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Motivation	of	the	COSINE	experiment
• Direct	comparison	to	confirm	or	rule	out	the	DAMA/LIBRA	claims	
using	the	same	type	of	NaI(Tl)	crystals	

• Achieve	lower	background	level	and	lower	energy	threshold	then	
the	DAMA	with	the	same	NaI(Tl)	crystal	detectors
ü background	level	<	1	counts/keV/kg/day	(dru)	
ü Energy	threshold	<	2	keV
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Fig. 2 Experimental residual
rate of the single-hit scintillation
events measured by
DAMA/LIBRA–phase1 in the
(2–4), (2–5) and (2–6) keV
energy intervals as a function of
the time. The time scale is
maintained the same of the
previous DAMA papers for
coherence. The data points
present the experimental errors
as vertical bars and the
associated time bin width as
horizontal bars. The
superimposed curves are the
cosinusoidal functions
behaviours A cosω(t − t0) with
a period T = 2π

ω = 1 yr, a phase
t0 = 152.5 day (June 2nd) and
modulation amplitudes, A,
equal to the central values
obtained by best fit on the data
points of the entire
DAMA/LIBRA–phase1. The
dashed vertical lines correspond
to the maximum expected for
the DM signal (June 2nd), while
the dotted vertical lines
correspond to the minimum

Table 3 Modulation amplitude, A, obtained by fitting the single-hit
residual rate of the entire DAMA/LIBRA–phase1 (Fig. 2), and in-
cluding also the former DAMA/NaI data [22] for a total cumulative
exposure of 1.33 ton × yr. It was obtained by fitting the data with

the formula: A cosω(t − t0) with T = 2π
ω = 1 yr and t0 = 152.5 day

(June 2nd) as expected by the DM annual modulation signature. The
corresponding χ2 value of each fit and the confidence level (C.L.) are
also reported

Energy interval
(keV)

DAMA/LIBRA–phase1
(cpd/kg/keV)

DAMA/NaI & DAMA/LIBRA–phase1
(cpd/kg/keV)

2–4 A = (0.0167 ± 0.0022) → 7.6σ C.L. A = (0.0179 ± 0.0020) → 9.0σ C.L.

χ2/d.o.f. = 52.3/49 χ2/d.o.f. = 87.1/86

2–5 A = (0.0122 ± 0.0016) → 7.6σ C.L. A = (0.0135 ± 0.0015) → 9.0σ C.L.

χ2/d.o.f. = 41.4/49 χ2/d.o.f. = 68.2/86

2–6 A = (0.0096 ± 0.0013) → 7.4σ C.L. A = (0.0110 ± 0.0012) → 9.2σ C.L.

χ2/d.o.f. = 29.3/49 χ2/d.o.f. = 70.4/86

Eur.	Phys.	J.	C	(2013)	73:2648Dark	matter	modulation
9.3	s detection



Direct	Dark	Matter	search	in	Korea

Melbourne

YangYang Laboratory (Y2L)

Situated at YangYang Pumped Storage Power Plant
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• The	KIMS-CsI at	the	A6	tunnel
ü Being	used	as	a	screening	test	bench	for	NaI(Tl)	

crystals	R&D after	finishing	a	dark	matter	search	
with	CsI(Tl)	crystal	detectors

• The	COSINE	experiment	at	the	A5	tunnel	
ü DM-ICE	and	KIMS-NaI with	100kg	NaI(Tl)



Background	reduction	Effort	
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• Measurements	of	internal-radioisotope	contaminations	in	NaI(Tl)	crystals

ü U,	Th,	K,	Pb-210,	and	Cosmogenic	isotopes

ü Screening	measurement	in	the	CsI (Tl)	crystals	array
• To	understand	the	internal	backgrounds	and	to	learn	how	they	can	be	reduced



Internal	background
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Astropart.	Phys.	62,	249	(2015)

Internal$background

• NaI/005$reduced$~1.0$dru by$reduction$of$210Pb
! Pb210*:*0.5*dru (overall)*:*next*(?)
! K40*:*0.7*dru (2%4*keV)*but*can*be*reduced*with*10ppb*powder
! External*:*1.5*dru

NaI-002

NaI-005

Te/I cosmogenic activation plus 40K 

8

NaI-002	:	~	3	dru@	6	keV
ü Internal	Pb-210	:	1.5	dru (overall)
ü Internal	K-40	:	0.7	dru (2-4	keV)
ü External	:	1.5	dru

NaI-005	:	~	2	dru@	6keV
ü Internal	Pb-210	:	0.5	dru (overall)
ü Internal	K-40	:	0.7	dru (2-4	keV)
ü External	:	1.5	dru

• NaI-005	reduced	to	~1.0	dru by	reduction	of	Pb-210
ü To	understand	and	reduce	Pb-210	contamination	R&D

• K-40	can	be	reduced	by	using	10	ppb	NaI powder	as	raw	material



LS	Veto	Prototype
• Active	Background	Rejection

ü Backgrounds	from	crystal	and	surrounding	components
ü External	Backgrounds

• Multiple	hit	events	are	vetoed	with	25%	veto	efficiency	at	6-20	keV
More Background Reduction 

-Liquid Scintillator Veto test setup 

With the Prototype LS system, 25% of low energy events are tagged. 
Additional reduction (70-80%) for backgrounds from U/Th/K 

with moderate veto thickness of 30-40cm 
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More Background Reduction 
-Liquid Scintillator Veto test setup 

With the Prototype LS system, 25% of low energy events are tagged. 
Additional reduction (70-80%) for backgrounds from U/Th/K 

with moderate veto thickness of 30-40cm 
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thicker	LS



COSINE	100	:	DM-ICE	+	KIMS-NaI

18.5 kg

• Total	of	8	crystals	(~	100	kg)	have	been	ready	for	the	phase-I	run.	
• It	can	give	some	ideas	on	the	DAMA	signal

NaI-001

NaI-002

NaI-003

NaI-011

NaI-012

AS1

AS2

AS3

8.3	kg

9.2	kg

9.2	kg

12.5	kg

12.5	kg

18.3	kg

18.3	kg

18.0	kg



New Shielding Structure

Chang Hyon Ha, Dark Matter Searches 2016 JPS-KPS Joint Symposium at Sendai, Mar. 19-21

Plastic Scintillators for CR Muons
3-cm thick, 37 panels

20-cm thick lead shielding

3-cm thick Cu box

40-cm active Liquid Scintillator veto

NaI crystals



New	Shielding	Structure

Calibration	source	tube

40-cm	Active	Liquid	Scintillator	veto	

Plastic	Scintillators	

Tube	for	Calibration	source



Production	of	Liquid	Scintillator	(LS)
• LAB-based	LS

ü Linear	alkylbenzene (LAB),	PPO	(3	g/L)	and	bis-MSB	(30	mg/L)
ü Total	3200	liter	was	produced	and	ready	to	be	filled
ü Purification	of	the	LS	by	water	extraction	and	nitrogen	gas	

purging
ü After	an	PSD	analysis,	U-238	<	7	ppt,	Th-232	<	4	ppt are	

measured	to	be	contaminated	in	the	LS



DAQ	System

6/18/16% PATRAS%2016%-%Jungsic%Park% 16%

DAQ&Modules&

FADC&
L  Flash&ADC&that&stores&event&shape.&&
L  500&MHz&
L  2.5V&dynamic&range&
L  12&bit&resoluUon&
L  Takes&NaI(Tl)&crystal&signal&/&Neutron&detector&signal&

M64ADC&
L  Integrated&charge&at&the&FPGA&and&stores&only&charge&info.&
L  64&MHz&
L  2.5V&dynamic&range&
L  12&bit&resoluUon&
L  Takes&plasUc&scinUllator&(Muon&Veto)&/&LS&acUve&veto.&

TCB&
L  Trigger&control&box&for&FADC&and&M64ADC&
L  Give&triggered&Ume&informaUon&also.&

• Electronics
ü 500	MHz	FADC	:	NaI(Tl)	and	Neutron	detector
ü M64ADC	:	Muon	veto	and	LS	veto	detector
ü Trigger	control	box

• Run	Control	Panel



COSINE-100

6/18/16% PATRAS%2016%-%Jungsic%Park% 13%

InstallaUon&of&Crystals.&

L  We&installed&total&8,&selected&crystals.&
L  Total&amount&of&mass&is&106&kg.&

ü We	installed	total	8	of	selected	KIMS-NaI and	DM-ICE	crystals.
ü Total	amount	of	mass	is	about	106	kg.
ü A	dry	run	has	started	before	filling	the	LS.



Expected	Sensitivity

• COSINE-100	at	Yangyang,	with	1	keV and	2	keV energy	thresholds.
• Assumed	flat	background	with	2	dru for	several	crystals	and	4	dru for	other	

crystals.	
• Assumed	2	years	of	data	taking.



Conclusion
• COSINE	is	poised	to	confirm	or	to	rule	out	the	DAMA’s	
modulation	result.

• Various	R&D	programs	have	identified	background	reductions	
for	ultra-pure	crystal	production.

• A	dry	run	for	the	COSINE	phase	1	(~	100	kg)	has	started	for	
several	weeks	before	filling	the	LS.

• Construction	of	the	main	detector	has	been	completed	except	
liquid	scintillator	filling.	



William G. Thompson1
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Background	Reduction	
– To	understand	and	reduce	Pb-210	contaminationTo$understand$and$reduce$210Pb$contamination

• Alpha$counter
! 210Po$in$NaI powder$

• Well/type$HPGe detector
! 210Pb$in$NaI powder
!Will$be$installed$at$Y2L
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UltraLo-1800 at Y2L

(ionization chamber)

• Purification$of$NaI powder$with$ion/exchange$
resin
! ~$300$reduction$of$Pb with$dirty$NaI powder
! ~10$reduction$of$Pb with$normal$NaI powder
!Will$grow$crystals$with$and$without$resin$purification

• Alpha	counter
ü Po-210	in	NaI powder	

• Well-type	HPGe detector
ü Pb-210	in	NaI powder
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UltraLo-1800 at Y2L

(ionization chamber)

• Purification$of$NaI powder$with$ion/exchange$
resin
! ~$300$reduction$of$Pb with$dirty$NaI powder
! ~10$reduction$of$Pb with$normal$NaI powder
!Will$grow$crystals$with$and$without$resin$purification

• Purification	of	NaI powder	with	ion-
exchange	resin
ü ~	300	reduction	of	Pb with	dirty	NaI powder
ü ~	10	reduction	of	Pb with	normal	NaI powder
ü Will	grow	crystals	with	and	without	resin	

purification



Evaluation	of	NaI(Tl)	crystals	at	KIMS-CsI
NaI(Tl) crystals evaluated at KIMS-CsI 
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Overall, Crystal R&D results show substantial 
progress in background reduction

Chang Hyon Ha, Dark Matter Searches 2016 JPS-KPS Joint Symposium at Sendai, Mar. 19-

Beijing Hamamatsu Inc (BH).
Alpha Spectra Inc. (AS)

AS crystals show high light yields. 
Astrograde powder-made crystals, e.g NaI-003, NaI-008 

 show low K-40 levels.

*Measurement not finished for blank slots

ü AS	crystals	show	high	light-yields
ü Astrograde powder-made	crystals	show	low	K-40	levels,	

e.g NaI-003,	NaI-008.

• Astropart.	Phys.	62,	249	(2015)
• EJPC,	76,	185	(2016)



Tube	and	cap	for	
calibration	
source	

Temperature	sensor Reflector	inside	acrylic	box	for	LS

Before	installation	5”	PMT After	installation	5”	PMT



IBS-Multidark workshop,        Hyun Su Lee,       Institute for Basic Science

Internal background – 238U, 232Th

22

alpha

gamma

The contamination levels of U and Th are small.

ΔT(β – α)
238U 232Th

No 214Bi decay component Only 216Po component

ΔT(α – α)

NaI-001 (mBq/kg) NaI-002 (mBq/kg)
238U (214Bi) <0.0003 <0.0015

228Th (216Po) <0.013 0.002±0.001

210Pb 3.28±0.01 1.76±0.01

Total alphas 3.29±0.01 1.77±0.01

DAMA, 238U: 0.009-0.13 (mBq/kg)  
232Th: 0.002-0.03
210Pb: 0.005-0.03



IBS-Multidark workshop,        Hyun Su Lee,       Institute for Basic Science

Internal background – 210Pb
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NaI-006

Crystal manufactured at Oct.

Crystal manufactured at Jul.

NaI-005

Crystal manufactured at Jul.

NaI-003

𝑅𝛼 𝑡 = 𝐴(1 − 𝑒*(+*+,)//01)

§ Most of alphas are coming from 210Pb
§ We can estimate crystal manufactured date using alpha rate change.

before crystal growing 
→ powder?

crystal manufactured date
→ crystal growing?


