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Neutrino properties
Neutrino generation 

mechanisms

Real time detection of low 
energy neutrinos is very 

important !

KamLAND has explored low energy 
neutrino physics with great sensitivity !

Low energy neutrinos provide 

lots of physics !
Expected spectra of various Expected spectra of various ννss
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Tokyo

Sendai
Location of KamLAND 

KamLAND area:
Kamioka mine in Gifu prefecture,

Former Kamiokande site.
1000m (2700m w.e.) rock overburden

Cosmic ray μon rate is 1/100,000 of the 
earth level.
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KamLAND Detector

Outer detector : 3.2kton water shield 
and 225 20”PMTs to detect cosmic μ’s)
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Decay
Decoherence

Oscillation

L0/Eν distribution

Reactor νe disappearance
Exclude all solutions

except for LMA
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Reactor νe analysis
Evis: 2.6~8.5MeV
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precise determination of 
oscillation parameters

Solar ν problem has been solved 
under the assumption of CPT 

invariance ! 

LMAI

LMA0

LMAII

Decay

Challenging the SNP by man-made neutrinos !
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Reactor ν

Prediction of 
the Earth model 

Reactor ν

First challenge to Geo-ν detection !

Nature 436, 499 (2005)

Neutrinos can be a probe 
to study the Earth interior ! 

Neutrino Geophysics has 
been opened !

Analysis for 
Evis= 0.9~2.6MeV

Direct information of radiogenic heat 
of U/Th series in the Earth.

νe

Statistically weak, but consistent 
with the earth model.

νep→e+n

KamLAND



New KamLAND Results on
νe analysis

Data Sample (Live time)
2002 2003 2004 2005 2006 2007

Jan.11

Nov.1

1490.8±0.5 days

749.1±0.5 days

515.1+-0.3 days

May.12
Mar.9

New Results! 

Geo-neutrinos 

2nd Reactor results

Expand the analysis  to full reactor      energy spectrum.
New analysis to enlarge fiducial volume.
Reduction of systematic uncertainties in 
    the background estimation and the fiducial volume.

νe

(2.6~8.5MeV)

(0.9~2.6MeV)

(0.9~8.5MeV)



detection in KamLANDνe

+ p e+ + nνe Delayed coincidence of 
correlated events.

Cross section is precisely known within 0.2%.
Backgrounds are significantly reduced.
　  energy is determined. νe
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Analysis
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S/N ratio

Challenge the accidental 
( 210Bi, 40K, 208Tl ) and (α,n) 

background !

Selection conditions (after muon cut)

New Analysis 
Enlarge the fiducial volume

R=5.5m → 6.0m

Enlarge prompt energy 
region to include reactor
+Geo-ν ; Ep =0.9~8.5MeV

prev. Reactor-ν

prev. Geo-ν



Likelihood analysis to reject accidental backgrounds

Take likelihood ratio L(Ep) for
selected delayed-coincidence events. 

Events with L(Ep)>Lcut(Ep) are selected.

S=∫  (# of signal events with L)dL
L
1

B=∫ (# of accidental events with L)dL
L

1

Lcut(Ep) is the L(Ep) which gives maximum 
FOM(Figure of merit=S/√(S+B) )

Probability density functions

facc(Ep, Ed, Rp, Rd, ΔR, ΔT): 
 made by off-timing   

    (10ms~20s) real data.

Flat distribution in ΔR & ΔT

Enhancement at small ΔR & ΔT

fνe
    (Ep, Ed, Rp, Rd, ΔR, ΔT): 
   GEANT4 simulation of      events 
using the neutron capture time and 
energy resolution.

νe

Lcut(Ep)=0.67
FOM=8.1
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Enlarge the !d. volume by 30% and 
signi!cant reduction of accidental 

backgrounds has been made!

Estimated selection e%ciency ε
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Eprompt (MeV)

208Tl Compton shoulder

Increasing accidental 
rate at low energies

Comparison of 68Ge, 241Am9Be data with 
GEANT4 simulation 

 → Average uncertainty =0.6%

Balloon(R=6.5m)
Fid.vol.(R=6m)

rejected
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(α,n) background

abundance
=1.1% 

Alpha Energy [MeV]
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210Po is dominant (>99%)

222Rn →•••→  210Pb  →  210Bi  →  210Po  →  206Pb
α(5.304MeV) :  
   Evis~300keV(quenching);
       39.4±1.8 mBq/m3 

β
(<64KeV)

(22.3y)

β
(<1.16MeV)

(5.0d) (138.4d)(t1/2=3.8d)

Prompt signal

(5.56±0.22)×109

decays/livetime

13C
α 16O(*)

   gr.
1st (e+e-)  6.05MeV
2nd (γ)     6.13MeV

n
12C*4.4MeVγ

p
p

d
2.2MeVγ

recoiled by
np→np~200μs

Delayed signal

(<7.3MeV)
12C

p

α+13C → n +16O(*) Dominant 
background !



Expected neutron spectrum of  
13C(α,n)16O(*)

Measurement of the quenching of the 
proton signals in LS (@ OKTAVIAN)

deuteron 
beam

Tritium
target

14.1MeV
Monochromatic 
neutron beam

Liquid
Scintillator

Visible vs real energy of protons
210Po13C calibration

source was deployed to 
obtain contribution of the 

16O excited states

3 4 5 6210

16Ogr

1st ex.

2nd ex.

7 8 9 10
neutron energy (MeV)

Using new cross section data
from Harissopulos et al.,

(Phys.Rev.C72 062801(2005))

Comparison of visible energy
between calibration data and 

simulation

Uncertainty: ±2%
(↔ 10% in previous analysis)

654321
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Estimated number of 13C(α,n) 16O(*)

13C(α,n)16OGS 157.2±17.3
13C(α,n)16O*(1st exc.) 15.2±3.5
13C(α,n)16O*(2nd exc.) 3.5±0.2

13C(α,n)16O 12C(n,nγ)12C*(4.4) 6.1±0.7

total 182.0± 21.7

Expected 13C(α,n)16O(*) spectrum

Before likelihood 
selection

A)er likelihood 
selection

Accidentals 80.5±0.1
9Li/8He 13.6±1.0

fast neutron+Atmospheric ν <9.0

Eprompt   (MeV)

Total 26% 12%
210Po decay rate 14% 4%

16OGS 20% 11%
16O(1st)+ 16O(2nd) 100% 20%

Proton quench 10% 2%

2nd Res. New
Res.

Total estimated backgrounds
in the data sample

276.1±23.5

Other backgrounds

Systematic uncertainty of

 13C(α,n) 16O(*)



Off axis calibration by system “4π”  
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With various R and energy, ΔL is found <3cm. 

ΔL_vertex bias=
Lreconsturcted-Lexpected

60Co68Ge composite source

 Fid. Vol. uncertainty
 ΔV/V=3×ΔR/R=1.6% (R=5.5m)

ΔL=
±3cm

ΔL=
±3cm

Distance between the two 
reconstructed source positions is 
compared with the expected distance.
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Fiducial volume 4.7 1.8

Energy threshold 2.3 1.5

Efficiency of cut 1.6 0.6

Total (Detector related) 5.5 2.4

Total (Detector+Reactor) 6.5 4.1
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Spallation 
neutron

Flow meter

12B/12N

4π 
calibration

R=5.5m

R=5.5m 6.0m 6.5m R3 distribution of 
spallation events of 

12B/12N

±1.6%

N5.5m/N6.0m=0.768±0.002(stat)
(5.5m/6m)3 =0.7703 -0.3%±0.3%

Fiducial vol. (m3)
670 680 690 700 710 720 730 740 0.2 0.4 0.6 0.8 1.0 1.2 (R/6.5m)3

Before 4π calibration
(ΔV/V) =4.7% @R=5.5m =√(1.6)2+(0.6)2 =1.8%ΔV/V

After 4π calibration

New Res.(%)
Prev. Reactor 

Res.(%)Summary of 
systematic 

uncertainties
(rate)

νe-spectra 2.4

Reactor power 2.1

Fuel composition 1.0

Long-lived nuclei 0.3

total 3.4

Reactor related 
sys. uncertainty(%)
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Almost 2 oscillation cycles !
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Data-(BG+Geo_ν)
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L0: flux-weighted average 
distance (=180km)

Best fit Geo-ν events; NU=25, NTh=36

Geo-ν from U and +

Fix Th/U mass ratio to 3.9,

NU+NTh

NU+NTh=73±27
Geo-ν flux=

(4.4±1.6)×106(cm-2s-1)
=39.4±14.3 TNU

(prev.res.=57.4+32,0TNU)

Δ
χ2

50 100 150

Geo-
physical 
model

73±27

68%CL

99%CL

Consistent with the 
Earth reference model 

(36.5TNU,
U+Th=16TW).

-20.0

~2 cycles of  
Oscillation behavior is

observed !

*1TNU:Geo-ν flux for 1ev/1032 protons/y



Toward the Solar phase

5MeV300KeV

SuperK, SNO

KamLAND

7Be
(862KeV)

210Po
85Kr

7Be ν, pep and CNO ν
reaction: νe→νe

Burning mechanism of the sun !
Check the solar model ; discrepancy between studies on helio-
seismology and the SSM with recent chemical components of the sun.

210Pb(T1/2=22.3yr→210Bi→210Po), 85Kr(10.8yr) 
→ 10-5~10 -4, and 40K→ 10-2~10 -1.

Singles spectrum in KamLAND below 2MeV 

A big challenge to the singles backgrounds !



Pseudo-
cumene Dodecane PPO

Distillation 
columns

Purge 
towers

Nitrogen 
generator

210Pb, 40K → Distillation
85Kr, 222Rn, 39Ar → N2 purging

Purification in KamLAND (May-Aug ‘07):

Purified 
LS

"ree components of the LS are separately 
distilled and mixed a#er the distillation.  

Ar :  0.02~0.03ppm
Kr : ~10-15 (not measured yet)
222Rn ~5μBq/m3
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⑥⑤

balloon

LS status during the purification
Monitored by 222Rn daughters, 
214Bi→214Po→210Pb (<0.8mBq/m3, OK) 

(1) Start purification → (2) Purified LS is clearly separated. → (3) A part of the LS flows 
down near the balloon. → (4) Purified LS goes down and mixed → (5) Make lower the 
LS density → (6) Finish the purification

Purified 
LS

to
Purification 

system
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Summary of the purification effect on radio-activities.

210Bi 210Po 85Kr 39Ar 40K

Before 42+8-6 43+1-2 508+19-34 18+38-18 (44±4)×10-3

After (Upper)
       (Lower)

0.2±0.1
10±1

9±1
14±1

14+1-4

185+1-2

0+5-0

0+2-0

-
(13±1)×10-3

Reduction (Upper)
                 (Lower)

(4.8±2.6)×10-3

0.24±0.05
0.21±0.03
0.33±0.03

(2.8±0.8)×10-2

0.36±0.02
-
-

-
0.29±0.03

Mixing is avoided between purified and un-purified LS.
→ Introduce temperature control system to cool 
down the purified LS and put it from the bottom.

Improve the air-tightness of the detector (upper part) for Kr.

Pb and Kr are decreased, but the reduction is not enough for solar phase.
2nd purification campaign is started next month.

Improve the PPO tower to make better the distillation condition.
Purified LS

Purification 
system

(mBq/m3)



If purification is successfully done, 11C is a 
major BG for 7Be/CNO/pep ν detection. 

10-6 reduction of 210Pb, 85Kr assumed

11C→11B e+ ν
τ=29.4minpep

~95% of  11C is produced in spallation reactions 
by muons and associated with neutrons.

CNO
7Be

μ

11C can be vetoed by triple coincidence ;
muon, n-capture γ(2.2MeV), 11C decay 

neutron

11C

ΔR

Spherical cut 
around 2.2 MeV γ. 

CNO
pep

7Be

3 years data

11C



New electronics (MOGURA) to detect 
muon-induced neutrons for 11C veto.

Main board for the 
MOGURA system

MOGURA system will be installed in KamLAND 
a"er the 2nd puri!cation campaign.

Dead-time free digitization (1GHz, 3 
200MHz FADCs) for up to ~60 neutrons 

generated by muon.
Baseline restoration to quick recovery of the 

overshoot a)er the big muon signal.
Splitter board; one for the current 
FBE system and the other through 

base-line restorer for the new 
MOGURA system.

All the boards are being 
checked in RCNS (Tohoku).

*Module for General-Use Rapid Application



Next Challenge:
0νββ decay search of 136Xe using KamLAND

Physics beyond  the SM.
Neutrino type: Majorana? or Dirac?
Absolute Mass of neutrinos

* No signal except for KKDC claiming mββ~0.3eV.

An experiment is considered in KamLAND 
using 136Xe to <mββ>~0.1eV !

KamLAND provides a large clean 
environment and has been in stable operation 

in several years and well understood.
An inner balloon of ~3mφ,

containing 10ton LS, 
200kg 90%-enriched 136Xe

136Xe (nat. abundance=8.9%, Qββ=2.47MeV): 
Large solubility (2% in mass), no harm to the LS. 
Blank measurement can be made easily. Current 
ν measurements can be simultaneously done.

A small modification can make 
the experiment !



2ν

E_visible  (MeV)

208Tl
0ν

10C

2ν
200 kg, 2yrs, 0.2eV, 10C 90% reduction

Background estimation

0ν signal : T1/2=3.2×1025y→34 events/2y

208Tl Background /2y  
Balloon: 1kg Nylon(2×15μmt+glue) 
　　　　5×10-11gTh/g → ~4000 208Tl events
LS (12m3 2wt%Xe) 4.8×10-17gTh/g →  
             0.15μBq/m3→~40 208Tl

208Tl from balloon is dominant, but
  0ν is separated. 

10C spallation background : 
~20/d/kton→14/2y (broad)

200kg, 1yr

KamLAND＋136Xe
sensitivities

1~2ton, 4yr 
+ larger photo 
coverage

KKDC claim

inverted
hierarchy

normal
hierarchy

200kg, 5yrs

<
m
ββ

>
  (

eV
)
mmin  (eV)

With a low radioactivity balloon 
KamLAND+Xe can be quickly started 

with low cost !

EXO-200

SperNEMO/CUORE



Summary

Solar ν detection in sub-MeV region is being prepared by the 
next purification in the next month and introduction of new 
electronics system. 

Next plan of 136Xe oνββ decay search is considered.

Neutrino oscillation parameters are determined much 
more precisely than the previous results by
significant reduction of systematic uncertainties of 
fiducial volume by new calibration system, and studies on 
(α,n) background.

KamLAND made a new analysis on full reactor      energies 
using much higher statistics data (in live time and fiducial 
volume) than previous analysis. 

νe


