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An Update on An Update on 
L ongL ong -- B as el i ne B as el i ne νννννννν

E x per i m ents  E x per i m ents  
( M I N O S  and B ey ond)( M I N O S  and B ey ond)

• A n o t h e r  R e v i e w  o f  N e u t r i n o s
• M I N O S  &  C N G S
• F u t u r e  “ o f f - a x i s ”  ν p r o p o s a l s / i d e a s
• U s i n g  R e a c t o r s  t o  S e a r c h  f o r  θ13

• U n d e r g r o u n d  L a b s  
• U N O
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(Another) ν rev i ew
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MixingMixing

ν e = ν1 c o s θ + ν2 s i n θ ν( t )= e −ιΕ t ν(0)
νµ = −ν1 s i n θ + ν2 c o s θ
P(νe→νµ)  =  < νe(t ) | νµ(0 ) >  =  s i n 2 θc o s 2 θ | e - ι E

2
t - e - ι E

1
t | 2

=  s i n 2 ( 2 θ)  s i n 2 ( 1 . 2 7  ∆ m 2 L / E )

νµ

νe

ν2

ν1 θ

Mass BasisFlavor basis
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MN S  m a t r ixMN S  m a t r ix

=  U
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3 3 ν ν EquationsEquations
• B a s e d  o n  θ12 ,  θ13 ,  θ 2 3

• P ( ν e →νµ) = s i n 2 ( 2  θ13 ) s i n
2 ( θ 2 3 ) s i n

2 ( ∆ m 2 L / 4 E )

• P ( ν e →ντ) = s i n 2 ( 2  θ13 ) c o s 2 ( θ 2 3 ) s i n
2 ( ∆ m 2 L / 4 E )

• P ( νµ→ντ) = s i n 2 ( 2  θ 2 3 ) c o s 4 ( θ13 ) s i n
2 ( ∆ m 2 L / 4 E )

• P ( νµ→ν e ) = s i n 2 ( 2  θ13 ) s i n
2 ( θ 2 3 ) s i n

2 ( ∆ m 2 L / 4 E )

I g n o r i n g  t h e  s m a l l  ∆ m 2 s c a l e  a n d  C P  v i o l a t i o n  
a n d  m a t t e r  e f f e c t s .
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Why we still see 2Why we still see 2nn
analysesanalyses

• F or a tm os p heri c  ν’ s ,  

– w e  c a n  i g n o r e  m 2 c o m p a r e d  t o  m 3 

– c o s 4 θ13 ~  1  

• F or s ol a r ν’ s ,  

– t h e  h i g h  ∆ m 2  t e r m  ( i . e .  ∝m 3
2 )  a r e  

m u l t i p l i e d  b y  s i n 2 θ13 

– F o r  P(νe→νe) , θ2 3  d r o p s  o u t  b e c a u s e
c o s 2 (θ2 3 ) + s i n 2 (θ2 3 ) = 1
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The truth about The truth about νν ’ s’ s

W h a t  w e  k n o w :

� θ2 3 ~ 4 5 o ;  

� ∆m 2
2 3 ~ . 0 0 2 - . 0 0 5  e V 2

� θ1 2  ~ 3 0 o  L M A , 

� ∆m 2
1 2  , ~ 7 × 1 0 - 5  e V 2

� s i n 2 2 θ1 3  <  0 . 0 5

� E v e r y t h i n g  e x c e p t  L S N D  f i t s  3  ν f r a m e w o r k
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W hat w e’ d  l i k e to W hat w e’ d  l i k e to 

k n owk n ow

• S e e  t h e  d i p  i n  a t m o ν L / E  d i s t r i b u t i o n

• M e a s u r e  t h e  w h o l e  s o l a r  ν e n e r g y  
s p e c t r u m .

• D e t e r m i n e  U e3 (θ1 3 )

• A r e  C P v i o l a t i o n  e f f e c t s  L a r g e ?
– I f  s o ,  w h a t  i s  t h e  C P  p h a s e  δ?

• C a n  w e  s e e  τ ’ s i n  νµ→ντ?

• C a n  w e  s e t t l e  t h e  L S N D  q u e s t i o n ?

• M e a s u r e  t h e  a b s o l u t e  ν m a s s e s ?

• I s  t h e  n e u t r i n o  M a j o r a n a o r  D i r a c ?

• I s  t h e  m a s s  h i e r a r c h y  n o r m a l ?

• A s t r o p h y s i c a l  s o u r c e s  o f  > T e V  ν’ s ?

T h e  T h e o r i s t  

by R o d i n
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What new neutrino What new neutrino 
ex p erim ents  wil l  tel l  ex p erim ents  wil l  tel l  

us .us .

� S e e  a t m o s p h e r i c  L / E  d i p .
� M e a s u r e  w h o l e  s o l a r  E ν s p e c t r u m

� D e t e r m i n e  U e3 ( θ 1 3 )
� I s  C P  v i o l a t i o n  l a r g e ?

� I f  s o ,  w h a t  i s  t h e  C P p h a s e  δ?
� S e e  τ’ s i n  νµ→ντ .
� S e t t l e  L S N D .
� M e a s u r e  a b s o l u t e  ν m a s s e s .
� I s  t h e  n e u t r i n o  M a j o r a n a o r  D i r a c ?
� I s  t h e  m a s s  h i e r a r c h y  n o r m a l  o r  i n v e r s e ?
� A s t r o p h y s i c a l  s o u r c e s  o f  > T e V  ν’ s ?

T h e  E x p e r i m e n t a l  T e a m  

by R o d i n
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What we’ll knowWhat we’ll know

� S e e   d i p  i n  a t m o s p h e r i c  ν L / E  d i s t r i b u t i o n
� M e a s u r e  t h e  E n e r g y  S p e c t r u m  o f  S o l a r  ν ’ s .
� D e t e r m i n e  U e3 (θ1 3)
� A r e  C P v i o l a t i o n  e f f e c t s  L a r g e ?

� I f  s o ,  w h a t  i s  t h e  C P p h a s e  δ?
� C a n  w e  s e e  τ ’ s i n  νµ→ντ?
� C a n  w e  s e t t l e  t h e  L S N D  q u e s t i o n ?
� M e a s u r e  t h e  a b s o l u t e  ν m a s s e s ?
� I s  t h e  n e u t r i n o  M a j o r a n a o r  D i r a c ?
� I s  t h e  m a s s  h i e r a r c h y  n o r m a l  o r  i n v e r s e ?
� A r e  t h e r e astrophysical sources of >TeV ν’ s?

MINOS/UNO

Borexino/Lens

JPARC/reactor

Off-axis

OPERA

Mini-BooNE

KATRIN

ββββββββ

νννν-Factory

νννν-Telescopes



March 31, 2003
U n i v e rs i t y  o f  Mi chi g an  S e m i n ar

�� �� � �� � �� � 	�
 � � 
 � 	 	� 11

N eu tr i no Wor ld  N eu tr i no Wor ld  

INO

K G F

The Neutrino 
Oscillation Industry

http://www.neutrinooscillation.org/

J-PARC
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New Accelerator New Accelerator 
E x p eri m en tsE x p eri m en ts

Short- B a s e l i n e

♪ Mini- B o o N E

N on - os c i l l a ti on

♪ N u MI o n/ o f f - a x is

♪ B o o s t e r

P a rti c l e  P rod u c ti on

♪ H A R P

♪ MI P P

N e w  L on g - B a s e l i n e

� F r o m  F N A L / B N L / C E R N

&  K E K / J - P A R C

� C o nv e nt io na l

� S u p e r - b e a m

� N e u t r ino  F a c t o r y

�β - b e a m s
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How Long is Long?How Long is Long?

Definitions of “Long- B a sel ine”
(my use is for accelerator based experiments)

• W ebster - (long - m e a s u r i ng m u c h ,  or  m or e  
t h a n u s u a l,  f r om  e nd - t o- e nd  i n s p a c e  or  t i m e )

• P ractical - O ff site

• U seful (B eam) - T h e distance from th e ν source 
to th e detector is much  g reater th an th e leng th  
of th e decay pipe.

∴∴∴∴beam is a point source

• U seful (P h ysics) - L  > >  E ν / ∆m2

∴∴∴∴neutrinos h av e f ul l y  oscil l ated
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K2KK2K

Indications of Neutrino Oscillation…

hep-ex/0212007
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MINOSMINOS

0

10

20

30

40

50

60

70

80

90

1st Qtr 2nd Qtr 3rd Qtr 4th Qtr

East
West
North

A neutrino beam from
Illinois to Minnesota
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N u M IN u M I B e a m l i n eB e a m l i n e

 

Carrier Tunnel 
(10’ x 10’ ) 

Target Hall 
(25’W x 30-60’H x 175’L) 

Decay Tunnel 
(21’6”D + 4’walkway) Beam Absorber 

Muon  Detectors 

MINOS 
Service  Bldg . 

MINOS Hall 
(35’W x 32’H x 150’L) 

MINOS Near Detector 

MINOS Hall Tunnel 

Target Shaft Area MINOS Shaft Area 
600ft 225ft 2,200ft 1,100ft 

Extraction Hall 

Target Service 

EAV-2& 3 EAV-1 
EAV-4 

Target Service MINOS Service  Bldg . 

Beam Absorber Access Tunnel 
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M I N O S  f a r  M I N O S  f a r  

d e t e c t o rd e t e c t o r

νµ cc

νe cc

νµ nc
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Nu MINu MI St a t u s  St a t u s  
( W i t h e r e l l @ P 5 )( W i t h e r e l l @ P 5 )
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Super-K, Neutrino 2002
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C N G SC N G S

CERN SPS to the Italian 
Gran Sasso Laboratory

732 km
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O P E R AO P E R A
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20 m

4  m

View of the inner detector

Readout electronics

17
6 

cm

434 cm
265 cm

142 cm

Shower

Hadronic interaction

ICARUS
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3 kiloton ICARUS

≈ 70 Metres

First Unit  T600 + 
Auxiliary  

Equipment

T1200 Unit
(two T600 

superimposed)

T1200 Unit
(two T600 

superimposed)

T600: installed in LNGS  in 2003

T3000: operational by summer 2006

Future extension
to additional modules

1. Solar neutrinos
2. Atmospheric neutrinos
3. Supernova neutrinos
4. CERN-NGS neutrinos
5. Proton decay

Improved statistics for:
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Measuring Measuring θθ13 13 ( 1 )( 1 )

╡ P(νµ→ντ) = s i n 2(2  θ23 ) c o s 4 (θ 1 3 ) s i n
2(∆ m 2 L / 4 E )

~1.0

╡ P(νµ→ν e ) = s i n 2(2  θ 1 3 ) s i n
2(θ23 ) s i n

2(∆ m 2 L / 4 E )

< 0.05
Ignoring matter effects, the small ∆m2 scale and  C P  

v iolation
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Measuring Measuring θθ13 13 ( 2 )( 2 )

�M e a s u r e  νµ� ν
e
a t  t h e  “ a t m o s p h e r i c ”

L / E

�S i g n a t u r e ,  e l e c t r o n  a p p e a r a n c e

�B a c k g r o u n d s

O νe in the beam, (~1%, from µ, K ±
e3 , 

K 0
e3 )

O e from ντ, τ→e, (at hig h energ y )

O s how ers  w hic h l ook  l ik e e’ s , p artic u l arl y  
νΝ→νΝπ0, π0→γγ
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Measuring Measuring θθ13 13 ( 3 )( 3 )

� I t  w o u l d  b e  n i c e  t o  h a v e  a  h i g h  
e n e r g y  ν

e
b e a m . 

� ν
e
→νµ w o u l d  b e  a  f a i r l y  b a c k g r o u n d  

f r e e  s i g n a t u r e  f o r  θ
1 3

.

� A  N e u t r i n o  F a c t o r y  o r  a  B e t a  B e a m  
w o u l d  b e  a  w a y  t o  d o  t h i s ,  b u t  t h e y  
a r e  “ f u t u r i s t i c ”.
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D egenerac iesD egenerac ies

‡ Experiment measures oscillation probability. It  is not 

unambig uously related  to f und amental parameters,  

θ13 or δ.
‡ T h ere are d eg eneracies w ith  respect to matter 

ef f ects ( sig n of  ∆m12
2 ) ,  δ, and  uncertainties in ∆m12

2 ,  

θ23 and  θ12

‡ A t low  v alues of  sin 2 2 θ13 ( ~ 0 .0 1 ) ,  th e uncertainty 

could  be as much  as a f actor of  4 .

‡ O ptimiz e  by a j ud icious ch oice of  running  time 

betw een ν and  ν, and  ch oice of  L  and  Eν.
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BiBi-- p r o b a b il it y  p r o b a b il it y  
e l l ip s e se l l ip s e s

sin22 θθθθ13

δ

~s i n δ

~c o s δ

�����������	���
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M i n a k a t a a n d  N u n o k a w a ,  
h e p - p h / 0 1 0 8 0 8 5
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Consequence of Consequence of 
d eg ener a ci esd eg ener a ci es

One set of measurements at some L,E

→ ei g h t v al ues of θ13
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SolutionsSolutions

�J- P A R C  �S u p e r - K a m i o k a n d e ,  H y p e r -
K a m i o k a n d e

� B N L  ( B r o o k h a v e n )  � S O U D A N / N U S E L / W I P P

� F e r m i l a b ( N u M I )  O f f - a x i s
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N uM IN uM I O f fO f f -- a x is a x is 
P h y sic sP h y sic s

• O f f  a x i s  i s  l o w e r  f l u x ,  
r e d u c e d  e v e n t  r a t e

• N a r r o w ( e r )  b a n d  
b e a m ,  s o  l o w e r  n c
b a c k g r o u n d  f r o m  
“ h i g h  e n e r g y  t a i l ”

• L o w e r  i n t r i n i s i c ν
e
’ s a t  

t h e  i n t e r e s t i n g  e n e r g y

• G o o d  s i t e s  n e a r  
S o u d a n  a r e  a v a i l a b l e

• L e t t e r - o f - i n t e n t  
s u b m i t t e d  t o  F N A L
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Off-axis

Εν

Επ



March 31, 2003
U n i v e rs i t y  o f  Mi chi g an  S e m i n ar

�� �� � �� � �� � 	�
 � � 
 � 	 	� 33

OffOff-- A x i s  A x i s  νν
leads to a narrow band leads to a narrow band 

beambeam
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--/ +  o f f  a x i s/ +  o f f  a x i s

- Rates way down (already an obvious 

sig nif ic ant issue in long - baseline ν)

+ B ac k g rounds reduc ed

O ν
e
in th e beam m ostly at h ig h er energ y

O e f rom  ντ,  Νο ντ interac tions below 4  G eV

O N C  bac k g round not elim inated,  but 
sinc e th ere is no h ig h  energ y tail,  it is 
reduc ed.
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N u M IN u M I O f fO f f --a x i s  a x i s  
S i t e sS i t e s

LTV mine

Minn.

10km off

Sites in Canada 
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JJ --P A R C ( n u ) 2 KP A R C ( n u ) 2 K
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θθ13 13 i n  Ji n  J --P A R CP A R C νν

�Also called JHF2K, JHFν

�Start in 2008?

�Can push θ13 reach by 10

�Can expand its reach 
when/if Super-K�Hyper-K
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B r o o k h a v e nB r o o k h a v e n
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C PC P --2 5 4 0  k m2 5 4 0  k m
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Is the surface ok Is the surface ok 

for offfor off-- ax i s?ax i s?

� C onsider N uM I of f - ax is (1 0 0 x 2 0 x 2 0 m 3 )
D uring  th e 1 . 2  µs beam  sp ill th ere are

� 1 . 1  1 0 8 µ/ year
� 3 . 6  1 0 6 n/ year
� 2 - 2 0  2  G eV e sig nal events p er year

Reduc e bac k g round with
�Fiducial cut s
� P at t e r n  r e co g n it io n
� O v e r b ur de n
� A ct iv e  V e t o
� B e t t e r  T im in g  D ur in g  S p ill ( b un ch  t im in g )
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D e t e c t o r  c h o i c e sD e t e c t o r  c h o i c e s

� D etec tor 
p ossibilities

◊ W at e r  C e r e n k o v

◊ S t e e l/ S cin t illat o r

◊ L iq uid A r g o n

◊ P las t ic/ R P C

n . b .  2 0  k ilo t o n s  o f  
an y t h in g  is  lik e ly  t o  
b e  e x p e n s iv e .
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P o s s i b l e  D e t e c t o rP o s s i b l e  D e t e c t o r

2 0  k iloton 

c ontaineriz ed detec tor

RP C ’ s &  
steel/ p lastic / H 2 O

$ 3 0 M - $ 2 5 0 M
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νν f a c t o r yf a c t o r y
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θθ1313 a t  a  a t  a  νν f a c t o r yf a c t o r y

• E asier sig nature 
(wrong  sig n 
m uon)

• C an run with  µ+

or µ–

• P ush  sin 2 θ13 to 10−4
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B e t a  B e a m sB e t a  B e a m s

� A c c elerate H eavy 
ions wh ic h  β dec ay

� 6 H e f or ν,  1 8 N e f or ν
� M ig h t use C E RN -

I S O L D E  h eavy ion 
ac c elerator,  P S ,  S P S ,  
+ storag e ring

νe

νµ

MeV
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β β 
AccelerationAcceleration

ISOL
target

ECR
source

Linac
20 MeV/u

Accumulator
>~300 MeV/u

PS SPS
450 GeV/p

2500  m

R=300 m

Physics reference numbers: 

65%Transmittance into the decay ring
Γ=150 for 6He
Acceleration cycle into the storage ring: 8s

Decay ring and
bunch rotation*

* CRUCIAL aspect for atmospheric background rejection.

r=300m

2.4km
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Using Reactors for 
θ1 3
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Reactor Reactor νν
�Reactors provide a 

f airl y  steady  f l u x  of  
1 - 1 0  M eV ν’ s

� S ig n al  �� � � �

� � � � � 	 
 � � 
 � � � � � � � � � �

� � � � � � 
 � � 
 � � 


� � � � � 
 � � � 
 � � � � � � � � �

� 
 � � 
 	 
 � � 
 �
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Reactor s earch  Reactor s earch  

f or f or θθ1313????

KamLAND sees a 40% deficit/shape at 200km

related to ∆m2
12

Search for a 1-5% deficit/shape at ~1 km

related to ∆m2
23

�Previous experiments limited by 
3% uncertainty in reactor power.

�All measure the same energy 
spectrum.

�Further detectors need more 
overburden to reduce 
backgrounds

�Need 10-100 tons (not kilotons)

�Use 2 or 3 similar detectors

�Need careful control of 
systematics!!!
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ΘΘ1313 from reactors?from reactors?

P(ν
e
→ν

e
)  =  1  

– c o s 4 θ
1 3

s i n 2 2 θ
1 2

s i n 2 (∆m 2
1 2

L / 4 E )  

- s i n 2 2 θ
1 3

s i n 2  (∆m 2
a t m

L / 4 E )

(Ignores CP)

(Ignores m a t t er)

P

L/E ( k m /M e V )

�

�
�

�
�

�
� � �
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Detector LocationDetector Location

• Com p a re S h a p e t est  v s l oc a t i on;  ∆ m 2
a t m o
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LL11 , L, L22 op tim iz ationop tim iz ation

Statistics only

L
1

L
2
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P os s ib l e S ites ?P os s ib l e S ites ?

D e t e ct o r MO v e rb u rd e nP o w e rD e t e ct o r LL o cat i o nR e act o r

15 7 0 MW E1. 2 G W10 k mU S ( O hi o )I MB / P e rry

4 . 1 G W ( N P 4 )( ~ 2 k m ? )T ai w anT e x o n o

20 t o n24 . 3 G W1. 7  k mJ ap anK as hi w as ak i

4 8 0 MW E6 . 4  G W19 . 5  k mG e rm an yH e i l b ro n n

28 6 0 MW E3. 1 G W25  k mU KB o u l b y

3. 2 G W( ~ 1 k m ? )U S  ( K S )W o l f  C re e k

6 00 MW E6 . 1( ~ 1 k m ? )U S  ( C al )D i ab l o  C an o n

? / 300 MW E8 . 5  G W4 5 0/ 1100 mF ran ceC ho o z - 2

4 6 t6 00 MW E~ 1 G W115 / 1000 mR u s s i aK ras n o y ars k

1000 t o n27 00 MW E200 G W ( 26 )18 0 k mJ ap anK am L A N D

11. 3 t o n32 MW E11. 6  G w8 9 0 mU SP al o  V e rd e

1/ 0. 5  t o n16  MW E5 . 6  G w4 0/ 9 5  mF ran ceB u g e y

5  t o n300 MW E8 . 5  G w1100 mF ran ceC ho o z

P r e v iou s R e actor  E x p e r im e nts and  ne w  site s u nd e r  consid e r ation
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K r2 DE TK r2 DE T

¤ T w o  4 6  t o n  d e t e c t o r s  a t  1 1 5 m ,  
1 0 0 0 m  n e a r  K r a s n o y a r s k

¤ 9 0 0  8 ”  p m t s  f o r  2 0 %  c o v e r a g e

¤ 4 2 0 0  e v e n t s / d a y  (n e a r ) ;  5 5 / d a y  
(f a r )

¤ M u c h  o f  t h e  c i t y  i s  a t  d e p t h  6 0 0  M W E  
� l o w  b a c k g r o u n d s

¤ R e a c t o r  f u e l  c y c l e  w e l l  u n d e r s t o o d
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K R 2 DE T  ( 2 )K R 2 DE T  ( 2 )
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T ex onoT ex ono s itess ites

• S m a l l  ex p eri m ent  
f or ν m a gnet i c  
m om ent  a t  N PS - 2

• I ( 1 . 7 8  G w ) ;  I I ( 2 . 9 0 G w ) ;  
I V ( 4 . 1 G w )  n o w  2 0 0 6

• R oa d  t u nnel s a nd  
m i nes i n a rea
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CostsCosts
( f r om  M .  ( f r om  M .  S h a e v i tzS h a e v i tz ))
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P h y s ics  P h y s ics  v sv s cos tscos ts

• S c a l e c ost  of  Ch ooz
($ 1 0 M ) v s d et ec t or 
si z e

• 1 0 k m ,  1 . 0 k m ,  0 . 7 k m

• S t a t s onl y

• Com p a ra b l e t o [ 1 - 6 ]  
S h a ev i t z est i m a t es

• L ook s p rom i si ng

1 0 k m

1 . 0 k m

0 . 7 k m
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Labs for 
U n d e rg rou n d  

N e u t ri n o R e se arc h
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G ranG ran S as s oS as s o

�B orex i no

�G N O

� H e i d e l b e r g - M o s c o w

�L V D

�O PE R A

�ICA R U S

�M A CR O

solar

solar

supernova

long-basel
ine

atm
ospheric

long-basel
ine

0ν−ββ
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K am iok aK am iok a LabLab

S u p e r - K a m i o k a n d e / K 2 K

K a m l a n d
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B a k sa nB a k sa n

•Located in CaucaususMountains

•Home to SAGE (Solar) and BUST (Atmospheric) experiments
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S u d b u ryS u d b u ry

� Sudbury Ontario Canada

� SN O w il l  m e as ure  N C ag ain

� N e w  I nte rnational  F ac il ity 
f or U nde rg round Sc ie nc e

SNO ν event
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S ou d a n  U n d e r g r ou n d  S ou d a n  U n d e r g r ou n d  
P h y si c s L a b or a tor yP h y si c s L a b or a tor y

MINOS Cavern

Soudan 2 Cavern

Workstat
ions

Superm
odules

Shaft

ν beam

Soudan 2 detector

ν beam

CDMS
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F rej u sF rej u s

◊ S i t e  o f  p r e v i o u s  l a r g e  
p - d e c a y  d e t e c t o r

◊ N e w  t u n n e l  m o t i v a t e d  
b y  M t .  B l a n c  a c c i d e n t

◊ P o s s i b l e  s i t e  f o r  ν
s u p e r b e a m f r o m  
C E R N  S P L  o r  β - b e a m  
f r o m  I S O L D E / S P L
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W I P PW I P P
Waste Isolation Pilot PlantWaste Isolation Pilot Plant

₪ C a r l s b a d  N e w  
M e x i c o

₪ P o s s i b l e  s i t e  f o r

�OMNIS

�E X O

�Ma j o r a n a

�U NO
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NUSEL NUSEL 
National UndergroundNational Underground

S c ienc e and E ngineering L abS c ienc e and E ngineering L ab

A  NU SE L  c o l l a b o r a t i o n  
h a s  s u b m i t t e d  a  
p r o p o s a l  t o  NSF
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NUSELNUSEL

� H o m e s t a k e So u t h  D a k o t a

� Mi n e  r e c e n t l y  c l o s e d

� P o l i t i c a l  &  s c i e n t i f i c  e n d o r s e m e n t s

� 1 2 / 0 2  NU F A C  r e p o r t  “ t i m e  i s  r i g h t …”
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Sa n  J a c i n t oSa n  J a c i n t o

�Proposal for new laboratory with horizontal access

�N ear Palm  S pring s C alifornia/ C hino C anyon

�S u bm itted  to N S F  &  D O E

�A bou t $ 2 0 0 M  to constru ct
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I nd ian N eu trino I nd ian N eu trino 
O b s erv atory  ( I N O )O b s erv atory  ( I N O )

� ~ 4 0  p h y s i c i s t  f r o m  1 2  
i n s t i t u t i o n s

� 2  s i t e s  b e i n g  c o n s i d e r e d
� PU S H E P ( Pyk ara U ltim ate 

S tag e H yd ro E lectric 
Proj ect)

� R A M M A M  H yd ro E lectric 
Proj ect S ite

� IC A L ;  3 0  k i l o t o n  Ir o n / R P C  
c a l o r i m e t e r

� St a r t  w i t h  a t m o s p h e r i c ,  
t h e n  l o n g - b a s e l i n e  
( w r o n g  s i g n  m u o n s )
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I NO  P USH EPI NO  P USH EP

• Ne a r  Oo t y C o s m i c  R a y  
e x p e r i m e n t s  i n  T a m i l  
Na d u

• P U SH E P  b e t t e r  r o c k

• R A MMA M ( H i m a l a y a s  
n e a r  D a r j e l i n g )  d e e p e r

• P h y s i c s  &  s i t e  p r o p o s a l s  
f o r  b o t h  s i t e s   b e i n g  
d e v e l o p e d  ( 2 0 0 3 )
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A  th ou g h tA  th ou g h t

� T h e  b e s t  w a y  t o  f i n d  o u t  m o r e  a b o u t  
n e u t r i n o s  m a y  b e  t o  c o n t i n u e  t o  p u r s u e  
p r o t o n  d e c a y .

� M a y b e  w e ’ l l  a l s o  f i n d  t h a t  t h e  p r o t o n  
d e c a y s !

UNO
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UNO  C o n c e p t u a l  UNO  C o n c e p t u a l  
D e s i g nD e s i g n
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UNO  p h y s i c s  g o a l sUNO  p h y s i c s  g o a l s
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UNO  pUNO  p -- d e c a y  d e c a y  
s e n s i t i v i t ys e n s i t i v i t y
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A nd rom ed aA nd rom ed a

�S u p e r n o v a  
R e a c h  1  M p c
( l o c a l  g r o u p  o f  
g a l a x i e s )

�R a t e  1 / 1 5  p e r  
y e a r ?
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G a l a c t i c  Su p e r n o v aG a l a c t i c  Su p e r n o v a

�1 4 0 , 0 0 0  e v e n t s  
( U N O )

�m s e c t i m i n g  
s t r u c t u r e  o f  t h e  f l u x  
> > > c o r e  c o l l a p s e  
m e c h a n i s m

�O b s e r v e  b i r t h  o f  
B l a c k  h o l e

B eac om ,  
B oy d &  
M ez z ac ap p a
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pp→→ ee ++ ππ 00 s e a r c h  s e a r c h  
( S u pe r( S u pe r -- K a m i o k a n d e )K a m i o k a n d e )
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U N O  s ens itiv ityU N O  s ens itiv ity

�� �� �� �

�� 	

 �� 
 �

�
	 �� � � � � 
 �
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Oscillations in Oscillations in 
A tm osp h e r ic L / EA tm osp h e r ic L / E

Proposal Status

o 2 0 0 1  W h i te  Pape r

o 2 0 0 3  H E PA P/ O rb ac h
li st ( $ 5 0 0 M -$ 1 B )

7 years of UNO, 
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ConclusionConclusion

⌂ New underground ν
ex p eri m ent s  wi l l  a ns wer 
m ore q ues t i ons

⌂ P urs ui ng θ13 wi l l  b e 

c h a l l engi ng a nd 
rewa rdi ng

⌂ P rot on dec a y  t oo!

⌂ Neut ri no p h y s i c i s t s  a re 
get t i ng m ore p a s s i ona t e 
i n t h ei r p urs ui t s .

“ T h e E x p eri m en t al i st  an d  t h e T h eori st ”
by R o d i n
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A d v e r tise m e nt( sA d v e r tise m e nt( s))
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