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1. New findings
• non-zerro neutrino mass !
– Atmospheric ννννµµµµ deficiency : : : : likely ννννµµµµ→→→→ννννττττ

– SNO+SK  Appearance of non- ννννe components 
– All solar exp.       LMA solution likely
– No sign of sterile in atm., solar

2. What should be (shall be, can be) done next



JHF Neutrino Working Group
→→→→ International　　　　collaboration

ICRR/Tokyo-KEK-Kobe-Kyoto-Tohoku-TRIUMF

Y. Itow, T. Kajita, K. Kaneyuki, M. Shiozawa, Y. Totsuka 
(ICRR/Tokyo)

Y. Hayato, T. Ishii, T. Kobayashi, T. Maruyama, K. Nakamura, 
Y. Obayashi, M. Sakuda (KEK)

S. Aoki, T.Hara, A. Suzuki (Kobe)
T. Nakaya, K. Nishikawa (Kyoto)

T. Hasegawa, K. Ishihara, A. Suzuki (Tohoku)
A.Konaka (TRIUMF, CANADA)

Dec.99: Working group formed.
Mar.00: Letter of Intent prepared (http://neutrino.kek.jp/jhfnu)
Now    : Working to prepare a proposal



Atmospheric, solar, and K2K
Atmospheric

ννννµµµµ−−−−ννννττττ oscillation 
1.6x10-3 <∆∆∆∆m2

23 < 4x10-3eV2 sin22θθθθ23232323 > 0.90   
(90%C.L.)

Solar
LMA likely Large θθθθ12  , ∆∆∆∆m2

12

No sign of sterile in both solar, atmospheric

K2K
Rate ~30% decrease integrated over K2K  spectrum
Spectrum analysis →→→→ Oscillation pattern
Energy measurement
Far/near



Central issue in ~5 years ago

• Unambiguious sign of oscillation
1. ντ appearance
2. oscillation pattern

• SSM independent signatures of oscillation in 
solar ν

– NC measurements
– Spectrum distortion
– day/night effect

• LSND effect
– more than 3 neutrinos?



Near future

• Appearance of ντ : sign of oscillation
– confirmation at CERN-Gran-sasso

• LMA soultion in solar ν
– Kamland, Borexino, Low E measurements (SK, New 

detectors……)
• LSND

– Mini-BooNE, just starting
• Spectrum distortion in K2K

• What is next step ?



Next goal 

• 新しい現象　（物質の起源 （（（（B≠≠≠≠0））））））））
– 粒子‐反粒子の同等性の破れ

• Existence of CP-violation in lepton sector 

– バリオン数の破れ
• Proton decay　　　　

– (熱平衡の破れーcosmology）

• 物質とは
– レプトン⇔クォーク, generation
– (near) GUTs scale (1010 ~ 1016 GeV) physics

• Small neutrino mass ~ m2
weak/M

• Mass-Interaction : mixing (θθθθ13131313<<θ<<θ<<θ<<θ12121212,θ,θ,θ,θ23232323 or θθθθ13131313<θ<θ<θ<θ12121212,θ,θ,θ,θ23232323?)



3 Generations MNS matrix

• 3 angles and 1 phase

solar           　　 reactor                       atmospheric
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δ  :  δ  :  δ  :  δ  :  CP Violation in Lepton Sector
(Why ννννµµµµ→→→→ννννe)

=0 for α=β  → appearance exp!
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Meaning of recent developments
toward CPV search

• CPV ∝∝∝∝ sinθθθθ12 sinθθθθ23 sinθθθθ13 ∆∆∆∆m2222
12 12 12 12 (L/E) sinδδδδ

– Solar LMA solution (large ∆∆∆∆m2
12, large θθθθ11112)

– Near max. mixing in atmospheric (θθθθ23~π/4)π/4)π/4)π/4)



Precision second generation experiment
θθθθ13131313 (ν(ν(ν(νµµµµ→→→→ννννe) →→→→ CP violation
Oscillation pattern  ,  θθθθ23232323 , ∆∆∆∆m2

Sub-GeV Beam + Large water Cherenkov detector

K2K has proved
Beam control-ability and stability
Event reconstruction (single e, µµµµ)
Energy reconstruction
Event selection (GPS timing)
Must be improved Far/Near, backgrounds



Beam energy
Low energy beam

Region of interest ∆m2=2~4 x 10-3eV2

Kamioka at 295 km
Good low energy detector

Neutrino energy measurement
Quasi-elastic  ⇔ µ + Ehad

E ≤ 1GeV
Cross section

E≥0.3 GeV

QE

All

Soudan 2 Monte Carlo Cross Sections

0

0.2

0.4

0.6

0.8

1

1.2

10
-1

1 10 10
2

E (GeV)

σ C
C
(ν

µ+
N

→
µ+

X
)/

E
   

 (
10

-3
8  c

m
2 /G

eV
)

σ(σ(σ(σ(Eνννν)~50 MeV



N
eu

tr
in

o 
E

ne
rg

y 
m

ea
su

re
m

en
t w

ith
 1

-r
in

g 
m

u-
lik

e

C
C

 q
ua

si
 e

la
st

ic
 r

ea
ct

io
n

µ µµµ
µ µµµ

µ µµµ

µ µµµ
µ µµµ

ν ννν
θ θθθ

+ +++
− −−−

− −−−
= ===

co
s

p
E

m
2

m
E

m
E

N

2
N

ν ννν µ µµµ
+

n
→ →→→

µ µµµ
+

p

ν ννν

µ µµµ-

p

(E
µ µµµ, 

p µ µµµ
)

θ θθθ λ λλλ

（ （（（
Q

E)

(in
el

as
tic

)

0

0.
51

1.
52

2.
53

3.
54

4.
5 0

1
2

3
4

5
E ν

(G
eV

)

νµ cross sections (10cm)
-382

In
el

as
ti

c

C
C

qe

ν ννν µ µµµ
+ 

n
→ →→→

µ µµµ
+ 

p
+ 

π πππ

ν ννν

µ µµµ-

p

(E
µ µµµ, 

p µ µµµ
)

θ θθθ λ λλλ

⇔ ⇔⇔⇔

π πππ



B
ea

m
 e

ne
rg

y
Lo

w
 e

ne
rg

y 
be

am
R

eg
io

n 
of

 in
te

re
st

 ∆
m

2 =
2~

4 
x 

10
-3

eV
2

K
am

io
ka

at
 2

95
 k

m
G

oo
d 

lo
w

 e
ne

rg
y 

de
te

ct
or

N
eu

tri
no

 e
ne

rg
y 

m
ea

su
re

m
en

t 
Q

ua
si

-e
la

st
ic

  ⇔
µ 

+
E h

ad
E 

≤
1G

eV
C

ro
ss

 se
ct

io
n

E≥
0.

3
G

eV

B
et

te
r s

ep
ar

at
e 

m
at

te
r e

ff
ec

t

Q
E

A
ll

S
o

u
d

an
 2

 M
o

n
te

 C
ar

lo
 C

ro
ss

 S
ec

ti
o

n
s

0

0.
2

0.
4

0.
6

0.
81

1.
2

10
-1

1
10

10
2

E
 (

G
eV

)

σCC(νµ+N→µ+X)/E    (10
-38

 cm
2
/GeV)

σ( σ(σ(σ(
E

ν ννν)
~5

0 
M

eV



ν µ
ν e

os
ci

lla
tio

n 
pr

ob
ab

ili
ty

So
lid

 li
ne

: w
/ m

at
te

r
D

as
he

d 
lin

e:
 w

/o
 m

at
te

r
Sm

al
l M

at
te

r 
E

ff
ec

t a
t 2

95
km

.

29
5k

m
73

0k
m



R
eq

ui
re

m
en

ts
 a

nd
 d

es
ig

n 
of

 e
xp

er
im

en
t

•
H

ig
he

st
 lo

w
 e

ne
rg

y 
be

am
 w

ith
 sm

al
l H

E 
ta

il
–

O
ff

-a
xi

s b
ea

m
 (2

 ~
 3

 d
eg

re
e)

•
A

m
bi

gu
ity

 o
f ν

 a
nd

 a
nt

i-ν
in

te
ra

ct
io

ns
–

st
ud

y 
at

 n
ea

r d
et

ec
to

r w
ith

 n
ar

ro
w

 b
an

d 
be

am
 a

t n
ea

r 
de

te
ct

or
 (@

 2
80

m
 fr

om
 p

ro
du

ct
io

n 
ta

rg
et

)

•
N

ea
r/F

ar
 e

xt
ra

po
la

tio
n

–
~2

km
 d

et
ec

to
r

Th
re

e 
de

te
ct

or
s c

on
fig

ur
at

io
n

28
0m

, 2
km

, a
nd

 2
95

km



O
ff

 A
xi

s B
ea

m
(r

ef
.: 

B
N

L
-E

88
9 

Pr
op

os
al

)

W
B

B
 w

/ i
nt

en
tio

na
lly

 m
is

al
ig

ne
d 

be
am

 li
ne

 fr
om

 d
et

. a
xi

s

θ
Ta

rg
et

H
or

ns
D

ec
ay

 P
ip

e

Fa
r D

et
.

De
ca

y K
in

em
at

ics

•H
ig

he
st

 in
te

ns
ity

 a
t l

ow
 e

ne
rg

y
45

00
 in

t./
22

.5
kt

/y
ea

r 
(1

07
se

c.
)

•C
on

ta
m

in
at

io
n

ν ννν e
:0

.8
%

(0
.3

%
 @

 p
ea

k)



R
eq

ui
re

m
en

ts
 a

nd
 d

es
ig

n 
of

 e
xp

er
im

en
t

•
H

ig
he

st
 lo

w
 e

ne
rg

y 
be

am
 w

ith
 sm

al
l t

ai
l

–
O

ff
-a

xi
s b

ea
m

 (2
 ~

 3
 d

eg
re

e)

•
A

m
bi

gu
ity

 o
f ν

 a
nd

 a
nt

i-ν
in

te
ra

ct
io

ns
–

st
ud

y 
at

 n
ea

r d
et

ec
to

r w
ith

 n
ar

ro
w

 b
an

d 
be

am
 a

t n
ea

r 
de

te
ct

or
 (@

 2
80

m
 fr

om
 p

ro
du

ct
io

n 
ta

rg
et

)

•
N

ea
r/F

ar
 e

xt
ra

po
la

tio
n

–
~2

km
 d

et
ec

to
r

Th
re

e 
de

te
ct

or
s c

on
fig

ur
at

io
n

28
0m

, 2
km

, a
nd

 2
95

km



N
ar

ro
w

 B
an

d 
B

ea
m

H
or

n
10
°

02040608010
0

12
0

14
0

16
0

18
0

0
1

2
3

4
5

E ν (
G

eV
)

Nint (/100MeV/22.5kt/yr) 10
-2

10
-111010
2

Nint (/100MeV/22.5kt/yr)

0
2

4
6

8
10

12
14

E ν (
G

eV
)

~1
 ν ννν

µ µµµ
in

t./
10

0 
to

n/
sp

ill
@

28
0m

 fr
om

 ta
rg

et

•E
ν ννν

ca
n 

be
 c

ha
ng

ed
 e

as
ily

•n
eu

tr
in

o 
in

te
ra

ct
io

n 
st

ud
ie

s
•lo

w
 in

te
ns

ity

ν ννν e
:0

.8
%

(0
.3

%
 @

 p
ea

k)

ye
t t

o 
be

 o
pt

im
iz

ed



R
eq

ui
re

m
en

ts
 a

nd
 d

es
ig

n 
of

 e
xp

er
im

en
t

•
H

ig
he

st
 lo

w
 e

ne
rg

y 
be

am
 w

ith
 sm

al
l t

ai
l

–
O

ff
-a

xi
s b

ea
m

 (2
 ~

 3
 d

eg
re

e)

•
A

m
bi

gu
ity

 o
f ν

 a
nd

 a
nt

i-ν
in

te
ra

ct
io

ns
–

st
ud

y 
at

 n
ea

r d
et

ec
to

r w
ith

 n
ar

ro
w

 b
an

d 
be

am
 a

t n
ea

r 
de

te
ct

or
 (@

 2
80

m
 fr

om
 p

ro
du

ct
io

n 
ta

rg
et

)

•
N

ea
r/F

ar
 e

xt
ra

po
la

tio
n

–
~2

km
 d

et
ec

to
r

Th
re

e 
de

te
ct

or
s c

on
fig

ur
at

io
n

28
0m

, 2
km

, a
nd

 2
95

km



0

20
0

40
0

60
0

80
0

10
00

12
00

14
00

16
00

18
00

x 
10

3 0
0.

5
1

1.
5

2
2.

5
3

3.
5

4
4.

5
5

E
ν 

(G
eV

)

ス
ー
パ
ー
カ
ミ
オ
カ
ン
デ
と
前
置
検
出
器
で
の
ニ
ュ
ー
ト

リ
ノ
の
ス
ペ
ク
ト
ル
の
比
較

ニ
ュ
ー
ト
リ
ノ
エ
ネ
ル
ギ
ー

0
.2
8
k
m

1
.5
k
m

2
9
5
k
m

0

0.
2

0.
4

0.
6

0.
81

1.
2

1.
4

1.
6

1.
82

0
0.

5
1

1.
5

2
2.

5
3

3.
5

4
4.

5
5

O
A

2d
eg

 L
=1

.5
km

O
A

2d
eg

 L
=1

.5
km

E
ν 

(G
eV

)

1.
2 0.
9

0.
28

 k
m

/2
95

 k
m

 , 
fu

nc
. o

f E
ν



Neutrino beam-line at JHF
2-3 degree off-axis and low intensity narrow band



sin22θθθθ13 from appearance experiment ννννe + n e + p

totalνeνµνeνµ

36.411.524.90.51.710.712.00.01
139.5114.624.90.51.710.712.00.1

Signal 
+ BGSignalBackground in Super-K (as of Oct 25, 2001)sin22θ13
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Sensitivity (goal) : Phase 1

δsin22θ23 ～ 0.01
sin22θ13   ～ 5×10−3 (90% CL)
δ∆m232 ～ 1.5×10−−−−4444eV2

　　　　at (sin22θ=1.0, ∆m2=3.2×10−−−−3333eV2)

Off－axis beam ~ 2 degree 
decay volume 130m

Narrow band  beam (near only)
neutrino interaction studies



J.Wilkes’ Table
OPERA

CNGS

1~3x10-3?0.006?0.0150.03>0.01>0.1sin22θ13

○X○XXXXXCP violation

○XXXXXXXSign of ∆m2

○○○?X(○atm)○~X○?ν decay

0.01~0.20.2?0.050.05?X0.2δ(νs/ντ)

○○X○○○X○?τ appear-
ance

○○○?X(○atm)○?○*X?Osc peak

241?5555δ(sin22 θ23)
±%

263.32010102050δ(∆m2
23)

±%

ν-factoryMONOLI
TH

JHF-KamICARUSMINOSK2KSKExperiment

Property

On-going experiments

(www.phys.washington.edu.
/~wilkes/NNO/)



JHFJHF--SK(HK) SK(HK) νννννννν ExperimentExperiment
Convensional νµνµνµνµ beam of ~1GeV

Kamioka

JAERI
(Tokaimura)

ννννννννµµµµµµµµ→→→→→→→→ ννννννννee appearance
(Large CPV)
ννννννννµµµµµµµµ→→→→→→→→ ννννννννxx disappearance
NC measurement

～～～～1 MW  50 GeV PS

Super-K: 50 kton
Water Cherenkov 

~Mt “Hyper 
Kamiokande”

4MW 50GeV PS

CPV
proton decay

First Phase
Second Phase



Future　　　　prospect　　　　of　　　　CP－－－－violation　　　　study

4 MW PS upgrade

Mton Hyper-Kam．．．．

2 years for　　　　

6 years for µν

Difference of ννννe appearance is the signal of CP violation 

µν
δ

1 σ σ σ σ error



Sensitivity limit of ννννK+
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p→νK+ sensitivity with reduced BG (3σ)

current limit

79.3ktyr
1.6 x 1033 yrs

combined
sensitivity

prompt γ
π+π0

µ spectrum

10 Mton detector x 10 yrs

1 Mton detector x 10 yrs

16O 15N* + νννν + K+

γγγγ(6MeV, prompt) νννν + µµµµ+ (12ns delay)



Road Map
K2K JHF ν Hyper-K

2001 Geo. survey,                       
R/D

2002                              Budget request
2003 Decay vol. install
2004
2005

Oscil. pattern
2006
2007 Start of phase-1 

201x θ13, ∆θ13, ∆θ13, ∆θ13, ∆m2, (CPV) phase-2
CPV, Proton Decay
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