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Neutrino Science

Takaaki Kajita Arthur B. McDonald

“For the discovery of neutrino oscillations, which shows
that neutrinos have mass”
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CIThe discovery of neutrino oscillation in 1998
is a strong indication of new physics beyond
SM.

[CIStudies of neutrino properties: the forefront
in particle physics, and intensely pursued by
the major research groups.

C10ne of the fundamental nature of neutrinos
is: They are Majorana or Dirac particles?



Mass excess (MeV)

OvBp experiment

0 OvBPB experiment: the most sensitive way to probe
the Majorana-Dirac nature of the neutrinos.

0 v mass ordering measured by OvBB experiment if
the sensitivity of mg, reaches ~10meV.

0 If there is a positive signature of OvVBB event, it will
be a lepton number violation process. A scientific
discovery of historical importance if it is true.
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s excess (MeV)

OvBPB experiment

0 OvpBPB experiment: the most sensitive way to probe
the Majorana-Dirac nature of the neutrinos.
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the-sensitivity-ef-myreacnes~10meV-(If achieved)

1 If there is a positive signature of OvBB event, it will
be a lepton number violation process. A scientific
discovery of historical importance if it is true.
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OvBB experiment principle
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Clin order to get Mg, Need to experimentally measure T 1/2: coexn

CIThe recent sensitivities: Mg <100meV.

[‘m,’| (V)

O Next sensitivity target: mg, ~10meV.

LScan almost the whole NO region: mg, <1meV.

I —
10 10 1072 107 1

CJ0ovpBp Half-life T1/2 should be measured to >103%r. Lightest neutrino mass (V)

_ _ 0.01 eV~
Tl/g = (G|M|* (mps)*) "t ~ 10272 ( : ) year
mgs)



OvBPB experiment principle

] Nuclear matrix elements can be calculated based on some models which describe
many-body interactions of nucleons in nuclei.

[ Since different models focus on different aspects of nuclear physics, large
uncertainties (a factor of 2 or 3) are unavoidable.
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OvBB experiment principle

O In order to get mg;,, need to experimentally measure T1/2

OThe recent sensitivities: Mg, <100meV.
OBI, AE, M, t, A, €are important parameters for OV experiments.
CISignature: Energy peak at known Q value.
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OvBB experiment Principle ==
CDEX
CINon-Zero Background: 10
n29E 30 discovery sensitivity / 3
10 » o
M ) T ) 028 ///,—{// : g
. . 5 1 =25 Gt e
T1/2 X &€ A BI . AE i //' ....................
\ L1077
c%m 026 10 ml'{‘lf_" range
] —— Background free
OZero Background: AE-Bl-M-T<1 2 5 i 5
10%5 === 0.1 counts/FWHM-t-y
==+ 1.0 count/FWHM-t-
T A M T R | (N [ 1<|) counts/FWHM-t-);
° . ° 4 R EETIT RN NIRRT R EETIT el L
1/2 X € 10210’3 1072 10 1 10 10? 10°

Exposure [ton-years]

CdZero Background situation: Tl/2 changes with M-T linearly.

CdUnder any circumstances, controlling the background and maintaining a high
energy resolution are of utmost importance, the challenge to keep the zero-
background condition is much difficult for large-scale experiments. 0
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CDEX
O Zero Background: AE-BI-M-T<1 — 2088 (107 yr)

- QOther background
— QBB (10°° yr)

T, e A-M-T

Cts [keV~lkg~lyr™!]

O Excellent E; with high Qgg value: \ || |
N I

10—

o 1960 1980 2000 2020 2040 2060 2080 2100
v" Precisely measured Energy peak at Energy [keV]
known Qg value: smoking-gun oS Ty =1410" — o1 a1z
. 5 TRy, e Gash ling: 2V Tel3n 0.28%
S|gnatu re, . solid line: VBB na100 0.3%
& —— Se82 0.8%
. . N RN — Xel36 2.7%
v" no irreducible 2vBp background
contamination; w
10
v’ suppress ambient background within 1 \‘
narrow ROl energy window. T e

Ref: MID: PRL 120 132502 (2018) CUORE: PRL 124 122501 (2020) CUPID-Mo: EPIC 80 44 (2020)
CUPID-0: EPJC 78 734 (2018) EXO-200: PRL 123 161802 (2019)



KamLAND Zen

OvBpB experiments

mass (0v[5[3

Collaboration Isotope Technigue . : Status
isotope)

CANDLES Ca-48 305 kg CaF: crystals - lig. scint 03Kkg Construction
CARVEL Ca-48 #ECaWO, crystal scint. ~ ton R&D
GEEDAI] Ge-T6 Ge diodes in LAT 15 kg Complate
GERDA I Ge-76 Point contact Ge in LAT 31 Operating

DETE,\%MA . Ge-76 Point contact Ge 25 ke Operating

LEGEND Ge-T6 Point contact with active veto ~ ton R&D

NEMO?3 I";“egn Foils with tracking gﬁ Ei Complete
mﬁz Se-82 Foils with tracking TEkg Construction
SuperNEMO Se-82 Foils with tracking 100 kg R&D
LUCIFER (CUPID) Se-82 ZnSe scint. bolometer 18 kg R&D
AMoERE Mo-100 CaMoOy scint. bolometer 1.5-200kg R&D
LUMINEU (CUPIDY) Mo-100 ZnMoOy f LizMoOy scint. bolometer 15-5ke E&D
COBFEA Cd-114 116 CdZnTe detectors 10 kg R&D
CUORICING, CUORE-O Te-130 TeO: Bolometer 10ke, 11 kg Complete
CUORE Te-130 TeQ, Bolometer 206 kg Operating
CUPID Te-130 TeO: Bolometer & scint. ~ fton R&D
SNO+ Te-130 0 3% mTe suspendead in Scint 160 kg Construction
EX0O200 Xe-136 Xe liguid TPC T9 kg Operating
nEX0O He-136 He hiquud TPC ~ ton R&D
EKamLAND-Zen (I, IT) Xe-136 2 7% in liquid scint. 380 kg Complete
KamILAND2-Zen Xe-136 2. 7% in liquid scint. 750 kg Upgrade
NEXT-NEW Xe-136 High pressure Xe TPC SKg Operating
NEXT-100 Xe-136 High pressure Xe TPC 100 kg - ton R&D
PandaX - III Xe-136 High pressure Xe TPC ~ ton R&D
DCEBA Nd-150 Nd foils & tracking chambers 20 ke E&D




OvBP experiments
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Experiment Isotope [ ” ] Livetime[yr] [events] Status effact clkeV] effroi
mol yr
GERDA-II 5Ge 722 4.20E-04 completed 88 1.4 95
MJD 5Ge 527 2.30E-03 completed 90 1.1 95
LEGEND-200 5Ge 1684 10 1.00E-04 construction 91 1.1 95
- LEGEND-1000 %Ge 8763 10 4.90E-06 proposed 92 1.1 95
CDEX-1 8Ge 0.75 1.09 completed 84 1.2 95
CDEX-300n 8Ge 1906 5 5.00E-05 proposed 91 1.1 95
CDEX-1T %Ge 8763 5 2.50E-06 proposed 92 1.1 95
CDEX-10T 8Ge 87630 10 5.00E-07 proposed 92 1.1 95
EX0-200 136xe 1324 4.70E-02 completed 46 31 95
nEXO 136%e 13700 10 4.00E-05 proposed 64 20 95
NEXT-100 136x%e 167 10 5.90E-03 construction 88 10 80
TG NEXT-HD EZXe 1809 10 4.00E-05 proposed 95 7.7 65
PandaX-11-200 Xe 374 10 3.00E-03 construction 77 31 76
LZ-nat 1365 440 10 1.70E-02 construction 14 25 84
LZ-enr 136%e 4302 10 1.70E-03 proposed 14 25 84
Darwin 136%e 2312 10 3.50E-04 proposed 13 20 76
KLZ-400 136%e 657 9.90E-03 completed 44 114 42
KLZ-800 136%e 1173 10 1.40E-03 taking data 58 114 42
Liquid Scintillators KL2Z EZXe 2176 10 3.00E-04 proposed 80 60 42
JUNO-50T Xe 235290 5 3.00E-04 proposed 80 48 76
SNO+I 1307¢ 1232 10 7.80E-03 construction 20 80 62
SNO+II 130T¢ 8521 10 5.70E-03 proposed 27 57 62
CUORE 130Te 1088 10 9.10E-02 taking data 100 3.2 84
CUPID-0 826e 410 2.80E-02 completed 100 8.5 95
Cryogenic CUPID-Mo 100\10 150 1.70E-02 completed 100 3.2 95
calorimeters CROSS 10000 31 10 2.50E-02 construction 100 2.1 95
CUPID 100\ 1717 10 2.30E-04 proposed 100 2.1 95
AMORE 100\Mo 760 10 2.20E-04 proposed 100 2.1 95
NEMO-3 10Mo 3 10 9.30E-01 completed 100 148 42
Tracking calorimeters SuperNEMO-D 825e 15 10 2.10E-02 construction 100 83 64
SuperNEMO 825e 185 10 5.40E-03 proposed 100 72 54
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Energy resolution (c)  Sensitive exposure
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[events/(mol yr)] [events/yr]

|

S

06 1 10 102 1 10 10> 10®° 10* 10°10*10°10210" 10210" 1 10 10°
I\Ii.l IIIIIIIi | \IIIIlIi Elllﬂﬂi IIIIITIl!_ ! ! ! ! ! Tﬂmmmmm
M ] ]

O O O
O O O
O O |
O O O
O [ |
= | | .
O O
O e O O
O O O
O O O
m . ]
5 [ N O O
O

O O
Rev. Mod. Phys. 95, 025002 (2023)



"
)

)
20
=
>

Results from International Ov experiments

Ty Mgp
B LI R B AR 1z SCHR

[yr] [meV]
“Ca ELEGANT-VI CaF»(Eu) [N >58x102  <3.5~22eV PHYSICAL REVIEW C 78, 058501 (2008)
Ge GERDA PRI 2% > 1.8x10% < 79~180 PHYSICAL REVIEW LETTERS 125, 252502 (2020)
6Ge LEGEND mEAEEE TR 25 > 1.9x10% <75~170 (TIEPAS) arXiv:2501.10046, (2025)
82Ge CUPID-0 ZnSe [NFRIAE RS > 4.6%10% < 263~545 PHYSICAL REVIEW LETTERS 129, 111801 (2022)
9671 NEMO-3 R ERE S >92x10  <7.2~19.5eV NUCLEAR PHYSICS A 847, 168—179 (2010)
100\ o CUPID-Mo LixMoOs [A FR 1A R 143 >1.8x10%* < 280~490 EUROPEAN PHYSICAL JOURNAL C, 82:1033, (2022)
L6cd AURORA H6CAWO, [N 444 >22x102% <1~1.7eV PHYSICAL REVIEW D 98, 092007 (2018)
130Te CUORE TeO, EFEE >2.2x10% < 90~305 NATURE 604, 7 (2022)
136Xe  KamLAND-Zen % Xe WAKINHRIE >2.3%10% <36~160 PHYSICAL REVIEW LETTERS 130, 051801 (2023)
136Xe  KamLAND-Zen 1% Xe MKRINERIE > 3.8x10% <28~122 (FRENZAR) arXiv:2406.11438, (2024)
150N NEMO-3 RITERE 2 >20x102 <16~53eV PHYSICAL REVIEW D 94, 072003 (2016)
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Results from International OvBB experiments &5
CDEX
kit BR| *E | 2RE ﬁ%ﬁflg%-’%‘éo [c/ Iﬁ)jﬁﬁ?\z-yr] Hiﬁg'ﬁ# ﬁoﬁ;"’ﬁ? ﬁﬁﬂ%\fﬁl

GERDA 76Ge 87% 44.2 kg 0.05% 2.1 127.2 > 18 < 79-180
Majorana 76Ge 88% 40.4 kg 0.05% 28.2 64.5 >8.3 < 113-269
Legend-200 76Ge 90% 143 kg 0.05% 2.04 48.3 > 19 < 75-170
KamLAND-Zen | 3¢Xe | 90% | 745kg 4.64% 23.8 2097 > 38 <28-122
EXO-200 136Xe | 80.6% | 74.7 kg 1.15% 192.0 234.1 >3.5 < 93-286
CUORE 130Te | 34.2% | 206kg 0.31% 470.0 372.5 >3.2 < 90-305
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International OvBp experiments ==
CDEX
O BRISHMSESmRALRESE "TW" ERNEMRRF:
O EBH%E: $-76. ff-82. $H-100. f&-130, &-136. §&-150%,
=t S5 TEBEARIRETPCEES BRI - 136356 BRI - 130338
%= #-76 #%=: §-136 #%=: §-136 %= fi5-130
FEREEXSLEGEND =S EEnEXO (FHEFFZNN) H#Kamland-Zen MEASNO+

FEICDEX@CJPL KRG : EREXLZD, FIJIEIPandaX@CJPL AEJUNO-0vbb AEJUNO-Ovbb

M@? ﬁ?ﬁl

LEGEND

KamLAND-Zen JUNO-0OvBp SNO+



International OvBp experiments

O BRIZMEENRARESS "TW" EHEHNERRF;
O FE%E: #E-76, fif-82, $H-100, fiF-130, H-136, F4-150%F,

BSIETPC BEEREEhE IR ZuesnIs
%= fiff-82. 5-136 ¥%=: $-100 #Z=: fINd-150...
EMNEXT EXMCUPID, EEEAMoORE
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Sensitive exposure (mol yr)
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Sensitivities of international Ovf38 experiments 2
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76Ge OVPBP experiments

M)
O
rm
>

OLAr AC + Enriched Germanium array;
O Prototype:

---BEGe (CDEX) . ICPC (LEGEND) . PPC (GERDA) ;
OPreAMP:

---ASIC (CDEX, L-1000) . JFET (G, M, L-200) .
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76Ge OVPBP experiments

O
O
m
>

GERDA MAJORANA Demonstrator LEGEND-200 goal LEGEND-1000 goal
mass 45 kg mass 30 kg mass 200 kg mass 1000 kg
o 7
exposure 127 kg yr exposure 65 kg yr exposure 1000 kg yr " exposure 10000kgyr “7
bkg idx 5.2-10" cts/(keV kg yr) bkg idx 6.6-10" cts/(keV kg yr) bkg idx 210" cts/(keV kg yr) ¥ bkg idx 10~ cts/(keV kg yr;%ﬁ
resolution 2.6 keV resolution 2.52 keV resolution | 2.5 keV resolution | 2.5 keV

N g BV 50850

credit to
Patrick Krause




ts

iImen

76Ge OVBPB exper




n
)

LEGEND-200 new results
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LEGEND-200 new results =
CDEX
O BI=5.3+2.2x104 cpkky (ZUBEL, RERK, &T7HA)
O PPC/ICPC FWHM AE=2.50+0.01 keV @2.039MeV (0=0.05%)
O BEGe FWHM AE=2.06+0.01 keV @2.039MeV (%FFFmHA)
O 717,> 1.9x10%6yr
All detectors [48.3 kg-yr] = Background o
Aﬁermuonvet?aqdrT;uItipIicitycut | !;:10_1? mmm Ovp3B (combined 90% C.L. limit) %
| Il After PSD and argon anti-coincidence E 102 5
Preliminary g _
oo ' ' ' 10" 1950 2000 2050 2100 2150

Energy [keV] Energy [keV]



LEGEND Collaboration =

20165E10H, EET4FZX, LEGENDRIL
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5 Home | Legend X +

25 legend-exp.org

LEGEND

The LEGEND collaboration is comprised of over 250 researchers from about 50 institutions from around the world, working together to
develop the largest "®Ge neutrinoless double-beta decay experiment in history. By combining the technological expertise and
experience from the GERDA experiment and MAJORANA DEMONSTRATOR, LEGEND is expected to reach a design sensitivity two

orders of magnitude greater than its predecessors.

BeK |
Pe

The physics case Find Us Join LEGEND

Maiorana neutrinos Conferences. Workshons & Jobs & Proiects Available
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136Xe OvBPB experiment

O Detector : En-LXeTPC, N-LXeTPC, LS-Xe, HPGas-Xe...
O0vpBB Experiments:
---nEXQO, Kamland-Zen, JUNO-OvBB, PandaX-Ill, NEXT, ...

ODM+0vf8 Experiments: XLZD, PandaX-xT
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nNEXO is a proposed Ovpp experiment

e 5-tonne single-phase liquid Xe TPC

e 90% enriched in the target isotope, *¢Xe

e Extensive radio-assay program (ultra low
backgrounds validated by EXO-200 data)

nEX

nEXO

Xenon
Storage

Clean

Room

Equipme—rﬁi
Deck

Water

Tank : / [

12.3m
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> 10! {PRL 123, 161802 (2019)
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KLZ =
KamLAND detector Zero Neutrino Double Beta -
T [ 1 2 -type of liquid scintillator CDEX

1000-ton pure | 20902- KamLAND
liquid scintillator

reactor, geo, solar neutrino observation
U, Th <1017 g/g

745 kg Xe-loaded| 941- KamLAND-Zen W
liquid scintillator

(O1% enrichment) | double beta decay measurement (Ovpp search)

777 7 1
e v ilil
g
.-ﬁx’fffffi%
Vs a Rl
fI1

7T inner balloon (IB) | 2019= Xe increase, cleaner balloon

big and pure : no background from external gamma-rays
purification of LS, replacement of mini-balloon are possible

—> high scalability

Xe | 320 kg 340 kg 383 kg 745 kg largest 136Xe !!
2011 2012 2012 2012 2013 2015 2019 2024
Oct. Feb. Mar. Jun. Dec. Oct. 2 Jan. Jan.
KL-Zen DS-1 DS-2 “Period-1 T Period- 2 ” IB construction
Started < e R ek >4 “ >
Zen 400 F’hase | Purification Zen 400 Phase || Zen 800
Xe amount = 320 Kg 340 I»tg 383 kg 745 kg

Exposure 54.9 kg-yr 34.6 kg-yr 493.5 kg-yr 2097 kg-yr



Ovpp search : Feb. 5, 2019 -"Jan.- 12, 202/4-
" with the complete quLA'ND-,Zen 800 data-set




Events / 0.05 MeV
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O 77, > 3.8x10% yr (Combined KLZ400 and KLZ800)

Ovpf candidate long-lived candidate

(sensitive to Ovfp signal) (Long-lived BG constraint)
1131 days livetime 111 days livetime
R<157/m R<157/7m
(a) SD 21,/);/ — Total e X OVPP (90%C.L. UL)) (b) LD — Total e *Xe OVBP (90%CL.UL))
10° == ---- Total (Ovpp UL.) Xenon spallation products 0 e Total (OvRp U.L.) Xenon spallation products
— PXe 2vpBp Carbon spallation + B7¥e = — DX 2vpp ——— Carbon spallation + X
—— IB/External RI § ——— IB/External RI
10° Internal RI w107 Internal RT
Solar Neutrino ES + CC g Solar Neutrino ES + CC
— Data. : —+— Data
10 A S £ 10
= . = t
"""""" ] | ]
1071 : 107! T ﬂ:?,|
1 2 3 4 1 2 3 4

Visible Energy (MeV) Visible Energy (MeV)



Effective Majorana mass (m Y ) (meV)
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- Shell Model
“QRPA

—EDF
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Te
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KamLAND-Zen (135Xe)

(mgg) < 28-122 meV
Miightest < 84—353 meV

Most stringent tests of the neutrino mass in the IO region
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KLZ
Future: KamLAND2-Zen KamLAND — KamLAND2

Enlarge opening :
General use: accommodate various devices such Ne_w electronics .
as CdWOs, Nal, CaF2 detectors To improve background suppression.

Tagging long lived isotope from cosmic ray
spallation.

Scintillation inner balloon
BG reduction from Xe-LS container

Winstone cone & High QE PMT

Improve light collection efficiency and
photo coverage

LSS Brighter LS
e‘; ; t",""’. 1

Current LS ~8,000 photon/MeV
LAB based new LS ~12,000 photon/MeV

‘h'

1:ton of 136X

¥
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0(2.6MeV) =4% — ~2%
Target (imgg) ~20 meV in 5 yrs
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KLZ w7
KamLAND dismantling KamLAND?2 construction CDEX
BRI\ 2024 2027 /HER
CA ‘ X A’ 1
VAANY [ Now / \
R\ ) LS & Ol dismantling
] 2N | extraction | | | (PMT, balloon) g;?lca)rc;n
enriched Xe collection High QE High light

PMT / Mirror | |yield LS

Super clean facility (KERNEL)

o—— KamLAND
Super clean facility Né d bT ®88 | Top access hole & || Scintillation
@\é (KERNEL) i Calibration system || balloon
o8 3 :
T We aim to start KamLAND?Z2 in 2027
50m (fiscal year)
New collaborators are welcome!

underground area
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JUNO-OVBB

Q

CDEX

« JUNO offers an unique opportunity to
search for Ovpf3

« 20 kton LS - 100-ton scale isotope loading
(e.g., Tellurium, Xenon)

......

 Low background

 Energy resolution < 3% @ 1 MeV -
2.4x better than KamLAND-Zen
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JUNO-OVBB
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90% CL exclusion limit

T?,"ZBB [x1028 yr]

1102

@
mgg [MmeV]

L 136Xe 100Mo 130Te (or 136Xe)  76Ge
| '( 1 1 %
& @”’Q& \40”06
& \0 \g,()?’

Concept of the experiment



@ Three target’s materials: e s |'£P?§l
» 905 t of ultra-pure water (2017-2019);
» ~780 t of high purity liquid scintillator +

2.2 g/L PPO +bisMSB (2022-2024); | I Acrylic Vessel
(12 m diameter)

v

6010 m.w.e overburden

SANIVEN

- i

» 3.9 t natTe-loaded scintillator (2024 - ).

. 780 tonnes
| liquid scintillator

Q-value (MeV)

35
- 96Zr, «150Nd

s 82Se » 100Mo

g A\ ; \
Al o\ L)L
b e B
TRy L “ 1 tey N
‘ B an “:E::‘i %
. A | R (9, | ~9400 PMTs
L + 116Cd A N p it
L ‘7 ““‘ ; 17 g
[ 130Te N \‘:--' . 3 St
25l e i
r ,124sn j R e 4
L y LN S

: o ’ 7000 t

* -

A3 : . onnes
=l | L1l | L1l | Ll { L1l J Ll | L1l ‘ L1l | L1l 1 5

0 S 10 15 20 25 30 35

Natural Abundance (%) W at e r (b u ﬂ: e r)




+ Preparation for the double-beta decay phase: background and target-out measurement

10—15

Concentration Th232 (g/g)

10-17

232Th via 212BiPo

SNO+

10—16 .
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2381 via 214BiPo

2234 “Bi1|
36% a-decay T, =60.6min’, ~ 64% [-decay 0.021% o-decay ~ iTin= 199w >99% B-decay
Q-value = 6.21 MeV ", Q-value = 2.25 MeV Q-value = 5.62 MeV : \, Q-value =3.27 MeV
v 4 L 4 A |
208T1| | 212P0| _ﬂ_ | 214pg |
T, ,=31min T,,=0.299 s Tip=1.3 mpin Tip=1643 ps
" S \ ! g-decay
-deca i o-decay B-decay P& _
Pl — 5.00 eV A Q-value =5.48 MV’ g leT MY
208ph _*1%Pb
_—x Y T,=222y1
2.2 g/L PPO vedm 1014 - Initial Rn decay FV=dm
= ] , following filling operations
e 2.2 g/L PPO
§10-15 - :
} q‘é 1 B iH:'-ﬁE E::';# i (
S 10-16 EIRRRLLE
‘R T K u" i m
- HW\ \}
SNO+ Preliminary 10-17 4 SNO+ Preliminary ” “ ‘
' ' ' ' ' ' P P P P P v P
June July Auguhf[tD ﬂmsgg%tember October  November 0“06‘. 0\’.106'1 0X.p']'l 0\10%1 Q\’.l()g'l 0‘le().\‘z’ Q\‘X‘U Q\.‘{L\
232 — -17
Th = (5.7+0.3)10-'7 g/g Below DBD-phase 238 = (5.3+0.1)10-7 g/g

requirements!
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Cosmogenie SB v ES

External vy

Internal U chain

Internal Th chain

Events in the Region Of Interest



1009Mo OvBB experiments

OLMO crystal

130 CUPID (1°°Mo)
CUORE ("Te) . . . e
o 988"Te0, crystals o Builds on the predecessor CUORE (currently operating), reusing existing infrastructure
o T40ke of TZ 0, and 206kg 1*°Te o Upgrade detector array with Li,Mo0Q, scintillation bolometers
& s gtaking Siilce 2019 o Particle identification gives x100 bkg reduction compared with CUORE
- EFWHM@QBB~7 kel (_~0 1%) o Higher Q-value of 100Mo helps to suppress y backgrounds from U/T h chains
N 2 * Few features pushed the choice towards Li,'MoO,: % e 3N 8
j;"i’lsou ; ® \‘ é
* Higher energy resolution (7.4 vs 20 keV) N | %f;
* Excellent radiopurity (ZnSe crystals have much 100 | .~ - ey 8
higher U\Th contamination, ~30 times) 4 F ¥ o CUPID projected sensmvnty
* Easier crystal growth 500 el - 2

' [Eur.Phys.J. C77 (2017) no.11, 785)

P - 1 U — ™
Thermal bolometers Scintillating bolometers 0 2000 4000 6000 8000 10000

/ \ / Heat(ev)  10° E CUORE sensitivity
wﬂ::c::: il W Light Detector Thermal Baseline %: Inverted ordering
oupli Sensor CUPID baseline se
Coupling i 27 é ol
E//% Light T1 /2> 11.% 107 3 =
rber NTD Ge Sensor
Aléwul——» (Thermometer) é/ L Thermal m =12 — 20meV Normal orderin
Te0; BB orme 5
(Te0,) g%/m Sensor ,
2 /
=
N TeO, crystal 4/ Energy T 1/2 = 2 1027 yr
\ Radistion / \ Li,MoO, crystal Release / ( ) 9 15 5
mgp) = 7 — lome 10"
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82Se OVBB experiments
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OHP-Gas TPC (SeF;+Topmetal)

log(2) * 6.02e23 /82 * 1.e3 * x/ (-log(1-0.9))

100 kg *’SeF, 5 y/

=)
g

=
B

pressure chamber inner copper shielding

T,,» 90% CL sensitivity (yr)

00 kg nat. SEFE Syrs

=N «+—— gas

— low voltage
= & optic fiber

L LI I Ll L L I L1 01 | I Ll 1 1 I L1 1 | Ll L 1 I L1 1 | I L 1 L I
0 50 100 180 200 250  300__ 350 400 450 50O

#2Se exposure (kg*yr)

high voltage

TPC field cage focusing and read-out plane
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CJPL—The deepest underground laboratory
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New Milestone——2023.12.7
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Summary
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[ Neutrino is the only particle beyond the Standard Model of particle physics..

1 OvBB is almost the only way to experimentally confirm: Neutrino is its own anti-
particle. So OvBP experiment is a long-term activity, not just 10-20 yr.

0 CJPL has provided a world-level underground platform to push forward OvBf
experiments in China. JUNO is also a world-level low-background platform for next
generation OvBB experiments.

0 CDEX. CUPID-China, JUNO-Ovbb, NvDEx., PandaX and so on, have shown a very
important start and good progresses comparing with our international colleagues.
It’s realy a long-term job. Work hard and keep aggressive!
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CJPL is under H_ﬁs mountain!

Thank you for your attention!

Welcome to CJPL!



