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T2K, T2K-II and HyperK

東海
Tō kai

神岡
Kami oka 
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Steady improvements since start in 2010 …  and many interruptions  
earthquake+ tsunami (2011), safety incident in hadron hall (2013-14)  

now running at 415kW average beam @ 2.6 sec. rep. rate. 
Planned improvements: beam feedbacks and optics  600MW
upgrade of power supply and RF system  rep rate to 1.15 s. 
Aim towards 1.3 MW by early 2020’s

only 20% of 
initial request
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Similar (but less significant) effects
seen in NOvA and SuperK)
 2.5  CP violation
average by Marrone (neutrino2016)
Regardless of Hierarchy

NO IO



15 October 
2016 ND280 upgrades  Alain Blondel T2K meeting 3June15 6

Expect O(1MW by 2019)
original beam request:

5 yrs @750kW
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arXiv:1609.04111v1 [hep-ex] 14 Sep 2016

Stage-I approved by JPARC PAC
needs convincing reduction of syst!



15 October 
2016 ND280 upgrades  Alain Blondel T2K meeting 3June15 9

Improvements on three fronts: 
near detector acceptance
enery response (Erec vs Etrue)  
fake CP violation from (e / )  /  (e /)

aim at larger samples of electron neutrinos
Magnetic and non-magnetic detectors
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Near detector upgrade for T2K-II 
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ND280 upgrade simulation
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May also make use of 
‘Magnetized spectrometer’ 
for  separating neutrinos vs 
antineutrinos (Baby-MIND 

Testing the energy response of the near and far detector system

Energy response is biased by 
-- energy absorbed in nuclei
-- missing reconstructed particles (below Cherenkov threshold)
-- need monochromatic neutrino beam (but we dont have that) 

 can make one using off-axis neutrino kinematics
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WAGASCI/Baby-MIND are part of T2K phase-I !
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NB: there is a Transnational access program in AIDA2 
for participation in the test beam
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東海
Tō kai

神岡
Kami oka 

T2K = Tokai to KamioKa neutrino experiment
2015  Breakthrough prize for discovery of e Oscillation    
2016   0.45 MW (proton+C-> neutrinos) beam  50 ton SuperKamionande WC detector

2 indication of CP violation 
2016-2026 upgrades to reach 1.3 MW beam power  up to 4 evidence for CP violation
2016           300-600 kton HyperKamiokande WC detector   precise measurements (5-10o) 

and-….
proton decay
Supernovae till Andromeda
relic supernovae neutrinos
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https://lib-extopc.kek.jp/preprints/PDF/2016/1627/1627021.pdf

https://lib-extopc.kek.jp/preprints/PDF/2016/1627/1627021.pdf
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with 40% coverage threshold is around 2-3 MeV
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Mezzetto Neutrino 2016

CAREFUL THAT THERE ARE  UNCERTAINTIES IN THE 
STARTING DATE OF BOTH DUNE AND HYPERK
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JUNO

Proton decay
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GADZOOKS                   

The introduction of Gadolinium GdSO4 in SuperK will require 8 months interruption
of SuperK operation. Should be planned at the same time as accelerator stop 
and ND280 upgrade installation.  Schedule not fixed yet.  
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A few words about politics/organization

-1- While T2K and SuperK are separate collaborations it is planned that
HyperK will be a single collaboration addressing both

-- with neutrino beam: cross-section and oscillation measurements. CP

-- without the beam: 
-- proton decays
-- solar neutrinos and geo-neutrinos
-- amospheric neutrinos 
-- Supernovae, SN relics neutrinos
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A few words about politics/organization

-2- The T2K-II proposal (including the notion of near detector upgrades)
has received stage 1 approval from the  JPARC PAC*). 
Needs to come up with more precise scenario to improve systematics. 

The accelerator upgrade (doubling frequency, and increasing intensity) 
is already started. (it benefits everyone at JPARC)

*) Program advisory committee
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A few words about politics/organization

-3- The HyperK proposal was submitted in 1st quarter 2016 for 
one tank of 500M$ 

It has been accepted among the 27 ‘important’ (priority) projects
on the MEXT road map.
The review process will continue end-2016 - 2017. 
Approval could happen in second half of 2017.  
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A few words about politics/organization

-4- For the moment there is an official ‘protocollaboration’.  
Expect that it will change very soon into a ‘construction collaboration’ 

There will be a lot to do and there are many «holes». 

IT IS VERY TIMELY TO JOIN THE COLLABORATION
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CONCLUSIONS

The T2K (+NA61) experiment is extremely successful discovery of e oscillation!
this opens the way towards CP violation. 

JPARC accelerator improvements and prospects are now impressive. 
Experiment is approved for another factor 5 more data . 
Extension (T2K-II) for an additional 2.5 times more until 2025.
The upgrade program is first priority of JPARC/KEK  
more precise parameters and possibly first 3-4  observation for CP Violation

this requires continued improvement of systematics! 
Upgrade of near detector organized: magnetic detector + intermediate Water Cherenkov

HyperK is an upgrade by a further factor 10-20. It is highly placed on Japan road map.
-- It has been submitted to MEXT for approval
-- CDR has been published and reviewed favorably by the HK advisory committee.
-- Seeking approval towards the end of 2017 for a start of exploitation in 2026.

HYPERK is a highly competitive for the study of neutrino oscillations (discovery of CPV) 
+ unparalleled program for proton decay, supernovae observations (near and relic) 

and other astrophysical sources. 

The complemetarity with NOvA, JUNO, Atmospheric programs PINGU and ORCA, 
and with DUNE, is compelling. 



Idea of T2K was born 1999-2001 hep-ex/0106019 combining:

-- existing SuperKamiokande detector (50kton W.Č., 22.5 kton fiducial)

-- JAERI-KEK Japanese Proton Accelerator Research Complex (JPARC)
at TOKAI including a high power, 0.75MW/30GeV Proton Synchrotron
neutrino beam from pion decay + + 

-- baseline 295 km  neutrino energy for first maximum is ~650 MeV
achievable by pion-decay beam at 2.5 degrees off-axis



#
T2K Long Baseline Neutrino 

Oscillation Experiment

• T2K collaboration ~500 collaborators from 59 institutions, 11 countries
• Funded in FY2004, Started measurements in 2010
• First discovery of e appearance in  beam
• Best measurement of  disappearance
• Opens the door for CP violation measurements

• Could be the key to matter in the universe!

Attack fundamental questions of nature, eg,
• How matter (us) was created in the Universe
• What is the ultimate law to govern extreme microscopic world
through exploring most elusive elementally particle called “neutrino”

Near neutrino detector

11

Februa ry , 2004

40mfx40mH

50kt Water Cherenkov det.

Super-Kamiokande
Discovery of appearance 

of electron neutrino

7.3
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The HyperK physics list

-- PMNS matrix
-- Mass Hierarchy
-- CP violation and CP phase determination
-- precision determination of theta_23 

-- Beyond PMNS (unitarity, sterile neutrinos etc..) 

-- Astrophysical neutrinos 
-- SuperNovae signals
-- solar neutrinos 

-- proton decay
-- e+ 0 and other 1st family decays
-- decays with Kaons

A very large program for the LSND 
eV region (will not discuss here) 
and towards future (SHIP, FCC…)

SK-Gd, JUNO/RENO50, DUNE
JUNO/RENO50 

JUNO/RENO50, DUNE

T2K,T2KII, SK-Gd, NOvA, JUNO/RENO50, 
PINGU, ORCA,  DUNE 

Main actors in the global scene
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(13 years for just one tank)



15 October 
2016

47



15 October 
2016

48

Proton decay
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JUNO

But JUNO might be there first 
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p K+ v sensitivity

Here, JUNO expt
(liquid Scintillator (LS) 
is competitive and 
will be earlier. 
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Atmospheric neutrinos 
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SUPERNOVAE
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SUPERNOVAE
3 CPV sensitivity over 75% of  after 13 yrs.

HYPERK
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