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DARK MATTER 

• Dark matter has already been 

discovered through  

• Galaxy clusters 

• Galactic rotation curves 

• Lensing 

• Hot gas in clusters 

• CMB 

• etc 

 
 

• We are entering the decade of 

dark matter identification 

220 







MOORE’S LAW FOR DARK MATTER 

 

～１event/kg/day 

～１event/ton/yr 
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cryogenic 

LAr 

LXe 







ULB NaI(Tl) also allows  the study of several rare processes 

 
 

High benefits/cost 

• Well known technology  
• High duty cycle  
• Large mass possible 
• “Ecological clean” set-up; no safety problems 
• Cheaper than every other considered technique 
• Small underground space needed 
• High radiopurity by selections, chem./phys. purifications, protocols reachable 

• Well controlled operational condition feasible 
• Neither re-purification procedures nor cooling down/warming up (reproducibility, stability, ...)  
· l of the NaI(Tl)  scintillation light well directly match PMTs sensitivity 
• Uniform response in the realized detectors 
• High light response (5.5 -7.5 ph.e./keV) 
• Effective routine calibrations feasible down to keV in the same conditions as production runs 

• Absence of microphonic noise + noise rejection at threshold (t of NaI(Tl) pulses hundreds ns, while t of noise 
pulses tens ns) 

• Sensitive to many candidates, interaction types  and astrophysical, nuclear and particle physics scenarios on 
the contrary of other proposed target-materials (and approaches) 

• Sensitive to both high (mainly by Iodine target) and low mass (mainly by Na target) candidates 
• Effective investigation of the annual modulation signature feasible in all the needed aspects 

• Fragmented set-up  
• etc. 

The relevance of ULB NaI(Tl) as target-material 

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 … 
 
 

他のグループによる検証は？ 

• NaI(Tl)を作る会社が少なくなった 

• BICRON 

                                 Saint Gobain               DAMA/LIBRA 

• HARSHOW  

 

• Horiba               I.S.C.Lab.                        PICO-LON 





PICO-LON for WIMPs search 

•Planar  

•Inorganic  

•Crystal  

•Observatory for  

•LOw-
background  

•Neutr(al)ino 
 

• High selectivity 

• Background reduction 

 

• Sensitive to  

• Elastic scattering (SI+SD) 

• Inelastic scattering (SD) 

 

• Study the interaction type 
of WIMPs 

徳島大学 

伏見賢一 
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Concept of PICO-LON detector 

伏見賢一 



 

S1 

S2 

Compton scattering 

scattered   

Background reduction 

Segmented detector    Remove Compton scattering 



PICO-LONの基本思想 

• 127I γ線を隣り合う結晶で検出 

•  NaI(Tl)結晶の厚さ ＜ 0.1 cm 

•低エネルギー閾値 

•  検出感度を上げるのに重要  

•高エネルギー分解能 

• 同時測定のためにバックグラウンドを識別 

• 210Pbの46.5 keVを避ける 

•大容量 

• 検出感度を上げるのに重要 

• 大面積の結晶  10 cm 角 ~ 18 cm 角 

• たくさん積み上げられる 

Eee < 5keV

DEee =12keV

DE/E=15% at 80keV 



R&D for pure NaI(Tl) production 

• I.S.C. Lab.により開発 

•坩堝の選別 

• NaI(Tl)原料の選別と純化 

•周辺環境の整備 

 

• 3.0’’fX3.0’’  NaI(Tl) 

• Improvement step by step 

  



Present result  

DAMA DM-Ice Ingot 23 

 

Goal of 

PICO-LON 
natK (ppb) <20 660 Not yet <20 

232Th(ppt) 0.5-0.7 2.5 3.3±2.0 <1 

238U(ppt) 0.7-10 1.4 5.4±0.9  <1 

210Pb 

(μBq/kg) 

5-30 1470 58±26 <100 

• U-chain:   1ppt= 12.3μBq/kg 

• Th-chain:  1ppt= 4.0μBq/kg 

• 210Pb:       1ppt=2.5kBq/kg 



高感度NaI(Tl)検出器開発の現状 

•低エネルギー閾値 

•2 keV electron equivalent. 

 

•結晶の高純度化  

•R&D 進行中 

•210Pb  DAMA/LIBRAと同等になった 

•40K 現在神岡で測定中 

 



KamLAND-PICOの将来計画 

• Install PICO-LON detector into KamLAND 

• KamLAND is an ideal active shield. 

 



Expected sensitivity (Elastic, 1ton*yr) 

       0.5/day/kg/keV Eth=1keV 



宇宙の歴史をひもとく地下素粒子原子核研究 

•新学術領域研究 H26年度採択 

•二重ベータ崩壊 

• ２〜４ MeVの領域で低バックグラウンド環境を達成する 

•宇宙暗黒物質探索 

• 10 keV 以下の領域で低バックグラウンド環境を達成する 

•探すもの、エネルギー領域が異なるが技術は同じ 

• 情報を共有するコミュニティの形成 

 


