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Reactor neutrino observation

1956
Reines and Cowan
700 MW
200 liters water
1400 liters LS
55 PMTs
12m
11m

The first neutrino 
observation

By many important improvements
on knowledge of reactor neutrino 
and detection technique

At present

2001
KamLAND
70 GW (effective)
1000 ton LS 
1000 ton LS
1879 PMTs
1000m
~180km

Reactor power
Proton target
Signal detection

Depth
Baseline
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Past experiments
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Status before KamLAND

We need 

more than 100km baseline
powerful reactor
big detector
deep underground site

to explore the LMA solution
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Reactors in the world
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KamLAND Collaboration
•Tohoku University: K.Eguch, S.Enomoto, K.Furuno, J.Goldman, H.Hanada, H.Ikeda, K.Ikeda, K.Inoue, K.Ishihara, W.Itoh,  T.Iwamoto, 

T.Kawaguchi, T.Kawashima, H.Kinoshita, Y.Kishimoto, M.Koga, Y.Koseki, T.Maeda, T.Mitsui, M.Motoki, K.Nakajima, M.Nakajima, T.Nakajima,
H.Ogawa, T.Sakabe, I.Shimizu, J.Shirai, F.Suekane, A.Suzuki, K.Tada, O.Tajima,  T.Takayama, K.Tamae,H.Watanabe

•University of Alabama: J.Busenitz, Z.Djurcic, K.McKinny, D-M.Mei, A.Piepke, E.Yakushev
•LBNL Berkeley: B.E.Berger, Y.D.Chan, M.P.Decowski, D.A.Dwyer, S.J.Freedman, Y.Fu, B.Fujikawa, K.M.Heeger, K.T.Lesko, K-B.Luk, H.Murayama,

D.R.Nygren, C.E.Okada, A.W.Poon, H.M.Steiner, L.A.Winslow
•California Institute of Technology: G.A.Horton-Smith, R.D.McKeown, J.Ritter, B.Tipton, P.Vogel
•Drexel University: C.E.Lane, T.Miletic
•University of Hawai Manoa: P.W.Gorham, G.Guilian, J.G.Leanned, J.Maricic, S.Matsuno, S.Pakvasa
•Louisiana State University: S.Dazeley, S.Hatakeyama, M.Murakami, R.C.Svoboda
•University of New Mexico: B.D.Dieterle, M.DiMauro
•Stanford University: J.Detwieler, G.Gratta, K.Ishii, N.Tolich, Y.Uchida
•University of Tennessee: M.Batygov, W.Bugg, H.Cohn, Y.Efremenko, Y.Kamyshkov, A.Kozlov, Y.Nakamura
•TUNL/ NCSU: L.De Braeckeleer, C.R.Gould, H.J.Karwowski, D.M.Markoff, J.A.Messimore, K.Nakamura, R.M.Rohm, W.Tornow, A.R.Young
•IHEP Beijing: Y-F.Wang
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Vertex Distribution
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Analysis Data set

4 Mar. ~ 6 Oct. 2002
145.1 live days

162 ton-year exposure

KamLAND collaboration
Phys.Rev.Lett.90(2003)021802
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Rate Analysis Result
Analysis threshold                   2.6MeV                     0.9MeV
Expected signal                      86.8±5.6                                     124.8±7.5
BG                                                 1±1                                            2.9±1.1 

(+9 geo neutrino)
Observed                                        54              86

neutrino disappearance 99.95C.L.
R=0.611±0.085(stat)±0.041(syst)
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LMA is only candidate!
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Recent SNO result
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Recent SNO result
Charged Current (CC):Charged Current (CC):

νe+d⇒p+p+e-

Electron neutrinos only`

Elastic Scattering (ES):Elastic Scattering (ES):
νx+ e- ⇒ νx +e-

Direction strongly correlated 
to neutrino direction
0.154σ(νe)=σ(νµ)=σ(ντ)

Neutral Current (NC):Neutral Current (NC):
ννxx+d+d⇒⇒p+n+p+n+ννxx

Same for all neutrino flavors
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K.T.Lesco@LBNL



8 Oct. 2003 M.Koga ICFP2003 29

Oscillation Parameters - SNO Only
Pure D2O Salt Phase

SNO collaboration nucl-ex 0309004

Two flavor neutrino mixing
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Solar Only Solar+KL rate Solar+KL spect.
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de Holanda & Smirnov, hep-ph/0205241, hep-ph/0212270

Pre-Salt Results
Global Oscillation Parameters after Salt

All Solar All Solar + KamLAND

LMA1

LMA2
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SNO salt phase 1st result summary

• Neutrinos change flavor
– CC/NC= 0.306±0.026 ±0.024, >7σ from 1

• NC Flux results are in agreement with SSM predictions (but 
experimental error bars are now smaller than model 
uncertainties)

• Neutrino Oscillation Parameters:
– No LMA2 (KamLAND should see shape distortion in LMA1)
– Excludes maximal mixing at 5.4 σ

• MSW matter effects are now required, >5 σ
– Fogli et al., hep_ph/0309100
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KamLAND future plan

•Analysis data update:  maybe soon

•4πCalibration system operation (~2004)

•Shika2 reactor will work at 88km ~2006

•7Be solar neutrino observation
phase ~2007 
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Shika2 will start n 2006 at 88km distance
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toward 7Be solar neutrino detection

We need  the purification 
again!
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We are developing new purification and gas protection technique now!



8 Oct. 2003 M.Koga ICFP2003 36



8 Oct. 2003 M.Koga ICFP2003 37

Summary
KamLAND has observed an evidence for reactor neutrino disappearance 
at ~180km distance with 99.95% C.L.

Assuming CPT invariance, only the LMA solution is compatible with the 
deficit.

R =  0.611 ± 0.085 ± 0.041

KamLAND is running on stable condition. KamLAND will give high 
sensitivity data to survey the LMA region.

We started R&D for detection of 7Be solar neutrinos on KamLAND
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