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20 years history
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20 years history
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20 years history
(Yangyang underground lab, Y2L)
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20 years history
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Talk list @ TAUP

Many posterson yesterday

@Y2L

A Result ofAMoRE-I Experiment byHanbeonKim, Neutrino session 6A

A Status of the COSINEOO experiment bidyunsulLee, Dark matter session 8B

A A search fofLi solar axions with LjMoO, detectors in th&MoRE by JeeworSeq Dark matter session 8B
@Aboveground experiments

A LiF experiment for keV sterile neutrino searchMmngchang.ee, Neutrino session 5A

A Measurements of quenching factors Kal(T) scintillating crystal byKyungwonKim, Dark matter session 5A
A Status of the NEON experiment BhanghyorHa, Neutrino session 4B

@Yemilab

A Status oAMORE-II by Yoomin Oh, Neutrino session 4A

A Yemilab, the new underground laboratory in Korea by me in this talk



A new underground laboratory
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AlLarger! Deeperind cheap? 5
1) Mt. Daedeok 2) Mt. Duta 3) Mt. Jang 4)Handeok mine 5)Y2L. A2 tunnel (T e B
(1290m) LU 5:;)20m) (1410m) (990m) (930m) BT
& ‘F‘!fi@fﬁ)u \ . - )?\:\ﬁ}\\
1006m 1455m S W"f 1008m B Mt.Ja‘ng-‘san(Mwm)
—4+200m $200m % ¥200m e R
o (EL'om) Mj (Sea Level'om) o L o (sz_a%)g 1BS Underground Lal
UL(E.L. 284m) UL(E.L.-108m) UL(E.L. 398m) UL(E.L.-158m)  UL(E.L.-78m) = A
Candidat H. of Peak |EL. of EntranceTunnel Length | Depth of 8% | Overburden [EL. of UL |Muon rate
andidates
(m) (m) (m) (m) (m) (m) Event 3
1| Mt. Daedeok 1290 460 2200 176 1006 284 857
2 Mt. Duta 1350 180 3570 285.6 1455.6 -105.6 180
3 Mt. Jang 1410 550 1900 152 1012 398 877
4 | Handeok mine 990 -70 1100 88 1148 -158 403
5| Y2L A2 tunnel 930 20 2100 168 1008 -78 547




A new underground laboratory
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A new underground laboratory
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A new underground laboratory
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Construction of the Yemilab

X Milestones
2015. New underground facility site choserHasmdukiron mine LTD
2016.12 Agreement signed wittandukfor the establishment and utilization
of Yemilabwithin Handukmine
2017.091 2018.12 Building the human riding cage
2018.12i 2020.08 The stconstruction for excavation of the main tunnels
2021.06i 2023.07 The "® construction for LSC & electricity, machinery etc..
2022.10 Renovation of the ground office
2022.10.05 The construction completion ceremony
2023.08' 2024.09 Y2L relocation t¥emilab



Construction of the  Yemilab

tme1e a3 782m access tunnel, 12% down slop . S ores 135m
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I The F'phase construction

.| The 29phase construction

Period : 2017. July ~ 2020. August =
Cage installation in the shaft
1stphase Excavation : 2000Gifkab. area

Period : 2021. May ~ 2022. July
2"d phase excavation : 1008m
Electricity and machinery
Ground office renovation



Image records of the construction

Ground """ gl d AMORE cavern

office




Image records of the construction
AMoORE cavern




New history ( Yemilab)

A Rock composition : Limestone (Cag@nd MgCQ)
A Overburden : 1009m from the top of the Mt. Yersl20m)
A Air circulation: 39,000 fihour from the end of the shaft
A Electricity : 2MW

A Temperature : 25 ~ 29 atAMoRE cavern (local :20 ~ 30 )
A Humidity : 25 ~ 60 % aAMoRE cavern

A Airborne chemical : CO (< 10 ppm), G@1,500 ppm)

L 4




Access to Yemilab (Cage)
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Accessto Yemilab (Rampway) 5
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Accessto Yemilab

Cage stop Dust proof door
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Infrastructures

AFull mobile communication (LTE)
- Temporary network provision for online monitoring

ANetwork connection (coming soon)

ARadon reduction system (5@/im, goal: 1/1,000 reduction)
- 200n?/h RRS is under consideration.

ALN2 generators for cryostats akiPGe
ADust proof doors

AElectric vehicles for dust proof area
ACranes for the large caverns (for large constructio e e . f
ARefuge (40 people for 72 hours, Dried food, water, air, UPS and SO on]
AToilets




Access by EV
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Radiation measuremen

RAD7Y for low level
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He-3 detector for
thermal neutron

Rn monitor for Rn free air

Nal(Tl) for
gamma rays



Raspberry P1 based monitoring sy_sit_e_m‘h_ -

UA10 web
Calibration software DSM101

Temp. :-40 ~ 80 PM1.0/ PM2.5/ PM10

Humidity : 5 ~ 95 % 1~1,000mg/m?

( ( g ( : /
4 “%J _____
UAS8-KFG-U

CO (~ 1,000 ppm)
CGO, (400 ~ 10,000 ppm) @
O, (0 ~ 25%)

H,S (0 ~100 ppm)

Webcam ,
1 picture / min g &

RS9A
7 ~ 3700Bg/m?
O15% accuracy




Muon reduction

U.L. Gran Sasso  SNO lab SURF Kamioka Boulby Yemilab
Depth mwe) 3,800 6,000 4,300 2,700 2,850 2,500
Volume (n?) 180,000 37,000 7,800 56,500 14,000 25,000
_6 <
10 \ *mv—-! Y2L: : : o
n — WIPP (USA) Muon flux reduction 1
\ */ Soudan (USA) Ref. Chin. Phys. C 45, 025001 (2021) 1
e e ) R N S S
Kyungmin at Analysis Meeting on 20 July (\'l, 10 N \*‘;> Kamioka (Japan)
£ 0 A 22 Plastic scintillator panels (168@ 3103 61 mn? each) = Yemilab L NA 4 G;ran Sasso (n;ny) D
= = : N D
< e A Preliminary muon rate at AMORE cavern: 1.03 107 nicm? sec . (Korea) / 2 N N : : :
-g . . - . = 10~ s teisraremacSeia i &...:....\.....:. ........... E......._:
Z o - Simulation paper in 2020: 43 10% ntc? sec(vertical m) E Boulby (UK) N \A\ Fréjds (France) &
- Y2L COSINE: 3.839 107 nfcn® seq = A W D
10° = : N Jinf?fng\g:China. this work)
2 el N A AT CTTTPTTORR. R B« oo e
107 = ~N g \\ :
: : : N0 :
Sudbury (Canada) : | & A
8 : : : DN :
; : X : TN X
1 10—10 ] 1 1 ] 1 ~ 1
PSS ARl o e | el o Wit i | | el | (1 IR | AN 15 1000 2000 3000 4000 5000 6000 7000
0 5 10 15 20 25 30 35 40 45 50

PSD.48 Qsum Vertical overburden depth [m.w.e]



Radioactive background assay
_

58.0%6.2 1,161R032.3  52.87.5 50.76.1
HPGe 26.01.3 216.310.9 24.01.2 21501 N. A. O.36|§D.02
24.6\.2 848.942.5 57.080.9 53.50.7 N. A. 0.8180.05
8.980.5 54.90.8 9.980.5 8.980.5 N. A. 0.130.01
238 232Th 40K Sample location
2020.08.19 HanduklimestoneA KIGAM 1.17 3.43 11400 @ AMoRE Cavern top
ICP-MS HanduklimestoneB KIGAM 0.68 3.50 13800 @ AMoRE Cavern left
HanduklimestoneC KIGAM 0.66 2.87 10200 @ AMoRE Cavern right
average 0.84 3.27 11800
(10.4Bq/kg) (13.3Bg/kg) (365.8Ba/kg)
P e e e e
| CMD424.1 Dust near Yemi cage 220802' Mass: 1.45kg, M.day:1day CCl
226Ra(zaau) 24Th 40K 28\¢ T app | I Radio aCtiVity of the dust
24.61+1.23 | 2812+1.46  226.08+11.33 | 1521%0.77 | 13.61+068 | 17.82+231 | A 24.99n Bo/ng of 225Ra
Bg/kg Bqg/kg Bq/kg Bqg/kg Bq/kg I Bqg/kg [ A 2307”8(1/7@ of 228-|-h

A 407.21nBg/ g of 40K

zzﬁRa(zanu} 24Th

24.99+1.26 39.62+2.15(407.21+20.52 22.88+1.18 | 23.07+1.16 | 164.78+9.17 | 0.3310.04 Dust requirement ~ 1ﬁg/m3
Ba/kg Ba/kg Bqg/kg Bag/kg Bakg Bag/kg I Bag/kg




Neutron flux
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Neutron flux

Measured by KRISS

~ 0.08 |
' ] —&— Y2L A6 (2010) Fast .
c\-:: 007 _m- Y2L A5 (2019) 3 10%cm,sec  Y2L A6 Y2L A5 Yemilab
§ 0.06" ~®~ Yemi KNU (this) + Thermal 242018 144015 186008
uf = Fast - ~ A
~ 4.200.9 7.101.0 12.401.1
% 0.05 “Thermal (1~10 MeV)
Ll - - - .
S 0.04— Total 67.202.2 44.60 6.6 49.501.8
@) ~ :
<c' 003~ * [ ] L A Y2L : More moderation by equipment
0 = | .
= ® : TTN A Yemilab : A few hundreds of tons Shotcrete
0.02=—=% j: t # | -~ 180 tons oAMORE cavern
— . ¥
0.01 == %ﬁﬂu?f H A Non-shotcrete measurement
O sl o i i 1o PM A Si containment in Rock

10°107°107"1 0‘61 01 0—41 0‘31 0—21 0—

1

10 10°% 10° 10*
Energy (MeV)



Radon level in Yemilab (1 year cycle)

Radon (Bq/m3) (Rad7)
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Meteorology Space medicine
Entrance of Yemilab (Zero gravity)

Vertical shaft

Environment radiation (2024)

Physics department (KNU)



Transfer plan from Y2L to Yemilab
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Summary
AThe new underground laboratory has been started in Korea.

AThe measurement of the radiation environment is continued.
- The rock and construction material radissay is ongoing.

Muon flux : 1.03 107 micny sec (Preliminary)

Neutron flux : 4.95@ 1.8)3 107/cn? sec (Preliminary)

Radon level
- ~30Bg/m?3: March ~ May, September ~ November (proper natural circulation)
- ~100Bg/m? : December ~ February (additional air supply from the rampway)
- ~2,000Bg/m3 : June ~ August (large air supply through the rampway)
- A permanent circulation system is under considering Wahdukmine.

Raspberrypi based online monitoring
AA permanenair circulationsystem is under considering.
AY2L will be moved toYemilabsoon. (COSINE andMoRE)



Geology Dark matter

Meteorology Neutrino

Gravitational wave
Environmental radiation

Space medicine

Yemilab, the new playground for science!



