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KamLAND-PICO outline

- Install PICO-LON detector into KamLAND
- 1ton bulk Nal (1st phase)
- 1ton planar Nal(Tl) (Final phase)

- KamLAND is an ideal active shield. kamLAND

PICO-LON-III design
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e
WIMPs search by Nal(TI)

- Annual modulation
- DAMA result should be verified.

- Nal(TI) in northern hemisphere

- Highly radiopure Nal(Tl) is needed.
- The best Nal(Tl) in the world?
- In Japan, we restarted to make the best Nal(TI)



-
PICO-LON for WIMPs search

-Planar - High selectivity

| _ - Background reduction
-lnorganic
o Crystal - Sensitive to

- Elastic scattering (SI+SD)
-Observatory for - Inelastic scattering (SD)

-LOWw- - Study the interaction type
background of WIMPs

-Neutr(al)ino



-
Concept of PICO-LON detector
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Background reduction
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-
Design of PICO-LON

- Requirements

- Coincidence measurement of 2’| gamma ray
- Thin Nal(Tl) crystal 0.1cm

- Low energy threshold
- Low energy WIMPs signal  E,, < 5keV

- Good energy resolution
- Background by 2'°Pb at 46.5keV AE,, =12keV

- Large acceptance

- Wide area crystal 10cm square ~ 18cm square
- Pile up modular detectors



PICO-LON single layer module
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Previous result by PICO-LON project

I
PICO-LON
nat <20ppb 500ppb  <200ppb <20ppb
22Th  0.5-0.7ppt 50ppt  0.6ppt  <1ppt

288  0.7-10ppt  7.5ppt  1.07ppt  <1ppt

210ph  5-30uBqg/kg 2mBa/kg 6mBglkg <100uBa/kg

* U-chain: 1ppt=12.3uBg/kg
 Th-chain: 1ppt=4.0uBag/kg
« 210Pp: 1ppt=2.5kBq/kg



R&D for pure Nal(Tl) production

Crystal growth by |.S.C. Lab.
Crucible selection

Raw material of Nal selection
Surroundings of a plant

3.0"9X3.0" Nal(Tl)
Five different conditions
Improvement step by step



Pulse shape discrimination for
alpha/beta selection

Small difference of pulse shape
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120 Alpha
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123 Alpha
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124 Alpha

100 - 124A
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Nal(Tl) ingot #20 Live time 28 days  thchain
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Preliminary analysis (uBg/kg)

chain

210po | 9600+100| 1825+45 440422 | 50

U | 2%Rg | 4510¢60 308+26 8111 | 100
chain

24U+2Th|  520+73| 1161438 372+23 | <100

Th 228Th 243+11] 25512 6014 | <1




Present result

Goal of
PICO-LON

natle <20ppb 500ppb Not yet <20ppb

282Th  0.5-0.7ppt 50ppt <1 ppt <1ppt
238)  0.7-10ppt 7.5ppt ~8 ppt <1ppt
210ph  5-30 2000  ~50 <100
uBag/kg

* U-chain: 1ppt=12.3uBg/kg
 Th-chain: 1ppt=4.0uBag/kg
« 210Pp: 1ppt=2.5kBq/kg



Results for performance

-Low energy threshold
- 2keV electron equivalent.

-Crystal purification
-R&D in progress
-210Pp was effectively reduced.
40K to be measured.



KamLAND-PICO

- Install PICO-LON detector into KamLAND
- KamLAND is an ideal active shield.
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BG Simulation of KamLAND-P|C(Q i scintilator
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Low energy region 2Bi in Nal(TI)
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e
6.Estimated background (Preliminary!!)

events/kg/day/keV
YK PMT glass 5.3x107°
22Th PMT glass 2.7x107 DAMA
YK PMTcase 2.7x107* BG~1/kg/day/keV
210Pp  Nal(TI) 3x102
212Pp Nal(Tl) 1x107° KamLAND-PICO
K NaK(TI) 3x10-" BG ~ 0.5/kg/day/keV
*K light guide 9x107 (natK ~ 200ppb)
*2Th light guide 2.7x107
K reinforcement 5x1072
232Th reinforcement 5.5x107"




Expected sensitivity (Elastic, 1ton™yr)
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Summary

- PICO-LON for WIMPs search

- High sensitivity to all the types of interaction.

- Elastic scattering for SD+SI
- Inelastic scattering for SD

- Good performance for WIMPs search e T ses | wm
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