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Kamioka Liquid Scintillator Anti-Neutrino Detector

solar neutrinos

Box&Line
17-inch PMTs
(1325)

VenetianBlind
20-inch PMTs
(554)

Buffer all

Pure water
3.2 kton

VenetianBlind
20-inch PMTs

Stalnless tank

(18m o) Liquid scintillator (~1 kton)

Resolutlons
' AE ~ 6.7%/ VE(MeV)
AX ~13.7 cm/ VE(MeV)

R Low RI:
238 ~ 5.0x1018 g/g

232Th~1.3%10-17 g/g

Data taking for ~20 years since 2002.

0.4 1.0 9nbb o g

electron scattering

8.5 observed energy [MeV]

Inverse beta-decay Ve +p — e’ +n

supernova neutrinos,
accelerator, nucleon
decay, DM, etc.

~ reactor neutrinos
geo neutrinos

Different neutrino physicsin the wide energy range

Mantle Radiogenic Heat
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Survival Probability

7, flux from 232Th (x10% cm~2s71)

\
\
\
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|
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hit s//arxw org/ bs/2205 14934 |pdeyya)

60 70
L/E. (km/MeV)

7, flux from 28U (x10% cm=2s71)


https://arxiv.org/abs/2205.14934

]<#8  Xenon-136 loaded LS

- ~|FlZton-scale D EEx %= FHI_N

- of Xe enriched with 136Xe by
- ZBMEICE > TBRIE/NY VT Z DV K

Py o - \ Rl In XeLS:
- PIITA4 =T 238 ~ 1.5%107 g/g,
g &Y —RA A 7 £ A]EE e

L

Decane 82% l D12 80%
PC 18% PC 20%
PPO 2.4 g/L PPO 1.4¢g/L
Xe ~3.1wth

Phase | + Phase Il

T, > 1.07 X 10°° yr (90% C.L.)
Phys. Rev. Lett. 117, 082503

KamLAND2-Zen:

Mini-balloon Radius =1.54 m Mini-balloon Radius = 190 m Xenon mass ~ 1ton

Xenon mass = 320 ~ 380 kg Xenon mass = 7/45+3 kg Aiming at 100%
Photocoverage
9
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KL-Zen DS-1 DS-2 Period-1 Period-2

Phys- RevLett.117.082503
(August 2016) pp.1-6.

Started  “prase (<320 kg Xe) - Puriiication  Phase-ll (380 kg Xe)

Phys. Rev. Lett. 110, 062502 (2013) 136Xe 89.5 Kg-yr

)
10 () DS1+DS2 —— paa R<135m (a) Period-2 . pata HeAg
— Totdl ‘ — Total U Thi B
10°E 2VB N el e : +210po+PKr+ YK

214Bi from inner balloon (OvBB U.L.) - IB/External
— °Xe 2vBB -~ Spallation

—*xcovpp Spallatio

(90% C.L. U.L.)

10°

107 Spallation product
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100 2
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Lower [imit for OvBp In phase | LS and Xe gas Result(1+11 ) T¥2 > 1.07x10% yr (90% C.L.)
TV2>1.9x10% yr (90% C.L.) purification
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Obtained the very stringent limit!
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The KamLAND-Zen collaboration
G
I et al 2021 JINST 16 P08023
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Xe nucleu®—

® neutron

Shower

M

b .

Muon 0
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. T~55mIn
~4 MeV

Xe nucleus

High n-multiplicity

n-capture by p
2.2 MeV y-ray

BRBR

CIRFIZiE

{400 TlEEERBG

(i) T < 180 sec

* beta(+)
" ‘ T Decay of 10C, 6He, 2B, etc

s Xe[RFizigte
(Long-lived)

Decay (chain) of Xe-spallation
products

T ~ O(100) sec - few days

~4 eventsyr/IB/ROI

12

ts'yr/I B/ROI

~70 events/yr/IB/ROI
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- ~40% T<O 1 day

S Rhmlo

| 10 200 300 400 500 600 /700 800 900 1000

g - Had .,,‘._.._14‘.'__5_,141 =
visible energy [MeV]

® Expected event rate: 0.082 event/day/Xe-ton/ROL.
o U7 32 MMITEAEDTI0%

® High neutron multiplicity, 77y

10 20 ---. - 80 9 100 ® l—ikelihOOd717 \y ]\ %E: %o ~40% S\Ig/ﬂ%i:ﬁ'l‘ﬁ[é-

Neutron multiplicity _I 3
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2 25 3
Half-life [10%° year]

0.02 | 0.06 0.08 . - BA00DFEE © BT
- I\w OO0 SO REDHEBERIE

LL rate in ROI (2.35MeV-2.70MeV)@KamLAND site L < AT ICEY D A& =
0.111+ 0.019 event/day/Xe-ton ,
(FLUKA : 0.082+0.006 event/day/Xe-ton) - FTHIRICKDF T/ VRFEIMKE
DNy 7 202 K% EN

LL tag efficiency(scanned)

= 40.1+102.4 ,9 —consistent with the estimation (42.0+8.8%)!! - B[O D¥E R Z 2= B #
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4 2 2 . . .
=G (gaer/ga) |M P (msp) Quasi-particle Random  Interacting boson
ga = 1.27, following NMEs Phase Approximations models
Phys.Rev.C 102, 44303(2020) Phys. Rev. D 102, 095016(2013)
Phys.Rev.C 91, 024613(2015) Phys. Rev. C 91, 034304(2015)
_ Phys.Rev.C 87, 045501(2013)
KamLAND-Zen upper limits | | Phys.Rev.C 87, 064302(2013) _
_____ mMm | Phys.Rev.C 97, 045503(2018) Energy density
T functional theory
R 1ell models PRL 111, 142501(2013)

(W
N
)

S. Rev. C 101, 044315(2020) Phys. Rev. C 91, 024316(2015)

S. Rev. C 91, 024309(2015) PRL 105, 252503 (2010)
S. Rev. A 818, 139 (2009)

I e

o >V N2 TOHEE &b IiER
- TOvyp > 2.3 x 1026 year (90% C.L.)

'::::::::::::::::::::" 1 @) (© <m55> < 36—156 meV

N
-

v Predictions

; RN RIS TIOONY KNDERER
1 00 10 1 102 (b) Phys L ett.B B11,135056 (2020)

(c)  Eur.Phys.J.C 80, 76 (2020) = _
Lightest neutrino mass (meV) I P EORIES I gE(C!

New result from KLZ800 : arXiv:2203.02139 16



https://arxiv.org/abs/2203.02139

NLAZY R#EB800DBEREBRIT L O

Ovpp candidate data set Frequentist confidence limit (Wilks'"):

T/ > 1.98 x 10°°yr (90%C . L.)

., | OV ﬂ ﬂ U . I_ . Background Best-fit

. 0 Frequentist Bayesian
|B 2148 (90 % C.L ) 136X e 2130 11.98 11.95

Residual radioactivity in Xe-LS

Long-lived 2381J series 0.14 0.09
| Sp allation ?32Th series 0.84 0.87

>
=
V@
S
S
~—)
-
<
>
&

External (Radioactivity in IB)
2387J series 3.05 3.46
232Th series 0.01 0.01
Neutrino interactions

Visible Energy (MeV) SBsolar v e~ ES  1.65 1.65

Spallation products
Long-lived 12.52 11.80
10C 0.00 0.00
e e ‘ °He 0.22 0.21
T D T 137X e 0.34 0.34

(Radius/1.90 m)?
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[36, 28, 28, 28]

_Input: time series of theta-phi hit maps. | 503 came + rotus + orop

Kamdiet Bvert Wingow
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KamNet Score | |

Trained with Bi-214 and Ovf3f3
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High Attention

High Attention:
Important

SG like

=== 90% 2vBB MC Acceptance
1 2vBB MC(90.0%)

2vBB Data(89.3%)

214Bj MC(72.2%)
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N 2

1. Improved energy resolution

2. State-of-the-art electronics
Purpose: further separate 2vfiff from the Ovf3f.

Purpose: Improve background suppression. Tagging

long lived isotope from cosmic ray spallation.
J P Y SP Light collection with Winston Cones (x1.8)

High light yield scintillator (x1.4)
High QE 20" PMTs (x1.9)

4% 2% energy resolution

2VBBOE=ERZ1007D1IC |

PIDDZNE%Z KIg(C 7y T TE 3!
—XeRFREEIEOESER%Z FH

50 m3% > TOYEEIEMR <‘:“(D
%‘IE%%%E I%EJ!IL‘LL A |7 %4

FHIRZOREFHESRIELIERZ100%I|C |
Xe R FZBREOE RER %2 FH

3. Improved inner balloon
Purpose: reduce backgrounds originating from balloon.

Mini-balloon film

Polyethylene
naphthalate

IBO/INw 70570y KZRELI00% FVZERT 5! 19
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KamLAND(-Zen) Collaboration
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1» TOKUSHIMA UNIVERSITY

Rikuo Nakamura
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RyunosukeShoji Kyoko Tamae

terashima PICOLON fushimi Kenta Kotera Taichi Sakai

Hiroko Watanabe

>50 researchers are collaborating
on the KamLAND-Zen experiment.
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