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PICO-LON for WIMPs search

‘Pure - High selectivity
- Background reduction

-lnorganic
- Sensitive to
'CryStaI - Elastic scattering (S1+SD)
,Observatory for - Inelastic scattering (SD)
o LOW' - Study the interaction type
background of WIMPs

-Neutr(al)ino


プレゼンター
プレゼンテーションのノート
We have developed thin and wide area NaI scintillator to search for nuclear rare processes.
PICO-LON stands for blabla.


Outline of PICO-LON project
-Search for dark matter by 250 kg Nal(Tl)

- Test the annual modulation signal (DAMA/LIBRA)
- Detection of dark matter candidates

- 42 modules of 5 inch¢ X 5 inch Nal(Tl)

- Simple detector design

- Present status

- Performance test of
single module

- Purification of Nal powder

- Low BG measurement by single module

- Material selection




Nal(Tl) purification

DAMA |DM-Ice Goal of
PICO-LON

natKk (ppb) <20 Not yet

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

U-chain: 1ppt=12.3uBqg/kg
Th-chain: 1ppt=4.0uBqg/kg
210pPh: 1ppt=2.5kBqg/kg

DAMA: NIM A592 (2008) 297.

DM-ICE: Phys. Rev. D90 (2014) 092005.
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プレゼンター
プレゼンテーションのノート
The final ingot reached to the same level of DAMA’s crystals.


Purification of Nal powder

- Purification of Nal powder
- Selection of cation exchange resin
- Cation exchange resin for Pb reduction
- Optimization of purification condition

- Low BG measurement
- Selection of surrounding materials

- Measurement in Kamioka Underground
Laboratory




Alpha ray intensity

210PpH was removed!
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‘Mt lkenoyama

- Shielding

- 2700m.w.e rock
- Cosmic ray, 10°

- 5cm+ B-PE
- Neutrons

- 18cm+ High purity Pb
- External y

»5cm+ OFC (8 yr. UG)
>y from Pb

- Rn purge
- G1 GN2 2I/min in the most
inner region

oraz‘ed polyethylene
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25.2days x1.2kg exposure
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Mine Rock

Borated Polyethylene
Blocks = ——+=_

Copper Blocks 100cm
3in. PMT Covers
- +— Glass
Inner Air—=——
PTFE
Air Nal PolyChloroprene
Rubber
Lead Blocks
s
E - Copper Case
80cm
For each, 6 chains are simulated. Known Rate
e U1: 238y -226Rg e Thi: 232Th—-228Th PMT (Ge) Rock (Nal
e U2: 226R5-210pp e Th2: 228Th-208pp e K : 81938 mBq e K - 1.56ppm
. _ _ . _ 40 e U2-3:23.7x2.8 mBq o U2-3: 3.13ppm
U3: 21%Pb—2%Pb Ko K e Th2 :228%48 mBq e Th2 :5.69ppm




Nal vs Ingot26

| B | Data
Nal U1 1e-08 + 0.0298 cpdkg

Mal U2 4.8 + 0.298 cpdhg
Mal U3 2.41 £ 0.561 cpadky
Mal Th1 2.12e-07 £ 0.15 cpd/kg
Nal Th2 0.131= 0.149 cpdfg
Mal K 0 = 0 cpd/ko
Cowers U1 1.52e+05 + 6.53e+03 cpd'kg
o Covars U2 398 £ 343 cpdlg
cowe Gowers U2 1.14e-08 = 1.85e+03 cpd'kg
~ Cowvers Th1 1.04e+04 £ 241 cpd®g
- Gavers Th2 3.29e+03 £ 148 cpdkg
e Govars K 1.85e8+04 £ 1.190403 cpdlkg
Total
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Impurities in Nal(Tl) detector
| [BestFit(uBaky)  |NalK=0 (uBakg)

Nal U2(226Ra) 57.8+3.5 56.8+3.4

Nal U3(21%Ph)  29.4+6.6 27.9+6.5

Nal Th2(228Th) 1.46+1.85 1.52+1.72

Nal K (1.10%+0.03) X 105 O

Cu case K (5.194+0.97) x 10> (0.2%+10.7) x 103
Rubber K 0+731 (2.14+0.86) X 10°
Cover K 5.19x10° 2.14 X 10°

PMT K 6.42 X 105 (1.78+0.043) X 106

No significant signal from Nal(Tl) measured by Ge



Summary

- Reduction of RI impurities in Nal has been achieved
- To the same level as DAMA/LIBRA

- Low BG test has been performed
- ~20 /day/keV/kg @ 7 keV,,
- This background rate is mainly due to PMT and Spacer
- Refurbished Nal(Tl) is now in Kamioka

- Future
- Further purification of Nal powder
- Material selection (In collaboration with XMASS)
- 51inch¢ X5 inch Nal(Tl) (PICO-LON module) in 2016
- 250 kg Nal(Tl) : 42 modules of PICO-LON



Expected sensitivity (Elastic, 250 kg*yr)

WIMP—nucleon cross section [cm?]

2. 1/day/kg/kev Eth=1keV
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Back up slides
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TFA Installation & Energy Threshold

MoGURA




G_am ma Fit 40K & 208T!
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Original Nal scintillation light in L-Gain
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Decay constant of Nal scintillation light

Nal Scintillation Light Decay Trend
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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
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- 1 keV Energy threshold has been established

fullc
Entries 795006
Mean 48.16
RMS 26.14
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プレゼンター
プレゼンテーションのノート
After many improvements, the newest crystal was completed in the beginning of August.
In Japan, we have a vacation named Obon in the middle of August. 
So we prepared the data acquisition system quickly before Obon vacation.

Several peaks were observed but small number of counts. 
From the preliminary analysis, we had a good results for alpha ray emitting contaminants. 
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