
3. Case for KamLAND-Zen 800
l Goal
• Proof of concept by 7Be solar ν detection

• KL-Z800 exposure: 4 yr * 0.68 ton
• Expected # of events: 16 (before considering efficiencies)

• Higher sensitivity search of FDM at low mass region

5. Fit to known single event data: 214Po

6. Summary

• Tagged by 214BiPo (τ=237 μs) coincidence
• Use 214Po event (Purity > 99%)
• Evis = 0.6 MeV (α 7.7 MeV)
• Almost same as the 7Beν signal
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• 14C accidental BG candidates
~10 out of 80,000 events

• If they are removed
• dt12 > ~70 ns can be distinguished. 
• à35% of Mode2

• Mode3 (~12 hits) needs a longer time window
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Prospects

l Data acquisition
• Trigger threshold: ~0.3 MeV
• Only 1st pulse can be triggered
• 2nd, 3rd pulses can be detected if in
the event window of the 1st pulse (~200 ns)

4. ToyMC study (Mode2)
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[ToyMC] KL-Z800 7Beν signal (Mode2)
E1st: 640 keV
(Evis: 550 keV, 130 hits)

E2nd: 140 keV
(Evis: 100 keV, 24 hits)

l Signal
• 2nd pulse hits ~24

l Correlated BG: 212Bi̶212Po (nylon film)
• 212Po α Visible Energy (Evis) in LS: ~0.8 MeV
• Film events are continuum (< 0.8 MeV)

• R < 1.4 m cut for double-pulse search
• Possible mitigation by triple-pulse search

l Accidental BG: 14C + 2νββ
• 14C rate: 1kHz in detector
• Probability: 1 [kHz] × 200 [ns] = 2 × 10-4

• Vertex recon. of delayed pulses required
• e.q.) 1/300 reduction with dR < 1 m cut

l BG (Mis-ID of single pulse)
• Generate single pulse
and fit by double pulse model
(n1, n2, dt) 
• Energy dependence
• Smaller 1st pulse
à Easier to find 2nd one

• Determine dtthreshold
• dtthreshold: time to distinguish 

signal and BG

Single events
in KamLAND (Xe-less)

l Single vs Multi pulse discrimination
• Double (or triple) pulse fitting
• (2νββ rate) > 105 × (7Beν rate)
• mis-id of single required to be < 105

• Feasibility of ν136Xe CC detection by multi-pulse tagging in KL-Z was studied
• “Mis-ID of single” requirement < 10-5 (for 7Be ν)
• Tagging eff. better at Lower Eν（Lighter mχ）
• We need to mitigate accidental BG from 14C
• Vertex recon. of delayed pulse etc
• If this is achieved, dt separation limits would be
• ~70 ns (for N1st = 130 hits, N2nd = 24 hits)
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• KamLAND-Zen
• Triple pulse case to be studied
• Enlargement of the event window to ~1000 ns by an electronics upgrade 
would be helpful
• Future KamLAND2-Zen (×5 more photons than KL-Z800)
will have a better pulse separation ability

• Future detector with O(10) ton 136Xe can discriminate 13N ＆ 15Oν fluxes

Eν [MeV] 0.67 0.86 1.3 1.9 2.2 2.5

mχ [MeV] 1.2 1.4 1.8 2.4 2.7 3.0

dtthreshold [ns] 66 70 97 106 125 140
Mode2 eff [%] 45.3 35.1 23.2 19.9 14.1 10.3
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1. 136Xe charged current interaction
l νe(or DM:χ)+136Xe → 136Cs* + e-
• Transition to g.s. (5+) is highly suppressed
• Mostly goes to the excited states [1]
(1+ 590 keV and 840 keV) 
• Energy threshold: 79 + 590 = 670 keV

• Xe gas dissolved organic 
liquid scintillator (XeLS): 25 ton
• 136Xe: 680 kg
• Livetime > 4 yr

• Photons detected by
1879 PMTs
• 240 p.e./MeV
• ΔE/E = 7%/√E [MeV]
• Δx = 15 cm/√E [MeV]

• Scint. decay time: ~6 ns
• Dark hits: 0.04 p.e./ns

XeLS
in nylon film vessel 
(R = 1.9 m)

Ø 𝐸1𝑠𝑡 = 𝑇! +∑𝐸"
Ø 𝑇! = 𝐸#− 590 + 79 keV
Ø ∑𝐸" = 590 − 140 keV

• Mode1: 58%

l BG free tagging possibility
• Low-lying isomeric states with O(100) ns 
lifetime observed recently [2,3]
• Double (or triple) coincidence

90 ns 160 ns

160 ns

90 ns
140 keV

67 keV 74 keV

74 keV

l KamLAND-Zen 800

136Xe 2νββ BG 
reduction

2. Physics targets
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• 1:1 energy reconstruction
by detecting all γ-rays and e-
• Robust measurement of CNO-ν’s
• Possible separate measurements of 13N & 15O

Events/(yr * ton_136Xe)
7Be 5.9
pep 0.79
CNO 0.92

CNO (avoiding 7Be and pep, 
ΔE/E = 1%/√E [MeV])

0.80
(87% efficiency)

Solar neutrino event rates
with ΔE/E = 1%/√E [MeV]

Log scale

Linear scale

• Absorption of fermionic dark matter [6,7]
• EXO-200 collab. performed the search
without applying the tagging method [8]
• Sensitivity is limited at low mass region
due to136Xe 2νββ decay BGs
• The tagging method can drastically 
improve the sensitivity
Absorption cross section U.L. by EXO-200

Limited performance
at low mass region

Single events energy spectrum in KLZ-800

l Solar Neutrino [4, 5]
l Fermionic dark matter (FDM)

R: rate [s-1]
ρχ: local DM mass [MeV/cm3]
F : Fermi function
Λ: effective energy scale
mβth: 79 keV + 590 keV + me
Te = mχ- mβth

• Mode2: 14%
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±10 hits
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※ n1(n2): number of hit by 1st(2nd) pulse


