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1. PICO-LON for dark matter search
2. Purification of Nal(Tl) crystal
3. Future prospects
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The DAMA/LIBRA set-up ~250 kg Nal(TI)
(Large sodium lodide Bulk for RAre processes)
As a result of a second generation R&D for more radiopure NaL(11)
by exploiting new chemical/physical radiopurification techniques

(all oper'ahons mvolvmg crystals and PMTs - including phoTos in HP ler'ogen a‘rmospher'e)
, - S— N , 7 ! ‘

i Residual contammatlons in ’rhe hew DAMA/
== LIBRA NaI(T|) detectors:
— 232Th 238U and 4°K at Ievel of 10-12 /

s Raa'/opur'/fy performances, procedures, efc.: NIMA592(2008)297 JINST 7 (2012) 03009

* Results on DM particles: Annual Modulation Signature: EPJC56(2008)333, EPJC67(2010)39
related results: PRD84(2011)055014 EPJC72(2012)2064, IJ'MPA28(2013)1330022

- _Results on rare processes: PEP violation in Na, I: EPJC62(2009)327, CNC in I: EPJC72(2012)1920,

IPP in ?*?Am: EPTA49(2013)64
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2-5 keV!

2-6 keV!

The data favor the presence of a modulated behavior with proper features at 8.8s C.L.
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Other groups to check DAMA/LIBRA

- Limited number of Nal(Tl) maker
- BICRON

. —— Saint Gobain ===ss) DAMA/LIBRA
- HARSHOW |

- Horiba |.S.C.Lab. mes) PICO-LON

* Fragmented set-up
- efc.

ULB NaI(TIl) also allows the study of several rare processes
< High benefits/cost

To develop ULB NaI(Tl): many years of work, specific experience in the specific
detector, suitable raw materials selections, developments of purification strategies
and of growing/handling protocols, long dedicated time and efforts, etc. etc. The
developments themselves are difficult and uncertain experiments.
ULB NaI(Tl) - as whatever ULB detector - cannot be simply
bought or made by another researcher for you ...
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PICO-LON for WIMPs search

-Pure

-Inorganic
-Crystal
-Observatory for

-LOW-
background

-Neutr(al)ino

- High selectivity
- Background reduction

- Sensitive to
- Elastic scattering (S1+SD)

- Inelastic scattering (SD)

- Study the interaction type

of WIMPs



R&D for pure Nal(Tl) production

Development in collaboration
with I.S.C. Lab.

Selection of

Crucible

Nal powder

Chemical process
Surrounding environment

3.0"$X3.0" Nal(Tl)
mprovement step by step
_ow E threshold

High purity




Low energy threshold (Noise reduction)

- Fast PMT dark noise was rejected by Timing filter AMP.

- Pulse shape discrimination - Rejects pile-up events
PSD

PSD

- | Entries 1024797

- - . . | Meanx 378.4
oo im0 e . F . L T -1Meany  0.5687
L T RMS x 214.3

---------

2

Ratio

1.5

0.5

-0.5

- 1 1 | | 1| I-I | 1 1 11 | I | | I I | 1 1 1 | | 1 1 1 1 | 1 1 1 1 | 111 | | 1 11 1
% 100 200 300 400 500 600 700 800 900 1000
Full




- 1 keV Energy threshold has been established
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Pulse shape discrimination for
alpha/beta selection

Small difference of pulse shape
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Normal Nal(T
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High purity crucible

118 Alpha
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More highly pure crucible

120 Alpha
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Chemical process

123 Alpha
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Improvement of U, Th concentration (uBg/kQ)

‘%o |19600+100 1825+45440+22 60

U | 2%Ra | 4510+60 30826 81%11| 66
chain

234U+2°Th| 520=+73| 1161+38/372+23| <100

UL 228TH 243+11 255412 60+14| 13




Present result

DAMA |DM-Ice Goal of
PICO-LON

natlKk (ppb) <20 Not yet <2

(<100)
232Th(ppt) 0.5-0.7 2.5 3.3x2.0 <4
238U(ppt) 0.7-10 1.4 5.4%+0.9 <10
210ph 5-30 1470 58126 <5
(MBa/kg)

 U-chain: 1ppt=12.3uBqg/kg
 Th-chain: 1ppt=4.0uBag/kg
e 210pp: 1ppt=2.5kBg/kg



Summary

-Low energy threshold
-1 keV electron equivalent

-Purification of Nal(Tl) crystal
-R&D undergoing
-210Pph - The same level DAMA/LIBRA
-40K - To be measured
We are now ready to check DAMA/LIBRA!



