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 Contents of this talk

• Quick Review of ν Oscillation
• Scope of Reactor ν experiments
•  θ12, Δm212: KamLAND
•  θ13: DoubleChooz, Dayabay, RENO
• Future prospects;
      Precise θ12, Very Precise θ13, Δm213
• Summary 



A Quick review of ν Oscillation

ν equation of motion:
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Flavor Transition Amplitudes
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Definition of mass eigenstate:
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Then ν Oscillation takes place:

Charged lepton=mass eigenstate
Simplified view.
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What We Measure by ν Oscillation
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Direct mass measurement

⇒Measurment of mixing angle is as importnat as measurement of mass. 
Both Mass and Mixing are a combination of flavor transition amplitude.
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Purpose of ν Oscillation Measurements  

What makes the transition amplitudes?

H0

Higgs
Dirac? Majorana?

Sub Structure??

να

Or something else??
ANP ?

⇒ Physics of ν oscillation is to measure the flavor transition 
  amplitudes and think of its origin. 

Now we know                       exists. νβ
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Similar to 
MNS matrix!

For Example,



ν Oscillations: 3 flavor case
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  from neutrino oscillation. 

Oscillations

Mixings MNS Matrix
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Two oscillations measured

Murayama

Atmospheric
Accelerator

Solar
Reactor

 Δm2 ~2.4x10-
3 eV

2 , si
n2 2θ~

1.0 

 Δm2 ~7.6x10-
5 eV

2 , si
n2 2θ~

0.87 
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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

T.Schwetz



Our Current Knowledge
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If m3>m2>>m1~0, Flavor Transition Amplitudes become,
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Reactor Neutrinos
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 Accessible Oscillations by Reactor ν 
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sin22θ13=0.1 assumed

      Normal Hierarchy

　　 Inverted Hierarchy

Very precise θ13

Very precise θ12Δm2
13

KamLAND



 Δm2
12, θ12; KamLAND

2002/12: Evidence of νe Deficit
               (PRL 90:021802, 2003)
2004/06: Evidence of spectrum distortion
               (PRL 94,081801,2005)
2008/01: Precise measurement of Δm2

12&sin22θ12
               (arXiv:0801.4589, submitted to PRL)

68GWth

L=180  35km+−
080520 14F.Suekane@PMN08
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KamLAND keeps taking reactor data while purification.
However, KL has already run 5 years and significant improvement 
of the accuracy from here will be difficult. 

 δtan2θ12∼20%

 δΔm2

∼2.7%

On the other hand, precise θ12 is needed to understand the sun.
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 Precise tan2θ12 measurement can be performed
@ 1st oscillation maximum (L=50km)

50km

±12% KL+Solar

±3.6% Reactor 
L=50km from KK

with KL size Detector
(Minakata, et.al.)
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θ13

Remaining Issue How to measure

θ13

δ

θ23 degeneracy

Mass hierarchy

Precise θ12
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   => Determination of θ13 is urgent 
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 How to Measure θ13 
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Yasuda

L=300km

Accelerator
Measurement
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uncertainty

Complementarity of Reactor-accelerator
θ13 measurement
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 How to improve the Chooz limit
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Systematic Error:

Chooz case:

Cancel

Statistic error:
Chooz ran only a few months 
 => Longer run, Larger Detector & Higner Reactor Power



Reactor-θ13 Site Historical Map

Double Chooz(F)
RENO(K)

Daya Bay(C)

Krasnoyarsk(R)

DiabloCanyon(U)

KASKA(J) Braidwood(U)

Angra(B)

Now DoubleChooz, DayaBay, RENO are under construction
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 Reactors and Detectors 
Double Chooz Daya Bay RENO

M=8ton,N=2 M=20ton, N=8 M=15ton, N=2

P=8.7GWth
L=1.05km

P=17.3GWth
L ~1.7km

P=17.3GWth
L ~1.4km



 Sensitivity & Start years 

DCHOOZ: 
2009 Starts with Far Detector
2010 run with Far+Near Detector

080520 23F.Suekane@PMN08

DayaBay: 
2010 Starts with P=11.6GW
2011 P=> 17.4GW

RENO: 
2010 Starts

We will know the results within a few years!
Sensitivities=0.01~0.03



 Status of the experiments 
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DoubleChooz
RENO

Please hear 
the T. Lachenmaier & S.-B. Kim's talks 
this afternoon

DayaBay K.B.-Luk kindly provided me the following sliedes



Dayabay from K.B.-Luk



Dayabay from K.B.-Luk



Very Precise θ13

δsin22q13<0.01 will be possible by large statisitics & shape analyisis.

27

The current Reactor θ13 experiments will be in stable condition 
within a few years
=> It is time to think of the next generation experiments seriously

DC DBRENO

KamLAND-Size Detector
@Kashiwazaki-Kariwa NPS

Lindner et al.



δCP detection in future

δCP=0

δCP=-π/2

δCP=π/2

δsin22θ13=0.005

If δsin22θ13<0.01 is achieved, there is chance to detect finite δCP 
combined with Accelerator data. 



Reactor-Accelerator cooperation 

http://j-parc.jp/NP08/

Future reactor and accelerator programs should be interweaved 
from the first, in order to make efficient storategy to attack δCP.

J-Parc group has already started to discuss about post T2K CP experiments.
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 Δm213 & Mass Hierarchy

Several Oscillations take place in the 
Energy Spectrum
⇒Precice Δm212 measurement will be possible
  @L~10km

Large phase shift
due to mass hierarchy.
Can't this be used to 
solve it??
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Summary
•Typical energy of reactor ν is ~4MeV. 
    Both Δm212 & Δm213  oscillations are accessible.

•tan2θ12, Δm2
12 are being measured by KamLAND with L~180km.

•For precise tan2θ12 measuremnt, L=50km with KamLAND size detector=> 3.6% 

•1st phase sin22θ13 experiments (DoublcChooz, Dayabay, RENO) will start
  within 1~2 years. Their targetting sinsitivities are δsin22θ13=0.01~0.03

• 2nd phase sin22θ13 experiment (δsin22θ13<0.01) should be useful to detect δCP 
  together with accelerator measuremernt of precise P(νµ->νe).

•There is a possiblity to measure Δm2
13 @L~10km.

•Reactor ν experiments /have had/are going to have/will have/ rich programs 
 to do. 


