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Double beta decay

In some even-even nuclei, single B decay is forbidden. Only B3 decay is possible, with energy Qs

2vBL — allowed in the Standard Model OvBB — requires a Majorana neutrino
o
o
If OV[3B is observed, it means:
AL =2 Majorana neutrino Neutrino mass scale

lepton number is not conserved the neutrino is its own antiparticle 1/T4/p « {Mgp)?

(light Majorana-v exchange)
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From counts at QI3I3 to a neutrino mass

(1) counts — half-life

N = In2-N,-(a/A)-&-MT / T,,0

the signal you would expect

Ny, = SypB), B = b-AE-MT

what the background still allows

— 2VBF continuum
— QVBB peak at Ogp

no excess = N <N, , = alowerlimiton T;,0v

Zero background: S constant = T,, « M-T
With background: S, - /B = T, « /(M-T)

events per unit energy (a.u.)

0.0 0.2 0.4 0.6 0.8 1.0

summed electron energy / Qpg More detector mass alone is not enough.

A detector measures the number of counts in a window around QBB
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From counts at QI3I3 to a neutrino mass

(1) counts — half-life

N = In2-N,-(a/A)-&-MT / T,,0

the signal you would expect

 Ou Ny, = SypB), B = b-AE-MT

what the background still allows

— 2VBF continuum
— QVBB peak at Ogp

no excess = N <N, , = alowerlimiton T;,0v

Zero background: S constant = T,, « M-T
With background: S, - /B = T, « /(M-T)

More detector mass alone is not enough.

events per unit energy (a.u.)

0.0 0.2 0.4 0.6 0.8 1.0
summed electron energy / Qgg

(2) half-life & mass

|_T1/20v]—1 — Gov . “VIOV‘Q . (<mBB> / me)2

Mov js model dependent and enters squared = one limit maps onto a
range in {Mgp)

A detector measures the number of counts in a window around QBB
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What the isotope sets: Qgg, GOv, MOV

|_T1/20v]—1 — (GOv . ‘MOV‘Z : (<mf35> / me)Z

® phase space GOv

well known — kinematics + Coulomb (Z)
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What the experiment sets: exposure and background

@D exposure M-T @ background b - AE — resolution sets the 2vB floor

100Mo, Qpg = 3034 keV; 100% containment, T9% = 1027 yr

background index b
8 | [cts/(keV-kg-yr)] . 10° RO
— b =0 3 101 2088

O\o 1028 _ -5 2 0
o | =— P =10 > 10 0vBp
d | e p =10 v P 71 10 keV FWHM

~ ! © 1072
> | e b =103 Worse resolution
< 1027 - z 1 widens both

2 10!

o same exposure, g spectra. The 2v[3f3
v very different reach - tail enters the ROI
sQ P and the OvBP peak

—
I~ 1026 . 107 becomes wider.
“ ! ! ooro ! ! ooro ! ! or o :8 10°
102 103 104 105 S 10
exposure M- T (kQiso - Yr) 2% | 60 keV FWHM
1072 . .
2850 2900 2950 3000 3050 3100 3150

Exposure is not enough; the background sets the slope. With zero summed electron energy (keV)
background, T,,, grows as M-1. With background, it grows only as Shielding or clean materials cannot remove this 2vp[3 background.
J(M-T). Only better resolution can.
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Three ways to fight the background

- R a )
Energy resolution Scale
small AE keeps 2v[3[3 out self-shielding blocks external y
left: surfaces, nearby parts e / left: 2v[3[3 tail, internal activity
e.g. Ge diodes, bolometers Background e.g. Xe-loaded LS, liquid Xe TPC
~ ~ in the ROI - ~
b AE - M-T
f T \

Event topology

event shape rejects y
cost: mass, efficiency

. e.g. Xegas TPC )

Experimental requirements lead to three design choices. Each collaboration chooses differently
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Underground laboratories hosting Ovf33 experiments o 5Ge o 13Xe o 1Mo e 20Te e other (%2Se, 46Ca)

colour = isotope - status in brackets, as of October 2026

SURF (USA) SNOLAB (Canada) LSM Modane (France)
e Majorana Demonstrator 76Ge /| e SNO+ 139Te e SuperNEMO 825e
(ended 2021) /e nEXO 136Xe (taking data since Apr2025) LNGS Gran Sasso (Italy)
¢ CUPID-Mo **°Mo -~ o LEGEND-200 76Ge (taking data)

(ended 2020)

| e LEGEND-1000 76Ge
e CUORE 13°Te (ended Jun 2026)
4 e CUPID 1Mo (upgrade, data from 2030)
o ~ ® & e GERDA 76Ge (ended 2019)
~ LSC Canfranc (Spain) CJPL Jinping (China)
‘ o NEXT-100 *°Xe o PandaX-lll 136Xe . ) o -
(taking data since 2024) ~ ~ " < W o LT
WIPP (USA) e CROSS Mo /0 | T T
e EX0-200 B6Xe .~ e //
(ended2018) R ST T STy AT /
Y2L (Korea)
e AMORE-I 1°°Mo
(ended 2023)
)
o
[
Yemilab (Korea) Kamioka (Japan)
e AMORE-II 1°°Mo e KamLAND-Zen 13¢Xe (ended Jan 2024)
(under construction) e KamLAND2-Zen 136Xe (upgrade, data from 2028)
o CANDLES-III 48Ca
East Asia
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ISOtO peS d nd experi ments Covered here: energy resolution and scale

LEGEND-200 (running) + legacy GERDA (ended 2019),
6Ge 2039 HPGe, source = detector MJD (ended 2021) > 1.9 x 1026 yr
— LEGEND-1000 (planned)

KamLAND-Zen 400+800 (ended 2024)

Xe-loaded liquid scintillator — KamLAND2-Zen (in construction)

> 3.8 x 1026 yr

e =8 EXO-200 (ended 2018)
ST - ende s
Liquid Xe TPC  hEXO (R&D) > 3.5 x 1025 yr
130Te 2528 TeO, cryogenic bolometer CUORE (ended 2026) > 3.5 x 1025 yr
Li-MoO. bolometer CUPID-Mo (demonstrator, ended 2020)
+ZGe I L;]t detector — CUPID (in construction) > 1.8 x 1024 yr
oMo 3034 J — CUPID-1T (R&D)

CaMoO, / Li,MoO, bolometer MMC)  AMoRE-I (ended 2023)

24
+ Ge/Si light detector (MMC) — AMORE-II (in construction, Yemilab) >2.9 x 1024 yr

Next-generation goal: T,,, ~ 1027 — 1028 yr
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LEGEND-200

goal 1 t-yr
_~—33.7 kg |
< SgYT Mar 2023 - Feb 2024
SURF M]D ]
142.5 kg 138 kg since 2025
ended 2021 (33.7 GERDA + 22.1 MJD + 86.7 new)
64.5 kg-yr
time compressed
2012 2016 2020 2023 2024 2025 2026 2027

S Wavelength

Q Background came out 2.5% above prediction

() The array was taken out and every part was assayed

Q Surface U (2*Bi) and Th (%°¢Tl) found on some parts

© July 2025: 138 kg redeployed, 94% ICPC, parts re-etched

(B (& Reflective and
] | wavelength
shifting foil

e 214Bj and 2°8T| ~2 X lower; running again since autumn 2025
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LEGEND-200 and LEGEND-1000

“markers: 90% C.L. limit LEGEND-1000 1.3 x 1022 yr (10 yr of data)

1028. dashed: 30 discovery sensitivity —— TTTTTTTTTTooooo oo oo oo e

g 27: LEGEND-200 ~10?7 yr (1 t-yr of data)

1027. e -
,_S : > 1.9 X 102%° yr

- @
10%. LEGEND-200 + GERDA + M|D - PRL 136 (2026)

LEGEND-200 alone: 0.5 x 1026 yr (61 kg-yr, Mar 2023 - Feb 2024)

5.4 x 107* goal 2 x 10-*

background index @ - - - e _ O —mm goal 1 x 10-5
cts/(keV-kg'yr) T T T e e e e L -O

first data redeployment 2028 ~160 kg goal 1 t-yr

S ‘

61 kg-yr published 138 kg since the 2025 redeployment

LEGEND-1000 planned
1 t of 7°Ge at LNGS - first data in the 2030s
underground argon removes 4?Ar [/ 42K
all ICPC ~3 kg - single-string modules - ASIC readout
2023 2024 2026 2028 2030 2032
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T2 limit (yr, 90% C.L.)

KamLAND-Zen

136Xe exposure grew 23x (89.5 -» 2097 kg-yr) while the limit grew 20x - “400” / “800” = kg of enriched xenon - bars = data-taking period behind each limit

KamLAND2-Zen goal 2 x 10?7 yr (5 yr of data)

10275
: . o
10% > 1.9 x 10% o 53 5 362 > 3.8 x 1026
E PRL 110 {2013) - Phase ] > 1.07 x 10%° PRL 130 (2023) - Zen-800 partial | = 2> (2022) 400+ 800
10%5 ¢ PRL 117 (2016) - Phase-I + I
Phase-| Phase-ll Phase-lll DAQ 2028 -
Zen-400 Xe purification [VA-Ti L7 1010, detector upgrade Zen-800 KamLAND2-Zen -
89.5 kg-yr 493.5 kg-yr 400 - 800 kg 2097 kg-yr dismantling 2024 - upgrade 2025-
2012 2014 2016 2018 2020 2022 2024 2026 2028
steel tank ~9 m KamLAND-Zen — what changes, and where
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wiliel o O ¢ W o .9 ol
ey e Y - -

LS 1 kton 400 — 800 : only the central balloon grew

6.5
(6.5 m) R1.54 - 1.90m  Xe 320-380 — 745 kg (x2.0)

KamLAND2-Zen : the wall is rebuilt

Winston cones + HQE PMTs + PEN balloon — 4% — 2%
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KamLAND-Zen and KamLAND2-Zen

« 745 kg Xe (90.85% 136Xe) in liquid scintillator; resolution ~4% at KamLAND2-Zen

QBB

»  T,,>3.8 x 1026 yr, (mge) < 28-122 meV (PRL 135, 262501)

same source, upgraded detector

ROI background breakdown

- 2v[p tail dominates (47%) — collect more light: resolution

4% — 2%
- Xe spallation (33%), balloon (11%) — better tagging,

+ Ty ~2x1027yr, Mg ~ 20 meVin 5 yr (90% C.L.)

2vPBP talil I, 7 % scintillating balloon
Long-lived spallation ] 33%
. | - Main DAQ from 2028
Inner-balloon radioimpurity I 1% )
(O. Penek, Neutrino 2026 plenary)
Solar v 6%
XelLS radioimpurity 2%

Eunju Jeon, IBS CUP

Experimental status and prospects in Ov@3 decay

NNN26@CAU, 28-30 Oct 2026

13



nEXO

PRL 123, 161802 (2019)

136 o)
enriched Xe running : Xe mass o/E at Qgs T./2 (90% C.L.)
EXO-200 175 kg LXe 1.2% > 3.5 x 10%° yr
WIPP, USA 2341 kg-yr
: design - R&D - reviews Bl 1.7-1.9 x 1072 ckky

R start date not set /// 5000 kg (goal) 0.8% (design) 1.35 x 102 yr
(DOE NP, DBD Summit:2025) 10-year run
y : Bl 1.5 x 10°® ckky
P ' 30 0.74 x 10® yr
HFE 7000 N 4 (J. Phys. G 49, 015104 (2022))

2012 2016 2020 2024 2028 2032 2036 e

‘NOW

Cryostat OV f

n
Vacuum

/ B Field Rings

(& tat IV ‘
e Cathode

(CUP seminar 2026, G. Gratta)
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CUORE

- 988 TeO, crystals (5x5x5 cm3, 750 g) — 742 kg TeO,, ~206 kg 130Te, at LNGS

(~3600 m.w.e.)

. 130Te needs no enrichment: natural abundance 34 %, QBB = 2528 keV

«  Operated from 2017; data taking completed 9 June 2026
- >99% active detectors, ~0.3% FWHM at Qg

- 3.37 tyr TeO, accumulated; 2 t-yr analysed

- Also: the most precise 130Te 2vp half-life; spectral shape prefers SSD

) !
Bl
1
g
1
i
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4
1
i
q
4
94

§
:
:
:
;

19 towers with
13 floors of
4 detectors each
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Voo ~\'I:..i %et bath (~10 m
e Cu frames

1 1
EOL R e S e MR am B

. —: »

1 -;—i_l“‘

~ ~ |

b /4
=

(Neutrino 2026, M. Sisti)

Experimental status and prospects in Ov@3 decay

T, >3.5x 1025 yr

2 t-yr, 90% C.I.

CUORE operated a tonne-scale millikelvin
detector stably for almost 10 years. This is
the basis for the next bolometric
experiments.

Limiting background: a events from nearby
surfaces (~75% of ROIl) = CUPID adds light
readout
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CUPID and CUPID-1T

:; . CUPID-1T 9.1 x 1027 yr (10 yr of data)
o 10 ~ CUPID 1.6 x 1027 yr (10 yr of data)
= T AL Tl ... A A ...
- > 3.5 X 1025 yr
3:1026; CUORE - 90% C.l. - Science 390 (2025)
o~ 5 o
= 1.42 x 102
background index @) @ e o % 140 _ goal 104
cts/(keV-kg-yr) ~ 2.8 x 1073 T T O — — — — goal 5 x 10-¢
CUPID-Mo, converted T T T e O
time compressed cryostat upgrade Stagel 2030 Stage ll 2034
CUORE | CUPID ; —
ended Jun 2026 warm-up late 2026 Li21°°MoOa4 450 kg - 1°°Mo 80 — 240 kg
3.37 t-yr TeO>—3000 channels + muon veto 5 keV FWHM - a/B 99.7%
2 t-yr analysed same cryostat, same shielding CUPID-1T proposed

CUPID-Mo LSM : ____________
> 1.8 x 102¢yr | |

90% C.I. - EPJC 82 (2022) 100Mo 1000 kg - Bl goal 5 x 10-¢ - no schedule yet
1.47 kg-yr *°°Mo (2.71 kg-yr LizM0oQOa) A
2018 2022 2026 o 2030 2034 2038
CUPID-1T
NTL ligh CUPID CUPID-1T
Detector mass 450 kg 1871 kg
100Mo mass 240 kg 1000 kg
FWHM S keV S keV
Bl [cts/(keV-kg-yr)] 10-4 5x 10-6
oTeE Soncers Si heaters T,,, discovery (30) 1 x 1027 yr 8 x 1027 yr
NTD thermistore (Mg discovery (30) 12-35 meV  4.3-12.5 meV L A
(Neutrino 2026, M. Sisti) (Neutrino 2026 poster, P. Surukuchi)
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AMoRE

« 100Mo: QB& = 3034 keV — above the 208T] 2615 keV line; natural abundance 9.7%

- 100Mo based scintillating crystals

.  48depiCaMoO,, Li,M0oO, with enrichment of 100Mo ~95%

« Dual readout at millikelvin: heat + scintillation, both via MMC + SQUID sensors

- Metallic Magnetic Calorimeter (MMCQ)

- adiscrimination; a different technology from CUPID (NTD + Ge light detectors)

6l
= =
& _ 2.615 MeV ¥ (208TI)
.5 3 %’ &
= N =
(@) Q o 44
.s '\QO "/ .;r_UJ E:
= <> 4 W =
=R NG \ 3
5 (R o s L
Q / | ,z’ 0‘& I _;:‘
C/) U4 »}' %\% g 2 '., .
S Y 5 |4 6Li + n -> a + 3H (Q=4.785 MeV)
k | : — 1 ! \*‘i’i‘? ik s b
/! Phonon signal ‘
0 : : : : : :
2.6MeV 1 2 3 4 5 6

Energy (MeV)
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Cu supports

Light absorber

Scintillating
Molybdate
Crystal

Au film
Cu supports

MMC sensor Light channel side
Au wires

Scintillation [ [ ]
particl
Interagtion
Phonon
Vikuiti film

reflector

Au film

— Au wires

MMC sensor _
Heat channel side
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AMoRE-pilot AMoRE-I AMoRE-II

2015-2018 2020-2023 2025—-
6 48derCaMoQ4 crystals: 13 CMOs Stage 1:
1.9 (0.88) kg of CMO (19%0Mo) + 5 LioMoOQg crystals : 90 LMOs I |
Yangyang Underground Lab 2 (3.0) kg of XMO (10Mo) (27 kg) il N M B Ml lqlm;,]

I |I R ’l]l 8 I
l_i Al
o gl --'iﬂ.l]lf Iﬁ

(Y2L, 700 m depth) YoL Sl

v-2022
-+ Data Co-60 —— Near crystal components L 104 ’_, ..
#== Simulation total —— 2uBB Neutron “_ : ‘
—— Internal —— Rock —— Rnin air - 103 _ l ~+’; i 'HI}'T l} Al
Jf Clonfig 1 ] o 2 | lJIl ll}l-lf l]ll lf T&}l‘
a 10 » 0.37 kg-yr , E‘ l IJ'I I‘l}lﬂﬁl 'l l 1 7- e
2 102K 1 X?/nDF=255/183 [ 10! E SERETEIE -.:_4 P e
% “"" | : TITHNTT S e Rt
% 10°; | ’ 1073 { — izoslfgiifcftmc?nﬁg-l 10 18 Stage 2
S 10-1} 10¢] ——— 20pp simulated o 360 crystals (157 kg)
1039661500 — 2000 35002800 3200 3700 5200 1000 1500 2000 Energisllﬁg\, 2000 3500
Energy (keV)
| | . ~ 85 kg of 100Mo (Stage 2)
- Live exposure ~ 0.32 kgmo-100°Yr. * Live exposure ~ 4 kgmo-100°Yr.
* In Yemilab, 1 m th.
- Background at RO - Background at ROI~0.025 ckky. emilab, 1000 m dep
 Exposure > 500 kgmo-100-Yr.
~0.5 cnts/keV/kg/year. * Ty0%v > 2.9 x 1024 yrs (90% CL) P o100y
» Background at ROI~10-4 ckky.
* T,,,0v> 3.2 x 1023 yrs (90% CL) * World best limit for Ov3[3 of 100Mo. J Ky
* Aiming at T,,,0v = 4.8 x 1026 yrs
Astropart. Phys. 162 102991 (2024) PRL 134 082501 (2025)

EPJC 79:791 (2019)

Eunju Jeon, IBS CUP Experimental status and prospects in Ov@3 decay NNN26@CAU, 28-30 Oct 2026



AMORE-Il at Yemilab

«J 48

& Seo 4 Hongcheon/ g

w o8 k] o - ! Pyeongcha

)
o ‘ Ix‘l A - SR
. N
,‘ % \‘\' I
R | 5 -‘. «
g {’_ o \,\ 3L - E a
’ | " T ]

------

.. g3 |
| ~ ~ v

< S R O ™\ <
...........

B\ | YT CALMANL /| J N TN Yo 1L (MiAIRIY AY oS-

SR
oo

Hongseong
%Q ‘

« Reached by a 600 m cage shaft or a 6 km ramp-
active mining area

. AMORE hall (21 x 21 x 16 m3)
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AMOoORE-Il: muon veto, shielding and cryostat

Water Cerenkov detector

Plastic scinti_ilator'r‘huéh detector
(TAUP 2025, S.C. Kim)

Electronics room

Stainless steel
water tank

\ Polyethylene

(PE) | Vibration damper

. B | Mo Cetling té‘stsI
Cryostat - | y "L B \ 7 Tl Yﬁmllab I|

Cryostat
Boric acid <«
powder
Lead +—
Boric acid )

rubber

Polyethylene (PE) +—— | | Detector
| v DR Array

N
N / Plastic scintillator (PS) R

- ‘%\
.

Aluminium profile
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Heater adhesive (araldite)
Heater

Reflector (Vikuiti) !

Clamps (PTFE) !

Kapton PCB i

|

| i

. Photon frame (NOSV-Cu) '

o | p a n a C g ro u n Post bulk+surface (NOSV-Cu) .

Screws for module (Brass)
Sensor adhesive (stycast 1266)
Solder for PCB

SC lead shield - Lemer Pax

Cu plate under inner lead H AM R E I I I 1 0 1027
Inner lead shield (1 cm) - Lemer Pax i o - 8] x yr

Inner lead shield (25 cm) - Goslar+Gentily :
Colling plate supporting rod (G11)
OVC STS 316

> 2.9 x 1024 yr @ AMORE-Il 4.8 x 1025 yr

Air balloon (Urethane)

AMORE-l - PRL 134, 082501 (2025) L::}E;;g;jg;'?igﬁg (Il: Syr - IIl: ~6 yr of data)
. Boric acid shield (Rubber) i

LMO (internal) - |

l

I o
o O O
N N N

=
o

N

Illlllhl

Gamma from rock

' > 3!2 x 1023 yr Solar neutrino A [

Cosmic muon e
Radiogenic neutron - e

2vBB random coincidence - ] |
0 5 Total - —

0.025 107 106 | 1075 104

Background level in ROI (count/keV/kg/yr)

T12 (yr, 90% C.L.)

background index

oal < 104 _
cts/(keV-kg-yr) 250 — _ _ _ _ g . o goal 2 x 105
O == == O

simulation, Oct 2026 1.2 x 104
Y2L 700 m Yemilab 1000 m AMOoORE-II AMORE-IIl proposed

|

i 3 _ 100 : ,
AMOoORE-pilot 2015 - 2018 - 0.88 kg °°Mo - 0.32 kg-yr Major Background

éi/IOOOR]’EOI{(gﬁszOtgsgs)crysmls\“\“\ AMORE'I 2 O 2 O - 2 02 3 ’ 3 . O kg 1OOM o - 3 . 89 kg yr * | MO internal: ~1 0-5 Ckky
* LMO surface
fl stage 1 90 crystals, 1Mo ~15 kg - being installed now * ~6 X 10-4 ckky from AMoRE-I alpha modeling.
P | stage 2 360 crystals, 1Mo ~85 kg - 7 keV FWHM - a/B DP > 10 " Lower in AMoRE-l surface treatment.
dhya // _ * Rock gammas: < 10-° ckky
el AMORE-IIl ~700 crystals, ~200 kg in the same cryostat « Pileup events: ~3 X 105 ckky
A]\::;;@S time com presse d R * Could reduce them using the light signal rise time analysis
= 2016 2020 2024 2026 2028 2030 2032

now
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What limited each result, and what comes next

4 N\ )
Energy resolution Scale
Ge, bolometers Xe LS, liquid Xe TPC
\_ J O\ J
Strength small AE (0.1-0.4%) large mass, one volume

_ - 214R / 208
What limited = o -hD-200: surface 21481 /2081 KamLAND-Zen: AE — 2vBp talil

the result CUORE: a from nearby parts |
AMORE-I: shield radioactivity, neutrons, radon ~ =*0-200: too small, U/Thy

LEGEND-200 (running): cleaned up,
42K from Ar remains
Next step LEGEND-1000: underground Ar, less 42K
CUPID: o/f3 by light
AMORE-IIl: Yemilab, redesigned clean shield

KamLAND2-Zen: AE 4% — 2%
NEXO: 5 t, self-shielding
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Achieved limits and projected sensitivities

achieved - 90% C.L. limits
(amLAND-ZS I > 3.5 x 102

LEGEND-200 + GERDA + MJD o > 1.9 x 1025

CUOSE N > 3.5 x 102
AMoRE"| S > 2.9 x 1024

CUPID-Mo g 1.8 x 102
projected - 90% C.L. exclusion sensitivities
HEGEND-102) e 1.6 x 1028 (10 y1)
"B I 1.35 x 10 (10 v
COPID: v I ©.1x 1027 (10 y1)
KamLANDZ-2e! n 2 < 1027 (5 yr)
CUPID (Stage {+11) mu N 1.6 x 1027 (10 v/
AMORE o I 1.0 x 1027 (5 1)
AMORS o I 4.5 x 10% (~6 1)

1024 1025 1026 1027 1028
T,, (yr, 90% C.L.)
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How far does each experiment reach in (mgg)?

N Isotope
e > °Ge
\ GGQ

1000 CUPID-MO\ 136Xe
~J 23
_AMORE-I_~_ ¥Xe +Te

100

V)

100Mo
| MO \
N\ T~

LEGEND-200 + GERDA + MJD

R

NME model
o NSM

A  QRPA
¢ EDF
s |IBM

100

achieved best limit 28 meV ~- ' ; KamLAND2-Zen

30 ................................................................ R AR ... _....0 Py e S x ...................
N SRR S LEGEND-1000

(mgg) (meV)

experiment
achieved

————————————————————————————————————

.| projected

10

A band is one isotope.
G sets its position,

1024 1025 1026 10?7 the models set its width.

T1/2 (yr, 90% C.L.)
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Summary

The question

What sets the reach
Where we are

Next generation

What is needed

Eunju Jeon, IBS CUP

Ov[3f tests lepton-number violation (AL = 2) and the Majorana nature of the neutrino
The isotope fixes Qg5, GOv and M%; the experiment sets €, M-T and b-AE. Another order of
magnitude needs zero background, not only more mass

T > 1026 yrin 76Ge (1.9 x 1026 yr) and 136Xe (3.8 x 1026 yr; (Mg, < 28-122 meV). CUORE
ran a tonne-scale mK detector for almost 10 years

Goal 1027-1028 yr. LEGEND-1000, nEXO, CUPID, KamLAND2-Zen, AMoRE-Ill. AMoRE-I|
(Yemilab, 4.8 x 1026 yr) is being installed. Each targets its own limiting background

Signals in more than one isotope to confirm a discovery and pin down (mgg)
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Reaching below the inverted ordering

1000 -

AMORE-I 210 meV

100?
I Inverted ordering

KamLAND-Zen 28 meV

(mgg) (mMeV)

107 AMORE-IIl 12 meV

normal ordering

0.1 1 | 10 | 100 | 1000
lightest neutrino mass (meV)

cancellation
< / —(mgg)—=> 0
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