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99/11/06:;R= 1:NoYet
   R  :   Z  : PHI : GOOD
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CANG : RTOT : AMOM : MS
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NUM            1
RUN         8071
SUBRUN        41
EVENT    5487540
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ANT-MX:     9.8
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RunMODE:NORMAL
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**/04/12:;R= 1:NoYet
   R  :   Z  : PHI : G
  4.75:-16.61: 2.30:0
CANG : RTOT : AMOM : M
42.1:  10051:  1877:  
  V= 0.455:-0.881: 0.1

Comnt;

NUM          1
RUN       9955
SUBRUN     443
EVENT 72736724
DATE  2001-Apr-12
TIME    2:57:57
TOT PE:   20406.7
MAX PE:   117.7
NMHIT :  3507
ANT-PE:    14.0
ANT-MX:     1.3
NMHITA:    25

RunMODE:NORMAL
TRG ID :00000111
T diff.:0.487E+05u
FEVSK  :81002803
nOD YK/LW: 1/ 1
BAD ch.:  masked
SUB EV :  0/ 1
Dec-e:  1( 0/ 1/ 0
CT16:**********e12
RN: 5594SP:    372
GPSDIF:   0.41400u
NHITAC:         1
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-.#5(),$J,WC(/"%,N2q=P

                     Data    MC(Honda) 
1ring                
        e-like  
        µµ-like  
Multi ring   
Total           

&PUBZ,[H=d7*9Y!#\\Z,[@' (P+RBZ,[H=!#\\Z,[Yd7*9@'
                     Data    MC(Honda) 
1ring 
        e-like 
        µµ-like 
Multi ring     
Total              

PC Total   

6447       7784.9    
3266       3081.0 
3181       4703.9 
2457       2985.6 
8906     10770.5 

1436       1675.9    
  772         707.8 
  664         968.2 
1532       1903.5 
2968       3579.4 
913       1230.0 

FC+PC 
1489days 

Up stopping µµ  1657days 

Up through going µµ  1678days 

Observed  
Expected (Honda) 

Observed 
Expected (Honda) 

0.41  +/-0.02(stat.)  +/-0.02(syst.)  (x10-13cm-2s-1sr-1) 
0.68  +/-0.15(theo.) 

1.70  +/-0.04(stat.)  +/-0.02(syst.)  (x10-13cm-2s-1sr-1) 
1.84  +/-0.41(theo.) 

0.016 
6 

58 0 
28 78 
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F&6U$*/U,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, K$]/6U$*/U,,,,,,,,,,,,,,,,,,,,,,,

,#.A@6X(>,µ A*4(,j,BE,
N;1:9,717Y;:6f(>P,

+$%,%x,

=/,;88M,,
,N;:,D)%,?y(),"'(,q\,
*/I*+?@$/P,

2q,&)$C*I(I,
S! I(b/*@C(,(C*I(/+(,
S! */,3(/*"',?/UA(,

I*%")*5.@$/%,
S! */I(&(/I(/",$J,"'(,

e.Y,+?A+.A?@$/%,
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WY&()*#(/"?A,Z(%.A"%,N2.&()6qP

•! Q?"(%",2q,)(%.A"%,
–! &JBbfbbfbbb'53GU*-,1'
–! 7M:lI?D%,N;kf4"D)P,,

,J$),HEjBE,
•! 7gMg;,(C(/"%,

–! f;:8I?D%,J$),.&6µ,
•! g7fM,(C(/"%$

, µµ

B!' ' ' ' ' ' ' ' '! B!' ' ' ' ' ' ' ' '! B!' ' ' ' ' ' ' ' '! "' ' ' ' ' ' ' !539%% 539%% 539%% 539%%

$1,.4$ µµ1,.4$

c
*F

8'
''
''
''
''
''
'd

M
d:

Z
p'

''
''
''
''
''
''g

3E

!"#$#%$ 092.34*<=>G=B-B2,*/,!A.%'"?

96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 
SK-I SK-II SK-III 

C !% !! C

(11,129 PMTs)(5,182 PMTs)(11,146 PMTs)

<
SK-IV 

$

(11,129 PMTs)

T;I_3E-'q'!B=!I%@9*-%%%%$$
i60-9*R3-'6,F*3-'## **G%



!"#$#%$ 092.34*<=>G=B-B2,*/,!A.%'"?



2D%"(#?@+,,
W))$)%
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L%+*AA?@$/,B?)?#("()%

•! **G%\
%r'%#!!L"#!!

B"#!$'V!"B\',[%''
'=O4GB""H's,-*48@'

•! **G%\
%r'%#!$L"#!<

B"#!\'V!"B\',[%'

'=O4GB""H'gId@'
•! *#7f

7R,,71fhj:1;;
6:1:M,Y;:6f,(>7,

N\=-L2<-(.")*/$7:;:P,

•! 9*-%%%%l"#$C'=$"W@'=O4GB""@'
•! %*/77%r:18;,N8:aP,N\=-L2P,

•! *#7V,QdQ,(Y&()*#(/",U(z/U,
5({(),%(/%*@C*"D,

•! %*/77%:,?"#6" *%,5({()
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+7,I*%")*5.@$/
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X.*I(,A*/(V,;::D),\E,

•! `0-'3U9,67,'395*++0R3-';0h,6-'*-'gId';+34'##',,  q'd'
''''""'1*6,54'395*++0436/',7*1,-5,''

'""'1*9R-FP*98'348,6',V3R5'8/;348,9,9'
'""'9463-F'53-9460*-4'3-'**G%''
' ' ' ' '''N,/WRg#n*#7V,B$%*@$/,$J,K*&P,

'$)*3$/"?AAD,U$*/U,(C(/"%V,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,$
A$],(/()UD,(C(/"%V,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,#,&$$),*Q9,*% I("()#*/?@$/$

Z(o(+"(I,(C(/"%,

QnW,N4#nX(>P,

K
?"

?n
&)

(I
*+

@$
/,!AA,I?"?,

QnW,N4#nX(>P,

K
?"

?n
&)

(I
*+

@$
/,

;:7, ;:f, ;:7, ;:f,

2(A(+",(C(/"%,V,*NWnQP,|,k:a,
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A$'

g1M,(,,"$,I(+?D,
h1f,(,,"$,I(+$'()(/+(,

L%+*AA?@$/,

K(+?D,
K(+$'()(/+(,

;gM817,I?D%,2q6=,j,
M::,I?D%,2q6==,HEjBE,

%*/77%$
:18,,,,,,,,,;,

*
#

7$

;:67,

;:6f,

•! m'(,b)%",I*&,'?%,5((/,
$5%()C(I,?",`h::4#nX(>,

•! m'*%,&)$C*I(%,?,%")$/U,
+$/b)#?@$/,$J,/(.")*/$,
$%+*AA?@$/,

•! m'(,b)%",I*&,$5%()C(I,
+?//$",5(,(Y&A?*/(I,5D,
$"'(),'D&$"'(%(%,
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v! ,-,(C(/"%,+?//$",5(,
*I(/@b(I,5D,(C(/"65D6
(C(/",5?%*%,,

          ""--  + N  -- + N$ + ##  +  ##  ..........!
µµ"""",,    e"""",,$$
""++hadrons(##,,##,,........))  $$

!\?/D,O?I)$/%,
!Z?"'(),2&'()*+?A,
!E$#&A*+?"(I,(C(/"%,

v!\?4(,%"?@%@+?A,?/?AD%*%,
$,.%*/U,+'?)?+"()*%@+%,$J,-,

&)$I.+@$/,

"-$ "-$-$

Q(&"$/,$),O?I)$/%,

O?I)$/%,
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""µµ  CC!

""--  CC!

d""=Z,[) "

0

20

40

60

10-5 10-4 10-3 10-2 10-1 1
ev
en
ts
/y
ea
r

dV;,54,1'--',7,-49'

All!
Up-going!
cos%%  <-0.2!

sin22%% = 1!
for Super-K 
(22.5kt)!

%%m2(eV2)!

Down-going!
cos%%  >0.2!
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K$]/6U$*/U,I?"?,
K$]/6U$*/U,"µ9,"(,\E, - \E,

;P,#.A@6X(>9,#.A@6)*/U,
,,,,#,O*U',W/()UD,,,,
,,,,,,,,,#?/D,&?)@+A(%,
7P,H*I.+*?A,C$A.#(V,,

,,,,7#,J)$#,"'(,=K,B\m%,,

fP,\$%",(/()U(@+,)*/UV,
,,,,,(6A*4(,,

-(.)?A,-("]$)4,

N7,*/I(&(/I(/",?/?AD%(%P,

- A*4(A*'$$I, - A*4(A*'$$I,

-
.#

5(
),
$J

,(
C(

/"
%, E.",, E.",
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Q*4(A*'$$I,?/?AD%*%,

};1kl,- \E,

-
.#

5(
),
$J

,(
C(

/"
%,

d$"',?/?AD%*%V,
+$/%*%"(/",]*"',(Y&(+"(I,(Y+(%%,$J,.&U$*/U,-~%,

H*{(I,�,$J,,-,
(C(/"%,

WY&(+"(I,�,$J,-,
(C(/"%, kM1g±7lN%D%"1P,

;fM,,±gMN%"?"1P,
j;g1M,n6f;1l,,

H*",*/,3(/*"',?/UA(,I*%")*5.@$/,
"$,(C?A.?"(,-,+$/")*5.@$/V,,
,,,,-"$"?AN+$%%P,R,.-"?.,j,/-54U,

.,R,;1kl,?/I,/,R,:18,

m?.,?&&(?)?/+(,V,71g,($

kM1g±7kN%D%"P,;fg±gMN%"?"1P,
j;l,n67k17,,

-(.")?A,-("]$)4V,,
L5%()C(I1, WY&(+"(I,

+$%%3(/*"',

N+$))1,J$),gfa,(s+*(/+DP,
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!"#$%&'()*+,-(.")*/$%

f:62(&"67:;:,
•! 2#?AA,5.",*#&$)"?/",(^(+",

•! J.".)(
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""µµ ""--  '36'""µµ ""94,6*+,'t'

•! WY&()*#(/"?A,2")?"(UD,
;P! F%(,(/)*+'(I,-E,%?#&A(,?/I,,

7P! #?{(),(^(+",

\?{(),&$"(/@?A,J$),".,! "/$
,!R,7Ä7XHW"N-N".P6-N"/PP,

-N"(P,,,R,/(,6,N;n7P//,

-N"µ,-P,R,6,N;n7P//,
-N"%P,,,R,:

"µ,! "-,V,,,!R:,

"µ,! "%,V,,,!R,6Ä7XHW"//,

"(,! "µ,-,V,!R7Ä7XHW"/(,

""µµ   ""--  H'M3'G0h,6',a,54'
""µµ   ""s H'G0h,6',a,54'



""µµ ""--  '36'""µµ ""94,6*+,'t'

""µµ $$(" )"=(" cos%%m$$
""s$$

sin%%m$$

- sin%%m$$ cos%%m$$)"""1 $$
""2$$(" )"

00  =    2 GFnnE"" / **m2  !-%!

D36'9*-%%%%'!!'!'H'''

O-1'N36'd""'r'\"  !!  !""'Z,['
' ' '!!'00' !''

&*-%%%%G'Y'!'H''
&P;;6,99*3-'3N'48,'
395*++0R3-',a,54'

sin22%%m$$
sin22%%$$= (00 cos2%%))22++sin22%%$$

9*-%%%%G !!$$
!'

00%'L'!'
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 ""µµ  !! ""s zenith angle distribution!

Oscillation suppression!
(matter effect)!

 deficit of NC events!

,&.)(,""µµ  ""'""9'

'*%,I*%J?C$)(I,,

?",r,88a,E1Q1,
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;.5.*%92%:*$<.,$%5.=*><$,

 pure ""µµ  "" ""--!  pure  ""µµ  "" ""s! sin211!

 ""µµ  "" cos11""--  ++  sin11""  s!
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EBm,"(%",5D,?"#$%&'()*+,"

•! B)$I.+(,\E,J$),",N*#7f
79,

%7fP,?/I,",N*#7f
79,%7fP,

%(&?)?"(AD9,?/I,A$$4,J$),
5(%",,&?)?#("(),%(",

•! -(.")*/$,
**G%\

%r%#%V!"B\,[%'

9*-%%%%%\r!#"

•! !/@6/(.")*/$,
**G%\

%r%#"V!"B\,[%'

9*-%%%%%\r!#"

•! M3',7*1,-5,'N36'`2i'
7*3+0R-F'395*++0R3-9'=&J@
E09'N3P-1
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Z(#?*/*/U,B)$5A(#%

•! !"#$%&'()*+,/(.")*/$,$%+*AA?@$/,*%,#?*/AD,I.(,"$,
"')$.U',%7f9,5.",%#?AA,(^(+"%,J)$#,%;f,?/I,%;7,#?D,5(,
%((/V,%.56I$#*/?/",(^(+"%,

•! \?%%,'*()?)+'D,#?D,?A%$,5(,./"?/UA(I
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:,05436f'g3-F)g'
=%%!\H'P;;,6'+*G*4@'
M34'1,4,6G*-,1'/,4'

O4G39;8,6*5'""$$
g3-F'U09,+*-,'
=%%%\H'G0V*G0+t@'

&3+06'""$$
:,05436'g)g'
=%%!%H'+06F,@'

";

"7

"f
";

"7

"f

>(   "µ    "-

•! %%!\''""'''`2[''
•! (099'8*,60658/H'9*F-'3N'**G%\

%'

•! u540-4'3N'%%%\'H'*N'%%%\^##I<'



7/I,"()#V,,,=/"()J()(/+(,

f)I,"()#V,%;f,"()#,
,,,,r,?,J(],X(>,
,,,,*/,#.A@6X(>,
,,,,;:!;ha,(^(+",

`2B;809,'
 s22%%12=0.825!
 s2%%23=0.4!
 s2%%13=0.04!
 22cp=45o!

 **m212=8.3x10-5!

 **m223=2.5x10-3!

q'''H'G*V*-F'0-F+,'*-'G0h,6''

2%'r'vO,µµv%'H'"",'""'""µµ--'*-'G0h,6'

:%'r':,=Ow
,,O,µµ@'

b%''r'bG=Ow
,,O,µµ@'
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E$##(/",$/,%$A?),"()#

•! *#;7
7V,MY;:6h,(>7,

•! *#7f
7V,71hY;:6f,(>7,

•! E)$%%*/U,"'(,I*?#("(),$J,"'(,(?)"',N.&6U$*/UP,
–!Q,!,;f9:::,4#,
–!W,!,;,X(>,
#!WnQ,`,MY,;:6h,NX(>n4#P,,Å%$A?),*#7,,$

    (,/WRg#n*#7P,
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WY?#&A(,

9*-%%%%\r"#<'

9*-%%%%\r"#C'

'9%%%!\r"#"<'
'225;r<A3'

'53933""rB"#?'

m$"?A,
2$A?),"()#,
%;f,"()#,
=/"()J()(/+(,

D*V,1'
**G%%\'r'%#AV!"B\,[%'=;39*R7,@'
**G%!%'r'?#\V!"BA,[%'

9*-%%%%!%'r'"#?%A'
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EB,&'?%(

•! ),94'n4'=b(c@'
–! `2';809,H'%%"3''
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•! M3'9*F-*n50-5,'X$"W'
`#'g#'

•! &40R9R50+']P54P0R3-'
36'G0/'U,'93G,48*-F'

!"#$#%$ 092.34*<=>G=B-B2,*/,!A.%'"?

'9<5+,%?+::%#.$<+<80@

A2B$<*$C%?+::%#.$<+<80@

D+*+

D+*+ E$2:.FB.*@%*$:*%
?G

E$2:.FB.*@%*$:*%
?G •!'''),94'n4'=M(c@'

Ç!'''`2';809,H'%%"3''
Ç!'''9*-%%%!\H'"#""C'
'''''''''Y'"#"CC'=$"W'`#g#@'



EB,&'?%(
•! p'D,77:$,
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Super-K !
  50kton total!
  22kton fiducial!

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

Inner Detector {D43m x L(5x50m)} x 2!
  PMT ~100,000 (20inch) !
  (Photo-coverage 20

c
,*

F8
4'A

<G
'

g,-F48'%A"G'

c
,*

F8
4'<

"G
'

_
*0

#'<
\G

'

!"#$#%$



092.34*<=>G=B-B2,*/,!A.%'"?,

Candidate site"

87 

SK 

~8km 

HK 
m$+'*5$)?,

d(?#,5(/IV,f1gh$,
d(?#,?Y*%V,71f$,$^6?Y*%

!"#$#%$



092.34*<=>G=B-B2,*/,!A.%'"?,

Site Study"
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•! Joint Orientation survey 
•! Rock samples (Measurement of Mechanical Properties) 
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Direction:N-S 

FEM analyses"

Displacement of cavern wall 
Red~100mm

  Crack-tensor analysis 
•! Anisotropic Young’s Modulus considering joint distributions and 
Rock properties 
•! In-situ stress; isotropic (overburden=500m) 
•! cavern direction; North-South 

Anisotropic Elastic Analysis 
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