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OvpBp and v (brief intro.)

Ovfp decay can only happen if neutrinos are massive
Majoanana particles (own anti-particles).

v" fundamental understanding of particle physics

v Ovp[3 search is the only practical technique to answer.

The OvB decay rate (7°V) is closely related to the mass of
neutrinos.
v Most sensitive measurement method (if Majorana particle)

The OvB decay can only happen if Lepton number
conservation is violated.
v New physics beyond the standard model



Double beta decay

(A.Z) — (A. Z 4+ 2) + 2e~ + 20,

* 2nd order weak process
* BP(2v) decay is detectable if 1%
order 3 decay is not allowed.

even mass number

N, Z od

Nuclear mass

N, Z even

f f f t f
-2 7Z-1 Z 7Z+1  Z+2

Atomic number

35 OvBP nuclei are found.

BB-decay nuclei Q Abund.
withQ>2MeV | (MeV) (%)
8Ca — BTi 4.271 0.187
6Ge — 76Se 2.040 7.8
82§e — 82Ky 2.995 9.2
%Zr — *°Ru 3.350 2.8
100fo — 100RYy 3.034 937
1opd — 10Cd 2.013 11.8
16Cd — 116§ 2.802 7.5
124G — 124Ge 2.228 5.8
130Te — 130Xe 2.528 34.2
136X e — 136Bg 2.479 8.9
150Nd — 150Sm 3.367 5.6




Double beta decay w. & wo. v emission

2v mode Ov mode
* A conventional * A hypothetical process only if
* 2nd order weak process in NP m, #0,V =V, JAL| = 2
(A Z) — (A, Z+2)+ 2¢ + 20, (A.Z) — (A, Z+2)+ 2
o° \ o
v o - |
Yy
> [ ' o
C 2vBp OvBp (ideal detection) C

OvBp signal characteristics

- A peak at Q
- Two electrons from vertex

0 02 0.4 0.6 0.8 !
(B, +Ep)/Q 5



Search for Ovfp

— |

IV
f

0.2 0.4 0.6 0.8 1

Etot/QD |

OvBp discovery answers

Double Beta Decay with two neutrinos

(A, Z) — (A. Z +2)

Double Beta Decay with no neutrino

(A Z) — (A, Z +2)

- Majorana (y =y ) particles not Dirac (v # v )

- Mass scale of neutrinos ( 1/ Tl(/); oC mf )

- Lepton number violation




0vBp decay rate

2 9

Lo, _l/Tl Gy, M, M pgg

<standard process>

v' G,, : Phase space factor: Calculable
Atomic physics

v' |M,,| : Nuclear matrix element: Uncertain by 2~3 times,
Nuclear physics

v’ my, : Effective neutrino mass: Interesting
Particle physics



OvBp Experiments

Methods

Isotopes

Loaded Liquid Scintillators

130Te: SNO+, JUNO
136X e: KamLAND-Zen

Ge semiconductors

76Ge: GERDA, Majorana Demonstrator
LEGEND, CDEX

TPCs (liquid, gas)

136Xe: EX0200, nEXO
NEXT
PandaX-III, R2D2

Low-temperature thermal
calorimeters

48Ca: CANDLES-LT R&D

82Se: CUPID-0

100Mo: AMoRE, CUPID-Mo, CUPID
130Te: CUORE

Tracking chambers

82Se: SuperNEMO

Inorganic scintillators

48Ca: CANDLES




Common strategies to increase sensitivity

T()V M -time .
2%\ 'bkg- AE T, < M - time
<backgr0und case> <backgr0und-free case>

v" Increase M : Large detector mass, Enriched B3 elements € budget

v" Increase ‘time’ : up to a few years

v | Smaller AE : Better energy resolution €< detector tech.

v Bkg. : Minimize background events in ROI

LT thermal calorimeters

»  Underground facility (w. controls on Rn, n, dust, long-lived cosmogenics)

= Radio-assay equipment and protocols

- Controls on natural occurring radioactive materials (U, Th, etc.)

= In-situ bkg. identification

- Alphas, gammas, BB(2v), u- and n- induced, v-e scatterings
€ (PSD, Heat/L |0r Charge/L detection, Veto, Shield, Topology,|AE, At

" Ete LT thermal calorimeters




LTDs for Ov[3j3 search

Sensors & Detection Technologies



Low Temperature Thermal Calorimeters

“Calorimetric measurement of heat signals at mK temperatures”

Energy absorption =» Temperature

hermometer _—

_ Absorber E
Thermal link T-T,= <

Choice of thermometers for Ovf33 searches
e Thermistors (NTD Ge) CUORE, CUPID

e MMC (Metallic Magnetic Calorimeter) AMoRE CANDLES-LT
« TES (Transition Edge Sensor) Light detector
e KID (Kinetic Inductance Device) CALDER

e c¢tcC. 11




Thermistors

* Doped semiconductors
- Neutron transmuted doped (NTD) Ge thermistors

* R(T):1MQ~100 MQ
* Readout: (cold) JFET

» High resolution + High linearity + Wide dynamic range +
Absorber friendly

e Require very low bias current(sensitive to micro-phonics and
electromagnetic interference), Slow response

Female Pin—___ Thermistor

-

W 7 PIFE

Absorber Male Pin <=

@1 N AT »
I Thermistor r T Heater—
AMP
<Current bias and read voltage > T

—~/Cu-Coloumns

fig. from Cardani et al arXiv.1 106.05?%



Metallic Magnetic Calorimeter (MMC)

Paramagnetic alloy in a magnetic field M
Au:Er(300-1000 ppm), Ag:Er(300-1000 ppm)
—> Magnetization variation with temperature

Readout: SQUID

High resolution + High linearity + Wide dynamic range +
Absorber friendly + No bias heating + Relatively fast + MUX

More wires & materials needed for SQUIDs and MMCs

fig. from SY Oh et al SuST 2017

165

target
crystal

Bl

to SQUID

Thermal link

ot z . \ ‘ E
Heat bath L - > i .
\ = \/
MM C/ \/ Phonon collector

gold wires

13



Transition Edge Sensor (TES)

Superconducting strip at 7,

- Elemental superconductors: Ti, Ir, W

- Proximity bilayers: Mo/Au, Mo/Cu, Al/Ag, Ir/Au, Ir/Pt, etc.
Ry : 10 mQ ~1 Q2

Readout: SQUID

High energy resolution + Low energy threshold + Fast + MUX

Limited linearity and limited dynamic range, Absorber selective (or chip carrier)

working
point

14



Kinetic Inductance Detectors

a <Nature 425 (2003) 817 >

E
Pair breaking superconducting detector: ) %
Quasiparticles are electron-like excitations in v
superconductors from breaking Cooper pairs 4 7
Superconductor as the inductor in a LC resonance circuit %;}
Breaking pairs changes the Kinetic inductance b
Easy to MUX (on one chip) - T ©

Non-equilibrium detector

S

~ GHz frequency comb

Zo |

5.66 568 570 572 5.74

Frequency (GHz) 1 5



Sensor performance (example)

Counts /0.2 keV

“Superior dynamic range with high resolution”

ol Am?241 full spectrum aspectrum  { |}
MMC with gold foil absorber P

250 with C ~ 03kg C&MOO4 E E -
low energy spectrum i i

i PTB SQUID e

4 ' Gold foil N
o R absorber oo

'l KRISS MMC j [ ]

{OE__‘:’: 10100 20100 Ene?giog(e\/) 40‘00 SOLOU :\____,: 6000
0.3 keV FWHM 0.9 keV FWHM Gaussian width
for 60keV vy for 5.5MeV a

v A test result with an MMC.

v' NTD Ge thermistors also have similar performance. 6



High resolution detection of heat signals

v" Crystal target
- Many DBD nuclei can be used when
found in a crystal form

Heat (Phonon)

sensor %

|
®

Absorber crystal
containing DBD nuclei

TeO, Li,Mo00, CaMoO,
CdWO, ZnSe, CaF, etc.

v' Many Bf nuclei test

v' Qpg > 2.6 MeV possible for **Ca, **Se
100Mo, etc.

=> Low env. y bkg.

10° '."(1(]6 l}lJTe 11()(1(1

M ]““MO
10¢

= —

102 U

Environmental y
o | background

Counts
g,

9

2200 2600 3000

Energy [keV]
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Simultaneous phonon-scintillation detection

v" Scintillating crystal as target material

Heat (Phonon) Light (Scintillation)
sensor % sensor
4\?\{> ]
Scintillatofr
| /K
Li,Mo00O, CaMoO,

CdWO, ZnSe, CaF, etc.

Scintillating crystal =»
Active bkg. Rejection
using L/H ratio and PSD

IS
05 (D
< &
: %\, "~
.i: \'\ /" 7
SID A o
ﬁ ,I,, < @%x%
T / Phonon
2.6MeV
o .
= B/y signals
o |
=
o signals R
2.6Mev  NCTEY
(Phonon)
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LT Ov33 Projects

v" This is a short introduction for LT Ov[3 searches.
v The summary may not cover all of those Ovf33
project using LTDs.



OvBp Experiments

Methods

Isotopes

Loaded Liquid Scintillators

130Te: SNO+, JUNO
136X e: KamLAND-Zen

Ge semiconductors

76Ge: GERDA, Majorana Demonstrator
LEGEND, CDEX

TPCs (liquid, gas)

136Xe: EX0200, nEXO
NEXT
PandaX-III, R2D2

Low-temperature thermal
calorimeters

48Ca: CANDLES-LT R&D

82Se: CUPID-0

100Mo: AMoRE, CUPID-Mo, CUPID
130Te: CUORE

Tracking chambers

82Se: SuperNEMO

Inorganic scintillators

48Ca: CANDLES

20



UGAP 2022

Yong-Hamb Kim

30 years of OvBp searches @LNGS

(90% C. L.) [yr]

O
t1/2

1026
1025
1024
1023
1022
1021
1020

1019

1990

IHHM

Hlmw IHHM‘[IHWWIIIWW \HHW IIWM[
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é—~0 4 crystal drldy
331g '

—4 T3g

..................... CUORICINO
R 2003-2008 |
rrrrrrrrrrrrrrrrrrrrr SssoiiisnnbaOZleQys crystals 52 TeO2 crystals

438 (11 kg 130Te) (11 kg 130Te) :

AT T R P A A

743kg Tei()2 crystal

CGIORED (206 kg 130Te)

- 2013-15

..................... _ ________L___C'[JDRE !_ T

1
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7/}

IIHW‘IIMM

1995 2000 2005 2010 2015 2020

Running period

2025

fig. from S. Dell’Oro’ talk in DBD Shanghai 2017
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TeO, for 13Te

BB-decay nuclei Q Abund.
with Q >2 MeV | (MeV) | (%)
8Ca—>®Ti | 4.271 | 0.187
6Ge —> %Se | 2.040 | 7.8
82Se &> 82Kr | 2.995 | 9.2
%Zr > °Ru | 3.350 | 2.8
10Mo — 'Ru | 3.034 | 9.6
nopg — M°Cd | 2.013 | 11.8
n6Cd —» 116Cd | 2.802 | 7.5
124Sn —» 124Ge | 2.228 | 5.8
130Te — 130Xe | 2.528 | 34.2
136Xe — 136Ba | 2.479 | 8.9
ISNd — %Sm | 3.367 | 5.6

130Te

v Q =2528 keV (between 2%8T1 line (2615 keV)
and 1ts Compton edge)

v" Large natural abundance : 34.2%

TeO, crystals

v Debye Temp. ~ 230 K

v" High crystal quality can be achieved.

v Low radio contaminants

» Do not scintillate = Particle ID not allowed

22
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Yong-Hamb Kim

From CUORICINO, To CUORE, & ..

CUORICINO

CUORICINO
2003-2008
62 TeO, crystals
(11 kg 13%Te)
Ty,>2%10*y

CUORE-0

5

o e e e —— 4

—

1,
4
Ll
il
I
),
o
.~',!;
oot |

1 = 1 1
") N
e

CUORE-0 CUORE
2013-15 2016-
52 TeO, crystals 743kg TeO, crystals
(10.9 kg '3'Te) (206 kg 13°Te)
T),>4%10*y
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CUORE Tech for 0vBp search wih LTD

<I.Nutini v—2022>

+ [Low temperature jand low vibrations ‘ " Dition ui g
TeO» detectors operated as calorimeters at ~10 mK stable \ ‘ w
« Multistage cryogen-free cryostat. Nested vessels at
decreasing temperature. Cooling systems: Pulse 30"""
Tubes and Dilution Unit 40K ——>
> Mass to be cooled < 4K: ~ 15 tons (IVC volume and Cu 4K —>
vessels, Roman Pb shield)
- Mass to be cooled < 50 mK: ~ 3 tons (Top Pb shield, Cu BB ik i
supports and TeO2 detectors) 50mK —>
» Mechanical vibration isolation: Reduce energy I
dissipation by vibrations i —

Modern
lead

Low background : “aat

« Deep underground location |~ | 3800mwe. . L. gis ~

« Strict radio-purity controls |- R 7 N v
on materials and assembly

« Passive shields from
external and cryostat
radioactivity

 Detector: high granularity
and self-shielding

E Detector

im

Roman
lead

Dell'Oro S. et al., Gryogenics 102, 9, (2019)
..9;1 https./fdoi orgl‘10 1016/].cryogenics.2019.06.011

B2 Adams D. etal, (CUORE collaboration), Prog.Part.Nucl.Phys. 122 (2022) 103902,
https:/idoi.orgf10.1016/.ppnp.2021.103902

24



CUORE Result (13Te OvBP ) <Nutini v-2022>

E‘ FU= [ e— More than 1.8 tonne yr s :F;
% C . £ o . of raw exposure (up to now)! ;450 ‘3
£ 1600 = g .
& 1of- <« ¢ » CUORE aims to collect 3 t'yr of TeO,
o0 ey s S350 2
& —300 0
1o00F- 3. ¢ CUPID is the follow up.
800~ —E -
600 — PRL 2020
= 3725 kg yr TeO: o
400
E E ity of CUORE over 1yt of continuous operation BN Base culs :g' 8Ca sul
3”":— 86319y 100: e — g::g::z:ﬁ e g o
Total e 0 Dec-2017 Dec-2018 Jan-2020 Dec-2020 Dec-2021 - gg:; 2. limiton I, §
Background-only fit =
| 1038.4 kg yr TeO», 288 kg yr 130Te A

Selection efriciencies: 92.4(2)% L 1o g™ Eneray (keV) tepo

_E' |'I i '
130Te Qﬂg= 2527.5 keV % 100 -"-:i The |

E 107 f’ 'J
Reconstructed energy resolution at Qgp: . N““ww M “
7'8(5) kev FWHM lm::_ o :nzor:y(kev] B 5,000 6,00
ROI background index (B) : Fpofie
~ 1.49(4) x 102 c/(keV-Kg-yr) e s

1 T CUORE uttimate senaitivity (Te) Xec

Inverted hierarchy -

Ov@PB analysis

Half-life limit for QvBB in 139Te (90%C.I. including syst.) & :
Ov 1/2 (1 30Te) > 2.2 X 1025 yr I- Mormal hierarchy )
mMgs < 90 - 305 meV ' L

107



Evoluion from CUORE to CUPID

CUORE: Cryogenic Underground Observatory for Rare Events

CUPID: CUORE Upgrade with Particle IDentification

CUPIDO
Zn®’Se (5.17kg 32Se)
- ZnSe Scintillating crystal
CUORE QeI CUPID

743kg TeO, crystals 1 Hecessiut partiie T w Li,'""MoO,

ight detectors

(206 kg 13'Te) _NTD (240kg 1'°Mo)

- Successful ton scale DBD - Li,Mo0O, Scintillating crystal
at 10 mK . - 100MoEnrichment > 95%
- No particle ID CUPID-Mo -NTD
-NID Li,'"MoO, (2.26kg *“Mo)

- Li,Mo00O, Scintillating crystal
-Q=3.34keV

- Good resolution, Particle ID

- Low background, easy to grow
-NTD

26



CUPID-0 with Zn3Se

Pulse shape of light signals

8286 5
v Q=2995keV > 205T] line 5

(2615 keV) :
v" Natural abundance: 9.2% §~

/nSe scintillates at LT.

.:I' I- 1 .I
8000

. Energy (keV)
o <L.Pagnanini v-2022>
Fully mounted CUPID-0 detector - ‘ -
to a wet DR in LNGS % , = CUPID-0 Preliminary Mo 2003
o 2 16.59 kg X yr RMS 114.8
; 4 82Se Qm} Integral 30
T,,> 4.7 X 102y (90% C. L. limit)
3

IIII I
2850

11 11 |
2900

I i iy | | |
2950

3000 3050 3100 3150 e
energy (keé(y)

= -
Ln — n [3¥] L n
:H—H-H-I—I—I-I—H—H-I—H-I—HIIIIIIIIIIII TTTTITTTT]TTITT
SE | [T
1
|
|
T
1
|
T ]
T
1
|
T
L
|
T
L
|
T
T
1

P



UGAP 2022 Yong-Hamb Kim

CUPID-Mo

100Mo <A.Zolotarova v-2022>

v Q=3034keV > 29Tl line (2615 keV) 7.4 keV FWHM at Q
v Natural abundance : 9.7%
v T,, (2v)=7.1x10"8y: the largest B3 decay rate

L1,Mo00, : Scintillating molybdates, Selected

ol CUPID-Mo

Preliminary

Events / (1 keV )

1ok
ll

NTD Ge, Cold JFET t J”i||lll g ||Ji||l ,I i

||||I ]|'|||'||'|“"] "'ﬂ T 1 1 1l
EDELWEISS cryostat gl r i3 'i"'”“””l ””” ||||\|||||””| \\|\||\|\||||\|\|||H”|||“|\|

Ena "!W!k\fl

|
2
a0 5550

WD EERS
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UGAP 2022 Yong-Hamb Kim

CUPID-Mo Results

<A.Zolotarova v-2022>

IQﬂﬁ - Base culs + PSD
ﬁUC &0 Base culs + PSD + AC
Q
10 t .Ca Il Base cuts + PSD + AG + LY
40,
K

10°

Counts/5 keV

210
Po

T, (0v)> 1.8%X10%*y (90% C. 1. limit)
mgg < 280-490 meV 10

BRI |
v’ Best limit on Mo 0vpp half- life o T TR I

5000 6000
Energy [keV]

: 7 : =
v" The most precise measurement of Mo 2vf[3 = 5 bt sl | =
1= =

,-.‘—3%_—" 1 1 1 f BRI e e

COAE 2v2p Signal/Bkg = 10/1  X}/df=1209/126

2 10') above 1.5 MeV [ e, E

= | ; —y7 =

o == “Mo-+""Ru(0) 3

= “e e Sr-90/Y-80 int -

E 107 e =

g " :" I W &%’:’:ﬂ ?

& | s ) - ::}f;;l.sz.lzu ot ]

10 CUPID-Mo precursor: | : sie sty [H

E best measurement of | : E

14 2n2b of 1Mo el v

i 2 = [T.12H%: '1:(atnr.)il}.l(l(syst.)] x 10" yrlfl
107 500 1000 1500 2000 2500 3000 3500 4000

Energy (keV)

29



Yong-Hamb Kim

UGAP 2022
<A.Zolotarova v-2022>
* Heat-Light detection: Li,'®“MoO, + NTD Toul
 Particle Identification -
 100Mo Enrichment > 95% =il
* 1596 crystals and 240 kg of 1Mo shitss

* FWHM <10 keV at Q (3034 keV)
* CUORE cryostat

(O LG IER IRV W from CUPID-Mo (uncertainty and limits)

2vBB pileup

sGIGESN from CUORE /CUORE-0 (uncertainty and limits)

Background goal: 104 ckky

Discovery sensitivity at 30:
T,,('""Mo OvBp) = 10?7 year
Mg ~12-20 meV o

10%

10° 107 10
Cnts/(keV kg yr)

Parameters from NuFIT 5.0
[0 IH: Best fit I NH: Best fit
IH: 30 band NH: 30 band

CUORE sensitivity (Te) T

I T T T LI II[
10-1 10°

T T 17171 T T T T T TTT1T
10! 10?
mlighl.ﬂst (II].CV)

30



AMoRE

AMORE: Advanced Mo-based Rare process Experiment

100Mo ‘
4015100
v Q=3034keV > 28T] line (2615 keV) SR
. 0 MMC < Light sensor at
v Natural abundance : 9.7% Gewae /N . the top
v' T,, (2v)=7.1X1018y: the largest B decay rate = —
40Cal®MoQ;, : enriched Mo and depleted *Ca bl SSA-
: Selected for a pilot and AMoRE-1’ : R
: High Debye temperature: T, =438 K e
Li,!%Mo00,: Selected for AMoRE-II e
) ) the bottom
MMC for heat and light detection
_ ‘ 142 : 10 ‘ ‘ ‘
o L/H ratio PSD 10keV FWHM
E;moo | 2 for 2.6 MeV
ng ' E ' 1021 1
| | . 10°]
O0 2000 4060 6060 8000 1-320 H 20I00 . 4000 6000 BOIOO 0 2000 4000 6000 8000
Energy (keVee) Energy (keVee) Energy (keVee)

A |




UGAP 2022 Yong-Hamb Kim

AMORE Progress

M) 11 ] B[ OE(((C

M T . A A e e

e e g R BT pRAS MRS pERG L ERC R R RS R

Single module

AMORE-Pilot
-2018

AMORE-II
Being prepared

32



UGAP 2022

AMORE Pilot result

Yong-Hamb Kim

reduction of them.

o 48deplCa100Mo00,: 6 crystals 1.9 kg (0.9kg 1°Mo)

» Proof of the AMoRE detection principle
» Understanding of the background components &

* Background level of ~0.5 ckky at 2.8-3.2 MeV
- n-induced y, Internal bkg, rock/air-radon y
- Internal background— arXiv:2107.07704

* T, (0v) > 3.2% 10?3 years at 90% CL.

H T
—— Data weighted average
i ---=  Config1

>0k ——— Config 2

Config 3

=
[

Counts /(keV-kg-yr)
(=]
=)

o©
n

T T
==== Background model combined

-~ Combined sensitivity medianx2o
—— Combined limit 90% CL

o
=)

3.0

Energy (MeV)




ATemperature (uzK)

25

20

AMORE Pilot 2> AMoRE-I

* 18 crystals: 13 48dePlCal®®Mo0, (4.58 kg) + 5 Li,!®Mo0O, (1.61 kg)
« Total crystal mass 6.19 kg (3.0 kg 1°°Mo)
* MMC sensor: Au:Er = Ag:Er
» Using same cryostat + two stage temperature control: (AT) <1 uK
* Shielding enhancements:

- Outer Pb: 15 = 20 cm; neutron shields

- boric acid silicon + more PE / B-PE

- More muon counter coverage

- More supply of Rn-free air.

at 12 mK, o(AT) = 0.58uK 30 days, 1Hz sampling |

1 | | |
5 10 15 20 25
Time (day)




AMORE-I (Preliminary) Results

<YM Oh V- 2022>

T
-~ 100% Efﬁcmncv

500 —— ANl normal DAQ runs

g & &

Days (live-days) since 09-Dec-'20

-
2
=]

—— Good physics runs

‘Data taking

» Data taking (Science) started Dec./2020

i * Data for 1.67 kg %Mo exposure is analyzed.

-

L 1w » To be continued till 2023.

Counts/keV/ikg/year

01251

1 L L L
Jan'21  Mar'21  May 21 Jul'21

DR temperature control

* 10 - 30 keV FWHM@?2.6MeV (15 keV average)

T T
Al precut

1000 2000

T T T T
* PSDfLH = x Anti-coincidences

_ T,, (0v)> 1.2X10%y (90% CL.)
AMoREIPrallmmary Wlth 1.67 kg 1001\/10 cXposure

iw&mw‘*wm ]ﬂ!m “l”” (hl 'HI 1 Ill‘lli!] 1] lll]llll_l'l.l

3000 4000 2000

Energy (keVee)

EDCI 7000 8000 9000

T T
-  AMoRE-I Preliminary

| b

:-:~=.2:.—=-_- Hﬂl—;_
| BESES

T T
—— All crystal (3.44 kg-yr)
—— LMOs (1.31 kg-yr)
| Bkg =0.039+ 0.006 ckky
ROI: [2999, 3066] keV

2vBp expected
—— 90% limit (illustration only) |

2950

1
3000 3050
Energy (keV)

L |
3100 3150 3200
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UGAP 2022 Yong-Hamb Kim

AMOoRE-II in prepration

=5 stainless steel water tank

Rn clean room 1

+ Detector room

o 1D 7.5(W)x12(L)x4.2(H) m3

+ 9 changes/day with Rn free air
+ Class 100

* In a new underground lab (Yemilab)
» With new cryostat and new shields

- 3 |

AMoRE-II
Detector module

90 modules (~27 kg LMO)
for the first stage

36



UGAP 2022 Yong-Hamb Kim

AMOoRE-II Cryogenics

e Three PTRs (PT420 RM)
 Dilution refrigerator (delivered)
- 5.4 mK base temperature

- 7uWat 10 mK

» Spring Suspended Still with Eddy
Current Damper

* Independent holding structure for
detector tower

* 1 m diameter M.C plate

* 26 cm thick inner Pb shield

* 450 detector towers

« Li'%MoO, (~ 100 kg '"'Mo at final stage)

37



Yong-Hamb Kim

AMOoRE-II from chips to the house

582mm




UGAP 2022 Yong-Hamb Kim

AMOoRE-II Background budgets

Stainless steel can - ¢+—
G10 fiberglass tubes - 3 - AMoRE-Il Goal
Cu plate under inner lead 1 E] :
Lead shield 1 *
SC lead shield + +—
Phonon Cu frame + - el
Photon Cu frame - Hof :
Vikuiti reflector —e—

Cu bolts { Hef

Pb-Sn solder ¢
Kapton PCB 1 4+—

Stycast 1266 1 4+—
Teflon clamps 1 4 :
Heater *— §

Araldite - 4+
Boric acid powder | +— :
Boron silicon rubber 1 —]
LMO internal 4 ]
2vfB random coincidence 1 o
Rock gamma 1 44—
Muon o
Neutron 1 o
Total - -~ “—I
10-7 10-¢ 10 104 10-7
Background level in ROI (count/keV/kg/yr)
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AMoRE-II goals

Discovery sensivity for
THPP(100Mo) at 30 CL (year)

1027 E 10° 3

Ry e
AMoRE-I preliminary

R

107 107%
Y
[ & AMoRE-II
=2 ol
102 £ 107 ;
e ] NO
/,z’IrAMoRE-I preliminary 1 103k =
10%4L /7 ——Tyz2>1.2x 107 yrs (90% CL) | : ]
E /4 AMoRE-Pilot :
'~ | Tip>3.2%10% yrs (90% CL)
RN | el IR T | L0l R | 2 a el METEEE TR | el
1071 100 10! 102 10° 1074 1073 1072 101 10°
Exposure (kgso - yr) Miight (€V)

*  AMORE-II for 7> ~5x10% years by 100 kg of 1Mo X 5 years running.
* Reduction of background level down below 10-* ckky.
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CANDLES-LT

48Ca

v' Q=4271keV. The highest Q
v" Natural abundance : 0.187%
CaF, , CaF,(Eu)

Low Temp. R&D : Osaka Univ. + IBS/KRISS

Au film
Au wire MIYIE: ___ phonon collector
\,‘H,-"J- EJ = ~k.""'\

EeEsheeeeeeesEes— — Ge wafer

TTES
TR

. Au film phonon collector
ol
Au wire
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PSD Parameter

Heat & Light detection with Cak,

2:
1.8F
1‘6 . . . . . .
1.4E- i e * Promissing demostration for heat-light detection with
1.2 e MMCs from CaF, crystals at 10-20 mK
1
0.8 * C(lear particle identifcation
0.6 —
0.4 RSy 1 L B-u sequential decay -
0.2 Tupetia | Bl PuyTPE)
%z a6 8 10 12 14 16 18
Energy (MeV)
Tetuno 2020 J Phys Conf. 1468 012132«  Poor energy resolution due to position dependence
Fig. (B)
E 3 222R
250: d 325_ 226Rg T
200 e 218pg
- DP = 5|40 @ 4.87MeV 5%
150~ S0
- 40;
10'0E 5/Y/IJ‘OH 30;— 214Bj—214pg—210Pp
g 1oE

7 8 9 10 11 12
Energy (MeV)

\+)
w
E-Y

%05 04 06 08 1 12 14 76
PSD Parameter
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Heat & Light detection with Cak,

30 mBq of ?*°Ra (U-chain) within an R&D crystal
Delayed coincidence (?*?Rn — 218Po — 214Pb)

0.45: At< / :

* High resoltuion with position dependence
correction

218Pg signal height (V)
o
(#%]

NN PN SRR All.l.-.l.-J. il | .;_-;_ -...-_.I!. TR FEEEE T N
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 045 05 .
222 Rue signad height (V) e Further R&D should continue.

[aY] 70F : z T 0 min < Time_diff < 3 min
8 : 15 min < Time_diff < 18 min
d 60 } Subtraction
= c
£ sof
3 B
S a0 ' S—
- 0.18 % (U) @ ~5 MeV
30F— R { i
200
1041H
i m -Ih!{lll ‘-H"’I
o 1 n

| [ vl ol o ARG, L
1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2
P.H._max_H(P0o218) / P.H._max_H(Rn222)
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R&D challenges



Technical tasks and challenges

v Unresolved pileups.
v" Single-site event selection.
v Resolve position dependence (for fast sensors)

v Multiplexing capability
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Unresolved pileups of 1""Mo 2vp signals

* 1kg'"Mo - ~20 mBq of 2v33 Ty, (2vBp 1"Mo)> 7.1%10!8 year
* Timing resolution for pileup rejection:
~ 40 ps for 10~ ckky in a @50% 50 LMO (in most conservative way)

With heat-signal rise-time only.

120 ps at 10 mK, 60 ps at 40 mK Light signals: t;,,~200 ps
= ~ 100 ps rejection possibility

0.03
crystall
0.025¢ A crystal2
gl crystald
o) 0.02 crystald
& 0.015 Sl
= -
3] 0.01 [ g
g | e
= 000sf |/ S <
-~ i,
e | e
(7] H | e,
= i il | DWJ
L [l o . _ _
40 mK § ' 0 5 10 15 20
! time (ms)

0 100 200 300 400
Time differences (us)

Astroparticle Phys. 91:105 (2017)

* Should improve t of light (heat) signals

e Likelihood pileup rejections should be implemented.
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R&D proposal to multi-site event rejection

<Hansen v-2022> A
3
fast light signals ' demefer
R&D result for fast heat signal:
3 T BS)
single EREL=N
s R ‘ ; Prrope——
calonmetnc
""" = : = crystal
" multi ==
Metallic contact ! e -;‘SW“ g o
- r betweengoldflmand gl WALV .= DEMETER focuses on both phonon and photon
. : —— d o reconstruction at the crystal scale to provide
fast phonon signals physics information & background identification to
large scale detectors like CUPID-1T.
* Fast heat & light signals. .

* Finite phonon speed: ~10° cm/s
* PSD with time dependence can be

studied.

R&D setup for
fast phonon-
photon signals:

30 us rise time
(Heidelberg)
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SWOT for LT Detectors in 0vp3f search

Strengths Weaknesses

v' High energy resolution v Surface effect.
v Particle ID v' Unresolved pileups
v Bkg from copper

v Number of channels

v' Proven technology

Threats

v" Isotope production
v" Crystal growing
v" Purification
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Closing remarks

v 0vBf search projects with LT detectors are well established experiments.
v" The technology provides promising performance in energy resolution,
background reduction method, and scalability of the detector size.

v Those LT projects aim to investigate OvB[3 process in many nuclei.

Stay tuned !
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