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Motivation

Understanding of the nature of cosmogenic backgrounds
Is Important for rate event detection in neutrino detectors,
double-beta-decay experiment, and dark matter searches

cosmic-ray muon P
neutron or isotope generated by the \\
spallation reaction are background sources \\ detector
. . underground
spallation reaction %( J )
comparison of reaction rate o
solar neutrino (5B) ~ 3 events / day / kton
OvBP (1%%Xe loaded LS) ~ 1.5 events / day / kton
<my>=0.15eV
muon spallation (neutron) ~ 3000 events / day / kton
@ 1,000 m depth

spallation neutron or isotope can be background sources



KamLAND Detector

cosmic-ray muon KamLAND is located under the peak of Ikenoyama
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Rock Overburden for Muon

3D Monte Carlo codes dedicated to muon simulations

MUSIC (MUon Simulation Code)

reference : P. Antonioli et al., Astropart. Phys. 7, 357 (1997)
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Events/10cm

Light Yield (p.e.)

Cosmic-ray Muon Detection (1)
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L : track length in LS

measured average L = 878 cm
calculated average L =874 £ 13 cm




Cosmic-ray Muon Detection (2)

(dQ/ dX)Sc.ihtiIIatiOn: = 629i 47pelcm
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Cosmic-ray Muon Detection (3)

Muon Flux (cm” s
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Neutron Detection

neutron capture reaction
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Neutron Yield

neutron yield v.s. muon energy
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Isotope Detection (1)
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Events/0.05MeV

Events/0.5MeV

|Isotope Detection (2)
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Muon Beam Experiment
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Comparison with KamLAND data

11C yield
Hagner et al. (4.2 0.7) x 10/ (u- (g/cm?))
KamLAND (8.7 £1.5) x 10~/ (u - (g/cm?))

"C yield in KamLAND data is factor ~ 2 higher than
the estimation based on the muon beam experiment

(E,@ extrapolation may not be appropriate)



Life time
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muon beam experiment
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Neutron Detection from External

muon tagged by the outer detector 20 & } C Measurement
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Future Prospects
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Summary

We evaluated the production rate of spallation
neutron and isotope using the KamLAND liquid
scintillator.

MC (Geant4, FLUKA) gives lower neutron
production yield than that of Data.

Some isotope production yields are found to be
iInconsistent with expectations based on a power
law dependence with respect to muon energy.

The results will be useful for the background
estimation in the future rate event detection
experiment.



Defined Physics Model
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