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Gravitational Wave 
Coincidence Neutrino Search 

at KamLAND
S.Obara, and for KamLAND collaboration 

(Frontier Research Institute for Interdisciplinary Sciences, Tohoku Univ.)
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supported by … 
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Various Neutrino Energies & Detectors 
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KamLAND

Super-Kamiokande Ice Cube
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KamLAND Detector
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Kamioka Liquid-scintillator Anti-Neutrino Detector 

LS=Liquid-Scintillator, BO=Buffer-Oil, OD=OuterDetector, ID=InnerDetector(LS+BO)

1ton liquid-scintillator

Φ13m nylon/EVOH balloon

Water Cherenkov outer-detector 
(Φ20m×20m-height)

1,325 17-inch PMTs  
& 554 20inch-PMTs in ID

140 20inch PMTs for OD

Buffer Oil

Kevlar rope

SS-spherical tank

Rock

OD

LS

BO

1,000m地下(2,700m w.e.) 1 km underground from Mt. Ikenoyama 
former place of old KamiokaNDE 
next-door to the Super-Kamiokande 
Observe scintillation light by PMT 
Event reconstruction is performed by the 
hit timing and charges

α, β, γ

20m

20m
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KamLAND-Zen experiment
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KamLAND Zero-Neutrino double-beta decay search experiment

LS=Liquid-Scintillator, BO=Buffer-Oil, OD=OuterDetector, ID=InnerDetector(LS+BO)

1kton 液体シンチレータ 

1lton liquid-scintillaro

Φ13m nylon/EVOH バルーン 

Φ13m nylon/EVOH balloon

水チェレンコフ外部検出器 
Water Cherenkov outer-detector 

(Φ20m×20m-height)

1,325 17-inch PMTs  
& 554 20inch-PMTs in ID

140 20inch PMTs for OD

バッファオイル 
Buffer Oil

ケブラーロープ 
Kevlar rope

SUS球状タンク 

SS-spherical tank

Rock

OD

LS

BO

Installing a smaller nylon-made balloon 
at the center of the KamLAND1,000m地下(2,700m w.e.)Search “neutrino less double-beta 

decay” using 136Xe isotope in liquid-
scintillator 
Now running with 780kg of 136Xe 

Filling xenon loaded 
 liquid-scintillator

This nylon-made balloon construction is summarized in 
paper (now preparing…)
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Phys. Rev. Lett. 117, 082503 (2016)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.082503
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.082503
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KamLAND2(-Zen), OceanBottomDetector
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KamLAND2-Zen Ocean Bottom Detector
Upgrade program of KamLAND 
(AIP Conference Proceedings 1666, 170003 (2015)) 
New electronics for 10C tagging 
(過去の超新星研究会など) 
New LAB-based LS (brighter than now) 
Winstone-cone-shape light collecting mirror 
High-Q.E. PMTs 
Scintillating Balloon (PTEP (2019) 073H01)

Φ 26 m

H 40 m

Main purpose => geo-neutrino precise measurement 
A large liquid-scintillator detector 
→ Tomorrow talk by Sakai

(cf; JUNO Φ~35m)

https://aip.scitation.org/doi/citedby/10.1063/1.4915593
https://academic.oup.com/ptep/article/2019/7/073H01/5532739
https://aip.scitation.org/doi/citedby/10.1063/1.4915593
https://academic.oup.com/ptep/article/2019/7/073H01/5532739
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• Energy and vertex are reconstructed from the hit-timings and charges 
• Various radioactive sources are useful for calibration 
• Also spallation products, and atmospheric neutrinos

Scintillation Photons & Event Reconstruction
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(Phys.Rev.D92:052006,2015)

atmospheric neutrino

+ data 
■ MC

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.052006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.052006
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• SNEWS
• (Pietro Antonioli et al 2004 New J. Phys. 6 114)
• SNEWS2.0 white paper (arXiv:2011.00035)

• Galactic Supernovae (cf; 過去の研究会)
• Pre Supernova (cf; K. Asakura et al 2016 ApJ 818 91)

• Supernova Relic Neutrinos (cf; Astrophys.J.745:193,2012)

• Neutrino searches associated wtih
• Gamma-Ray-Bursts (cf; K. Asakura et al 2015 ApJ 806 87)
• Gravitational Wave event (cf; Astrophys.J.829, L34, 2016) <— only the first BH-BH merger

• Burst Supernovae (on-going)

• Besides, other coincidence searches for transient events, such as IceCube’s event (on-going)

Astrophysical Neutrinos @ KamLAND
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https://iopscience.iop.org/article/10.1088/1367-2630/6/1/114
https://arxiv.org/abs/2011.00035
https://iopscience.iop.org/article/10.3847/0004-637X/818/1/91
http://10.1088/0004-637X/745/2/193
http://K.%20Asakura%20et%20al%202015%20ApJ%20806%2087
http://Astrophys.J.829,%20L34,%202016
https://iopscience.iop.org/article/10.1088/1367-2630/6/1/114
https://arxiv.org/abs/2011.00035
https://iopscience.iop.org/article/10.3847/0004-637X/818/1/91
http://10.1088/0004-637X/745/2/193
http://K.%20Asakura%20et%20al%202015%20ApJ%20806%2087
http://Astrophys.J.829,%20L34,%202016


“GW neutrino search”, S.Obara, 超新星ニュートリノ研究会2021/01/07 / 15

• Completely debug & update 
• baseline scan, waveform integration 
• event reconstruction, energy correction 
• event selection, likelihood based selection 
• online webpage 

• Old one needs ~20hr for temporary offline-analysis file processing for more 
precise checking → now the online-analysis file is the same as offline one 

• Useful for other physics online analysis

Online Supernova Analyses Updated
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PreSNmon (Internal Only) GalacticSNmon (Internal Only)

※ プロットは僕がiPadで適当に描いたやつです
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• There are some Gravitational Wave (GW) events observed by LIGO-O2 
• Super-K, Borexino, DayaBay, IceCube, XMASS reported the coincidence search  

• There are a lot of GW candidates listed by LIGO-O3 
• NOvA reported the coincidence event search for their GCN alert 

• We follow GW events observed by LIGO-O2  and check GW candidates listed by LIGO-O3 
• ※ here, LIGO-O3 candidates are not officially confirmed events, just candidates 

• In contrast to IceCube and Super-K, KamLAND has a role as low-energy counter part

GW coincident neutrino search
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Phys. Rev. X 9, 031040 (2019)

https://journals.aps.org/prx/abstract/10.1103/PhysRevX.9.031040
https://journals.aps.org/prx/abstract/10.1103/PhysRevX.9.031040
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• Delayed-Coincidence (DC) event 
• Basically follows the usual selection 

• (Nature Geoscience vol.4, p.647–651 (2011)) 
• (A. Gando et al 2012 ApJ 745 193) 

• 0.9 < Ep < 100 MeV 
• 1.8 < Ed < 2.6 or 4.4 < Ed < 5.6 MeV 
• ΔR < 200 cm 
• 0.5 < ΔT < 1000 μs 
• FiducialR < 600 cm 
• muon vetos 
• Likelihood Selection 
• Inner-balloon cut for delayed event (for LIGO-O3) 

• Coincidence Search Window 
• ±500 s from GW events (Baret et al. 2011) 
• (※ In the most distant GW case (2840 Mpc), the traveling time of neutrinos ~ 86 s)

 Selection Criteria; InverseBetaDecay(IBD)ν̄e
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(positron + annihilation)
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https://www.nature.com/articles/ngeo1205
https://iopscience.iop.org/article/10.1088/0004-637X/745/2/193
https://www.sciencedirect.com/science/article/pii/S0927650511000776?via=ihub
https://www.nature.com/articles/ngeo1205
https://iopscience.iop.org/article/10.1088/0004-637X/745/2/193
https://www.sciencedirect.com/science/article/pii/S0927650511000776?via=ihub
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Data Set
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Selection Efficiency and other parameters

12

• Selection efficiencies are εs = 92.9% and εs = 77.4% for LIGO-O2 and LIGO-O3 dataset, respectively 
• The difference btw two dataset derived from with or without the inner-balloon cut 
• NT = (5.98±0.13)×1031 protons in R < 600 cm 
• Livetime efficiencies in these datasets are ~ 87.8%

in
ne
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ut
 e
ff
ec
tSuppressing accidental delayed-coincidence backgrounds  

from radioactive impurities (40K, 210Bi, 208Tl, on outer-balloon)
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• Number of expected IBD events is estimated from offtime window from GWs 
• Nexp = 4.08e-3 events within ±500 s for LIGO-O2 period 
• Nexp = 4.27e-3 events within ±500 s for LIGO-O3 period  

• No significant event is found for 60 GWs 
• 4 GWs are in bad run periods 

• Using FeldmanCousins method  
(Phys. Rev. D 57, 3873, 1998),  
the number of upper limits with 90% C.L. are 
• N90 < 2.435 for a GW event (LIGO-O2) 
• N90 < 2.435 for a GW event (LIGO-O3) 

• For monochromatic neutrino spectra,  
fluence upper limit is given as 

Coincidence Event Search
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F90(Eν) =
N90

NT ϵlive ϵs(Eν) σ(Eν)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.57.3873
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.57.3873
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• Discuss the difference btw BNS and BBH 
• Use only LIGO-O2 GW events 
• 1-BNS 
• 6-BBHs 
• cuz, LIGO-O3 GWs are just candidates 

• Assuming Fermi-Dirac distribution, 
we can set upper limit on the neutrino fluence (all flavor) as 
•  
•  

• Total energies from GW source are

ℱBNS
90 ≤ 2.04 × 1010 cm−2

ℱBBH
90 ≤ 2.02 × 1010 cm−2

BinaryNeutronStar vs. BinaryBlackHole
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λFD(Eν) =
1

T3f2(η)
E2

ν

eEν/T−η + 1
, fn(η) = ∫

∞

0

xn

ex−η + 1
dx,

ℒBNS
90 ≤ 7.92 × 1058 ( Deff

40 Mpc )
2

erg

ℒBBH
90 ≤ 8.22 × 1060 ( Deff

407.6 Mpc )
2

erg
It seems to be the difference depends on the distance 
rather than the difference of GW source mechanism

1/D2
eff ≡ ∑

i

1/D2
i

( cf; typical SN has   )ℒ ∼ 𝒪(1053)
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• GW coincidence event search is updated 
• Last published paper included only the first 3-GWs 

• Limits on fluence upper limit for 60 GWs (LIGO-O2 confirmed events and LIGO-O3 candidates) 
• Most strict upper limit for a few to several MeV neutrino energies (below SK’s threshold) 
• The first limit for LIGO-O3 data 

• Limits on total energies for BBH and BNS using only LIGO-O2 
• The upper limits still are still larger than the typical SNe ~O(1053)  

• Above result is accepted in publication in ApJ (arXiv:2012.12053)  
• We can smoothly search for transient astrophysical events via new online monitor

Summary
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In Abst., cm2 → cm−2

https://arxiv.org/abs/2012.12053
https://arxiv.org/abs/2012.12053
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