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COSINE-100

Yangyang underground laboratory (Y2L), Korea

COSINE-100 detector
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COSINE-100 Upgrade
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COSINE-100 Upgrade

arXiv:2501.13665 Park et al., Frontiers in Physics (2024)
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COSINE-100 Upgrade — move to Yemilab (Jeongseon)

A Move COSINE-100 detector from Y2L ( YangYang , Korea) to Yemilab (Jeongseon, Korea)

-

Plastic scintillator

Copper & acrylic box



COSINE-100 Upgrade — move to Yemilab (Jeongseon)

A Move COSINE-100 detector from Y2L (YangYang, Korea) to Yemilab (Jeongseon , Korea)

Lead castle

Fridge room Copper & acrylic box

Liquid Scintillator
PMT



COSINE-100 Upgrade — move to Yemilab (Jeongseon)

A Move COSINE-100 detector from Y2L (YangYang, Korea) to Yemilab (Jeongseon , Korea)

Crystal installation Install LS Top lead installation



COSINE-100 Upgrade — move to Yemilab (Jeongseon)

A Move COSINE-100 detector from Y2L (YangYang, Korea) to Yemilab (Jeongseon , Korea)

A Covered by wrapping tapes for stable dust and Rn
A Radon -reduction air is flushed through the inside
of the lead. - 40 Lmin ™,

2.0 L/min

06/28 00:00 06/28 12:00 06/20 00:00 06/2912:00 06/30 00:00 06/3012:00 07/0100:00
== COSINE Room (N2) == COSINE Room (RRS)
Radon (Bg/m3) (RS9A)

600

Dust counter
Radon sens r<,

00 06/30 00:00 07/0100:00

Inside Lead shielding

Inside Lead shielding



COSINE-100 Upgrade — move to Yemilab (Jeongseon)

A Move COSINE-100 detector from Y2L (YangYang, Korea) to Yemilab (Jeongseon , Korea)

Install the top lead
Covered by wrapping tape

Install Plastic Scintillator






COSINE-100 Upgrade - new encapsulation

A Direct attachment of crystal to PMTs

COSINE -100

Quartzglass Opticalpad Nal(Tl) crystal

Photomultiplier

Optical grease

COSINE -100U
Optical Pad TFE inner structire
\\\
Photomultiplier  Nal(Tl) crystal Brass bolt

Quartz
glass

Crystal

PMT

Crystal PMT



GCOSINE-LQA LInarada. —nauwancanculatinn

N Neutrino Elastic scattering

A COSINE-100 A NEON Observation with Nal(Tl) see Seohyun:
27th Aug. 18:00~18:20

Quartz glass

Opticalpad  Nal(Tl) crystal

PMT S -

Optical

pad -
Optical grease Photomultiplier
Crystal # Size (inches) l/Light Yield (p.e./ke\ﬁ Crystal # Size (inches) l/Light Yield (p.e./ke\ﬁ
1 5.0x7.0 149015 1 3.0x4.0 22.000.4
2 4.2 x11.0 146015 2 3.0x8.0 25601.1
3 42x11.0 15501.6 3 w 21.800.5
4 5.0x 15.3 149015 4 3.0x8.0 23.700.4
5 5.0 x 15.2 7300.7 5 3.0x8.0 224005
6 4.8x11.8 146015 6 3.0x8.0 [\ 25.000.5 Z
7 48x11.8 14.001.4 |ncreased | Choi et al., Journal of Instrumentation (2024)
8 5.0 x 15.5 [\ 3500.3 Z

777700~ 7T

Adhikari et al., European Physical Journal C (2018)



COSINE-100 Upgrade - crystal machining

A Light -guide shape on the edge of crystals —

Crystal

COSINE-100 Crystal #1

B
g

Machining Polishing

Removal of the
copper case




COSINE-100 Upgrade - crystal encapsulation

A Crystal polishing
1. Ethanol + KM wiper (WW-2109)
2. Ethanol + Ultima Il wiper
3. Isopropanol + Ultima Il wiper

4. Polishing pad (only end side)
Y Mineral ®imSiO,& 3, 0.5

A Encapsulation structure cleaning

1. Cleaning of Copper & Teflon Structures, Bolts, and Nuts

A Perform ultrasonic cleaning at 40 AC.

In glovebox (H ,0 ~10 ppm, radon ~10 Bg/m  3)

3. Oven Drying

A Dry the cleaned parts in an oven

A Step 1: Immerse in D.l. water with Citranox for 30 minutes. A Vacuum oven: 120 AC for 12 hours.
A Step 2: Immerse in D.I. water with Oxalic acid for 18 hours. A Copper case: dry under nitrogen flow at 120 AC for 12 hours.
2. Rinsing 4. Additional drying inside the glovebox

A Rinse the cleaned parts thoroughly with flowing D.I. water A Inside the glovebox, additionally dry the structures and PTFE

to remove any remaining residues.

sheets.
A Before assembly, wipe the parts once more with IPA to
remove contamination.



COSINE-100 Upgrade - crystal encapsulation

A Crystal encapsulation

COSINE-100 Crystal #1

Cable gland Viton O -ring



COSINE-100 Upgrade - Light yield & resolution

A Light yield & resolution

Crystal #7

241Am 59.54 keV

0.5—

Arbitrary Unit

------- COSINE-100

—— COSINE-100U

light yield incredise!
~ 40%,

gt . I"-. SRR RN YRR WUTE" ol S
500 1000 1500

Number of photoelectrons

Arbitrary Unit

0.5

Lee et al., Communications Physics (2025)

------- COSINE-100 [T 241Am 59.54 keV

—— COSINE-100U

Resolution
COSINE-100 = 4.88 £ 0.06%
COSINE-100U = 4.45 £ 0.04%

a0 50  e0 70 80

Energy [keV]



COSINE 100U

COSINE 100

~ 40% increase

Light Yields (p.e./keV)

Crystal #

7 8 9




COSINE-100 Upgrade - Stability

A Stability

Counts/kg/keV/day
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- - 2024/07/18~2024/07/21 (100 h)

— 2024/07/31~2024/08/03 (100 h)

Energy [keV]
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Lee et al., Communications Physics (2025)

241Am 59.54 keV
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Light Yield (p.e./keV)

26

24

22

20

Light Yield

Enough stable!
~ 4 months

N

2024.12.19

2025.01.02

2025.01.16

2025.01.30

2025.02.13

2025.02.27

2025.03.13

2025.03.27

Date
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COSINE-100 Upgrade - Expected background

2-inch PMTs

Plastic Scintillator
L / Panels (3 cm)

Light Guides /

Nal(TI)
Crystals

Stainless Steel -
Base It

Stainless Steel
Supporters

Lead (20 cm)

Copper Box
(3 cm)

Acrylic Box
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Crystal

quartz

Optical

Vil

COSINE-100 Upgrade - Expected background

*Simulation data
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COSINE-100 Upgrade - Expected background

*Simulation data
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COSINE-100 Upgrade - Initial data

Cl

Counts/keV/kg/day

C2

C3

B =ing

Energy (keV)



COSINE-100 Upgrade - Expected sensitivity

A Increased light yield (~ 20 p.e./keV)
A 8 crystals (~100 kg)
A 1-year exposure

A 5 NPE threshold (~ 0.25 keV)

A Expected background (COSINE -100U)

WIMP-proton SD cross section (pb)

107!

Lee et al., Communications Physics (2025)

10°

| —— - COSINE-100 (Migdal)

—— - COSINE-100

- COSINE-100U 1o (Migdal) - COSINE-100U 1o

COSINE-100U 2 (Migdal)

PICO-60

COSINE-100U 2
Lo 1 1 Lo

102 10°
WIMP Mass (MeV/c?)

Expected Spin-Dependent WIMP Sensitivity



COSINE-100 Upgrade — -30°C operation

-
A Operation at 130 —22C A
Lo —-35°C 241Am, 59.54 keV
A~ 9.3% increased QF for alpha 5 e =
A Improved n-2 discrimination 2
Astropart.Phys. 141 (2022) 102709 L y | C v
- Nl::"lmber of Photo;reogtrons -
Quenching factor (U) increasing - %
§ 0.0
. eV
T 252Cf D+ b St S, o™ O l o -
. l.J . ° Energy{ki.sa;
5 : A
g e ‘ Pulse Shape Discrimination
L . + fgscc (n-2) improvement

Energy (keV)



COSINE-100 Upgrade — -30°C operation

AOperation at 130 azc )
. 200 ___35°C , 241Am, 59.54 keV
A~ 4.7% increased light yield : ' mm) Lightyield increasing
A  ~0 204 increaced OF far alnha B Ll =
Al

A Data taking in room temperature ~ 6 months.
(Sep. 2025 ~ Feh. 2026)

going tdéC.operate a
(Mar. 2026 ~)

ere L d I T EIIB!HY‘I\BV;
: .
=
= |
g
£ ‘ Pulse Shape Discrimination
+22°C :
. n-2) improvement
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Light Yield (p.e./keV)

25

24

23

22

21

20

Light Yield

Test encapsulation stability at

2025.07.10

2025.07.17

2025.07.24

2025.07.31 2025.08.07
Date
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COSINE-100 Upgrade - DAQ

Data flow block diagram
Preamplifier FADC

8 modules
e Anode x30 500 MSPS
— " | Dynode x100 2.5V Range
12 Bit resolution
Plastic Scintillator '
2.0V Range
» | 12 Bit resolution

Liquid Scintillator l

SADC

5 2 modules
62.5 MSPS

A 4

Trigger & Clock

—
DAQ Server Board (TCB)

FADC SADC TCB




COSINE-100 Upgrade - Monitoring

Environment monitoring in Grafana

on On 795 113 [NV

read from the log file.

v Gas flow

'Off’ when latest DAQ

information is over 5-min Sasklow G as ﬂ ow

07/01 07/03
== COSINE Room (N2) == COSINE Room (RRS)

& Current Computing status

= alatalalatatars

70.9
DISK (/data
Toaa

Status TApUt Voitage Cupurvorage  Lead  Bauery

UPS Status

Battery Status

UPS status




COSINE-100 Upgrade - Monitoring

Data monitoring in Web

Countsghayiday
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Summary

A COSINE-100 Upgrade

A Move to Yemilab Y |l ower background |hereased Sensitivity
A New encapsulation & crystal machining for low -mass dark matter!
Y | i ght yield i mprove

A Oper ati mgY atlielBQF & PSD improve



Thank you

for listening!



Back up



Back up

LS production

e LS recipe

LAB 1¢ : PPO 3g : Bis-MSB 30mg
LAB 2400¢ : PPO 7200g : Bis-MSB 72g

e Master solution recipe (x12 concentrated)
LAB 200¢ : PPO 7200g : Bis-MSB 72g

Right after dropping

' PPO

fluorescent material

emission maximized
at 380nm

=
—
=
-

Bis-MSB (6g)

v:/avelength shifter
(8380nm—420nm)

Blending done

Day No. | Bis-MSB PPO
15Jan24 | 1 6.10 604.00
16Jan24 | 2 6.00 599.50
17Jan24 | 3 6.00 626.15
18Jan24 | 4 6.15 576.70
19dJan24 | 5 5.75 614.25
22Jan24 | 6 6.20 578.25
28Jan24 | 7 5.80 649.00
24Jan24 | 8 6.00 601.80
26Jan24 | 9 6.00 586.95
29Jan24 | 10 4.50 454.7
30Jan24 | 11 6.75 668.35
2Feb24 | 12 6.75 640.15

Total 729 7199.80g




Back up

LS production

[ unit: mBqg/kg ]

Nucleus U-238 Th-232 K-40 | Ac-228
Activity (HPGe) < 0.90 <0.74 <7.39 | <2.01
Activity (this study) 0.091 + 0.042 | 0.012 +0.007 - -
(Ref.) COSINE-100 0.087 0.016
Single-Hit 10F Multiple-Hit
0.07% contribution 1 3.14% contribution
> 107E
S 102
s, 107 S 107
g 1o 8 10§
f‘:.? 10° I*..é 10‘55
8 o 8 lorf — omoe
10°® ]0-";- ——— Background from **Thin LS
107 50 100 750 200 250 105 00 150 200 550

Energy (keV) Energy (keV)



Back up

Electronics

Power controlled by TCP/IP relay
A DAQ

A1TCB
A 2 SADC for LS and Muon PMTs
A 8 FADC for Nal(TI) crystals

A Servers

A At fridge room
A DAQ server with SSD —
A Monitoring server with SSD Provide network directory
A At control room for data storage
A Storage server with 12 TB storage ——
A Testbench server




Back up

2

Electronics — U

3

A New preamp

A Same schematic with COSINE-100 preamp

A Change input voltage to extend dynamic range
A 5V ->6.5V

A Remove offset control dial
A Optimize channel distribution to reduce crosstalk

0D

8,339

N

[}

5;

12

D
©

53298
!,)A‘U N

©

©,0

© g

pmt11.qc5:pmt11.fmax (pmt11.qgc5<2000000} pmti1.qcs:pmti1.fmax {pmt11.qc5<2000000}
x10* 10°

New preamp Old preamp

N 2 2 % 3 N E 3 B
e 8 8 8 8 8 8 8 8 8
T T




Back up

Electronics

A Temperature sensor

A ADAM-6018 (Ethernet module)
with Thermocouple cables




Back up

Electronics

A Humidity sensor (UA10) @ crate

A Radon sensor (Rs9a)
A At crate
A Btw copper box and lead

A Dust counter
A In front of crater (apexp3)
A Btw copper box and lead (dsm101)

A Flow meters(vogtlin GSM)
A For RRS and N2

GSM




Back up

Environment monitoring in Grafana

7 9 5 1 1 3 Run status & DAQ rate

read from the log file.

'Off’ when latest DAQ
information is over 5-min

DAQ Rate (Hz)

Temperature Humidity

v Gas flow

Gas Flow

4.0 L/min

2.0 L/min

07/01 07/03
== COSINE Room (N2) == COSINE Room (RRS)

HV & Current _ Computing status

Status Status

UPS Status

Online

Battery Status

Normal

UPS status




Back up

2025-08-27
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