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KamLAND

Kamioka Liquid scintillator Anti-Neutrino Detector  since 2002

Glfu Japan
CGE 1000 m underground.

Muo flux 1/105 of surface-level.

« Shield external ga S. %}T \
+ Detect Cherenkov-li
from muon. | % JV”EPMT 1325
\@ “,{/‘;ﬁf@i/ 7o) %O” PMT 554ﬁ—ﬁ*\\\
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~180 km
from reactors

= Variable physics targets:
o Reactor neutrinos
o Geoneutrinos
o Solar neutrinos
o Supernova neutrinos  prp 8s (2013) 033001,

o Ov double beta decay PRC92(2015) 055808.
APJ 818 (2016) 91.

o etc... PRL 117 (2016) 082503.

= Realized by low BG environment &
low BG Liquid Scintillator(LS)

v'238J- ~10-18 a/9;s 232Th: ~10-17 9/9.s

(Nylon/ EVO@H
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KamLAND-Zen 800

Zero heutrino double beta decay search

Majorana?

Balloon construction finished!!
@Mar. 6th




detection methods

Invers Beta Decay (IBD) Electron Scattering (ES)

= anti-v, only = Sensitive to all v (especially v )
» E, reconstruction = £, cannot be reconstructed.

= Reaction threshold 1.8 MeV * No threshold

= Cross section higher than ES = Directional info. (not in Liquid Scint.)

Prompt

E,cie~E,- 0.78 MeV V\/ v
BG rejection by :

Delayed Coincidence(DC)

: Delayed
/@ n capture on p (r 2.2 MeV) N
5 or on 12C(4.9 MeV) . b
~200us
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GW170817 and v observatory follow-up

GW170817 Neutrino limits (fluence per flavor: v, +7y)

103 F ANTARES 500 sec time-window |

* GW170817 (GRB 170817A) feitemassnizzor ow

o Multi-messenger detection of Binary Neutron 2w ,-
Star(BNS) merger. Sl 4

o Luminosity distance: 40 Mpc i 6
o Radiated energy > 0.025 M,,,~4.5x10%2 erg — -

.« AM<0.2—0.8 M, £ L e T
@) tGRB — tGW= -l 7 SeC : 0

mmea | ApJ Lett, 850:L.35, 2017
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= No high ener_clgx\ neutrino (GeV—EeV) was . /memms 7 V&
found by ANTARES, IceCube, PAO, and SK.

ApJ Lett., 850:L35, 2017 SK limit, arXiv:1802.04379

arXiv:1802.04379 E %
= MeV neutrino wasn’t observed by lceCube’s &\
noise rate and SK. #gte ssoiss 2017 —
o anti-v flux limit on the earth < 6.6x107/cm?
(luminosity at source ~<4x10°% erg")

*just my calculation total energy(MeV)




BNS merger and thermal v emission

Y. Sekiguchi et al., PRL 107, 051102 (2011)

= Thermal v from BNS merger & 2f@L Light
o Temp. gets to O(10) MeV after merger B 1= S e
> e7/et pair creation, capture on nuclei - g’ v Rlsetlme<1©n;§
> v ./ anti-v . emission. | L eium I?e_ak«lum-.-‘\:.LQmw\?f_%s.
v more anti-v, due to neutron richness. | ;
> Energy: O(]O) MeV — : Y . .
v -oscillation not included yet | = SfoH = — Green: anti-v
in current simulation models. | § 3] Heavy | Red: v ]
= Thermal v detection L \[] Blue: v,
o Motivation K. Kyutoku, K. Kashiyama, arXiv:1710.05922 < "¢ 0 s ) 5 0 -

+ Information btw merger to jet. ! merge ]

« VY-mass measurement by time diff. from At~ 051 8 D ( my ) 10 MeV \
GW. | 100 MPc / \100 meV E,

ﬁfT N
1Mt/ \ 3 x 1052 erg

o Exposure of 80 Mt*yr is necessary... ( ) ( ) )
. assuming merger rate ~50/yr at ~200 Mpc 10MeV / \ 100 Mpc

o ~3x10%2 erg anti- v . emission
(Integrated over Tsec) N, ~ 1.0 % 107 % i fac fonc




Ref.: Limits on v from BBH merger

Mono-energetic v assumed 1g%]]
ApJ 850:21, 2017 ]

+/- 500 sec window searched

central enginé active
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B. Baret et al., Astropart. Phys. 35, T (2011)

1-Bxv, ES
] 2-Bxv. ES
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(Bx: Borexino)

SK good at expected
thermal v region.

KamLAND good below
5 MeV.
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Time window for thermal v search

Luminosity [erg s™']

Average energy [MeV]

Total heating rate (t < 2/3) [erg s

Figure from ApJ, 846:114, 2017.

This is likely to be underestimated

(mentioned in arXiv:1710.05922).
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« High emission period < 1 sec.
« TOF effect dominant for MeV neutrinos.

heaviest \ 2 0 MeV 2
m ]. c
Window = 10 —
1n S ( 70 meV ) ( Egetectable) (40 Mpc case)

Calculation for ES:

Eth me
=—11 1+2
: (+ | Eth)

This logic is from Borexino’s GW paper (ApdJ 850:21, 2017).

detectable
EI/

3 The Planck 2015 CMB temperature and polarization power
spectra in combination with the baryon acoustic oscillations data
gives a limit on the sum of neutrino masses > m, < 0.17 eV at
95% C.L. [37]. Together with the measured oscillation mass dif-
ferences [38] it leads to a constraint on the maximum neutrino
mass mi, mz, m3 of 70 meV.

And also, if BG is high, O(0.1 sec)-burst is worth being searched.
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KamLAND DATA Quality



Detector condition

Norr mlr'n baIIoon for KL-Zen.
’FuII Iume available.

/) H A
i

9 Deadtime(trigger disable) distribution Preliminary
‘ -
q e 0.002 0 | 0 10 00 | I Deadtime(trigger disable) distribution
q (&) H
¢ ) T (-
1T , , 2 I = 0.002-
o 1—00015j § . Z0o0om
= & i
o EO .001 5:—
*§ 0.001 = -
O 1 '*§ 0.001
E : e |
%0 0005 £0.0005]
) 5 -
D O“ ] | L | L L | | | | | | | | D O_ P 1 I T T TR S TR NN SR SR T N N S S T N
-400 -200 0 200 400 0 =00 20 40 "
t-t,, [S] v

10/27



Event selection (IBD)

Veto muon & events 2-msec after the muon.

|
=2-see-vetoaftershowering-muen
s Likelil | | t &Different from usual analysis™.

*PRD 88 (2013) 033001.

"D PE NS EPK 8100 Mev).

» Delayed Ene\r/g
PESE TSN T3 5.6 Mev

= Time correlation (dT): < 1000 us. Overall
detection eff.

» Space correlation (dR): < 200 cm. ~089%
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BG rate for IBD search

DC related parameters

Event selection

« Run014495—014546

- 2017/8/1—2017/8/30
(w/o 8/17): 24.4 livedays 10

« Rp,Rd<6.0m

event/bin

parameters
Skyblue:

DC candidates

Blue: Selections,
other than the |

20 40 60 80

100

Ep [MeV]

Event rate: 10

120 evts/24day ~ 5.7e-5 evts/sec
« Almost all are accidental BG.
« Negligible in 1000 sec window.
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Event selection (ES)

= \/eto muon & events 2-msec after the muon.
=2-see-vetoaftershowering-muon
= Visible Energy: 0.5—100 MeV

(E,: 0.67—100 MeV)

= \Veto DC tagged events.
o Anti-neutrino candidates.
o Rn daughters.

= \Veto badly reconstructed events. Overall

detection eff.
~99%
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BG rate for ES search

Event selection
- 2017/8/1—2017/8/30 Energy spectrum

(w/o 8/17): 24.4 livedays —4 —
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BG rate for ES search

Integrated BG rate/volume

=== R< 600 cm

/sim®

= R< 550 cm
== R< 500 cm

R< 450 cm
== R< 400 cm

N

< 107°

N(E

107%

107°

107° Preliminary

L | L L L L | L L L L | I L I I
1 2 3
Visible Energy Threshold [MeV]

4

Event selection
- 2017/8/1—2017/8/30
(w/o 8/17): 24.4 livedays

Integrated BG rate

—
I\/Iodlfylng window and

threshold\\
@ BG free with 3.

== R< 600 cm
= R< 550 cm
== R< 500 cm

R< 450 cm
= R< 400 cm

volume,

BG free with 1 O MeV,

H MeV
threshold It
1@00 eC window

Preliminary

Window = 10 s (

2 3 a4
Visible Energy Threshold [MeV]
) (g
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70 meV

1.0 MeV
Elc/letectable




Fiducial volume decision (ES)

(R/600cm)3

% -+ \/B(R7 Eth)

1.64sigma=90% C.L.
1 MeV 2 _ _ arXiv:physics/0308063
= ) 1 Fixed 1000 sec window
v R
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IBD search

— 2
= 10 - Preliminary
OO
'Tl - No events in +/- 500 sec window.
3 - Consistent with expectation: 5.7e-2.
o i
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ES search R<600cm, higher energy

—
o
\)

> CPreliminary
(()) |
=, i
Qo i
g
s i
@
> |
L No events above 3.5 MeV in +/- 500 sec window.
Consistent with expectation: 0.7.
10

L K% X K % g ik
1000 0 1000

1 MeV?
0 < At [SeC] < 10 ( Evis ) + 1 t - tgw [Sec]
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ES search R<500 cm, lower energy

%' “Preliminary . &

2 + E;, 1-MeV analysis %

— o
st ) + BG rate: 0.025/sec Sz,
5| " - 10-sec expected: 0.25 evt.

ur o * Ngps: | evt:_

! * « Probability(N,,>0): 22%

s « B4, 0.5-MeV analysis
] = * « BG rate: 0.045/sec

e N L e « 20-sec expected: 0.89 evt.
—100 —0 0 >0 190 « Observed: 1 evt.
D [Sec]<10<1 MeV)2+ | gy lsec] . Probability(N_,.>0): 59%
ZEVB
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About the event

Occurred at
Thu Aug 17 12:41:05.449 2017 UTC
1.02 sec after GW
(0.72 sec before GRB).

= 1.4 MeV
X =-137cm
Yy =-81cm
Z
r

- Preliminary

5o [MeV]
T

T / T T T

=7cm
=159 cm

Relatively inside vertex. i X

C . I 1 B R T
-100 -50 0 50 100
t-tow [sec]
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1.4 MeV: ''C dominant

PhysRevC.92.055808
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Produced by muon spallation.
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ES search R <450 cm, lower energy

+/- 50O sec

%' - Preliminary So
B &
= 3- + E, 1-MeV analysis K
> I . « BG rate: 0.0056/sec oy
& i *x * 7 « 1000-sec expected: 5.6 evt.
ujg of y * Npe 9 evt.
L . E,. 0.5-MeV analysis
i T R, X . BG rate: 0.018/sec
1 . « 1000-sec expected: 19 evt.
L ﬁé X o, qui '  Observed: 21 evt.

~1000 0 1000
t- tyw [SEC] 23/27



Fluence Upper Limit

monochromatic energy was assumed.
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Time window comparison

v fluence UL on the Earth (90% CL)

—— v, LowE 1000-s

cm2
—h
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I| I| [

- --- v, HighE 1000-s (Window, E,, Radius, 90% CL UL #)
— Ve LOWE 20-s - IBD: 1000 s, 1.8 MeV, 6 m, 2.4)

(
1013 N Prelimi « ES HighE: (1000 s, 3.5 MeV, 6 m, 1.8)
B reliminary . ES LowE: (1000's, 0.5 MeV, 45 m, 11)
B \ _________________ « ES LowE: (20 s, 0.5 MeV, 5 m, 3.5)
10101 T~ el
- Narrow window
| Factor ~3 better.
71
10 B v, IBD 1000-s
— — . Min. Rad. Energy(4.5x 10> erg)
10*F oscillation neglected. ' — * — . |
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1 10 107
E, [MeV]
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Limits on all flavors (harrow window)

v fluence UL on the Earth (90% CL)

17
< 1016_ —— v, LowE — v, HighE
£ 107 — v, LowE -~ v, HighE
O — ¥, ES LowE ---- v, ES HighE
— v, LowE -+ v, HighE
1 e
10"°F aa, Preliminary
10" =
7
10 B v, IBD
— — . Min. Rad. Energy(4.5x 10> erg)
10*E oscillation neglected” " — « — . __
1 I 1 1 1 1 1 11 1 I 1 1 1 l' lﬁ-
1 10 10°
E, [MeV]
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Summary

» MeV-neutrinos from BNS merger: GW170817 was searched
with KamLAND.

» Time window for the search was modified for thermal v.
= No IBD was found within +/- 500 sec from tsy.

= | ES candidate was found after 1 sec from GW.
o BG consistent with (500-cm-radius, 10-s-window, 1-MeV-E,) analysis.

= KamLAND’s sensitivity is <1/10° of expected v fluence.
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