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SU(5), SO(10), E6… with SUSY? 
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RUNNING�
Super-K  50kton�

FUTURE (20??~)�
           ~ 1Mton WC�
           ~100kton LAr, Liq.scinti�
           ~5Mton WC�
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DUSEL(US) received design funding $31M from NSF(‘09) and DOE(‘10). 
�
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Super-K �
  50kton total�
  22kton fiducial�

Hyper-K �
  1Mton total vol.�
  540kton fiducial vol.�

 {D43m x L(5x50m)} x 2�
  PMT ~100,000 (20inch) �
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p�e+π0 
•  1.0 x 1034 years (Super-K I+II+II @ 90% C.L.) 

� 1 x 1035 years (0.54Mton x 10yrs @ 90% CL)   

p�νK+ 
•  3.3 x 1033 years (Super-K I+II+III @ 90%C.L.) 
      � 2 x 1034 years (0.54 Mton x 10yrs @ 90% CL) 
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~0.6GeV νμ�
295km�

•  T2K (JPARC-SK) has been started data taking, reactor 
experiments in a few months ~ years 

•  discovery of νe appearance (nonzero θ13)  
       � open door to CP phase measurement ! 
          (turning point in a few years?) 
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δが違うときのEνrec �
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item� parameters�

ν beam� Quasi-monochromatic beam (off-axis 2.5 degree, Eν=~0.6GeV) 
Upgraded to 1.66MW�

Far ν detector� 0.54Megaton�

Data taking period� 5 yrs (1.1 yrs ν mode + 3.9 yrs anti-ν mode) – 10yrs     *1 yrs = 107 sec 

Electron selection� Single-Ring, Pe>100MeV/c, no decay-e, Mπ0<100MeV/c2, cosθμ < 0.9�

systematic errors (reference)� 5% for νe signal, NC BG,  beam νe (anti-νe), ν mode/anti-ν mode normalization 

ν parameters� sin2θ23=0.5, Δm2
23=2.4x10-3eV2(normal hierarchy), sin2θ12=0.32, Δm2

12=7.6x10-5 eV2�
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Ne(δ) = selected electron signal� Ne(δ) (Ne(δ=0) subtracted)�
ν mode� ν mode�
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CP δ (π) 

68%, 90%, 95% 

Sep.-16-2010 @ CRC symposium 



Sep.-16-2010 @ CRC symposium 11 

 s22θ12=0.825�
 s2θ23=0.5�
 s2θ13=0.00~0.04�
 δcp=0o~360o�

 Δm212=8.3e-5�
 Δm223=2.5e-3�

CP phase�
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4yrs HK sensitivity�Super-K data�

atmospheric ν could provide supplemental info. if θ13 is large.�

90,99%CL�68,90,99%CL�
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•   Nucleon Decay Searches 
•  Direct test of quark-lepton unification 

•   Far Detector in future LBLE 
•  CP phase measurement in Lepton sector  

•   Precise Measurement of atmospheric neutrinos 
•  δ, θ13, mass hierarchy (sin2θ13 >~0.01) 
•  θ23<π/4 or θ23=π/4 or θ23>π/4 

•   Supernova Neutrinos 
•  mass hierarchy as well as explosion mechanism  

•  High statistical observation of Solar Neutrinos 
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�  site selection (Tochibora mine, +410~480m s.l.) 

�  geological sketching – very sound intact mass in excellent 
condition 
�  core boring – geological map, joint orientation survey 
�  rock sampling – mechanical property of rock mass and joint  
�  initial state of stress in the rock mass 

�  conceptual cavern design and layout (two 250m tunnels with 
100m spacing) 
�  FEM analysis of the cavern 

�  clean natural water supply�
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Diamond Drilling 

mechanical properties and joint orientation measure
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initial stress ratio K0= σhorizontal/σvertical =1.5 (conservative condition)�

(a) Safety Factor� (b) Displacement�

rock mass�

cavern� �

Unstable region Depth<5m 
and is tolerable.�

Unstable region(SF<1.3)�
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Maruyama 
(collapsed mountain)�

Nijuugo-yama 
(Hyper-K)�

~3km�

-  excavate inclined straight tunnel 
-  transportation by belt conveyers�

Hyper-K�

Maruyama�
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•  study 

•   
–  (December 13-16, Toyama, Workshop on 

Next Generation Nucleon Decay and Neutrino Detectors)�
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