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Various Neutrino Energies & Detectors
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KamLAND Detector

Kamioka Liquid-scintillator Anti-Neutrino Detector
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LS=Liquid-Scintillator, BO=Buffer-Oil, OD=0OuterDetector, ID=InnerDetector(LS+BO)
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KamLAND-Zen experiment

KamLAND Zero-Neutrino double-beta decay search experiment

« - Rock Installing a smaller nvlon-made balloon
» Search neutrino less double-beta 9 y
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decay” using 136Xe isotope in liquid- u -

scintillator = % T
» Now running with 780kg of 136Xe / N
Z Al iamis

Nylon corrugated pipe

> ‘ ’ ' T ------ e < Guide ring
)/ — i = '
/\@ //@“ S | | © /O \ ~4400 T~ 12 strings (Vectran)
Sh | |
_\ OD@ B * """""" Connection piece
Phys. Rev. Lett. 117, 082503 (2016) 0 mn f QS 1590 | Film pipe
| i 4717 N a7
Sle C{EYG \ QOQO 5 |
AL cp KT TR AT T .
1E Ie Q A7 AR L A A NN o 12 suspending
z Ge e g THH TN T TV % | 1304 — belts
e O M O (11 ¢ C
- X _—ld 10 A N R
5 107'E KamLAND-Zen (“*Xe) J. A Wy R 4554 /
= e AT 1117711 b 24 gores
= | LN N W 117777 1580
& oY) h NN N O [ | [ [/ //// <L¢D
e L AN SSSREEESEa ey -
1072¢ - SN Filling xenon loaded
: S\ s t liquid-scintillator
NH _ [
- : b Al 4 '
— ' ‘
3L - — @ Z- A horizontal belt (at
R | | | S = 1 latitude —72°, 1000 )
| | [N | I 1 R N Y I | -@- .@- @. r @ -@- -@- \\\\\\:\\
10" 1070 107 10" 50 100 150 i : IR SWEESNaESRESs S

< 3160¢ »
mlightest (€V) A

LS=Liquid-Scintillator, BO=Buffer-Oil, OD=0OuterDetector, ID=InnerDetector(LS+BO) This nylon—made balloon construction is summarized in
paper (now preparing:--)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.082503
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.082503

KamLAND2(-Zen), OceanBottomDetector

KamLAND2-Zen Ocean Bottom Detector
> Upgrade program of KamLAND » Main purpose => geo-neutrino precise measurement
(AIP Conference Proceedings 1666, 170003 (2015)) > A large liquid-scintillator detector

» New electronics for 10C tagging
BEDBHEMRFTEHRE)

New LAB-based LS (brighter than now) D26 m
Winstone-cone-shape light collecting mirror
High-Q.E. PMTs

Scintillating Balloon (PTEP (2019) 073HO01)

» — Tomorrow talk by Sakai
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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

Scintillation Photons & Event Reconstruction

- Energy and vertex are reconstructed from the hit-timings and charges
- Various radioactive sources are useful for calibration
- Also spallation products, and atmospheric neutrinos

Event in Xe-LS (OvB3P candidate) Cosmic muons

Event in Outer balloon Normal events
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.052006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.052006

Astrophysical Neutrinos @ KamLAND

SNEWS
(Pietro Antonioli et al 2004 New J. Phys. 6 114) SNEWS 2.0: A Next-Generation SuperNova Early
SNEWS2.0 white paper (arXiv:2011.00035) Warning System for Multi-messenger Astronomy

S. Al Kharusi!, S. Y. BenZvi?, J. S. Bobowski?, V. Brdar*°°,
T. Brunner'’, E. Caden®, M. Clark®, A. Coleiro'?,

M. Colomer-Molla!'®!!, J. I. Crespo-Anadén'?, A. Depoian®,
D. Dornic'?®, V. Fischer!*, W. Fulgione!®, A. Gallo Rosso'®,
M. Geske!’, S. Griswold?, M. Gromov'®!®, D. Haggard®,

A. Habig?®, O. Halim?!, A. Higuera??, R. Hill'®, S. Horiuchi?3,

Galactic Supernovae (cf; BEDIFEER)
Pre Supernova (cf; K. Asakura et al 2016 ApJ 818 91)

30 Oct 2020

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)
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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

Online Supernova Analyses Updated

- Completely debug & update
- baseline scan, waveform integration

Neutrino Event Rate (Last Updated 2020-12-27 18:20:35.143260)

. -100
107 .9 , de[.;r;week-ﬂ _____________

- event reconstruction, energy correction o L o0 _
- event selection, likelihood based selection il o 3
. online webpage [ ]
. 0ld one needs ~20hr for temporary offline-analysis file processing for more =~ - g

- 20

precise checking — now the online-analysis file is the same as offline one
- Useful for other physics online analysis
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Neutrino Candidate Profiles (Last Updated 2020-12-27 20:57:21.782128)
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GW coincident neutrino search

There are some Gravitational Wave (GW) events observed by LIGO-02
- Super-K, Borexino, DayaBay, IceCube, XMASS reported the coincidence search

here are a lot of GW candidates listed by LIGO-03

- NOVA reported the coincidence event search for their GCN alert

We follow GW events observed by LIGO-02 and check GW candidates listed by LIGO-03

- % here, LIGO-03 candidates are not officially confirmed events, just candidates

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

TABLE I.  Search results for the 11 GW events. We report a false-alarm rate for each search that found a given event; otherwise, we
display - - -. The network SNR for the two matched-filter searches is that of the template ranked highest by that search, which is not
necessarily the template with the highest SNR. Moreover, the network SNR is the quadrature sum of the detectors coincident in the
highest-ranked trigger; in some cases, only two detectors contribute, even if all three are operating nominally at the time of that event.

FAR [y'] Network SNR
Event UTC time PyCBC GstLAL cWB PyCBC GstLAL cWB
GW150914 09:50:45.4 <1.53 x 10 <1.00 x 107 <1.63 x 1074 23.6 244 25.2
GWI151012 09:54:43.4 0.17 7.92 x 10~ 9.5 10.0
GW151226 03:38:53.6 <1.69 x 1077 <1.00 x 1077 0.02 13.1 13.1 11.9
GW170104 10:11:58.6 <1.37 x 10 <1.00 x 107 291 x 104 13.0 13.0 13.0
GW170608 02:01:16.5 <3.09 x 10 <1.00 x 107 1.44 x 10~ 15.4 14.9 14.1
GW170729 18:56:29.3 1.36 0.18 0.02 0.8 10.8 10.2
GW170809 08:28:21.8 1.45 x 10~ <1.00 x 107 o 12.2 12.4 o
GW170814 10:30:43.5 <1.25 x 10> <1.00 x 107 <2.08 x 1074 16.3 15.9 17.2
GW170817 12:41:04.4 <1.25 x 1077 <1.00 x 1077 e 30.9 33.0 o
GW170818 02:25:09.1 420 x 10 11.3
GW170823 13:13:58.5 <3.29 x 10 <1.00 x 107 2.14 x 103 11.1 11.5 10.8
Phys. Rev. X 9. 031040 (2019)
2021/01/07
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M/WGraceDB Public Alerts Latest Search Documentation Login

Please log in to view full database contents.

LIGO/Virgo O3 Public Alerts

Detection candidates: 56

SORT: EVENT ID (A-2) M

MassGap
S200316bj
(>99%)

S200311bg BBH (>99%)
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March 11, 2020
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https://journals.aps.org/prx/abstract/10.1103/PhysRevX.9.031040
https://journals.aps.org/prx/abstract/10.1103/PhysRevX.9.031040

v, Selection Criteria; InverseBetaDecay(IBD)

Delayed-Coincidence (DC) event
Basically follows the usual selection

- (Nature Geoscience vol.4, p.647-651 (2011)) v 511keV e
- (A. Gando et al 2012 ApJ 745 193) Prompt signal
0.9 < Ep <100 MeV (positron + annihilation) @ v 511keV

1.8 <Ed<26o0r44<Ed<5.6 MeV
AR <200 cm

0.5 < AT <1000 us

FiducialR < 600 cm

m_uop VETos _ "~ Delayed signal

Likelihood Selection - (neutron capture)
AN

Inner-balloon cut for delayed event (for LIGO-03) Thermalized neutron DA

(T ~210usec) N 7 >

Coincidence Search Window
+500 s from GW events (Baret et al. 2011)

(3% In the most distant GW case (2840 Mpc), the traveling time of neutrinos ~ 86 s)

2021/01/07 "GW neutrino search” S.Obara, Bfi2E=a2—KU /¥
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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

Data Set

Periods

Works / Events

LH period

LIGO-02 events == LH6
(without inner-balloon cut)

V. analysis periods
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LIGO-03 candidates == LH7
(with inner-balloon cut for KLZen800)
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Selection Efficiency and other parameters

Selection efficiencies are €. =

92.9% and &

10

inner-balloon cut effect

/:/ 7 N

; ~

/e 7,
"1" /l' /// — S —— \ 8 | \ \\\ \sx\\‘
[ 4 : ‘ WEWR
9 f 1 R
V',( K?/ { { 4 I‘ 1 ! x “:‘ x
1 -

= 77.4% for LIGO-02 and LIGO-03 dataset, respectively
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The difference btw two dataset derived from with or without the inner-balloon cut
Nt = (5.9820.13)x103"protons in R < 600 cm
Livetime efficiencies in these datasets are ~ 87.8%
Suppressing accidental delayed-coincidence backgrounds
from radioactive impurities (40K, 210Bj, 208T| on outer-balloon)
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204 =2 | — LIGO-02 dataset period

i —— LIGO-03 dataset period (with inner-balloon cut)
0 ‘ . . .
0 4 6 8
Eprompt (MeV)
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Coincidence Event Search

Number of expected IBD events is estimated from offtime window from GWSs
Nexp = 4.08e-3 events within £500 s for LIGO-02 period
Nexp = 4.27e-3 events within £500 s for LIGO-03 period

No significant event is found for 60 GWs —— KamLAND (this work, LIGO-02)

4 GWs are in bad run periods KamLAND (this work, LIGO-03)
----- Borexino (2017)

--&-  Super-Kamikande (2018)

[—
-
[
|U'S)
1

Using FeldmanCousins method

(Phys. Rev. D 57, 3873, 1998),

the number of upper limits with 90% C.L. are
Ngg < 2.435 for a GW event (LIGO-02)
Ngg < 2.435 for a GW event (LIGO-03)

--®-  Daya Bay (2020)
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fluence upper limit is given as

N9O

|
1

ek
-

Foo(E,) = S e
’ N T €live €S(EI/) G(Ey) "’ E, (MeV) ’

2021/01/07 "GW neutrino search” S.Obara, Bfi2E=a2—KU /¥

&4
il
@
o


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.57.3873
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.57.3873

BinaryNeutronStar vs. BinaryBlackHole

* DISCUSS the d Iffe rence btW BNS a nd BBH Table 1. The gravitational wave event list for LIGO-O2 (Abbott et al. 2019) and along with the

KamLAND detector status. The three events in which KamLAND has already published the results for

° U Se O n |y L I G O —O 2 GW eve n tS a coincidence search (Gando et al. 2016a) are not included in this table.

-I _ B N S Gravitational wave Date and time (UTC) Distance (Mpc) Source KamLAND status
) GW170104 2017 January 4, 10:11:58.6 9907330 BBH running
. 6 _ B B H S GW170608 2017 June 8, 02:01:16.5 320+120 BBH unusual data condition
GW170729 2017 July 29, 18:56:29.3 28407 {300 BBH running
- - GW170809 2017 August 9, 08:28:21.8 10307320 BBH running
* C u ZI L I G O - O 3 G WS a re J u St Ca n d I d a teS GW170814 2017 August 14, 10:30:43.5 (i()()jg%éu BBH running

GWI170817 2017 August 17, 12:41:04.4 4()+ BNS running

* Assuming Fermi_DiraC diStribUtion, GW170818 2017 Au;ust 18, 02:24:09.1 1(1(>()*§§3 BBH running
. . . GW170823 2017 August 23, 13:13:58.5 1)4()*;(,8 BBH running
we can set upper limit on the neutrino fluence (all flavor) as
For> <2.04x 10" cm™>

9BBH <2.02% 109 ¢cm2 1 E? © X!

Aep(E,) = T36,(n) BT + 1 s Ja(1) = e ldX,

L ———

- Total energies from GW source are

2

D
Lo <7.92x10°° o erg
40 Mpc

2 1/D2. = Z 1/D?
D eff [
FBBH < 822 % 109 o erg i

407.6 Mpc It seems to be the difference depends on the distance
( cf; typical SN has & ~ G(10°°) ) rather than the difference of GW source mechanism
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Summary

GW coincidence event search is updated
- Last published paper included only the first 3-GWs

Limits on fluence upper limit for 60 GWs (LIGO-02 confirmed events and LIGO-03 candidates)
.- Most strict upper limit for a few to several MeV neutrino energies (below SK’s threshold)

+ The first limit for LIGO-03 data
Limits on total energies for BBH and BNS using only LIGO-02
- 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

Search for Low-energy Electron Antineutrinos in KamLAND Associated with
Gravitational Wave Events

S. ABE,! S. Asam1,! A. Ganpo.,! Y. Ganpo,! T. Giva.! A. Goro,! T. HacHivAa,! K. Hata,!
S. HAavAasHIDA, "2 K. HosokawA,! K. IcHIMURA,! S. IekI,! H. IkepA,! K. INOUE, 3
K. IsHiDosHIRO @1 Y. KaMmEeL! N. Kawapa @ ! Y. KisuimoTo. b3 T. KiNnosHITA,! M. Koga,b?
N. MAEMURA,' T. Mirsur,! H. Mivake,! K. NAKAMURA,! K. NAKAMURA.! R. NAKAMURA,!
H. Ozaki.b* T. Sakar,! H. SamBonsuat,! 1. SHimizu,! J. SHIRAL ! K. SHIRAISHI,! A. SUZUKI,!
Y. Suzuki,! A. TakeucHl,! K. TAMAE,! K. UesHIMA.” Y. WADA,! H. WATANABE,! Y. YOSHIDA,!
S. OBARA D@5 A, KozLov.,> " D. CHERNYAK.>® Y. TAKEMOTO.” 1V S, YOsHIDA.”? S. UMEHARA,!!

K. Fusamvi,'? A K. IcHIKAWA,'? K.Z. NAKAMURA,™® M. YOsHIDA,'? B. E. BERGER,!* 3
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https://arxiv.org/abs/2012.12053
https://arxiv.org/abs/2012.12053
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