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KamLAND Experiment
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3000 m3 Stainless-Steel Vessel
Sept.  1999~Finished in March, 2000



PMTs Installation, May, 2000 ~



Full Size Balloon Construction
Oct. 2000 ~



March 2001



Liquid Scintillator Mixing & 
Installation  May 2001  ~ 

Oil Filling finished in Sept. 2001



Data-Taking Electronics : Ready
 ~ Dec. 2001





Reactor Neutrino Oscillation Studies



Event Rate from Power Plant Reactors

~80GW

 ~ 180



Investigate Solar Neutrino Anomaly
Under Laboratory Conditions

KamLAND :

Thermal power ~ 80GW

<E> ~ 3 MeV

<base line> ~ 180 km

Dm2 ~ 10-5 eV2 
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ne Production : Fission Rate



Example of Thermal Power Data
& Fission Rate Calculation

One of Japanese Reactors



Reactor ne Energy Spectrum



Reactor ne Detection 
in Liquid Scintillator

~210 ms



KamLAND e+ Prompt Energy Spectrum

Eprompt(MeV)

LS



Geoneutrinos



Raghavan, Schoenert, Enomoto, Suekane, Shirai, A. S,
PRL 80 (1998)

Geoneutrino Energy Spectra

E > 2.6 MeV





Position Reconstruction Uncertainty

68Ge   : 1.012 MeV (g + g)         65Zn     : 1.116 MeV (g)
60Co   : 2.506 MeV (g + g)   AmBe : 2.20 , 4.40, 7.6 MeV (g)

-5m 5m



Energy Determination & Resolution

DE/E ~ 7.5% /√E ,  Light Yield ~ 300p.e./MeV

DEsyst = 1.91% at 2.6 MeV ‡ 2.13 % for ne



m- Induced
Neutrons & Spallation-12B/12N

12B12N

DL < 3m



R3 Vertex Distributions of
Neutrons & 12B/12N

DV/V = 4.06 % 

DVfid/Vfid = 4.6 %

Neutron

R=5m

R=5m



Radioactivity inside 
Liquid Scintillator



prompt

delayed

b+g

a

DT = |tprompt – t delayed|

t = 

t (214Po:a)
    = 237 ms

238U = (3.5±0.5)x10-18 g/g 

214Bi – 214Po – 210Pb Signal



212Bi – 212Po Sequential Decay

232Th : ( 5.2 ± 0.8) x 10-17 g/g



°ø

°ø
°ø

Requirements for reactor ne
detection

 238U  232Th ~ 10-14 g/g
40K ~ 10-15 g/g



Trigger Efficiency

KamLAND Trigger Scheme

  prompt trigger:
    200 PMT hits (0.7 MeV)

 delayed trigger:
    120 hits for 1 msec. after
                         primary trigger

0.9 MeV

0.5 MeV



 %
Total LS mass 2.13
Fiducial mass ratio 4.06
Energy threshold 2.13
Tagging efficiency 2.06
Live time 0.07
Reactor power 2.05
Fuel composition 1.00
Time lag 0.28
ne spectra 2.48
Cross section 0.2

Total error 6.42 %

Estimated Systematic Uncertainties

4. 60

 E > 2.6 MeV





 ne Event Selection
Data Sample   

Mar. 4 – Oct. 6, 2002      162 ton•yr (145.1 days) 

Eprompt > 2.6 MeV

X2 + y2 (m2)

Z

ÿ  Inverse b - decay selection
       Eprompt > 2.6 MeV
       no OD signals
       0.5 <DT<660 m sec 
        DR<1.6m, 1.8<Edelay<2.6 MeV
        tagging efficiency 78.3%
                             (AmBe, LED)
ÿ  Spallation event cut
　　　DTm < 2sec , DEm >3 GeV 
                           or  DRm<3m
ÿ  Fiducial selection
      R<5m : 408 ton, 
                   3.46x1031 free protons 



Scatter Plot of Prompt
and Delayed Energies

g  from n12C



Time Variations of
Reactor Power and Signals

2002



Observed Event Rates

Final sample 　　 
     162 ton•yr,     Eprompt > 2.6　MeV 
                             54 ev 

　　
Expected 86.8 ± 5.6 ev

Background 0.95 ± 0.99 ev
 
    accidental 0.0086 ± 0.0005
   9Li/8He (b, n) 0.94 ± 0.85

     fast neutron < 0.5 
     



Nobs – NBG
Nexpected

= 0.611 ± 0.085 (stat)
             ± 0.041 (syst)

Evidence for 
Reactor ne Disappearance

99.95 % C.L.



 Ratio of Measured and Expected ne
Flux from Reactor Neutrino Experiments

LMA: 
 Dm2 = 5.5x10-5 eV2

 sin2 2Q = 0.833

G.Fogli et al., PR
 D66, 010001-406,
(2002)



 Energy Spectrum (Eprompt > 2.6 MeV)



Best fit :
 Dm2 = 6.9 x 10-5 eV2

  sin2 2 q = 1.0

 Neutrino Oscillation Study
for Eprompt > 2.6 MeV

95 % C.L.ne ‡ nx



 Further Analysis

ÿ check : stability of results (E>2.6 MeV)
    
ÿ study : sensitivity of geoneutrinos

Analysis of Events with E>0.9 MeV

total background events = 2.91 ± 1.12
systematic error = 6.0 %



Z(m)

E > 0.9 MeV

X2 +Y2 (m2)



 Energy Spectrum ( Eprompt > 0.9 MeV )



 Neutrino Oscillation Study
for Eprompt > 0.9 MeV

• event rate

• spectrum deformation

• free parameters of geoneutrino fluxes



 Neutrino Oscillation Study
for Eprompt > 0.9 MeV

Best fit :
Dm2 = 6.9 x 10-5eV2

sin2 2 q = 0.91

Fitted : ngeo events
4 for 238U 
5 for 232Th
0 ~ 110 TW at 95 % C.L.

95 % C.L.ne ‡ nx



ÿ strong evidence for reactor ne disappearance
     over 100 km scale

ÿ completes a nearly 50 yr quest for this type
     of measurements

ÿ solar neutrino oscillations with LMA completely
     consistent with the present results


