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Y2L (Yangyang Underground Lab.)
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Y2L phase 1 (A6 tunnel)
2003 ~ 2023

600 m overburden
100 m? area

Access by car for 2km



Y2L (Yangyang Underground Lab.)

* KIMS experiment start.
- CsI(Tl) scintillator

* HPGe for radio-assay

¢ CaMoQ, crystal R&D



Y2L (Yangyang Underground Lab.)

COSINE

v2L phase 2 (A5 tunnel added)
e« 2013~2023
e 100 M2+ 200 m? area
Radon Reduction System




Y2L (Yangyang Underground Lab.)




New Underground Lab.
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Yemilab Construction

Milestones

2015. New underground facility site chosen as Handuk iron mine LTD

2016.12 Agreement signed with Handuk for the establishment and

utilization of Yemilab within Handuk mine

2017.09 -2018.12 Building the human riding cage

2018.12 -2020.08 The 1%t construction for excavation of the main tunnels
2021.06 —2023.07 The 2" construction for LSC & electricity, machinery etc..
2022.10 Renovation of the ground office

2022.10.05 The construction completion ceremony



Yemilab Construction

782m access tunnel, 12% down slop

Bl The 1%t phase construction
- Period : 2017. July ~ 2020. August
- Cage installation in the shaft
- 1%t phase Excavation : 2000 m?(lab. area)

Bl The 2" phase construction
- Period : 2021. May ~ 2022. July
- 2nd phase excavation : 1000 m?
- Electricity and machinery
- Ground office renovation




Yemilab Construction: AMoRE Cavern




The Yemilab Access by EY

The LSC cavern
(20 x 25 m3)

RRS (50m3/h)

COSINE ( Refuge

s"‘ |

AMORE cavern
(21 x 21 X 15 m3)

0.D.U.

KNU cavern
(8 x 8 x 12 m3)




Yemilab Infrastructures

* Full mobile communication (LTE)
* Network connection

e Radon reduction system (50 m3/h, 1/500 reduction)
- Will be upgraded to 200 m3/h

* LN2 generators for cryostats and HPGe

e Dust proof doors

* Electric vehicles for dust proof area

* Cranes for the large caverns (for large construction, 5/10 ton)
» Refuge (40 people for 72 hours, Dried food, water, air, UPS, ...)

e Toilets



Radiation Measurements

Rn monitors
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Neutron Flux

0.08 Measured by KRISS
: - Y2L A6 (2010)
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Webcams

Environmental Monitoring

UAL0 ' )

Temp. —49 -80 S DSM101 @
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Yemilab Summary

* The new underground laboratory has been started in Korea.

* Overburden:~ 2,700 m.w.e.
* Total Area: 3,000 m?

 The measurement of the radiation environment is continued.
- The rock and construction material radio-assay is ongoing.
- Muon flux : 1.0 x 107 m/cm? sec (Preliminary)
- Neutron flux : 4.95 (+ 1.8) x 107/cm? sec (Preliminary)
- Raspberry-pi based online monitoring

* A permanent air circulation system is under considering.

 Y2L had been moved to Yemilab.



AMORE-II

Total 107 members, from 24 institutes, at 10 countries
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OvBP of (%Mo

e Discovery of OvBp
* Neutrinos are Majorana fermions
* Lepton number violation
* Beyond the standard model

* To discover Ovf3B, we need a good
energy resolution, extremely low
background at that energy and
mass-time exposure.

* Molybdenum-100:
* Qg =3034keV, T/} = 7.1 x 108
years
* Natural abundance ~9.7%

* Possible to be a scintillation crystal,
CaMoO,, Li,Mo0,

« T, > 1.8 x 10%* years at 90% CL. by
CUPID-Mo




AMORE Detector

* Heat and light signals at low temperature

* Li,1%Mo00, (LMO) scintillation crystal as a source and
target at ¥10 mK

* Detection of head and light signal using
MMC+SQUID

MMC/SQUID

Light detector
for light '8

(Si)

Li,1°MoO,
crystal

MMC/SQUID Phonon
for light collector

Amplitude /V
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a LMO detector of AMoRE-|
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LMO detector for R&D at surface laboratory
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AMORE-Pilot
2015 -2018

j '-ial.,br -
nsf‘?‘a}f
4 S

1.9(0.88 1%9Mo) kg of
CMO

-+ Data Co-60 Near crystal components
== Simulation total —— 2ugg Neutron
— Internal — Rock Rn in air

Config 1
0.37 kg-yr
X2/nDF=255/183

Y2L
Live exposure: ~0.32 Kg;qomo"Yr
Background: ~0.5 ckky

Ty, > 3.2 x 1023 years at 90%
CL.

kf' 6 48dePCal®Mo0, crystals:

AMoORE-I
2020 - 2023

13 CMOs & 5 LMOs:
6.2(3.0 199Mo) kg of
XMO

08. 5568 (CMO)

AMoRE-Pilot Config-1
—— AMoRE-I

2vBg simulated

1000 1500 2000 2500 3000
Energy /keV

Y2L
Live exposure: ~4 kg10omo’ Y
Background: ~0.025 ckky

Ty, > 3.0 x 10%* years at 90%
CL.

AMoRE-II
2025 —

Stage 2:
360 LMOs
(157 kg)

Yemilab
Live exposure: > 500 kgm0 Yr
Background: ~104 ckky



AMORE-I @ Y2L

«—PE

~—Pb15cmj -

Boron rubber
4 mm

\ Boric-acid
L n powder

y e 3 mm

Muon counter

50 mK
Pb 20 cm ] 11 mK
—12mK
(PID)

Inner Pb

e To check detector performance & backgrounds
* Run @ Yangyang Underground Lab. (Y2L), 2020 - 2023
e 13 CMO (4.6 kg) and 5 LMO (1.6 kg) crystals
B * 20 cm Pb shielding + neutron shields (PE + b.PE)
s * Muon veto detector (plastic scintillator + PMT)
e Confirmed stable operation of MMC+SQUID @ 12 mK
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Total exposure: 3.89 kg,qomo°YeERN
Results:

e Background: 0.025 ckky

« Ty >3.0 x 10%* years at 90% CL.

unts /keV/kg/year

Agrawal et al., arXiv:2407.05618, submitted to PRL

ckky: counts/kev/kg/year



AMORE-Il Overview

* @ Yemilab, 1000 m overburden

* 360 crystals (LMOs + 13 CMOs)
*  MMC+SQUID for heat & light signals
* Si wafer for light detector

* Cryostat from Leiden
e Shielding with Pb, PE, and water

* Lower: Pb (25 cm) + boric-acid rubber (1 cm) + PE
(70 cm)

* Upper: Inner Pb (26 cm) + water (~70 cm)

* Muon veto system

* Lower: Plastic Scintillator Muon Detector (PSMD) Stage 2:
* Upper: Water Cerenkov Muon Detector (WCMD) 360 LMOs
* Backgrounds: Goal < 10 ckky (157 ke)

N 2
’

* Sensitivity: T}, ~ 4 X 10%° years, 90% CL.

* Schedule Stage 1:
* Stage 1: 90 crystals, 2024-25 90 LMOs
 Stage 2: 360 crystals, 2026 - 2030 (27 kg)




Radiopure Enriched Crystals

* Purification of raw materials
* Purification of both powders, ***Mo0; and Li,CO,
e 120 kg of enriched MoO3 powder is purified in wet chemistry
» Re-purification of crystal melts and wastes is going on

2 Impurity  Activit ) 21| MoOs powder
.g N Ea ty y g’ 02.? \ Raw Purified
= L4 Activity (uBg/kg)
z o 22Th o 287H 10% E
a s 38 O 28R4 = 2 Ac-228 260 + 50 <27
£ S5 102
i g < Th-228 210 + 50 <16
Ra-226 260 + 50 110 + 30
K-40 8500 + 1400 1700 + 340

Yeon H., et al. Front. Phys. 11, 1142136 (2023)

"®Mo0, "®Mo0, Li,CO, Li,CO, LMO
ECPRaw  CUPpurified RawPowder CUP purified 'N/IC AMORE-I




Crystal Productions

 Crystals produced at CUP/IBS and Nikolaev Institute of
Inorganic Chemistry (NIIC, Russia).

e 100Mo enrichment = 95%

e 360 ea (157 kg, 84 kg of 100Mo) of crystals (including AMoRE-|
CMOs) will be ready be mid-2025.

Now

320

Number of crystals (ea)

305
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Detector R&D

* Optimized detector design
* Crystal surface (polished, diffusive)
e Crystal size (5 cm, 6 cm): pile-up background
<3 x 107> ckky

e Reach FWHM < 10 keV at 3.034 MeV &
improve light detector performance

* B/a discrimination power > 10

FWHM =7.55 + 0.26 keV
X3indf=1.4

Counts / 1keV

ny
I':—I;:IHII:L:IZEU.‘_I e O 5cm

/A 6cm

Loy XL Top Mzt 37Tzl

2558 259 2,60 2.61 262 263 264 265 )
Energy (MeVee) Diffusive surface
w/o thermal link

At 10mK

At 20mK

At 30mK

LMOA LMO6 LMOE LMocupP LMO6 LMOE LMOCUPE  LMOGAL LMO6SL LMOCUPE-P LMOCUPE-2 LMOGE LMO6
Expl.21 Expl.21 Exp2.21 Exp2.21 Exp2.21 Expl.22 Expl.22 Expl.22 Expl.22 Exp2.22 Exp2.22 Exp2.22 Exp2.22



Dilution Refrigerator (DR)

Large dilution refrigerator from Leiden
e With three pulse tubes
e Cooling power: 5 yW @ 10 mK

* Base temperature: 6 mK
Including vibration damping system

Cabling: 27 wires X 360 detector

* CuNialloy30 ($160 um) with NOMAX
wire between top plate & mixing
chamber

DR has been transferred to Yemilab and
is currently undergoing various tests.

i . Independent support of Kevlar
strings + stainless still rods from
room temperature.

Spring Suspnded Still

with

* Cooling: IVC exchange gas+
soft copper foils




Structures

T F F T & =T stainless steel water tank
8" [PMTse— [* —

. Rn clean room 1

700mm thick | e Detector room
water ID : 7.5(W)<12(L)*4.2(H) m?
] 9 changes/day with Rn free air

WA Il Class 10000
HDPE blocle f =

R ¢lean room 2

e Piephration room
= Class 100

I
Shielding structure
(movable)

P1it for
DR can stock space




Structures




Shielding

 GEANT4 simulation for a realistic
geometry with rock gamma,
neutron and muon flux at
Yemilab.

* Pb (26 cm) over the crystal
towers, below the mixing
chamber plate in IVC

e Lower: Pb (25 cm) < boric acid
rubber (1 cm) < HDPE (70 cm)

e Upper: boric acid rubber (1 cm)
< water (> 70 cm)

* Radon-less air supply
At 1,000 m underground

e Muon rate ~ 107 cm2s

Stainless steel housing ( 5mm )

30cm Poly_ Eth_ylene

3 cm thickness Plastic Scintillator

170 cm Poly Ethylene

{ 30 cm space for H-beam

-3 cm thickness Plastic Scintillator



Muon Veto System

Water Cerenkov Muon Detector
(WCMD)

* 48 PMTs (8 & 10 inch)
* 60 tons of DI water
* Tyvek reflector inner surface

130 detectors
* 2 PS with wavelength shifting
fibers and 4 SiPM

Plastic Scintillator Muon Detector e 170cmx30cmx5cm

(PSMD)



Background Estimation

Heater adhesive (araldite) s
Heater
Reflector {Vikuiti)
Clamps (PTFE)
Kapton PCB
Phonon frame (NOSV-Cu) 4
Photon frame (NOSV-Cu) 4
Post surface (NOSV-Cu) 4
Screws for module (Brass) 4 o o
Sensor adhesive (stycast 1.266) S
L ey e P T e A,

SC lead shield (Lemer Pax) m
Cu plate under inner lead + |
Inner lead shield (1 cm) .
Inner lead shield (25 cm) 4
Colling plate supporting rod (G11) -
VL (STS 304) 4
Radon im residual air - s
Air balloon [(Urethane) S
Inner boric acid shield (Powder) -SSR
Lead shield (5 cm) 1
Lead shiald (20 o) - s
Boric acid shield {Rubber) -

LMO {internal) 4
Gamma from rock
Solar neutring 4
Cosmic muon 4
Radiogenic neutron 4
2vB B random coincidence

Total -

107 10~ 10-%

10™

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




Background Estimation

—— Total

— 2vBB

—— Pb5cm

----- Pb-Sn solder
Pile-up
Air radon
Internal
ovc
PCB
Detector frame Cu
Clamps
Reflector
SC shield
Boric-acid
Cu plate
Heater Si
Adhesives

Counts /keV/kg/year

Bkg~10-4 ckky, 0.=10 keV (FWHM)

—— Total Gl B |nternal

AL Total+0vBB ml G2 I Neutron

2000 2500 v p 26 i
D TOY = 4.4 x 102yr Bl Pileup EEN Muon

500kgioopys + YI eXposure

2975 3000 3025 3050 3075 3100 3125 3150
Energy [keV]



AMOoRE-II Plan

Stage 1 with 27 kg of LMO for ~1 year

* Mass upgrade to 157 kg for stage 2
* > 5 years more data taking: > 500 kg,oomo"YeEQN

Sensitivity goal:
. Tlo/”2 ~ 6 X 102° years (90% CL. Exclusion)

A |

Current best
upper limit

AMoRE-I
T1z > 3.4 x 10%* yrs (90% CL)
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T

10° 101 102 107 1073 1072 107!
Exposure (kgiso - yr) Miight (eV)




AMORE-II Summary

* AMoRE-Il is being prepared to start stage 1 in 2024 with 90 ea
(27 kg) of LMO crystals
* DR was installed at Yemilab and is being tested now
* Assembling crystal detector is on-going at Yemilab
* Installing crystal detector will be started soon

e Stage 2 will use 360 ea (157 kg) of LMO
* Background level at ROI ~10-4 ckky

* Discovery potential of OvBB with 500 kg,,o,°yYear exposure:
Ty, ~4 x 102 years, (mgp) ~ 20-35 meV



Thank you



