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KIMS-Nal experiment

DAMA 2-4 keV

008 DAMA/LIBRA = 250 k§ (0.87 tonxyr)
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To confirm DAMA annual modulation signature
I Cslis not enough for WIMP-Na interaction
I Same Nal crystal for the same annual modulation signature

Need to develop ultra-pure Nal(Tl) crystals
I Goal is less than DAMA background (~1 dru = 1 counts/keV/kg/day)
I 200 kgx3 years data will prove DAMA signature without any ambiguity
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KIMS-Nal crystals

« Development of low background Nal(Tl) crystals

Nal-001 |Nal-002 |Nal-003 |Nal-004 |Nal-005 |Nal-006
Mass 8.26kg |9.15kg |3.35kg |[3.35kg |9.16kg |11.44kg
Powder |AS AS SA-AG |SA-CG |AS SA-CG
Crystal |AS AS AS AS AS BH
Arrive  |2013.9 [2014.1 |2014.8 |2014.8 |2014.11 |2014.12

K.W.Kim et al.,Astropart. Phys. 62, 249 (2015)

Nal-007 (replacement of Nal0O5) wasarrived at Y2L

Glossary

AS = Alpha Spectra Inc (US company)
SA-AG = Sigma Adrich, Astro-grade (less K40)
SA-CG = Sigma Adrich, Crystal-grade

BH = Beijing Hamamatsu (China)
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KIMS-Nal detector module
Hamamastu R12669 PMTs are attached

Nal-002 in a Cu case I Supposed same PMTs with recently
upgraded DAMA PMTs

I ~35% quantum efficiency at420nm

Light Yield: ~15 photoelectrons/keV
I Consistent with ANAIS-25

Data taking
I 400MHz Flash ADC (Notice Korea)
CsI CsI " Flexible trigger logic with FPGA
" Trigger condit: 1 PE/PMT within 100ns

Csl NaI-OOl Csl 250

200

PMT R12669SEL

150

Csl N aI‘OOZ Csl

100(—

50—

Csl Csl Csl

~200 NS

Hyun Su Lee, e decay time 4




Intrinsic Background —
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Intrinsic Background — 4°K

Nal-001 Nal-002 Nal-003 Nal-004 Nal-005 Nal-006
K (ppb) 4144+ 3.0 | 493+ 24 |25.3+24 > 110 40.1+ 4.2 > 150
Powder AS AS SA-AG SA-CG AS SA-CG
K (powder) ? ? 25.07 ~200 ? ~200

Nal-003 used Sigma Adrich Astro-Grade (SA-AG) powder 25 ppb
Nal-004 & Nal-006 used Crystal-Grade (SA-CG) powder
All Alpha Spectra prepared powders (Nal-001, Nal-002, Nal-005)

~ 40 ppb levels
Nal powder is a key of K contamination

We will grow one another crystal using different batch of SA-AG

powder

I ~10 ppb from ICP-MS by Sigma Aldrich
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Pulse height (arbitrary unit)

Intrinsic Background (alpha analysis)

Mean time (ms)

2327h chain

Number of events

130~

120 i
\

12
=]
\

E T
» N ® © o =
© ©o © ©o © o
[ o T
A
—
——
J—-—
——a—
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232Rp _ 216pg
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Radionuclei Nal-001 Nal-002
[mBag/kg] [mBag/kag]
238 (214Bi) <0.007 <0.001
228Th (216Po) <0.012 0.002+0.001
210pg 3.28+0.02 1.76+0.01
Total alphas 3.29+0.02 1.77+0.01

238 and 228Th contaminations were very small!!
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Intrinsic Background — 41°Pb
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Most of alphas are coming from 2'°Po

Broken equilibrium (Rn-222

contamination) during powder or
crystallization

Mean time (ms)
Nal-001 Nal-002 Nal-003 Nal-004 Nal-005 Nal-006
Totalalpha | 3.29 1.77 2.29 ] 0.47 1.81
(mBakd) | +0.01 | +0.01 | +0.03 +0.01 | +0.02
Powder AS AS SA-AG SA-CG AS SA-CG

* Nal-005 had better treatment of chemical process on powder and

better control of Rn contamination during crystal growing
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Intrinsic Background — 2"%Pb

Pulse height (arbitrary unit)
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Intrinsic Background — 2"%Pb
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To understand and reduce 29Pb contamination

« Alpha counter

I 210Pg in Nal powder
I See M.H.Lee’s talk

« Well-type HPGe detector

I 210Pp in Nal powder

I Will be installed at Y2L [¢ %ﬂtraLo-lSOO "athzL

® ° ° %\\7\\,\
(ionization chamber) U

 Purification of Nal powder with ion-exchange
resin
I~ 300 reduction of Pb with dirty Nal powder
I ~10 reduction of Pb with normal Nal powder
I Will grow crystals with and without resin purification

UP 2015, HyunSulee, Institute for Basic Science 11



Counts/day/kg/keV

Background understanding

—— data (Nal-001)
W —— fit simulation
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Including most of possible internal & external components
I Some cosmogenic components were not included yet

Amount of each background components are in general
floated for the likelihood fit

Final optimization is underway

TAUP 2015, Hyun Su Lee, Institute for Basic Science 12



Counts/kg/day/keV
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We achieved ~2 dru at 6keV

~ 0.5 dru caused by internal backgrounds (¢'°Pb)
I Additional ~0.7 dru at 2-4 keV due to 40K

~ 1.5 dru caused by external and cosmogenic
* Goal : less than 1 dru (both less than 0.5 dru)
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Prototype liquid scintillator veto system

 We prepared liquid scintillator active veto system

I Veto efficiencies for sources from PMT radioisotopes (U, Th, K) were
greater than 80% at low energy (0-10 keV)

Liquid Scintillator (LS) Prototype

Internal 4°K ~ 40% veto efficiency

Nal-002 crystal

TAUP 2015, HyunSulee, Institute for Basic Science 14



# of events

Preliminary result of LS veto system

Energy spectrum of LS detector
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Counts/kg/keV/day
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Preliminary result of LS veto system
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Shield for Nal 200kg experiments

Nal crystal Array 40cm Thick liquid scintillator active veto

12.5kg X 16 crystals=200kg To reduce the PMT related backgrounds
' Liquid Scintillator

« Construction will be finished by end

* Underground space is ready '
i)
of this year . ‘

-

TAUP 2015, HyunSulee, Institute for Basic Science 17



Effective reduction of 40K

nai0, Is=40cm, K40_NalCrystal, w/o veto, 0 < Enai < 10.0 keV
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Prospect of Nal(Tl) crystal development
40K less <10ppb (<0.2 dru @ 2-4 keV)

I Powder with 49K |less than 10ppb is available
| Effective reduction with LS veto

210Pp less than 0.2 mBqg/kg (<0.25 dru @ 2keV)

I Powder purification
I Better control of Rn contamination during crystal growing

External (<0.5 dru @ 2keV)

I Prototype LS veto already reach to ~0.5 dru level

Goal : 200kg Nal detectors (less than 1 dru background)

I More than 3 years stable data taking
I Unambiguous test of DAMA/LIBRA signatures

TAUP 2015, Hyun Su Lee, Institute for Basic Science
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Prospect of Nal(Tl) crystal development
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Phase-| experiment

« Shield for 200 kg Nal experiment will be ready by end of 2015
 We will have ~ 50kg Nal crystals by end of 2015

I Background levels are varied but average about 2 dru
* One year data taking during 200 kg Nal will be ready
« Take advantage of good pulse shape discrimination

JHEP, 08 (2015) 093
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Thank you for your attention
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Backup

TAUP 2015, Hyun Su Lee, Institute for Basic Science



KIMS (Korea Invisible Mass Search)

« Dark matter search at Yangyang underground laboratory
I May have new laboratory in Samcheok

« Funded by National Research Foundation of Korea (2000)
| Dark matter (DM) search with Csl(TI) crystals (KIMS-Csl)

« Establishing the Center for Underground Physics (CUP) in
the Institute of Basic Science (IBS) (2013)
I Upgrade of KIMS-Csl
I DM searches with Nal(Tl) crystals (KIMS-Nal)
I DM searches with low temperature detector (KIMS-LT)

TAUP 2015, Hyun Su Lee, Institute for Basic Science
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Yangyang Underground Laboratory
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Underground laboratory

» 2o = KIMS -Nal room
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« Underground space for the KIMS-Nal
was already prepared in Y2L
' 10,000 class clean room
I Rn free air will be supplied
| Size of detector room ~50 m?
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Preliminary design of KIMS-Nal

=

« 200 kg Nal
I 30 cm liquid scintillator veto (Active veto)
I 6cmCu
I 20 cm lead
I Muon veto (3 cm plastic scintillator)
I 30 cm Polyethylen

TAUP 2015, Hyun Su Lee, Institute for Basic Science
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