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Theme for Center for Underground Physics (CUP)
.

Center for ib°
1. What is dark matter ? Underground Physics

2. Are neutrinos Majorana particles ?
3. What createdthe asymmetry inthe Universe ?

4. Extreme rare phenomena in energy region 1e6V1 100 MeV



Organization of CUP

Administration Director Advisory Committee
|
Executive Committee
Dark Matter Double Beta Detector Database
(Hyunsu Lee) (Yeongduk Kim) (Yong-Hamb Kim)  (D. Leonard)
Members:
A 1 Director

A 2 Group Leaders

A ~25 Research Fellows
A 6 Technicians

A 3 Administrators

A ~ 10 Adjunct Professors
A ~25 Adjunct Students.



Laboratories
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Minimum depth : 700 m / Access to the lab by car (~2km)



Laboratories

Yangyangunderground laboratory (Y2L

Current Ground Lab.

New underground lab. (2019)

all P

Electroform Co erRoom(lOOmz) [Area |
“*{ RRS rooplg( 0m?)

Rt A, Hall A: 800m?
exp. room( m-” £ 2
Control room for 2% DM exp.(100m¥fall B: 1200m

_31PGe room (10 Total : 2000m?

“lean room(lO(}m2

\ \ for Crystal growing (100m?)
eﬁ&. room n2) ~ i ,

Control room§ H0m* ’l“’lmlet 20m?)

'Rut oom(50m?
| f ( )

-5

‘ 1‘3 w%er room(iOm‘) an control room(30m?)
0 Garage(100m?)

m% Gas supply room (100#1“) h&q»

S 27 Rest room(S0m?)
Electric power room(100 R?Tmlet(Z()m o] e room(100m‘)
%

Sumproom



1. Double Beta DecayAMoRE

8 Countries
18 Institutions
& ~90C ollaborators




Search forNeutrinolessdouble beta decayO n b |
.

Observation of h b kwvill confirm

- Neutrinos are Majorana particles and haveMajorana masses.
. 2
- Lepton number non-conservation. m

Observation ofOn b lwvill support more on m, >

- SeeSaw model of the neutrino mass.

- Leptogenesido account for the baryon asymmetry of the universe.




How to confine neutrino mass with os &
8 |

A If discovered with a measurement of Hifl, then

Current limit is 16° years.
A 100 kg'®Xe has less
than 3 events per year.

A Need extremely low
backgrounds with good
energy resolution.




AMoRE (AdvancedMolybdnum Rare-decayExperiment)
(& '
Based on Scintillating Bolometer : (*°Ca,X)°Mo0O, + MMC

M I\&C

Ge wafer @ Photon ssor@ top
target -
crystal /0
' "v..'v.ﬁik.

gﬂ &’ Phonon sensor@ bottom
MM(f/ Phonon collector

PhonondetectorA High Energy Resolution
Q= 3.04 MeV & Heatvs PhotonA Low Background.
10% natural abundan@g Reasonable Cost
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Phases oAMORE Project

40C 410 40C 410 (Fea X" M0,
Cal’MoO, T Cal®™MoO0, 200 kg
15k - 5k AMORE-
AMORE Pilot AMORE |

ckky : counts/ keV kg year)
AMoORE-Pilot  AMORE- AMORE-II

CrystalMass (kg) 1.5 5 200
Backgroundstkky) 107 103 104
T,5(year) 1.0x106* 8.2x1G4 8.2x10°
m,, (meV) 380-719 130-250 13-25

Schedule 20152016 201+~2018 20202022
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AMORE will cover inverted mass hierarchy region.



Mounting detectors in pilot exp. at Y2L




Preliminary results oAMoRE-pilot run
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Vibration noise from Pulse Tube
limits

Pulse shape discrimination power
& energy resolution.

A Try to detach Pulse Tube and
install damping system.

8000
S35 - calibration data - 20 mK
FWHM @ 2615 keV = 16.3 keV
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Simulation for AMoRE -1 setup

. %28Th backgrounds
t12= t1/2=_
60 5min 208T| 3.05min 208Pp
Oikéi Léadd Q=6.207Mev _*t Q=5.001Mev ~ *F
Shield . B
-
Outer Vacuum
Chamb :
(Stainless Steel) . Major Background Sources
Four Cu Shields—= ||
G10 fiberglass - \ -
Inner Lead 22
Plate ;;:J Ra 0.015
ENEE
Cu Plates (1 2221 50 0.72
- o o e Vikuiti 214 <0.91 <0.119
Crystals IR 26T <048 <0.177
Copper 228Th <0.25 <0.25
Accidentals 1Mo 0.12

Total <1.6



Crystals for AMoORE-II 1

studied by KNU

There are Mo crystals excellent f8MoRE-IlI experiment in addition to CaMoO4.

CaMoO4
ZnMo0O4
Li,MoO4
PbMoO4
Na,Mo,0,

2017.
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We will decide the
crystal by end of
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International Races forOn b b
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AMORE -1l is the most massive experiment with enriched isotope having Q value > 3MeV.



Sensitivity of KIMS-LT experiment i Hyunsu Lee
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Goal to havehe most sensitivdetector for théow-mass dark matter



2. Sterile neutrinos searchNEOS

] KR|§S Center for 1b°

e
Q- -5l Underground Physics




Beam Excess

pimeasured) p(predicted )

Hints for light sterile neutrinos
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NEOS (Neutrino Experiment for Oscillation at Short baseline)

20

Possibility to search sterile neutrinos at the commercial power p
Unigue experiment with 3 baseline at the same time,
-- NEOS (25m), REN@nhear(~250m) , REN@ar(1300m)

A Hanbit Nuclear”"
RE

Power Plant ®. &
s Y

Experiments| Thermal Power |Baseline Country
PROSPECT|85 MW 7-12 (near), 15 19 (far) metersuS
Stereo 57 MW 8.9- 11.1 meters France
CHANDLER|60 MW ~ 6 meters Belgium




Detector Const ucted & Installed.

Construction and Installation at
Tendon Gallery finished on Aug.
6th, 2015




Preliminary results
NEOS Preliminary

% [ Reactor Anomaly 90% CL .- _-‘_-':-_‘-'-_‘-
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First result after reactor neutrino anomaly.
Rejected the bedit parameter for the anomaly

Further analysis witbbayaBay and RENO antineutrino spectra.



Ultimate reactor neutrino spectra ?

A new ~ 2ton size detector with photocathode coverage > 70%
shorter baseline (~15m) can havesaergy resolution better than
3% and high statistics (>10000 events/day)

Tendon Gallery may be extended in a new reactor under

consideration in Korea or China for complete bum
measurements.




A new underground laboratory at Handuk mine

After extensive study, we finally
decided to build a new underground
lab at an active iron mine,Handuk.

For 2018 Winter Olympic,
construction of a highspeed train
between airport to east has started.

fﬁ“\fﬁ’gui@adﬁuater)ﬂ - , ~ 3 hour from Incheon airport to
VY g) Handuk mine.
{Legend )
. — Speed Limit —
[ KTX train ] T Upgraded Ve S 250k

s Upgraded (Vmax = 230 km/h)
e Existingg (Viman = 160 km/h)

Incheon ~ 1.5hr Pyeongchang,| — Line - stationMark —
AIMPOM srpiesegut i Stlionger | Z2070 L0200
lln(heonGlen:T? \ M“ GangwonlLand Resort |
Yeongdeungpo Yongsan Handuk 15km
Gwangmyeong ‘

Suwon | m|ne




Overview of the laboratory

Two ways to access to the entrance of IBS tunnel, ramp way and vertical sha
730 meter long tunnel will be constructed and lab at the end.

-

Peak of Mt. Yemi(990m) 2. Vertical cage 1. Ramp way entrance
400m offset in 2nd Shaft

5

* 2nd Shaft

L Fresh air

\
IBS Tunnel
Startipg position

g@-

e




Concept of space in the Underground Lab

HallB, Copper Electroforming Room(lOOmz&

4% Crystal Growing Room { 100m?)
. Control Room for 2" DM Exp.yOOmZ)
& 129 DM Exp. Room [ 100m?)
~4,| I°*RRS Room (50m?)

) . HPGe Room {100m?
;'%\ Clean Room{100m?

[Area]

Hall A: 800 m?
HallB: 1 200 m?
Total : 2000 m?

DBD Exp. Room(170m ‘
Control Room for DBD Exp.{ 1O

- h |

1t DM Exp. Room {100m?) \ %ﬁ Storage anc ine Shog( 100m?)
ControlRoom for 15tDM Exp.{100m?] _ Q 26N as Storage 1100m")
e : \ _2"4RRS Room (50m?)

reviation BlWater Room (50m°) ! R 100m?
- RRS: Radon Reduction System \’ * e PCW Ro } En( ey
- DM: Dark Matter «Q« = S

- DBD: Double Beta Decay %Muftig)urpose Room (50ml~
- UL: Underground Laboratory 2nd Bath Room {20m?)
- DI: Delonized

- PCW: Process Cooling Water

Sump Pump Room ‘

Room Name Area Location
1 DBD Exp. Room 170 m? Hall A
2 Control Room for DBD Exp. 100 m? Hall A
3 1st DM Exp. Room 100 m? Hall A
4 | Control Room for 1st DM Exp. | 100 m? Hall A
5 2nd DM Exp. Room 100 m? Hall B
6 | Control Room for 2nd DM Exp. | 50 m? Hall B
7 HPGe Room 100 m? Hall B
8 Clean room (50m2 x 2) 100 m? Hall B
9 Crystal Growing Room 100 m? Hall B
10 DI Water Room 50 m? Hall B
11 | Copper Electroforming Room 100 m? Hall B
12 1st and 2nd RRS Room 100 m? | Aux. space
13 PCW Room 100 m? | Aux. space
14 Gas Storage Room 100 m? | Aux. space
15 Storage and Machine Shop 100 m? | Aux. space
16 Electric Power Room 100 m? | Aux. space
17 Multipurpose RoomXx2 100 m? | Aux. space
18 Bath Room (20m2 x 2) 40 m? Aux. space
19 Machinary Control Room 30 m? Aux. space

Total 1740 m?

[ Relocation scheme of lab space ]

We consider the concept of water
tank(D: 10m, H: 10m) for LT

detectors




CUP Infrastructure
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For the next generation neutrino and dark matter programs, CU
developing ultrdow background technology and infrastructure.
Ultra-low background technology can be realized with a
combination of low background measurement and purification w
the ultrasensitive sensor.

CUP is unique to have all the technique in a center.




Ultrapure crystals 1 Purification & growing crystal

The center is based on crystal detector and forming a facility for crystal grow
Goal : develop the technology for udiav background crystals for experiments

Czochralski furnace

Kyropoulos furnace

= =
(T TH

Chemistry Lab.



Low temp sensors and detectors

Dilution refrigerators Sputtering system: Au:Er, Au, Nb, MoGe,

i i S \ o
. N -
=1 MOTOR HOUSNG OF THE PULSED TUBE— |
i SEPARATED FROM THE PT (i

9

up |“,. e e i T Mag netlc prOperty measurement SyStem
ICP RIE: Dry etching Nb superconducting coil ~Au:Er characterization

MPMS 3 Features:

* 3 SQUID Measuremen t Modes

* Helium Efficient Design

* Complete Line of Measurement
Options

Pump Console




Ultra -low radioactivity measurements

To reach the required low radioactivity in the detectors, we need to develop
techniques to measure such low radioactivity in materials.

Developed Techniques
1. HPGegammaray detectors. Ra : 0.01mBg/kg level
2. ICP-MS analyzer U, Th down to ppt level
3. Alpha counter R>0.0001 alphas/crithour
4. Radon detector Radon level down to 5mBg/m




Summary

. In addition to Dark Matter Search program, neutrino physics
programs are actively pursued at CUP.

. AMORE project will cover inverted mass hierarchy region for a
discovery and will leadthe ton-scaleOnbb with international
collaboration.

, NEOS gives more stringent limits to the reactor neutrino anomaly
and rejects the besffit parameters.

. CUP will be the Center for the Ultra-low Background Technigues.
For the planned projects, we need a new underground laboratory
which will be the basic facility for the fundamental, great physics.



If you are interested in CUPresearches,
join to CUP Il

Job announcement inAug. I Sep. this year !!

http:// cupweb.ibs.re.kr


http://www.ibs.re.kr
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Low temperature detector technique

.
nCal ori metric measur ement of

Energy absorptio@ Temperature

\‘}: , hermometer

_ Absorber E
Thermal link T-Ty= <

Choice of thermometers

A Thermistors (NTD Ge, doped Si)

A TES (Transition Edge Sensor)

A MMC (Metallic Magnetic Calorimeter )
A etc.




Metallic magnetic calorimeter (MMC)

w Magnetic materiabu:Er(10~1000ppm

Aweakly-interacting paramagnetic system
Ametallic host: fasthermalization( ~ 11s)
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AMORE -11(200kg) Shield and Cryostat

One of conceptual plans

Water tank for active shield (similar design and size of LUX and XMASS)
Cryostat submerged in the pure water.

This setup requires lots of R&Ds,

and desperately requires wider, higher, and hopefully deeper lab space.

10 m



Radon reduction system

Imported from Czech and installed in Aug. 2015.

120m3/hour of Rn free air (50Bg/m3 A 5mBg/m?3) will be supplied.
Important to prohibit Radon contamination during detector assembly
Korean company will try to develop the technique.

Rn-free air will be supplied to the most sensitive clean room.

ON R CTION SYSTEM@CU

NN ol o ROL.
ope . N\

Syetem Specification AN N CABINET
Condition Item Value o

| Inout of air | 180 m*/h

| Adsorption temperature | 50 °C

S Frosstire S 9 bar ,

| Inlet condition |45 Bq/m?, 21 °C, 1013 mbar, RH 40% | I

| Out let of Rn free air | 5 mBg/m?* 716
Reduction factor | 1000 r



AMORE schedule

D Task Name ’ Duration ’ [ 2015 [ 2016 [ 2017 [ 2018 [ 2019 [ 2020 [ 2021 [
(Days) 1% 4@ 78 [10®[1¥ [4% [78 [10%[1% [4% [7% [10%[1¥ [4¥ [78 [10%[1¥ [4% [7% [10®[1¥ [4% [7% [10¥]|1¥ [4% [78 [10¥

| 79 | ¥ AMoRE-Pilot 540.0

78 | Setup Y2L V 1800 z

ll Run y 360.0

’i_o__ ¥ AMoORE-10 1,715.0

ﬁ Get Crystals | 4 540.0

246 | Setup test cryostat Y2L V1800

2241' Tests on Crystals y 400.0

ﬂl Electronics ' 360.0 I —

219 Run 1 V  36s.0 N

257 Run 2 Y 7200 -

112 |+ AMoRE-200 3,125.0

229 Mo100 contract V1800 ﬂ

228 | Get Mo100 10kg V 1800

1227 Get Mo100 30kg ¥V 3650

226 Get M0100 40kg ¥V 3650

225 | Get Mo100 40kg V  36s.0 h

ﬂ' ¥ Decision on Crystal 1,095.0 . ——

M Get crystals ' 365.0 -

243 Cryostat tests V2700 y

E Grow & test Crystals | 4 700.0 _

E Decide crystal | 4 30.0 Iu

255| ¥ Cryostat for AMORE200 1,608.7

256 | Cryo Design V  so0.0 —

|258] Cryo Manuf & Install V6000

1263 Shielding Decisior ¥ 6000

262 | Shielding Design V' so00.0

264 | Make shielding V 3600

222 Get 40Ca (option) ¥V 3650 \ —

|265| ¥ Establish ULB crystals 1,114.3

2 Research Low Bkg. | 4 1,000.0

260 Recovery R&D V 1800

266 Confirm ULB V  1s0.0

@ Confirm growing V 1800

i ¥ Electronics 900.0

271 MMCs V 2000

272 SQUID Manuf. V'  a00.0

@ Growing contract V 1200

231 | Grow Crystals 70kg V 4000

249 Grow Crystals 130kg V 6000

232 Run Phase 70kg ¥V 3600

@ Upgrade | 4 180.0

@ Run Phase 200kg V7300




Current bestresultsforn b b

Isotope | Exp T 1,5(1C%4Y)
BCa ELEGANT VI >0.058
6Ge GERDAI >21

82Se NEMO-3 >(0.32

071 NEMO-3 >0.0092
100Mo NEMO-3 >1.0

116Cd Solotvina >0.17
130Te CUORE >2.8

136X e EXO-200,KamLAND-Zen | >19

150Nd NEMO-3 >0.018




Background Simulations forAMoRE -

Total backgrounds
< 1.34x10°ckky.

Expect zero
backgounddor
AMORE-I.



