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An excuse
Program from NuFact06 

3h20m

It took 200min. for those prominent physicists to describe neutrino physics (mostly oscillation). 

So please forgive me for skipping many subjects in this 25min. talk.
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A Quick Review of ν Oscillation

2 flavor mixing case

 νe state at t=0,

The transition probability at rest is,

after t at rest

Since E>>m, 
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3 flavor case
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6  parameters can be accessible from neutrino oscillation. 

Mixings

Oscillations
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 Positive results
Murayama

Atmospheric
Accelerator

Solar
Reactor

Accelerator
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 SK atmospheric (νµ --> νµ )
                            (νµ -/-> νe) 

Cosmic ray

 Δm
2 ~2.5x10-

3 eV
2 , sin

2 2θ~
1 

(The first firm evidence of ν oscillation)
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K2K νµ --> νµ 
E~1GeV, L=250km

 Δm
2 ~2.8x10-

3 eV
2 , sin

2 2θ~
1.0 
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MINOS (νµ --> νµ) 

Nelson Nu06

E~4GeV, L=735km

 Δm
2 ~2.7x10-

3 eV
2 , sin

2 2θ~
1.0 
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Deficits on νe --> νe
But no dificit on  νe --> νx

Solar (νe --> νe, νx)

SNO+SK+Cl+Ga

Nucl-ex/0502021(SNO)

 SNO

 Δm
2 ~6.5x10-

5 eV
2 , ta

n2 θ
=0.45 
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 KamLAND
　Reactor (νe --> νe)

E~4MeV, L~180km

 Δm
2 ~7.9x10-

5 eV
2 , ta

n2 θ
=0.46 
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Combined
Solar+KL

Nucl-ex/0502021(SNO)SK(Atmos)+K2K+MINOS

Nelson Nu06

 Δm2 ~2.6x10-
3 eV

2 , si
n2 2θ~

1.0 

 Δm2 ~8.0x10-
5 eV

2 , ta
n2 θ

~0.45 
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LSND
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2

3 independent Δm2 parameters --> may be sterile ν ??  
       ==> Wait for MiniBooNE result which is coming soon.
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Upper limit

L=1km

D=300mwesin
2 2θ<

0.15 @
Δm2 =2.5x10-

3 eV
2  

CHOOZ reactor  (νe --> νe) experiment
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What we now know
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Impact on 0νββ & direct mν experiments 
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Oscillation results show clear targets to 
direct mν and 0νββ experiments 
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 Summary of Oscillation  Amplitudes
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 θ13 & δ
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 δ 
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 θ13 
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The measurement is important because
(1) => could be a key information for unified theory. 
(2) => detectability of CP violating parameter δ. 
Expecially, if sin22θ13<0.01,  it will be very difficult to 
measure δ. We need to check it ASAP.



06.09.06 NDM06 20

Δm 23 1st m
ax

KamLAND

Atmospheric

K2K

MINOS

Δm 12 1st m
ax

2nd max
LSND

Solar

E-L Relation of Oscillation Experiments

2nd max

R
ea

ct
or

A
cc

el
er

at
or

Re
ac

to
r θ

13

NOVA

Opera

MiniBooNE

T2K

CH
O

O
Z

Pa
lo

V
er

de

Bugey
Goesgen

Up to now Near Future



06.09.06 NDM06 21

 Near Future Site Map
T2K

MINOSOPERA

DCHOOZ RENODaya Bay

NOVA
MiniBooNE

(KASKA) (Angra)
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 T2K
T2K: Jparc to SK

θ13 by νµ --> νe appearance

2009~

L=295km, E~0.6GeV
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NOνA

2011~

(νµ --> νe) & (νµ --> νe)+(νµ --> νe) 

L=810km, E~2GeV
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Reactor-θ13
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Sensitivity(1st generation): sin22θ13=0.01~0.03

Reactor

<500m

Near Detector Far Detector

~1.5km
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OPERA
Sirignano Nu06

νµ --> ντ appearance by emulsion target
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MiniBooNE
To test the LSND region with different L and E (but same L/E) and systematics.

Coming soon!
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 Time line of major mile stones 
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T2HK
More Future

Tokai to Hyper Kamiokande
100x of  T2K

20??
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Precise measurement of Oscillation Parameters 
by Reactor experiment

L~50km, precise θ12 measurement
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Summary
The nature has been kind enough so that we could measure, 
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Let's pray to nature for keeping her kindess. 

The next important step is to measure 

! 

"
13

And already several experiments are starting to catch it.
If θ13 is reasonably large (sin22θ13>0.01),  detection of 

is straight forward and will be measured by gigantic experiments.
If sin22θ13<0.01, we have to sit and think.   

& There are possibilities to solve other inportant issues,  such as 
determination oif mass hierarchy, θ23 degeneracy, precise 
measurements of oscillation parameters.
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 Quiz
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We now know the neutrino mixing is like,  
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Answer: Quark contents of pseudoscaler particles.
What mixing is it? 

For PS case, the mixing pattern is understood  by universality of strong interaction 
           and difference of quark masses. 

How we can understand the neutrino mixing? 


