
Neutrinoless Double Beta Decay
• 2νββ

• Standard Model process

• Emits two neutrinos which carry away energy

• 0νββ

• Violates lepton number

• Signal at the Q-value of the decay with width of σE

• Candidate isotopes: 48Ca, 76Ge, 82Se, 96Zr, 100Mo, 116Cd, 
128Te, 130Te, 136Xe, 150Nd

►  Observed, but rare "
    (T½ > 1019 yr) 

►  Only visible in nuclei for    "
    which single β is forbidden!
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►  Even rarer than 2νββ, 
    (if it occurs at all)!

►  Only one controversial "
    claim of observation to "
    date!

►  Familiar weak process!
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Primary Backgrounds for 0νββ 

• Natural Radioactivity

• 238U

• 232Th

• Neutrino Backgrounds

• Solar/Reactor ν

• Spallation Backgrounds

• 10C

• 11Be
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Fig 3.3: The simulation of energy spectrum in KamLAND-Zen. The spectrum of 136Xe
2νββ is clearly observed, and the peak spectrum of 136Xe 0νββ decay is contaminated
by backgrounds. 214Bi is one of the decay in 238U chain, and 208Tl is one of the decay
in 232Th chain. 40K is also contained in liquid scintillator. They are included in liquid
scintillator or materials of inner balloon. 11Be, 11C and 10C are spallation products which
are generated by high energy cosmic ray muon with 12C in LS. 8B neutrino is a solar
neutrino flux, which is proportional to the fiducial volume.

Fig 3.4: The schematic spectrum of 2νββ v.s. 0νββ. If a half-life of 2νββ is shorter, the
separation of 2νββ and 0νββ is better than longer case.

10C Decay Background

10C is one of the spallation product in liquid scintillator by cosmic muon. The pro-
duction rate is measured in KamLAND, and it’s 21.1 ± 1.8 events/day/kton [31]. 10C is

KamLAND-Zen Simulated Background

2Tuesday, December 15, 15



Natural Radioactivity
• Bi-Po Tagging

• Need small dead time to reject 214Bi. 

• Current efficiency is 99.97% in LS

• Ability to discriminate 212Bi - 212Po 
pile-up

• Current efficiency is 89%

• Double coincidence to reject 208Tl

86

6.3 Internal Backgrounds

The internal backgrounds are defined as backgrounds from radioactive impurities in
Xe-LS remaining after purification processes, and they are uniformly distributed inside
IB. The internal backgrounds from decay chains of 238U and 232Th, 40K are observed in
Xe-LS, same as KamLAND LS. Noble gas 85Kr and 210Bi are also observed in low energy
region in common.

Although all they are expected backgrounds in Xe-LS, another peak is observed in
energy spectrum around 2.6 MeV. The peak is unexpected as backgrounds, and energy
and shape of the peak seem to be different from 0νββ decay signal. The discussion about
the unexpected background is found in section 6.5.

6.3.1 Decay Chains of 238U and 232Th

The concentrations of 238U and 232Th in Xe-LS are estimated with sequential decay
of 214Bi-214Po and 212Bi-212Po, and 208Tl shown in Fig 6.8 by the delayed coincidence
techniques. The data set for the estimation is defined to reject 222Rn and 220Rn contami-
nation by the filling or filtration activities in the beginning of DS-1 and DS-2. The longest
half-lives in 222Rn-214Pb and 220Rn-208Pb are 3.824 days (222Rn) and 10.6 hours (212Pb),
and the event rates are dominated by them. The data set is summarized in Table 6.3.
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Fig 6.8: Sub-chains in 238U and 233Th. (a) is a sequential decays of 214Bi-214Po which is
sub-chain of 238U, and (b) shows branching decays of 212Bi-208Tl in 232Th decay chain.
Their half-lives are indicated under each nucleus. Blue arrows are decay of β+γ mode with
Q-Values, and red arrows indicate α decay with Q-Values. These chains are extraction
from Fig A.1 and A.2.

Table 6.3: Data set for the estimation of 238U and 233Th.

DS-1 (livetime [days]) DS-2 (livetime [days])

238U estimation run 11082-11212 (67.7) run 11302 - 11409 (67.7)

232Th estimation run 11036-11212 (90.0) run 11285 - 11409 (78.8)

ref) 0νββ analysis run 11000-11212 (112.3) run 11254 - 11409 (101.1)

214Bi and 212Bi events are tagged by the delayed coincidence technique, and the event
rates are estimated by considering the efficiency of the tagging. For more precise es-
timation, radial distribution of 214Bi and 212Bi are used for the fitting to remove the
contribution by the external 214Bi and 212Bi from IB as shown in Fig 6.9. Fig 6.9(a) shows
the best fit of 214Bi in Xe-LS and from IB for DS-1, and Fig 6.9(b) shows that of 212Bi.

Rate
(events/day)

214Bi-214Po 0.8
212Bi-212Po 1.15

208Tl 2.16
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Fig 3.4: The schematic spectrum of 2νββ v.s. 0νββ. If a half-life of 2νββ is shorter, the
separation of 2νββ and 0νββ is better than longer case.

10C Decay Background

10C is one of the spallation product in liquid scintillator by cosmic muon. The pro-
duction rate is measured in KamLAND, and it’s 21.1 ± 1.8 events/day/kton [31]. 10C is
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Spallation Backgrounds (in KZ)
• (12C+µ→10C), (12C+µ→11C), Spallation on 

Xe, . . .

• n produced in many of these reactions

• n lifetime in LS is 206 µs

• Ability to tag double or triple coincidence 
results in high efficiency removal of these 
backgrounds

Q-Value Lifetime
Production 

Rate
cnts/day/kton

10C 3.65 27.8s 21
11C 1.98 20.4m 1110

11Be 11.5 19.9s 1.4

(136Xe) ? ? negligible?
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10C Decay Background

10C is one of the spallation product in liquid scintillator by cosmic muon. The pro-
duction rate is measured in KamLAND, and it’s 21.1 ± 1.8 events/day/kton [31]. 10C is
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A Background Free Experiment

5 year 1 kton experiment5 year 1 kton experiment
Events in 
2-3 MeV Requirement for 0.1 events (roughly)

214Bi 846 Need to be able to tag second decays separated by >19 ns 

10C 26061 Tag all neutrons, reject 10% of events with no neutron

212Bi ?

11Be 140

All numbers are approximate...
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