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Intense ~600 MeV ! µ beams for neutrino 
oscillations studies 

• ! µ"! e oscillations to probe three flavor mixing 

• ! µ disappearance: precision measurement of 
#23 and Δm

2
32

TokaiKamioka
295 km

J-PARC

Super Kamiokande 
ÒfarÓ detector

~500 collaborators from 
 58 institutions, 11 nations

ND280 
ÒnearÓ detector

see ÒT2K ExperimentÓ 
 Nucl.Instrum.Meth. A659 (2011) 106-135



N E U T R I N O  O S C I L L AT I O N S
• Neutrinos produced in weak 

decays are linear combinations 
of mass/energy eigenstates

• Time evolution: component of another flavor may be acquired

• For three flavors: 

• U = U(#12, #13, #23, !; " 1, " 2) 

• 3 mass splittings: Δm2
21, Δm2
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O S C I L L AT I O N S  AT  T 2 K
• ! µ"! e appearance

oscillation with “wavelength” set by Δm2
31 require #13≠0
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• ! µ disappearance

M. Freund,  Phys.Rev. D64 (2001) 053003
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B I G G E R  P I C T U R E
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• Whence mass? mixing? generations? 

• Intimately connected to: 

• Quark flavor programme at BELLE2  

• Role of the Higgs Boson in providing mass . . . . 

• Neutrinoless double beta decay at SNO+, EXO 

• Cosmology in understanding the role of neutrinos in shaping the universe



R E C E N T  H I G H L I G H T S :

• World-leading results with 8% of expected data! (see talk by K. Mahn) 

• 2011-2013: indication" observation of ! µ"! e: defining moment for the field
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T 2 K  I N  C A N A D A

• From Canada: 

• 17 Faculty/Staff (12 FTE) 

• 6 postdocs 

• 14 graduate students 

• 7 PhDs awarded so far 

• continuous stream of 
undergrads (USRA, coop, etc.) 

• 6 universities + TRIUMF
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The JHF-Kamioka neutrino project
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Abstract

The JHF-Kamioka neutrino project is a second generation long base line neutrino oscillation
experiment that probes physics beyond the Standard Model byhigh precision measurements of
the neutrino masses and mixing. A high intensity narrow bandneutrino beam is produced by
secondary pions created by a high intensity proton synchrotron at JHF (JAERI). The neutrino
energy is tuned to the oscillation maximum at ! 1 GeV for a baseline length of 295 km towards
the world largest water ÿCerenkov detector, Super-Kamiokande. Its excellent energy resolution
and particle identiÞcation enable the reconstruction of the initial neutrino energy, which is
compared with the narrow band neutrino energy, through the quasi-elastic interaction. The
physics goal of the Þrst phase is an order of magnitude betterprecision in the ! µ " ! ! oscillation
measurement (" (! m2

23) = 10 ! 4 eV2 and " (sin2 2#23) = 0 .01), a factor of 20 more sensitive
search in the ! µ " ! e appearance (sin2 2#µe # 0.5 sin2 2#13 > 0.003), and a conÞrmation of the
! µ " ! ! oscillation or discovery of sterile neutrinos by detectingthe neutral current events. In
the second phase, an upgrade of the accelerator from 0.75 MW to 4 MW in beam power and
the construction of 1 Mt Hyper-Kamiokande detector at Kamioka site are envisaged. Another
order of magnitude improvement in the ! µ " ! e oscillation sensitivity, a sensitive search of the
CP violation in the lepton sector (CP phase " down to 10" $ 20" ), and an order of magnitude
improvement in the proton decay sensitivity is also expected.
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• Canada is a founding member of the T2K collaboration 

• Key defining features introduced by Canadians: 

• off-axis beam concept (from earlier BNL proposal) 

• design of near detector
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C A N A D I A N  C O N T R I B U T I O N S
• Beamline: 

• OTR Monitor (Bhadra/Martin) 

• Monitor stack (TRIUMF) 

• target remote handling (TRIUMF)

(a) Simulated e! ciency of the optical system. (b) E! ciency measured with the integrating sphere.

Figure 15: Simulated (a) and measured (b) light collection e! ciencies. Each distribution is normalized by the maximum e! ciency which is at the
center of the image.

(a) Image of the back-lit calibration foil
showing the characteristic distortion intro-
duced by the optics.

(b) Image of the distorted calibration foil
pattern with centroids of the holes marked
by black triangles.

(c) Image of the back-lit calibration foil
after the distortion correction with the true
hole pattern superimposed.

Figure 19: Illustration of distortion correction for the calibration foil image.
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Figure 22: Example OTR images of the beam with nominal beam conditions using the titanium (left) and aluminum (right) alloy target foils. The
images are taken with 9.0 ! 1013 and 2.3 ! 1013 protons per spill respectively. The black circle indicates the location of the target edge.
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• Near Detector (ND280) 

• Fine-grained detectors (Oser) 

• electronics/MPPCs (Retiere) 

• Time projection chambers (Karlen) 

• electronics upgrade (Jamieson) 

• Detector-wide services (Miller) 

• Data acquisition, slow control, network 
(R. Poutissou)

• Computing: 

• ComputeCanada provide ~1/2 CPU for 
entire collaboration 

• CFI-funded “Tier 1” storage at TRIUMF



L E A D E R S H I P :

• Leadership across entire effort  (beam, near detector, far detector, etc.) 

• T2K-Canada postdocs taking many prominent leadership roles  

• and transitioning to faculty/staff positions (*) 

B E A M M . P.  H A R T Z *
N E A R  D E T E C T O R H . A .  TA N A K A S .  O S E R
FA R  D E T E C T O R A .  K O N A K A H . A .  TA N A K A M .  W I L K I N G *
O S C I L L AT I O N K .  M A H N *
N D  M U O N S .  O S E R M .  W I L K I N G * A .  H I L L A I R E T
N D  E L E C T R O N B .  J A M I E S O N *
N D  R E C O N A .  H I L L A I R E T
N D  C A L I B R AT I O N F.  R E T I E R E Y.  P E T R O V
N D  C O M P / S O F T T.  L I N D N E R *
X S E C K .  M A H N *
B A N F F  ( N E A R / FA R ) M . P.  H A R T Z * M .  S C O T T
R U N  C O O R D .  D .  K A R L E N N .  H A S T I N G S
A N A LY S I S  C H A I R H . A .  TA N A K A
E X E C U T I V E J - M  P O U T I S S O U J . F.  M A R T I N D .  K A R L E N
S P E A K E R S S .  B H A D R A
P U B L I C AT I O N S .  O S E R A .  K O N A K A



A N A LY S I S  C O N T R I B U T I O N S
• Neutrino Flux prediction: 

• reweighting formalism for propagating all systematic uncertainties 

• Near detector ! µ analysis: 

• Main contribution to oscillation analysis to reduce uncertainties from 30% " 10% 

• continuous improvements towards improved systematic uncertainty 

• Near/Far extrapolation (BANFF) 

• Primary formalism for incorporating near detector data constraints 

• Far detector reconstruction: 

• new framework (fiTQun) reduces key backgrounds by 70% 

• additional benefits for SK (proton decay, etc.) in the works 

• Neutrino interaction modeling 

• advancements in neutrino interaction models (final state interactions, etc.) 

• formalism for propagating uncertainties into analyses 

• measurements of pion interactions at TRIUMF (DUET) 

• Oscillation analysis 

• Markov Chain MC/Bayesian methods to explore complex space of physics and 
nuisance parameters

“Uncommon scientific vision and leadership” (NSERC Review)



T2K is back  
in operation

First events from 
antineutrino-mode 
operation

TPC gas interactions



O U T L O O K  F O R  T 2 K

• In general, physics sensitivities improved with antineutrino running 

• T2K will start running significant exposures of antineutrino running 

• 1 month “pilot” run in progress 

• Looking forward to: 

• observation of ! µ"! e appearance, ! µ disappearance measurements 

• word-leading measurements can be achieved with mid-term exposures 

• Near detector antineutrino interactions studies 

• unique capability from sign-selection in magnetic field

3 T2K SENSITIVITY 13
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(b) 50% ! -, 50% ø! -running, true NH.
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(c) 100% ! -running, with ultimate reactor con-
straint, true NH.
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(d) 50% ! -, 50% ø! -running, with ultimate reac-
tor constraint, true NH.

Figure 9: "CP vs. sin2 2#13 90% C.L. allowed regions for 7.8! 1021 POT. Contours are plotted
assuming true sin2 2#13 = 0 .1, "CP = " 90! , sin2 #23 = 0 .5, and ! m2

32 = 2 .4! 10" 3 eV2. The
blue curves are Þt assuming the correct MH, while the red are Þt assuming the incorrect
MH. The solid contours are with statistical error only, while the dashed contours include
current systematic errors fully correlated between! and ø! .

50% ! , 50% !  

50% ! , 50% !  

90% CL sensitivities with 7.8x1021 POT 
reactor #13 constraint



H Y P E R - K A M I O K A N D E

• 20x upgrade of SK 

• 1 MT water volume with 99k PMTs 

• Wide ranging program of: 

• neutrino oscillations (CPV, etc.) 

• proton decay 

• neutrino astrophysics (SN, etc.) 

• One of top 27 (out of 192) projects in the 
Science Council of Japan’s “Master Plan” 

5

EXECUTIVE SUMMARY

FIG. 1. Schematic view of the Hyper-Kamiokande detector.
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FIG. 48. Proton lifetime predictions of several GUT models, the current experimental limits (90% CL) by

Super-K, and the sensitivities of Hyper-Kamiokande with a 5.6 Megatonáyear exposure. Hyper-Kamiokande

can cover most of the predicted range of the leading GUT models.
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FIG. 49. The proton decay search sensitivity as a function of year. The left plot is for thep ! e+! 0 mode

and the right is for the p ! " K + mode. Hyper-Kamiokande is assumed to start from 2019; its results will

overtake the Super-Kamiokande limits within one year.

Masashi Yokoyama (UTokyo) Long baseline experiment using Hyper-K and J-PARC, 18th J-PARC PAC

Sensitivity to CP violation
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• Exclusion of sin! =0!

• >3"  for 76% of ! !

• >5"  for 58% of ! !

• Possible to establish #
CP violation #
in the lepton sector!

Mass hierarchy assumed to be known

Projected sensitivities based on 
extensive experience at T2K and SK



• We will host a meeting for Hyper-Kamiokande in Vancouver 19-21 July 

• Meetings at TRIUMF and UBC 

• It is an “Open” meeting: 

• we welcome anyone who is interested to attend the meeting 

• please register at:

http://indico.ipmu.jp/indico/conferenceDisplay.py?confId=34



S U M M A R Y
• T2K is the leading long baseline experiment 

• discovery of ! µ"! e sets the stage for the next era of neutrino studies 

• search for leptonic CP violation 

• Most precise measurement of #23 

• We are now expanding the programme with antineutrino-mode running 

• with full data set, we may see our first hints of ! -CPV, #23 octant 

• with NOvA, we may provide first indications on the mass hierarchy 

• Canada is a leading player in T2K with fundamental roles in 

• defining the experiment from the start, current/future goals 

• delivering on/exceeding expectations in physics output 

• We are planning to play an equally important role on Hyper-Kamiokande  

• towards discovery of ! -CPV and proton decay 

• observatory for astrophysical sources of neutrinos 

• CFI (2015 IF) proposal for photosensor and electronics development 

• Already establishing leadership in detector, physics, calibration, management.







B E A M / A C C E L E R AT O R

• 400 MeV LINAC upgrade completed in FY2013

MR Mid Term Plan
¥ High repetition rate scheme is been chosen to achieve 750 kW.!
¥ Repetition cycle will be  < ~1.3 s.!
¥ Magnet Power Supplies and RF cavities will be replaced.!
¥ Collimators have been updated from 2 kW to 3.5 kW in this JFY.!
¥ Injection kicker power supplies are being improved and septum will be 

replaced for high repetition rate.

!"# $%&& $%&$ $%&' $%&( $%&) $%&* $%&+
Li. energy 
upgrade

Li. current 
upgrade

FX power [kW] (study/trial) !
!

SX power [kW]

150!
!

3 (10)

200 !
!

10 (20)

200 - 240 !
!

25 (30) 

200 - 300     
(400)!

20 - 50

750!
!

100

Cycle time of main magnet PS !
New magnet PS for high rep. 

3.04 s　! 2.56 s! 2.48 s! 2.40 s! 1.3 s!

Present RF system !
New high gradient rf system

Install. #7,8 Install. #9

Ring collimators
Additional 

shields
Add.collimators 

and shields !
(2kW)

Add.collimators 
(3.5kW)!

Injection system !
FX system

Inj. kicker

R&D
Manufacture#
installation/test

R&D

Kicker PS improvement, Septa manufacture /test

Kicker PS improvement, LF septum, HF septa manufacture /test

Manufacture#
installation/test



A L L  N E U T R I N O S ,  A L L  T H E  T I M E

• Sensitivity worsened significantly by systematics 



M A S S  H I E R A R C H Y  S E N S I T I V I T Y

• Left: 50/50 in T2K and NOvA 

• Right: 100% neutrino in T2K, 50/50 in NOvA


