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First Direct Detection of the Neutrino
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Inverse Beta Decay Cross Section and Spectrum
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Meutring Mass Sensitivity
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Potential Reactor Neutrino Sources
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Data taking begins
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Front End Electronics

Waveforms are recorded using
Analogue Transient Waveform
Digitizers (ATWDs), allowing multi p.e.
resolution

ADC
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160[—
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120:—
100/~
go_raw data
e The ATWDs are self launching with a sor_Pedestal
threshold ~1/3 p.e 4uf_pedestal subtracted
203—
e Each PMT is connected to 2 ATWDs, o}/\“\_«,ﬂ*“w,&ﬁ,, A_W_/\\ﬁw e
reducing deadtime 0
0 20 44 60 80 100 120

e Each ATWD has 3 gains (20, 4, 0.5),

_ ) samples (~1.5ns)
allowing a dynamic range of ~ImV- ~1V



1235 fast 20" diameter PMTs masked to 17"

554 "previously owned" 20" PMTs

Single photon distribution
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KamLAMD Event Display
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KamLAND Event Display = ""18'] l,ls - Mev 0 Everra Display
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20 % of world nuclear power

~70 GW

Nuclear Power Stations in Japan
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Neutrino Spectra from Principal Reactor Isotopes

neutrinos/MeV/fission
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Geo-Neutrino Signal (Background) from Earth

U/Th decays in crust and mantle
Produce radiogenic heat (40-60% of 40TW) from

Events/MeV/1kt/Year
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Data Processmg and Analysis

US KamLAND Computing at NERSC
+ KamLAND data taking ~ 300 GB/day

 HPSS (high performance storage system)

~2 TB/day input rate
- PDSF (parallel distributed systems facility)



Detector Energy Scale and Response

|Coﬁﬂ At Center Of Deteciorl
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Events/0.425 MeV

—— reactor neutrinos
[ geo neutrinos
[J background
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Events/0.425 MeV Residuals (o)

Do we see a distorted spectrum?

2-v oscillation: best-fit

® Kaml. AND data
best-fit oscillation
sin’20 = 1.0
Am*=69x 107 eV?

Prompt Energy (MeV)

%% 18 dos= 0-31

Data and best oscillation fit
consistent at 93% C.L.

No oscillation, flux suppression

Events/0.425 MeV Residuals (o)
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Am? in eV?
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om? (ev?)

Global Fit with KamLAND
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Uyingp Neutrino Mixing Matrix

Solar 0,,=30.3°
el |Ya Ve Ys|n 12
MNSP Matrix Vyul= Uﬂ1 Uﬂ2 Uﬂ3 Vv | o
14 U U U .|lv,| Atmospheric 6,;=~45
4 7l 2 3)V°3
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Systematic Uncertainties

E > 2.6 MeV o
(0)
Total LS mass 2.1 } o
Fiducial mass ratio 4.1 4.6%
Energy threshold 2.1
Tagging efficiency 2.1
Live time 0.07
Reactor power 2.0
Fuel composition 1.0
Time lag 0.28
v, Spectra 2.5
Cross section 0.2
PRL Total error 6.4 %
Next Publication 5% (?)

Statistical uncertainty: 13.6 % — Need Off-Axis Clibration I



Off-Axis Calibration

I. Increase the fiducial volume

54 v, candidate events above 2.6 MeV for R <5 m

[72] v, candidate events for R < 5.5 m

Il. Reducing the systematic error

Fiducial volume error 4.6%
Total systematic error 6.4%
— Goal for next analysis ~ 5%

lll. Precision measurement of the
detector response

— search for spectral distortions as a
unique signature of neutrino oscillations

Events/0.425 MeV

o =

\\\\\

® Kaml AND data

no oscillation
0.61 x no oscillation

5 6 7
Prompt Energy (MeV)
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KamLAND-IT

Studies for the Solar Phase of KamLAND

Solar neutrino spectrum
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