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KamLAND = Kamioka Liquid Scintillator v, Detector
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1 kton detector originally built for reactor neutrino detection
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From KamLAND to KamLAND-Zen
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156%e Double Beta Decay - Candidate for Neutrinoless Double Beta Decay

. §_ ____ ____ ________ ____ ____ _§ e Xenon as a noble gas

: AN « Capable of being highly enriched
— e Can be dissolved directly into
g oF liquid scintillator (LS)

 Clean, recoverable, reusable

107"

1072

O
o[ T TTIm

Qps('7%Xe) = 2.458 MeV go Yound
(2vp) endpoint appears larger here due to detector response)
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Turning KamLAND into a Ovff Detector
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Turning KamLAND into a Ovff Detector

Xenon Liquid Scintillator
inside Inner Balloon

82 % Decane + 18 % Pseudocumene + 2.4 g/L PPO

(3.13 = 0.01)%weight with 745 kg xenon gas
(90.85 % !'9°Xe)
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Turning KamLAND into a Ovff Detector

Xenon Liquid Scintillator
inside Inner Balloon

82 % Decane + 18 % Pseudocumene + 2.4 g/L PPO

(3.13 = 0.01)%weight with 745 kg xenon gas
(90.85 % !'9°Xe)

4
07 A vl ¥ ‘\\‘\
24 ] AR N
"l’ ’ [ 1 1 A v RS
'l’ 5 1 1 1 4 ‘2%
} N B J ! A ¥ (L
4’ I . ! 1y N
Jd' 1. 1 1 1 '\
r ! 1 1 (] '
f
l|| 1 . = - ' o
. [ ' | W '
| \ 1 5 ! ' ret Al
e AT ' 1 ! L T
e ' ! 1 ! !g
\ (Y
1 ' ' 4
! 1 1 St
1 s ‘

A Inner Balloon Film

25 pm Nylon Film

Omer Penek 8




Turning KamLAND into a Ovff Detector

KamLAND Liquid
Scintillator

|
; 1 kton liquid scintillator

o LS

: | made of 80 % dodecane
N + 20 % pseudocumene

3&\\ \ BUNNE + 1 3 6 g/ L PPO
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Turning KamLAND into a Ovff Detector

as

N

KamLAND Liquid
Scintillator

1 kton liquid scintillator

| B &
) : | made of 80 % dodecane
4 b + 20 % pseudocumene
L7777 &
U3 [ ////Qfg R L EEEERNN @@ + 1 3 6 g/ L PPO
(RN | e
I I
S NN 77 Water Cherenkov
&7 &Q@ \\\is\\\\\ \\ \\ \\ \\ o W
@[ . N (Veto) Detector
N =5
\
f - 3.2 kton water for
lelele oeg v oo @
muon veto
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Turning KamLAND Into a Ovp ) Detector

Fvent Dlsplay HE3

Light Yield =
500 photoelectrons / MeV

Photo-Multiplier-Tubes (PMTs) =
17(1325) + 204(554)

PMT Charge || “ PMT Hit Time Resolutions

L TIPEPY T 0
Energy — EE ~ 6.7% / v/ £ [MeV]
PMT Event Reconstruction >
C_ha_rge o Ve_r’gex (X,Y,2) Vertex — — ~ 13.7 cm /+/E [MeV]
Timing % (visible) Energy E

Occupancy Particle ldentification
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KamLAND-Zen Timeline

2011 2012 2013 2015 2019 2024 Now

KL-Zen 400 KL-Zen 400 KL-Zen 800 KL2-Zen

Phase-| Phase-l| Phase-ll| Construction
895 -kg-yr 493.5-kg - yr 2097 - kg - yr DAQ — 2028
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Ovpf) Backgrounds

Events / 0.05 MeV
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* Solar Neutrino Interactions (ES+CC)
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* Solar Neutrino Interactions (ES+CC)
* Cosmogenics Xenon Spallation Products
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Events / 0.05 MeV
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* Solar Neutrino Interactions (ES+CC)
* Cosmogenics Xenon Spallation Products
 Cosmogenics Carbon spallation Products
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238, 232Th, 222Rn,
40K, 210Bj, 8K, ...
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238, 232Th, 222Rn,
40K, 210Bj, 8K, ...

External Bkg
238|J, 232Th, 40K
210Bj, 85K, ...
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Events / 0.05 MeV
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* Solar Neutrino Interactions (ES+CC)

* Cosmogenics Xenon Spallation Products
* Cosmogenics Carbon spallation Products

 External to XelLS from IB + KamLAND-LS
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238, 232Th, 222Rn,
40K, 210Bj, 8K, ...

External Bkg
238|J, 232Th, 40K
210Bj, 85K, ...
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* Solar Neutrino Interactions (ES+CC)
* Cosmogenics Xenon Spallation Products
 Cosmogenics Carbon spallation Products

 External to XelLS from IB + KamLAND-LS
. 136Xe 2V (source bkg)
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Events / 0.05 MeV

ol

1 15 > 25 '3 3.5 4
Evis [MeV]

238, 232Th, 222Rn,
40K, 210Bj, 8K, ...

* Solar Neutrino Interactions (ES+CC)
* Cosmogenics Xenon Spallation Products

External Bk
g  Cosmogenics Carbon spallation Products

238\, 232Th, 40K

210Bj, 89K, ...
 External to XelLS from IB + KamLAND-LS

. 136Xe 2V (source bkg)
e 136X e Oyﬂﬁ
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Region-of-Interest (ROI) = 2.35..2.70 MeV
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* Solar Neutrino Interactions (ES+CC)
* Cosmogenics Xenon Spallation Products

External Bk
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Spectral Analysis

Singles Data (SD) £ ~ 90 % ~ 1131 days

Events / 0.05 MeV

Long-Lived Data (LD) E ~ 10% ~ 111 days
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Spectral Analysis

Singles Data (SD) £ ~ 90 % ~ 1131 days

(a) SD —— Total —— P%e 0vpp (90%C.L. U.L)
10° E=sensssceeer. - Total (Ovpp U.L.) Xenon spallation products
— BXe 2vAP Carbon spallation + B7xe
—— IB/External RI
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Results for Effective Majorana Mass
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From KamLAND-Zen to KamLANDZ2-Zen

« KamLAND-Zen 800: Feb. 5, 2019 - Jan. 12, 2024

« Decommisioning started in 2024 while KL2Z construction in 2025
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Towards KL2-Zen — Top Backgrounds in ROI

ROI2.35..2.70MeVinR < 157 cm
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Towards KL2-Zen — Top Backgrounds in ROI

ROI2.35..2.70MeVinR < 157 cm

2upp — 47 %
Energy resolution talil
— Increase light yiela

— |ncrease collection

Events / 0.05 MeV
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Towards KL2-Zen — Top Backgrounds in ROI

ROI2.35..2.70MeVinR < 157 cm
2upp — 47 % Long-Lived — 33 %

Energy resolution tall
— Increase light yield
— Increase collection

— New Electronics

— Spallation Tagging
— Deadtime free
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Towards KL2-Zen — Top Backgrounds in ROI

ROI2.35..2.70MeVinR < 157 cm
2upp — 47 % Long-Lived — 33 %

Energy resolution tall
— Increase light yield
— Increase collection

— New Electronics
— Spallation Tagging
— Deadtlme free

Events / 0.05 MeV

3 r; -: PARR 2 3 "
C Long L|ved ---- N
o 3 R et I
Spallatlon g *".:,,»,:,' Tola
u- R . ¥ 3 El

RIinIB— 11%

— Scintillating Balloon
— Reduce Background
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Towards KL2-Zen — Top Backgrounds in ROI

ROI2.35..2.70MeVinR < 157 cm

2upf — 47 %

Energy resolution tall
— Increase light yield
— Increase collection

Events / 0.05 MeV

RIinIB— 11%

— Scintillating Balloon
— Reduce Background

Long-Lived — 33 %

— New Electronics
— Spallation Tagging
— Deadtlme free
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Light Collection

Winston Cone Approach

Image of the
Light-Collecting Mirror

Omer Penek
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Light Collection

Winston Cone Approach

polyethylene-terephthalate

PET mirror sheet mirror

FrrrrrrrY Yy

Imge of the
Light-Collecting Mirror

#P.E. w/ Mirror .
Efficiency Factor = ———— = 1.8 tlTelft
#P.E. w/o Mirror more lig
32
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PMT Performance

~1879 20 inch PMTs (R12860-03LXA)

< 40
E‘ - —— 20 inch NEW PMT
S 35F
- —— 20 inch OLD PMT
30—
25—
20—
15—
10—
5
F | | | | | | | | | I | | | | | | | | | I | | | | I | | | |
00 350 400 450 500 550 600
Wavelength [nm]
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PMT Performance

~1879 20 inch PMTs (R12860-03LXA)

< 40r
= F —— 20 inch NEW PMT
G 351
N —— 20 inch OLD PMT
30—
25—
20—
15—
10—
5
: | | | | I | | | | | | | | | | | | | | | | | | | I | | | |
200 350 400 450 500 550 600

Wavelength [nm]

Q.E. New
Efficiency Factor = ——— =

Q.E. Old

—

PMT 20 inch NEW | 20inch OLD
QE @ 400 nm ~32 % ~20 %
Dark IE’kul_Ils; Rate 5 55
Spreadne] [ 28 7.7
~ 1.9 times
more QE
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Fluor + Wavelength Optimization
More PPO + add 1,4-Bis(2-methylstyryl)oenzene (secondary)

* Optimization of the PPO concentration in KamLS and XelLS

» Use bis-MSB (~ 15 mg/L) to shift emission peak from 360 to 400 nm (QE window)

1.20
R ¢ w/oXe
PPO at maximum g1 : % v
PPO old light yield g1 b i
©1.05- : { '
g’l.oo
KamL$S 1.36 g/L 1.50 g/L %0.95
%o.gm FaCtOr
~1.1
XelS 2.40 g/L 4.00 g/L
°®%90 25 30 35 40 45 50 55 60
PPO[g/L]
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Readout Electronics (MoGURAZ2
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Radio Frequency System-on-a-
chip (RFSoC)—Dbased readout

The Analog Front-End conditions
the PMT waveforms to feed the
signal into the RFSoC-ADC

Zero-deadtime electronics to
Improve spallation neutron tagging

— Short- and Long-Lived Tagging

Improve lagging

Efficiencies (n, LL
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Scintillating Balloon — PEN
PEN = Polyethylene naphthalate

I

\ ¢

BG

Smal size
prototype
balloon
(In wa’_cer AL
+ UV light) |
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Scintillating Balloon — PEN

PEN = Polyethylene naphthalate <>
il .
T o sle Distinguish LS (XeLS,KamLS) and IB

(despite > 99 % Bi-Po Efficiency)
— Powerful
b 0.15
o
2 0.1+
. <
Smal size S
prototype O0.05 -
balloon
(In wa’_cer ~AAEL . | "
+ UV light) 0 50 100

t (ns)
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KERNEL — Clean Lab

KERNEL = Kamioka Extremely Rare phenomena and Neutrino research Lab

,Cleanest® Category

ISO14644-1

0.5 um

| [particles/m3]

0.1 pm
[particles/m?3]

Class 8

3,520,000

Class 7

352,000

Class 6

35,200

1,000,000

Class 5

3,520

100,000

Class 4

352

10,000

Class 3

35

1,000

0

100

Class 1

0

10

 Super Clean Room (ISO14511-1 Class 1) APPLICATIONS
* Depth = 1Tkm from top of mountain » Fabrication and cleaning of detector

* For development of components
ultra-low-radioactivity materials * High-purity metal refining
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KamLAND2-Zen Target Ovff Half-Lite

200 _ |
. KamLAND-Zen upper limits |

QRPA ----- IBM |
SM —— EDF |

............

150

100

STy sy """ rTr"r""Sr""Sr"r=Trsr€rr= A —

n
-

L————————————f—--A ————————————————

Te

Effective Majorana mass (mgg) (meV)

NO
0 " .

| ] [ ] I [ ] .
NAPredic 10NS

100 10! 102
Lightest neutrino mass (meV)

* Energy Resolution

4% — 2 % @2.458 MeV

* Cover |O region almost
completely (NME precision)

* Target mass limit
<mﬁﬁ>~ 20 meV / 5 Years

* Target half life limit for 5 Years
T > 2 x 10’ years (90% C.L.)
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KamLAND2-Zen — Construction

Entering the
detector



Use this chance
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First acrylic plate

removal campaign
~2025




Outer balloon
removal
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PMT transport
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Mock-up
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Different
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Installing new
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Summary and Outlook

« KamLAND-Zen demonstrated that
Xenon-loaded liquid scintillator can scale
to leading sensitivity

« KamLANDZ2-Zen keeps that scalable
Isotope source but upgrades the
detector response around It

» Construction is underway to allow us to
bush beyond 107 years

Omer Penek




Summary and Outlook
« KamLAND-Zen demonstrated that e

_ _ e 020 Chicago  From
Xenon-loaded liquid scintillator can scale ., .. Neutrino 2018

to leading sensitivity Before KLZ800

« KamLANDZ2-Zen keeps that scalable
Isotope source but upgrades the
detector response around It

e —————

» Construction is underway to allow us to

bush beyond 107 years . Nu 2028 ...

e Main DAQ Start 2028 (Fiscal Year 2027) Thank You
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Sensitivity vs. Limit
distribution of Ov@p limits at 90% C.L. from Toy MC

40~ WUM
- g no Ovff signal

301 1 _
o it Sensitvity checked by MC
20: assuming best-fit BG rate

MC condition

Sensitivity

Result
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T, (x 107 yr)
T0v2>3.8%x1026yr  29% of the time
TOvq2> 2.6 x 1026 yr 50% of the time Many Thanks to Itaru Shimizu
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KLZ-400 + KLZ-800 Combined Fit
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Combining Ay Profiles
of KLZ-400 and KLZ-800

Long-lived Rate (ton yr)™*

0OvBPB Rate (ton yr)'l

Many Thanks to Haruhiko Miyake
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RFSoC vs. Conventional

FPGA-plus-ADC Overkill in terms of raw

Versus with €—> performance but price
TCP logic core difference not very high

~ Needs high-speed serial links between
* FPGA and external ADCs

HV System

APrice NO h‘ghc 1o R Incdriese;siea?t}‘chneat
proceed gy R\:\z:‘)a’f\on > ccolinz ISsue K<
m/eg?g eFdron’c-End Electronics will be reduce heal ge‘remeﬂts
in E-hut and relax requ N
— Heat Dissipation on the COQ s Many Thanks to Koji Ishidoshiro

strong requirement
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Status on the Liquid Scintillators

* No calibrations planned for the XelLS

* Ongoing
PPO increase linked to budget situation
Reduction of U/Th

Consequences of adding bis-MSB

— Re-emission from larger balloon might impact event
reconstruction

— Mis-reconstruction effect has to be marginal

Many Thanks to Yasuhiro Kishimoto
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Selection Cuts
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Analysis Data

Fiducial Volume R<2.5m
+ hotspot and deadtime removal

uand p +dl <2 ms veto

Bi-Po veto —> delayed coincidence
(prompt B, del%yed Po <=> 2 Pulse)
—> (dt,dr) = (1.9 ms, 1.7m)

Reactor nu and e+ and nH gamma veto

Bad Reco Veto (bad vertex-time-charge)

Long-Lived Data (LD) = Classified as Muon Spallation products with 7 > 100 sec
Singles Data (SD) = not LD classified Data — 90 % Exposure
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KamLAND-Zen Timeline

Xe | 320 kg 340 kg 383 kg 745 kg largest 13¢Xe !! Now
2011 2012 2012 2012 2013 2015 2019 2024 2028
Oct. Feb. Mar. Jun. Dec. Oct. 2 Jan. Jan.
KL-Zen *—— — < . > < - o :
DS-1 DS-2 Period-1 Period-2 IB construction KL2-Zen
Started <& o AL EEEEETERE P < > < > .
Zen 400 Phase-|  Purification = 7o 400 Phase-lI Zen 800 KL2-Zen Upgrade | Main DAQ
Xe amount | 320 kg 340 kg 383 kg 745 kg
Exposure  54.9 kg-yr 34.6 kg-yr 493.5 kg-yr 2097 kg-yr START

Zen 400 Zen 400

Phase-| Phase-|| Zen 800
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Analysis Preparation |
Short-Lived Tagging

ROI

6 8l 1 12
f72 Q (MeV) 10E He’ LI’ B S 25000} — —
= 2 N i -
"He 119.1 ms 10.7 (B7) - He6 o 4_l ; | S - 1600 5
’Li 178.3 ms 13.6 (B7) i B12 5 [L 2/ ndf 24.18/27 5 20000~ 1400
25 20.2 ms 13.4 () e Lis - 3 : Rate [event/day/kton] 21_9-5 +1.07 E 1200 o
2N 11.0 ms 17.3 (%) : F B3 I s M S =30 15000 = 1000
SLi 839.9 ms 16.0 (B7) 2 i " S T T Y M AN SO - ]
. Z —c1o0 | N AN RN N - N - —800
B 770 ms 18.0 (™) 8107 & ; 10000 — .
= E — T aav S S Y T B —600
de 126.5 ms 16.5 (B4 = ctl . *mr+¢+&;+ JES C -
"'Be 1385 115 () ! . T T I N N 5000/~ EDS
co s 365 0 Decay curve of[10C :
6 _ - Lo LA TR L P L — ]
He 806.7 ms 3.51(87) S S W T SR I 0 50 100 150 200 250 300 600 800 1000 1200 1400 1600 °
1 1221.8 1.08 (B+ 0 0.5 1 1.5 2 2.5 3 35 4 4.5 5 »
C s (%) Visible Encrgy [MeV] dT from muon [sec] Muon track length [cm]
n 207.5 ps 2.223(cap.y)

The Triple Coincidence Technique: Identifying Muon-Induced Spallation ® T”ple COIﬂCIdenCe Tagg|ng = Space + & MUOn Shower COrre|atIOn

time correlation of n with muons "
" iy Energy Loss vs. Distance

9 & " -« Lifetime veto efficiency —> 100% of Spallation Product to

2.2 MeV

Proton (p)

for 7>100s (when 7(1°C) = Flat) sty b b s z

dE/dX

Boron-10 ('°B)

1. Incoming Muon Track 2. Prompt Neutron Capture 3. Delayed Isotope Decay
A high-energy muon initiates the A neutron is captured by a proton, The background isotope Carbon-10

e snia™ o Garbon spallation products rejection
efficiency > 95%

Omer Penek 66




Analysis Preparation Il
Long-Lived Tagging

KamLAND Xe-LS
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Visible Energy (MeV)

Z

* Likelihood-based tagging
—> uses space-time information of muons with
Neutrons wrt spallation isotopes and its lifetimes

* Construct tagging variable based on Three-dim.
Likelihood function LKL(N,, dR,, dT')

* Rejection Efficiency for Xe spallation products
(47+9)%

Intensity

[S—
o
o
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(136Xe spallation)
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Results for Effective Majorana Mass

Ref. M oV (mg[g) (meV)
(@)NO ()10 (©) 34 228,245  59.4,55.3
-~ Shell Model | | Shell model (35  1.63,1.76  83.1, 77.0
-------- QRPA | 36, 37] 2.39 56.7
38 1.55 87.4
39 2.91 46.6
RO [ - QRPA 40 2.71 50.0
| | | 41]  1.11, 1.18 122, 115
42 3.38 40.1
- o0 2
EDF theory 44 4.77 28.4
R NN e :45: 4.24 32.0

-------- - -
L o
e R TR [
- -
L o

[
N
-
I
I

100 F

(V)
-
!

I

Effective Majorana mass <m/5 5 ) (meV)

EDF Theoretical model

Shell model RPA i i
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e [1] J. Menéndez, J. of Phys. G 45, 014003 (2018). ;3] gba')“““"“““ and J. Engel, Phys. Rev. C 87, 064302 Lett. 105, 252503 (2010). A B) T A on A nd T Yoshida, Phys. Lett B 811
[2] M. Horoi and A. Neacsu, Phys. Rev. C 93, 024308 (2016). [61 1. II;'\;Eiriuvn and J. Suhonen, Phys. Rev. C 91, 024613 (1] N. L. Vaquero, 1. .R' ROdng-ueZ' and J. L. Egido, Phys. 135956 (2020).
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N B Rev. D 102, 095016 (2020).
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Mightest (meV) TOVzﬁ o GOV MOV m;ﬁ mﬂﬂ < 28...122 meV
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Mini-Balloon Fabrication in Sendal (2017 - 2018)

All work performed inside a
Class 1 clean room in Sendai

(3) He leak test + repairs

Many Thanks to Chris Grant
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PEN film study around 2019

S.Obara et al., Prog. Theor. Exp. Phys. 2019, 073H01 (DQOI: 10.1093/ptep/ptz064)

» Basic tests were conducted to understand the characteristics of PEN film.
* Heat welding

 Same welding machine as production of KamLAND-Zen 800 balloon

« Same PEN film is sandwiched as glue for welding line

* Force gauge tests were done

— The strength of the film after welding appears to be sufficient.

* Problems
* The tested PEN film is no longer available because of the company’s situation.
* Level of radioactive impurity did not achieve the requirement.

 Many holes were found around the welding line. The method for repairing the
holes was unclear. PEN film did not stick with the glue used to repair nylon balloon.

Cylinder

heat
PEN

Many Thanks to Hiroko Watanabe I PEN



https://academic.oup.com/ptep/article/2019/7/073H01/5532739

Recent updates

* We could get PEN film supply from another company. The level of the radioactive impurity is
acceptable!

» Basic characteristics tests are ongoing (e.g. light yield, transparency, Xe-gas transmission rate etc.)
* Heat welding
* New method: we found that hot-melt film works well as glue for welding.

- PEN has high melting point (265-280 degree C). High temperature
can cause holes around the welding line.

- “Hot-melt film” melts at 105-120 degree C. Hopefully less number of
holes around the welding line.

Cylinder

Polyester-based hot melt adhesive (thermoplastic adhesive) e
i PEN "‘
Hot-melt film

Many Thanks to Hiroko Watanabe PEN

New PEN film |



Recent updates

* Tested:
* Hot-melt film has chemical compatibility with liquid scintillator.

* Weld line strength: Maintained above requirement post-LS soaking.
* There is negligible leakage from the weld line!
» Some types of hot-melt film have very high Rl impurities.
* Ongoing test:
* Fixing the type of hot-melt film regarding welding quality & Rl
* Investigating PEN film’s surface treatments for enhanced transmittance

parameter check

P LTINS e
"o # S s 3 % o 4 P--,-'»lz oy ¥ - .
- .J_Qs gE AN .""* - L "’. ~"""?’,;~., .

. . s J .

Many Thanks to Hiroko Watanabe

— s 100 high Strength test
| welding lines ——
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0 - 10 15 20 25
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Improved PMTs (R12860-03LXA) KamLAND2-Zen

New 20” (50.8cm) High Quantum Efficiency (HQE) PMTs are being used for KamLAND2-Zen.

Datasheet link

Surface area Dynode
i TN Number :
Type No. Diameter eff;:t;ve Min. Typ. Strteture of Weight
stages
(mm) / (inch) (mm) (cm?) (cm?) (9)
R12860 508 /20 $460 2120 2600 Box & Line 10 approx. 8000
Luminous Blue sensitivity t Applied
(2856 K) Radiant index (CS 5-58) gf;‘iz?e: :;, Luminous | Radiant _ voltage
Type No. at 420 nm at 390 nm | (2856 K) | at 420 nm sl typical
gain
Min. Typ. Typ. Min. Typ. Typ. Typ. Typ. Typ. Typ.
(MA/Im) (LA/Im) (mA/W) (%) (A/Im) (A/W) (V)
R12860 40 80 90 10.0 12.0 30% 800 9.0 x 105 1.0 x 107 2000
Dark current Dark count Time response Single Pulse linearity
(After 30 min (After 15 hours _ Electron | Transit photo-electron
storage in darkness) | storage in darkness) Rise transit time (Peak to valley ratio) at2 % at5 %
time time (f:ﬁ’,\’,f_lahﬁ') Deviation | Deviation | TYPe No.
Typ. Max. Typ. Max. Typ. Typ. Typ. Min. Typ. Typ. Typ.
(nA) (nA) (s) (s) (ns) (ns) (ns) (MA) (mA)
500 1000 | 20000 | 80000 | 6.0 9%5 | 24ns | 15 2.8 (to0) | (150) |R12860

+ improved dark count rate (8kHz compared to 22kHz) and charge resolution

40

Q.E. [%]

35

30

25
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15

10
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1 L1 |
400

! [ |
450

1 [ |
500

550 600
Wavelength [nm]

R

u | | | | | | | |
900 350

The collection efficiency was also
measured to be ~95%.

IEEE Nuclear Science Symposium and Medical Imaging Conference (NSS/MIC). IEEE, 2021.

New HQE PMTs will collect 1.9x the photons enhancing energy resolution & lower TTS will help with positional

Many Thanks to Spencer N. Axani

reconstruction and background reduction.
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https://www.hamamatsu.com/content/dam/hamamatsu-photonics/sites/documents/99_SALES_LIBRARY/etd/LARGE_AREA_PMT_TPMH1376E.pdf

New 20“ PMTs

= 40
g C
= - —— 20 inch HQE PMT
L -
g 35
- —— 17 inch PMT
30—
25—
20—
15—
10—
5
: 1 1 1 1 | 1 | 1 1 | 1 | 1 | | 1 1 1 | | 1 1 1 | | | 1 | 1
900 350 400 450 500 550 600
Wavelength [nm]
| T— S

Significantly Enhanced
Quantum Efficiencies x1.9
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MoGURAZ2 is rg
the Radio
Frequency
System-on-a-
chip (RFSoC)

KamLAND2-Zen

Low noise front end to
extract smaller pulses

Streaming DAQ

KERNEL = Kamioka
Extremely Rare
phenomena and

Neutrino research Lab

PET mirror sheet mirror

PEN Balloon

Smal size
prototype
baloon

(In water
+ UV light)

| achieving maximum light yield In
KamLAND-LS and Xenon-LS

Add bis-MSB to reach optimal match of '.
s T G A S it

=Increase
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Effective Majorana mass (mgs) (meV)

Sensitivity
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. KamLAND-Zen upper limits |
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— EDF |
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0
10°

10!

sl L
102
Lightest neutrino mass (meV)

S

Energy Resolution
(Feeding in all
improvements)

4% —> 2% @ 2.458 MeV

Cover IO region
completely

Target mass sensitivity
<mﬂﬂ>~ 20 meV /5 Years

Target Half Life for 5 Years
T > 2 x 10%’ Years

Main DAQ Start 2028
(FY 2027)




