool, United Kingdom
' Michigan State University, Department of Physics and Astromomy, East Lansing, Michigan, U.S.A
" National Centre for Nuclear Research, Warsaw, Poland
" State University of New York at Stomy Brook, Department of Physics and Astronomy, Stomy Brook, New York, US A.
* Ozford University, Department of Physics, Ozford, United Kingdom
' Queen Mary University of London, School of Physics and Astronomy, London, United Kingdom
¥ University of Regina, Department of Physics, Regina, Saskatchewan, Canada
P University of Sheffield, Department of Physics and Astronomy, Sheffield, United Kingdom
M University of Tokye, Institute for Cosmic Ray Resvarch, Kemioks Observatory, Kemioks, Japen
* University of Tokyo, Institute for Cosmic Ray Research, Research Center Jor Cosmic Neutrinos, Kashiwa, Japan
™ Tokyo Institute of Techmology, Department of Physics, Tokyo, Japan
T Tokyo Metropolitan University, Department of Physics, Tokyo, Japan
* Tokyo University of Science, Department of Phywics, Noda, Japan
* University of Toronto, Department of Physics, Toronto, Ondario, Canada
“TRIUMF, Vancouver, British Columbia, Canada
" Warsaw University of Technology, Institute of Radioclectronics and Multimedia Technology, Warses, Polend
" University of Warwick, Department of Physics, Coventry, United Kingdom
B University of Winnipeg, Department of Physica, Winnipeg, Manitoda, Canada
" York University, Department of Physics and Astromomy, Toronte, Ondarie, Canada



THE PHYSICS OF E61 - NUCLEAR EFFECTS
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» Measurements at different off-axis angles used to
subtract high and low energy tails of flux - mono-
energetic beam

2000

» Can understand energy mis-reconstruction due to 0 1 2
nuclear effects



THE PHYSICS OF E61 - ELECTRON (ANTI)NEUTRINO CROSS SECTION
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» Large detector mass provides [
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MPMT: NEW PHOTOSENSOR TECHNOLOGY
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» Development of a multi-PMT photosensor module will bring improvements in
spatial and timing resolution

» TRIUMEF is a leading institute in this effort
» New fast 3-inch PMTs developed with Hamamatsu

> Potential applications to Hyper-K and other future particle physics experiments

Optical gel coupling

v . .
UV transparent acrylic between PMT and acrylic

TS~

3D printed PMT
support structure

Reflectors to improve Single PMT
. . with optical gel
o4 - light collection

HV generation at Readout electronics

PMT base

) © ‘Q.d

Stainless steel or

Scintillator panel aluminum cylinder

Optical gel
pour




DETECTOR WITH MULTI-PMTS

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

] | c i

580

PAY YT AN AN T AR S T AN T AN T AN L P AN TPy b

[2=5[e=8[e=8 oS (p-S (o8 |o-5 o825}
T ko Rl R e effo ket ki s |

1
!

ITEe RIS

74

]

1,

i
.

otal Top 4x24= 96
Bot 4x24= 96

v
’;

[

saA T i

e Side Walls  18x2x8=288
6/51 '“1 1 089 ~42% less than full 480

4931 Joint . = 8000

M
s |

LAY

AT AYY

LA
priakist 4l L

[ 5% (’;J\"v

o
- S =
|

o sllecs

o
o588
5 Q n | D
e % Joint
A g oTa ‘ '

SR Yo S P ca e Y on Y ST s ST s 1, Corner joints not

et ettt
T R RO RS T R R AR R redesigned vyet.

989 oD ﬂ
1

!~ 10000 -—!

e
—M“'?{F'.‘.—
IR

» Example detector configuration with mPMT photosensors
» Height of detector depends on baseline where detector is built

» “Short” (5 m tall ID) version of the detector design can be used if

detector site is 700 m - 1000 m baseline
11



A PHASED APPROACH FOR Eé1
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» E61 is pursuing a phased approach of the experiment:

» Initial phase: reduced cost experiment to gain experience with 1% level

calibration
» Two options being considered: Charged particle beam test
E'.é"t-.._t.ank
Surface detector at J-PARC
16 4500 Beam angle at 8.2 m elevation [deg] €M, n,p
. III - % ..‘ ..‘
. ," e "'-,‘}est beam tank
36.4492 :: = -.' : = :::::’::::-\' ii‘ o= '/// 3-4m
:. II‘ : S N o . A
364480 i e , e beam

Calibrate and study detector
response with known particle type,
momentum.

Neutrino interactions at 8 degrees
off-axis to study the electron

neutrino Cross section .



E61 TIMELINE (WITH TEST EXPERIMENT)

2019 {2020 (2021 {2022 (2023

T2K/T2K-11/SK

E61 beam test
E61 facility
E61 detector

HK mPMT

design construction operation

» Schedule includes test experiment running from 2021
» Facility construction for full detector ramping up in 2021

» Detector construction starts in 2022 and finishes in 2024

» A fraction of the mPMT modules will be constructed for the test experiment
13



NEAR DETECTOR SCHEDULE FOR HYPER-K
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Near Detector ND facility (civil construction etc)

system |
R&D and production ~ ND construction

Near detector

conceptual design ==

report

Near detector technical I

design report

Collaboration technical >

review
Collaboration Collaboration
approval of approval of
conceptual design technical design
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TRANSITIONING FROM E61 TO HYPER-K IWCD

» 2018: Conceptual design for Hyper-K near detectors will be presented to the
Hyper-K collaboration

» Will include the E61 design for the IWCD

» When the collaboration officially approves the intermediate detector, the status
of the E61 collaboration needs to be determined

» Should it remain a separate collaboration or be merged into Hyper-K?
Requires discussion between E61 and Hyper-K

» Questions to KEK:

> Is it practical for E61 to proceed as a separate experiment (assuming Hyper-K
approval)

» It E61 is merged into the Hyper-K project, what is the procedure for KEK
approval, facility design support and the facility funding request?

15



SUMMARY

» Long baseline neutrino experiments are entering a precision error where
systematic error reduction is critical

» The E61 experiment is proposed to address critical systematic errors in
neutrino-nucleus scattering

» Development of a new multi-PMT photosensor for E61 and potentially Hyper-K
1s ongoing

» Review of near detectors inside the Hyper-K experiment is ongoing with
preparation of a CDR

» Need careful coordination between E61, Hyper-K and KEK to develop plan to
realize the intermediate water Cherenkov detector for Hyper-K

16



THANK YOU
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PHASE-0 ENTERING GAMMA STUDY

External y are simulated with a full GEANT4 based simulation including neutrino
interactions in the surrounding sand and the OD

Events in the ID and backgrounds entering ID are simulated with WCSim
(GEANT4 based) and have fiTQun reconstruction applied

OD Veto: >50 MeV of energy loss above Cherenkov
threshold from charged particles in the OD

EventSelection:

. Single contained electron-like ring
- No Michel electron

- >100 MeV of visible energy

- >Vertex 155 cm from the ID wall

« 130 ton fiducial mass

- To wall along candidate direction >195 cm

19



GAMMA REJECTION
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GAMMA BACKGROUND IN PHASE-0

Right Sign Wrong Sign
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INTRINSIC NC AND ELECTRON NEUTRINO BACKGROUND
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WHY IS E61 SEPARATE FROM HYPER-K?

NuPRISM was originally proposed inside T2K
Decision was made to propose as a separate experiment

A separate proposal for NuPRISM was necessary, eventually leading to E61
collaboration with merger of NuPRISM and TITUS groups

In the long term, the E61 detector will be used in Hyper-K. Expect a close

relationship and possible merger of the collaboration into the Hyper-K
collaboration

23



