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SUMMARY

Dark Matter: one of the frontiers of

astro and particle physics.

Still a lot of room to use your beautiful

detectors for direct detection of DM.

What is required for that? ← My Talk



The History of the Dark

started

not quantitative at all



Year: 1930s

Distance: 300 million light-years
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Indirect

Detection

Direct
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anti matter, gamma-rays:

no signal

LHC 8TeV：
SUSY not discovered

Dark Matter



DM direct detection

nucleusnucleus
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expectedd DM signals

• ① observed * events

② energy spectrum    

• ③ seasonal modulation

• ④ direction-sensitive
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Key feature 1 : Large mass



world-wide underground laboratories

To reduce cosmic-ray background

UK
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Japan

Korea
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What’s special with DAMA?

Large: 250kg

Pure (clean): low contamination of radioctive

background source (Uranium, Thorium, 40K)

2013年 12月20日
PICO-LON(Tokushima) ～8ppt <1ppt not yet



DAMA/LIBRA

250kg NaI scintillators

Exposure: 1.33ton・years

14cycles seasonal modulation （9.3σ）

大体+-2%程
度の変動

DAMA page
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We have SIGANALS, it’s done?

No…
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XMASS (Japan)

In Kamioka

A single-phase detector with ~830kg 

LXe

Equipped with 642 PMTs

Active water shield

1
1
m

10m



XMASS arXiv1151.04807

exposure 0.86ton years in only 1.3years

excluded some part of DAMA region with

seasonal modulation analysis
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Key feature 2 : 

Particle ID for low background
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2-phase Liquid Xenon

XENON100：161kg

LUX：370kg



2-phase Liq. Xenon

electron rejection



2013年 12月20日

DAMA’s allowed region

Limits from other experiments

“Brute Force” is the only

way?

again NO!
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Key feature 3: Low threshold



Low threshold

DAMIC（CCD 0.5 g）

Extremely low threshold



exposure 0.5g × 11month

comparable to kg-scale detectors

DAMIC
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Key feature 1 : Large mass

Key feature 3: Low threshold

Key feature 2 : Particle ID

ANYTHING else?

YES, we have another AXIS



another axis：nuclear track

track

nuclear tarack＋ER

PRL73(1994)1067



Recoil nucleus tracks?

Direction-sensitive to DM

Large asymmetry due to the solar motion

DM-WIND

seasonal

modulation

International community

”CYNGUS”



Is direction sensitivity important? YES.



NEWAGE
[Kobe＋]

DRIFT
[UK]

• m-PIC (400mm pitch)
• Only NEWAGE obtained 
direction-sensitive limit
• Underground

• Micromegas (~400mm pitch)
• Measured quenching factor 
in detail
• R&D at surface

• MWPC (2mm pitch)
• First started direction-
sensitive method
• Underground
• Low background
• Large size (1m3)

10cm

30cm

1m

HAWAI

NAGOYA
DMTPC

[USA]

EMULSION 
[Nagoya +]

MIMAC 
[France]

• emulsion (400mm pitch)
• good position resolution
• large mass
•No time resolution
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Key feature 1 : Large mass

Key feature 3: Low threshold

Key feature 2 : Particle ID

Special feature：Direction-sensitivity



Thank you

May the Dark Matter be with you.


