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KamLAND

Kamioka Liquid Scintillator Anti-Neutrino Detector
located 1,000 m underground in Kamioka mine

Initial target: reactor-v measurements with solar-v problem
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KamLAND

Kamioka Liquid Scintillator Anti-Neutrino Detector
located 1,000 m underground in Kamio

Inner detector
1kt liquid scintillator
*1,325 17inch

+ 554 20inch PMTs
Outer detector
3.2kt Cherenkov detector

*140 20inchPMTs
Material Density Volume ratio
Dodecane (N-12) Ci12H2s 0.749 g/cm? 80%
Pseudocumene (1,2,4-Trimethylbenzene)  CgHjs 0.875 g/cm? 20% : .
PPO (2,5-Diphenyloxazole) Ci5H11NO 1.36g/1
KamLAND-LS 0.77721 g/cm’ °




KamLAND collaboration
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Neutrino detection

Inverse-f3 decay Comparison with SK
511 keV y

Pros:
@ Better energy/vertex resolution
Lower threshold
511 keV'y due to the higher light yield of LS
Cons

Smaller volume
due to the difficulty of handling LS

A key feature of KL is
its sensitivity to low-energy v
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Low-background measurements using
spatial and temporal correlations
1.8 MeV energy threshold
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Reactor-v measurements

.9 .2
75, =~ 1 — sin” 20 sin

PRD 83, 052002,2011

Am2L
1.27——
E

[ 1 I I ey [ I [ |
e e —e— KamLAND data
350 = eest no-oscillation
[~ e best-fit osci.
> 300 ~ ; ; accidental
S oo i b 5 “Clan’o
Q - ] _.'r_:LJl;r best-fit Geo V.
= o | BUSS best-fit osci. + BG
z2 £ TG +bestfitGeov,
5 - I - = I
> 150 — . |
— L ?_E | '
. R S S G
100 — AN I
- B
50 |— B
0 :I [ |E| -III (] | I | | | O | l Ll 1 i | I T | l 1 |;-|.TI;'P-'T-’=-& |
0 1 2 3 4 5 6 7 8
E, (MeV)

World-leading measurements of Am,,%and 0,,

PRD 88, 033001, 2013

20 ¢ ;
- g
15 % T\
=R F ;
< 10 Tt TEICT LT ---.-------.____.__;,.-=::q::
5 i______________‘__ Y St 20
1o Fria-r I‘T'.'::F Sk L'J'T.'I-'f'l‘I'.T"l'l'l'|"|'|'|'|'|"|'|'|'|'1'T1'|Q|-'\' — :
- KamLAND+Solar KamLAND b L2
2.2 C (a) -95%+C.L. ------- 95% CLL. FQ 5 a S
2F 99% L. =ew09%CL. [
S 18F 99.73% CL. =——9973%CL. [ |
% 16 f_ J best-fit @ best-fit ;
o 14f smer. b |
— - 99% C L. -
:v:]t 1.2 C 99.73% C L. E
E 1 :_ (O best-fit Ei' i
< 08F = e |
06 E
04 F B
C 0,, free oo :
02 _ll\||\||||||||||||||||||||||||||||1|3||||||||\:i-llillllillllllilll
010203040506070809 1 5 101520

tan” 0, Ax?®



Geo-v
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2381 — 295PL 4 8a + 6e™ + 67, + H51.7 MeV
232Th — 208Ph 4 6o + de™ + 47, + 42.7 MeV
WK 5 VCa+e™ + 7. + 1.311 MeV
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Time trend of v rate

Today’s signal (reactor-v) is tomorrow’s background
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Geo-v measurements
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First observation of geo-v (2005) a
First constraint on both U and Th -

heat contributions (2022) = -
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Astro-v measurements
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Astro-v measurements
PreSN-v

Combined alarm system with KL and SK
KamLAND e o
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Detection Probability

Astro-v measurements
SN-v

S. Abe et al 2022 ApJ 934 85
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Astro-v measurements

Relic-v
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Astro-v measurements

Relic-v
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Neutrino Energy (MeV)

KamLAND provides unique for
low-energy sensitivity for astro-v

Ongoing works

- Analysis update with ML
- PBH analysis

- Joint constraints with SK
(not collaboration works)
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Motivation

Matter/anti-matter asymmetry in Universe

Sakharov conditions

- Baryon number violation (Baryogenesis)
- C and CP violation
- Departure from thermal equilibrim

Sakharov conditions: not satisfactorily fulfilled in SM “d SN\
BeY©

Leptogenesis Strong candidates of Baryogenesis:

Decay of heavy right-handed neutrino: key in Leptogenesis

Is predicted from the Majorana nature of neutrino

oy = v+ (vr)° V]\(i_f:VM 19



Double-3 decay

Neutrinoless double- (0v2p) decay
. probe of the Majorana nature of neutrino

Atomic Mass Difference (MeV)

—t
o

<

=
I|III|III|III|III|III

136Pr

B*/EC

1SGce

(4]
N

58 59 6(

Atomic Number Z

Events

A

Ov5p

Energy 0@ 88



KamLAND-Zen

Target: Ov2B decay of 13¢Xe to probe the Majorana
nature of neutrinos

Features:

Use of already developed low-radioactive detector
High scalability

Possibility of Xe purification

On/off-measurements
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Final result

Zen 800: Jan. 2019 — Jan. 2024 with enriched Xe 745 kg

(a)SD — Total B6%e OvBp (90%C.L.UL)
Bbensssesen, 0 " Total (Ov@p U.L.) —— Xenon spallation products
= — Xe 2vpp —— Carbon spallation + “'Xe
= —— IB/External RI
L Internal RI
S Solar Neutrino ES + CC
3 —4— Data
_ = -I " . .‘ M Y -.;, Y

L .’h ™ ) f
3 : -‘ N
L | PR N R ROV T SR T WM S .
1 2 3 4
Visible Energy (MeV)

10g
9F
] = —— KamLAND-Zen 400
7 = —— KamLAND-Zen 800
6 E_ Combined Result
s
4f
] = 90%CL._ .
2F
1F
= P IR EEEPR R RS
00 1 2 3 4 5
OvBp Half-life (x10% yr)

Zen400 Tovq2>0.9 x 1026 yr
Zen800 TO0vq2>34x 102 yr
Combined TOovq,2 > 3.8 x 1026 yr
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Final result

Zen 800: Jan. 2019 — Jan. 2024 with enriched Xe 745 kg

Effective Majorana mass (m 45 ) (meV)

" (2) NO [ (b) IO © Ref. M (mpg) (meV)
| -~ Shell Model ' 34] 2.28, 2.45 59.4, 55.3
5oL QRPA Shell model — [35] 163,176  83.1, 77.0
— EDF
. 36, 37] 2.39 56.7
-- IBM :
[38] 1.55 87.4
_____________________________________________________________________________________________________________________________________ 39] 2.91 46.6
ool QRPA [40] 2.71 50.0
_____________________________________________________________________________________________________________________________________ [41] 1.11, 1.18 122, 115
bbb Te [42] 3.38 40.1
Ge [43] 4.20 32.3
e e i EDF theor [
50TZIZZ]]IIZZ]]IZZZI]]IIIZZIIIIZZI]IZZZZZIIIZZZZIIZZZ]]IZIZZ]III..ZZ‘.Z.’.’ZZ‘.Z:ZZZZZI.’.’ZIZIZIZZZZZIZZZIIIZIIZZZIIIIZZZ]]ZZIZZ".]]IIIZ @A) (B) © Y [44] 477 284
Lo o L L L L L L L L L L L L L L Lo o o L L L L L L L L L L e e ettty . — — — — _ _ | _ " _ |_45:| 4'24 32'0
_ IBM L46] 3.25 41.7
: Xe [47] 3.40 39.9
0-!!I| IIIIII| 1 IIIII| | | IIII| 1 | |
1 10 10 1 10 10

mlightcst (meV)

(mgﬁ) < (28 —122)meV  (90% C.L.)
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Events / 0.05 MeV

10

Final result

(a) SD

— Total

%e Ovpp (90%CL. UL)

----- Total (Ovpp U.L.) —— Xenon spallation products

— B%e 2vpp

—— Carbon spallation + B7Xe
—— IB/External RI

Internal RI
Solar Neutrino ES + CC

Visible Energy (MeV)

Background Estimated Best-fit
136Xe 2033 - 27.60
Residual radioactivity in Xe-LS
2381 series 0.08 £0.01 0.08
232 series - 1.35
External (Radioactivity in IB)
23877 series - 6.61
Neutrino interactions
®B solar v e~ ES 3.57 £0.09 3.57
Spallation products
Long-lived 17.824+1.30 1 19.39
¢ 0.00 £ 0.05 0.00
%He 0.54 +0.27 0.56
137X e 0.72 £ 0.60 0.72

KamLAND2-Zen



KamLAND2-Zen

Background Estimated Best-fit
Improvements of energy resolution (4% -> 2%) _***Xe 2v8 - 27.60
(high-QE 20inch PMT, brighter LS, collecting mirrors) Residual radioactivity in Xe-LS
2381 series 0.08 +0.01 0.08
232 series - 1.35
o _ External (Radioactivity in IB)
Scintillating balloon  ***U series - 6.61
(21 4Bi tag) 535Th series - 0.04
Neutrino interactions
®B solar v e~ ES 3.57 £0.09 3.57
Spallation products
_ Long-lived 17.824+1.30 1 19.39
New electronics, ML =g 500 T 008 500
(neutron detection, ML-based PID)  °He 0.54 + 0.27 0.56
137X e 0.72 £0.60 0.72

KamLAND2-Zen



Dismantling

Stop KamLAND DAQ: Aug. 2024
(Enriched)Xe recovery and distillation: Jul. 2025 | &8 .
LS draining: Jan. 2025

27



Dismantling

Removal of PMT: Oct. 2025
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Next

Installation of new PMTs starting in autumn 2026
Filling with LS starting in summer 2027
Restart of DAQ in spring 2028

KamLAND2 will start in FY2027

Installation XeLS and its housing 2028-2029
KamLAND2-Zen will start in FY2028-202977?
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Summary

KamLAND: world-leading results

- low-energy neutrino measurements
- neutrino-less double [3 decay search

KamLANDZ2: will start in FY2027

Further possibilities

- muon puzzle
- Super-KamLAND??
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