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●Reactor Type
●Initial Fuel Composition
●Thermal Power
Uncertainty: ~ 1–2%

●Direct Measurement of  Spectrum
●Hypothetical  Decay Branches
Uncertainty: ~ 2%

Uncertainty: ~ 2.5%
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EepeRecoilRadiativeCorrections

Ee=E−Mn−MpO E

Mn≈E−1.29  MeV

npe-eepne+ is inverse of 

Inverse Beta Decay

n=885.7±0.8sec. (neutron mean life)

Uncertainty: 0.2%
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Gösgen (1986)
Agreement: ~ 2%

Chooz (1998)
Agreement: ~ 3%

Bugey (1995)
Agreement: ~ 1%



Brian Kurt Fujikawa Physics in Collisions June 26, 20035

Pex=1−sin22sin21.27m2 L
E
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http://www.sns.ias.edu/~jnb/
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http://www.sns.ias.edu/~jnb/
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http://hitoshi.berkeley.edu/neutrino/
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Frontend Berkeley Electronics (FBE)

12 channel KamLAND FBE Board

blue: raw data
red: pedestal
green: pedestal subtracted

Samples (~1.5 ns/channel)
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Gamma Ray Sources
● 68Ge (2×0.511 MeV �)
● 65Zn (1.116 MeV �)
● 60Co (1.173 MeV � + 1.332 MeV �)
● AmBe (7.654 MeV �)
● AmBe (4.439 MeV �)
● AmBe (neutron)

Cosmic Ray Muon Spallation
● n+1H (2.225 MeV �)
● n+12C (4.946 MeV �)
● 12B (13.373 MeV �-)
● 12N (16.384 MeV �+)

Radioactive Contaminants
● 40K (��)
● 208Tl (��)
● Bi-Po (�-decay)

Energy Calibration

Reactor Neutrinos
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Calibration Source Deployment
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KamLAND Performance

Esyst/E=1.9

E/E~7.5/ EMeV (~180 pe/MeV)
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Intrinsic Backgrounds

● Detected Prompt Energy > 2×0.511 = 1.022 MeV
● Delayed Coincidence Signal: 2.225 MeV 

Background Requirements
● U,Th 10-13 g/g
● 40K 10-14 g/g

epne+
npd

~0.7 Bq/m3 85Kr
(not shown)
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Start of Normal Data Taking
January 21, 2002
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KamLAND First Results Data Sample

● March 4 to October 6, 2002
● 145.1 Days of Live Time
● 0.7 MeV Primary Trigger Threshold
● ~ 30 Hz Trigger Rate
● 370 ��106 Events
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epne+
npd Mean Capture Time ~ 215 �s

1) Cosmic Ray Muon Veto (2 ms)
2) Fiducial Volume (R < 5 m: 408 tons)
3) Time Correlation (0.5 �sec < �T < 660 �sec)
4) Vertex Correlation (�R < 1.6 m)
5) Prompt Energy (E > 0.9 MeV)
6) Delayed Energy (1.8 MeV < Edelay < 2.6 MeV)
7) Delayed Vertex Cylinder Cut (�delay > 1.2 m)

Initial Cuts

370 ��106 Events  173 Events
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Muon Spallation Cuts

173 Events  86 Events
54 Events with E > 2.6 MeV

� -delayed neutron emitters: 8He (119 ms) and 9Li (178 ms)

1) 2 sec veto after “showering muon” (~3 GeV extra energy)
2) 2 sec and 3 meter veto after all muons

Vetoed Event
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Confirmation of Spallation Cuts
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n+12C (4.946 MeV �)
~0.5% Probablilty
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Remaining Backgrounds

Background                                             Number of Events
Accidental                                                 0.0086 � 0.0005
Muon Spallation Products (9Li/8He)             0.94 � 0.85
Fast Neutrons (from surrounding rock)             < 0.5          
Total Background                                              1 � 1
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1−P=Number of Observed Events−Number of Background
Number of Expected Events with No Oscillations

Number of Expected Events with No Oscillatons=×××N

P tan ,m2=Neutrino Oscillation Probability

Rate Analysis

● 	 = Trigger and Analysis Efficiency
● 
= Reactor Neutrino Flux
● � = Inverse Beta Decay Cross Section
● N = Number of Neutrino Targets
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Efficiencies

Trigger, FBE, DAQ:     99.98%
Vertex Fitter:                 > 99.9%
Event Selection:         (78.3 � 1.6)%
Spallation Cuts:             88.6%
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Reactor Neutrino Flux

Instantaneous Thermal Power, Burnup, and Fission Rates
for each of all 54 Nuclear Power Reactors in Japan

Include
● Korean Reactors: (2.46 � 0.25)%
● World Reactors: (0.70 � 0.35)%

Reactor Power:      2.0%
Fuel Composition: 1.0%
Neutrino Spectra:   2.5%
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Fiducial Volume
Uncertainty: 4.1%

z-axis Source Deployments

n+p�d+� Uniformity

12B/12N Uniformity
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Number of Observed Events:          54
Expected Background Events:       1 ��1
Number of Expected Events:    86.8 ��5.6 

Total LS mass 2.1%
Fiducial mass ratio 4.1%
Energy threshold 2.1%
Efficiency of cuts 2.1%
Live time 0.07%
Reactor power 2.0%
Fuel composition 1.0%
Time lag 0.28%
Neutrino spectra 2.5%
Cross section 0.2%
Total 6.4%

Rate Analysis Summary
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NObserved−NBackground

NExpected
=0.611±0.085stat±0.041syst
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http://hitoshi.berkeley.edu/neutrino/
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http://hitoshi.berkeley.edu/neutrino/
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http://hitoshi.berkeley.edu/neutrino/



Brian Kurt Fujikawa Physics in Collisions June 26, 200338

High Statistics Shape Analysis
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LMA II

LMA I

http://www.sns.ias.edu/~jnb/
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But...

● Reactors at Kashiwazaki-Kariwa, Fukushima-Daiichi, and 
Fukushima-Daini are temporarily down for inspection.
●      Flux at KamLAND is reduced by ~ 50%.e
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All reactors are expected to come back
online during the summer, 2003.
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KamLAND Future

● Shape Analysis
● Solar Electron Anti-Neutrinos
● Relic Supernova Electron Anti-Neutrinos
● Terrestial Electron Anti-Neutrinos
● Muon Spallation (Neutron Multiplicity)
● Supernova Watch
● Solar Phase (Detection of 7Be Solar Neutrinos)



Brian Kurt Fujikawa Physics in Collisions June 26, 200343

Background Current Goal Method
238U 3.5 ×10 -18g/g OK

232Th 5.2 ×10 -17g/g OK
222Rn 3.3×10 -8Bq/m-3 OK

40K <2.7 ×10 -16g/g <10 -18g/g Water Extraction
210Pb ~10-20g/g 5 ×10 -25g/g Water Extraction
85Kr 0.7Bq/m-3 10-6Bq/m-3 N2 purge

222Rn leak N2 purge/ air tight valves

KamLAND Solar Phase


