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AMOoORE (Advanced Molybdenum-based Rare process Experiment)

Goal: Search for neutrinoless double beta decay (OvBB) of Molybdenum (1°0Mo) based scintillating crystals and

Iow-temperatu re Ssensors.

Beta decay
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' - 2nd order beta decay - Lepton number violation
- Rare nuclear decay - Majorana particle
- 1018 < 1022years of half life - Beyond the Standard Model
- >102> years of half-life
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Other OvBP Experiments

[Current CANDLES detector]

CANDLE@S = ¢ \"’

Candidates Qgp(MeV) NA. (%) /' CancintiIIaing crystal

48Ca—48T] 4.271 0.187

76Ge—76Se 2.040 7.8

B2Se—8Kr | 2.995 9.2 \\

96Zr—9%Mo 3.350 2.8 kel ' . | S
100)\Jlo—100Ry 3.034 9.6 R 21 il '
110pd—110Cd 2.013 11.8 ZnSe scintillating cryStal/RSSE. |
116Cd—116Sn |  2.802 75 ih ’

1245 124Te | 2.228 5.64 COBRA g ‘ﬂ
130Te >190Xe |  2.533 34.5 | Dot et
136Xe—13Ba |  2.479 8.9 ////
150Nd—150Sm |  3.367 5.6 ‘




Why 1Mo for AMoRE (OvB()

= High Q-value (BB3) of 3.034MeV

= High natural abundance of 9.7%.
= Relatively short (Ov3B) half life expected from theoretical calculation.
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(208T1—208Pp, the highest & intensive 2.614 MeV y from nature)

Bareaetal., Phy. Rev. Lett. 109, 042501 (2012)

Candidate Q (MeV) | Abund. (%)
- BCa 4.271 0.19
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82Se 2.995 8.7
100Mo 3.034 9.7
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Principle of operation: |

Crystal and Detector module for AMoORE-I

Photon sensors &

paramagnetic sensor:
Au:Er /. il R~

thermal link

absorber _§ Light absorber
SQUID loop o Crystal: (Ge/Si wafer)
= 48cepiCaMoOs /
o Li2MoO4
jo)
(o

themmnal bath

d. Phonon sensors Phonon collector

(Au film)

s L

Stabilization heater

Energy absorption (LMO crystal)

Photon and phonon generation * Cylindrical crystal (Li,M00,) size. ® < 5-6 cm/H <
Temperature increase in gold film ocm

Decreas? In magnetization in MMC * Metallic Magnetic Calorimeter (MMC) + SQUID
SQUID pick up the changes s . . .
* Phonon-Scintillation detection at mill Kelvin
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AMORE Collaboration

Germany - :
«Ukraine

AMORE Collaboration
9 countries, 25 institutions

A team of more than 100 scientist and expert
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AMORE Experimental Approach

® Sizable background case:

ISOtDPiC Detection ; O 1% o 1
Abundance Efficiency Detector Mass ':771 /2
. \\ a& Mie l_eIeasuremeni 102
lim T (exp)=(In2)N,—& [—— time : AMoRE-I Half-life
7 A AE i 200kg
Sensitivity Atomic  Background rate .
to halflife mass S
of OV ¢ background
= sl non-zero
~10 £ background
®“Zero” background case: 102k
When b 1s ~ O(1), o P PE—
107 1 10 107 10°

Mass x Time (kg x year)

77, (exp)= (02N, ZeMs

AMOoRE is aiming for zero background.
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AMORE Phases

Detector
Setup
(Not in scale)
Crystals 40Cal®%MoO,4 (CMO) (%°Ca,Li,)1%9Mo0,
Crystal # & Mass 6, 1.9kg 18, 6.2kg
Backgrounds (ckky) ~101 <102
T, »(year) ~3.0x10%3 ~4.0x10%
mgp (meV) 1200-2100 170-320
Location/Schedule Y2L/2015-2018 Y2L /2020-2022
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Counts /(keV-kg-yr)

Results from AMoRE-pilot and AMOoRE-|

T T T
i —}— Data weighted average ==== Background model combined
A Config 1 Combined sensitivity median+20
20k m—— Config 2 —— Combined limit 90% CL
’ Config 3
i
|
|
|
|

3.0
Energy (MeV)

* Understanding background components
and reduction of them

* Background level = 0.5 ckky at 2.8 — 3.2
MeV (neutron-induced y, crstal internal
contamination, rock/air-radon y )

Counts/keV/kg/year
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I I
AMoRE-I Preliminary

I I
— All crystal (4.68 kg-yr) 1
—— LMOs (1.07 kg-yr)
Bkg =0.034 +0.005 ckky
ROI: [2999, 3066] keV
2vPB expected
—— 90% limit (illustration only)

I ] = N~ ] ]
- - . =
T | | ’_‘
2900 2950 3000 3050 3100 3150 3200
Energy (keV)
* Increased number of crystals
* More shielding enhancement
* More muon counters
e Supply of Radon free air
* Background level = 0.03 ckky
9
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Yemilab (new underground laboratory)

Zi-yi Guo et al 2021 Chinese Phys. C 45 025001
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[Yemilab drawing]

f ] COSINE Hall |
| WY :
: gg !
! 5

RRS system

for AMoRE Hall

LSC Hall
(22x22x28 m3)

Transportation
Electric car for
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AMORE-II shielding system

{ 30 cm space for H-beam

—————
3 cm thickness Plastic Scintillator

Pendo B. Nyanda

From outside:

* Muon veto

e 70 cm high density
Polyethylene (HDPE)

e 25cm Lead

1 cm Boric acid rubber
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/ Plastic Scintillator Muon Detector (PSMD)

Muon Detectors
B Water Cherenkov Muon Detector (WCMD)
PSMD: 2 extruded plastic Scintillator panels + 32 WLS fibers + 4 SiPM
WCMD: Steel water tank (aligned with reflector-Tyvek) + DI water + 48PMTs

WCMD

Li,MoO,
Crystal
Detector

PSMD
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PSMD Construction

Electronics Electronics
(variable Channel 4 EES (variable CFl'zgnPeSI]a
register) [Top PS] register)
(beside)
Top PS
g, —
PS panel (167 x 30 x 1.5 cm) with 2 optical fibers per
groove (16 grooves) =Bottom -

Electronics Channel 2 Electronics Channel 1
(variable Bottom PS (variable
register) [ ] register) [Bottom PS]

o=
1 Covered with a reflector (Tyvek) and black sheet.

Optical fibers are connected with 2 Sipm. Appea rance Of 2 PS pa ne|S after‘

fixing WLS fibers and SiPM

Two panels are installed in a box
made of steel frame and
aluminum sheets

Two complete panels are mounted together with
supporter in between (acrery blocks)

Pendo 14



PSMD Installation and performance test

Ground

Top panel

LEiiiiiiigl

L) ALE RS RAR

—Det. Box
—pannels

Efficiency : 99.80%

L ks = =

Bottom panel Q

* Underground (rough estimation of muon rate =~ 80 [m2day]
* Reduced to a factor of 4 compared to Y2L)
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WCMD Installation and performance test

250
200;—_ * Cherenkov light
i spectrum tested
I underground
150l e About 600 number
of
= photoelectrons(npe)
W00 were counted
Water tank installed 5
with 48 PMTs i,
0 1 || | L 11 | 1 || | 1 || | 1 || | L 11 | 1 || | 1 ||
filled with 60 tones of 0 200 400 600 800 1000 1200 1400 1600 1800 2000

Dl water Npe
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summary

* AMoRE-II construction is still ongoing. The detector is expected to be
installed in December 2023.

* Muon detector installation is completed and commissioning is
ongoing.

* Muon flux is preliminary measured as ~80 [m~day].



IBS dormitory at Yemi

IBS ground office at Yemi (4 story with total of 12 houses)

fem'iab ¢ Jeongsean

Thank you for your attention!
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Back up



More quantitatively...

for light neutrino exchange model. Effective OvBP neutrino mass is ;
Phase , 3
_, factor (m Mmgg = Z UZmy| =
[T °V] =G, [M_|"| -2
1/2 Ov Ov 2 2 _2ing 2 .2 ,2in, 2 _—2i8
m, |cfscte? My + cfystre®M2my + sfze "2 0m;

Half-life Nuclear -

Measured Matrix Element Effective Ovjp

Neutrino Mass

* particle physics part

107!

10°2

[72ee] [eV]

Mpgp Uncertainties from

Miightest

103

M ggniest [€V]

Uncertainties from mixing angles ~ Uncertainties from phases



Sensitivity for AMoORE-I|

Discovery sensitivity depends on background and
exposure

AMORE-II time schedule: 5yrs

Background requirements: ~104 ckky Each  Total

: N . Stainless steel «— :
Discovery sensitivity with a significance of at least 3 sigma (99.7%). Gloaflirtl):%sl:s:?ugzz- ™ 5 AMORE-I| Goal

Updated AMoRE-II backgrounds estimation

| £5C lead shield |
T h=1x10P ckky-(goa]) Heater +——@&——

=  F—— Kapton PCB - +—

" b~1x10* ckky (requirement) ArsidRs 1 5
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" : Lead shield(Boliden) : LK : L .

: Leaa.éﬁfélaﬂ:ré-c.la.g-w.a-ﬁ-g.r_ --------------------------------- l ------- l. --------- . ---------- E :Slm Ula“on
; Boric agid ROWAEl L. ....eveeeeceeeee e ... i ; :

3

ry Sensitivity (year)

AMORE-Il exposure

Iscove

. 25 s
=l Rn-free air{ T T

LMO internal | ol
2vBB random coincidence i

ng
Rock gamma 1 +—
—e— é

0
TTTTTT

+ Background Unit

: 1 ckky=counts/(keV kg year) Neutron | ¢ | H
'NETE IETEl FET I FEE T AN Y] FENTE RN TRE FETEl RN Tl FEE T Total | .H
100 200 300 400 500 600 700 800 900 1000 10-7 10-6 105 104 103

Exposure (I(glsoyear} Background level in ROI (count/keV/kg/yr)

Muon 1
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Experimental setup (R & D for WCMD)

cover

Main body

70cm

* 5mm thick stainless steel
tank.

* Inner part of the tank is
covered by a reflector
(Tyvek).

10 inch, hemispherical and
water proof PMT.

Detection wavelength range
of 300nm — 650nm, max at
420nm. Quantum efficiency
of 25% at 390nm.

Pendo B. Nyanda

Trigger counters :
(20cm x 30cm x 3cm )

DI water filled up to 65cm high.

Using coincidence trigger condition,
100,000 events were triggered with
trigger rate of 0.41Hz.

22



Muon detection efficiency for WCMD with DI water

Scatter pIOt of trlgger counters Cherenkov ||ght Spectrum
Ty — —
[ -
g X -. k) ":.&l' . . ) | B 4000:, A
Lo | S ' S000- ssool- ] Detected
B [ T - : muons after
PR - o B 3000E” . applying
4000 — 25001 ‘ selection
: %000; 5
g ] : 1500; H
3 5 3000 N 1000 L
g LTEJ t sooé— L1L
& : 05-1 = .7. T ‘lLJ i Lo
) 2000+ 0 500 1000 Npe 1500 2000 2500
1000(- MPV = 854.1 + 1.6 npe
Ry - ( 0 [ o b L T
3 40 0 500 1000 1500 2000 2500

Npe

Lower counter

* Detected muons calculated through integral of the
Cherenkov spectrum.
* Detection Efficiency: 99.7%

Muon selection was done by selecting charge Q(ADC counts)
on upper counter > 7000 and lower counter > 8000.
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AMORE-Il Construction at Yemilab

~ Lead shield structure

Pastic Scintillator Muon Counter

Pendo B. Nyanda

24



DAQ Schematic Diagram for Muon detector

48 PMTs
(WCD)

FADC (48ch)

132 PSDs

| ADC (264ch)

HV (48ch)

TCB

— | Main DAQ

PSD DAQ 1

]

—— ADC (264ch)

PSD DAQ 2

Monitoring
computer

Lan cable
Ush3 cable

2023 KPS Spring Meeting @ DCC

ADC modules specifications

Channels

Dynamic
range

Resolution

Sampling rate

2Vpp 2.5Vpp
12bit 12bit
62.5Ms/s 500Ms/s
25



