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Message of Review part

look carefully“before” the exclusion limit

Is it fair to compare 90% limits and 9σsignals?
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現状把握



HISTORY
1997～ DAMA：claimed of“DISCOVERY” ~50GeV

2000～ Excluded by CDMS,,,

2008 LIBRA : reconfirmed

2009 CDMS 2 events

2010～ others reported＊＊events（maybe BG）
light WIMP?

2012～ XENON, LUX excluded



Detection Methods
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Expected signal

• signal：nuclear recoil

• BG：electron recoil

• signal① energy spectrum ／＊＊events

← low threshold detector

• signal② annual modulation

• signal③ directional anisotropy
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DAMA/LIBRA

250kg NaI scintillator

1.33ton・year

14 cycles modulation（9.3σ）

大体+-2%程
度の変動

DAMA page

「季節変動」の模式図

期待される
「季節変動」の例



Discussion on DAMA

Can 9.3σ signal be excluded by 90% limits?

Interpretaions ↓ muon signals… shape is

OK. But muon comes after DAMA.

⇒ not enough

• muon flux: maximum in summer (air density)



Artificially add off-phase background

• solar neutrino: minimum in winter (distance)

NOT enough to explain DAMA’s SIGNAL

DAMA / LIBRA is still alive



What’s special in DAMA ?

PUREST NaI CRYSTAL for 20 years…

• radioactive background matters

Other groups are now making pure crystals

2013年 12月20日
PICO-LON(徳島大学) ～8ppt <1ppt not yet
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DAMA

largest statistics

purest crystal
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2 phase Liquid xenon

XENON100：161kg

LUX：370kg



2-phase Liquid Xenon

γ rejection



OK, good rejection

jump to the limit

curves

WAIT

OVERUPS?

What about the rejection

around threshold?

gamma leakage?

⇒limits could be worse…



XMASS

liquid Xenon 835kg

1 phase

森山2013年秋物理学会
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4th information: track direction

nuclear track

track＋ER

PRL73(1994)1067



Advantage of track detection

Larger asymmetry (~10 times) than annual

modulation (<５％) -> concrete evidence

Post discovery investigation

季節変動



Importance of directionality



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



NEWAGE detector
NEWAGE-0.3b’

Detection Volume: 31×31×41cm3

Gas: CF4 at 0.1atm (50keVee threshold)

Gas circulation system with cooled charcoal



NEWAGE-0.3b’ inside view

Detection Volume: 30×30×41cm3

GEM
- 31×32 cm2

- 8-segmented
- hole pitch : 140mm
- hole diameter: 70mm
- insulator : LCP 100mm
- gain : ~5
- made by Scienergy, Japan

m-PIC(Micro-pixel chamber) 
- 31×31cm2

- pitch : 400mm
- gain : ~1000
- made by DNP, Japan

Field cage
Drift length: 41cm 
PEEK + copper wires



• Energy spectrum
• Threshold : 100 => 50keV
• BG rate : 1/10@100keV

• Skymap, cosq distribution
• Set limit by significant difference 
in 2-binned measured cosq and 
DM-wind simulated cosq

RUN5 (NEWAGE-0.3a)
RUN14 (NEWAGE-0.3b)

Energy spectrum

skymap

cosθ distribution

50-60keV 100-110keV

RUN14
• period : 2013/7/20-8/11, 10/19-11/12

• live time : 31.6 days
• fiducial volume：28x24x41cm3

• mass : 10.36g
• exposure : 0.327 kg・days

NEWAGE latest resultsPTEP (2015) 043F01s



auto-scanning is demonstrated

“vertical” and “horizontal”

detectors would be needed

Detection efficiency in Galactic-coordinate

Time variation of the efficiency map in the

galactic coordinate

lab-coordinate

galactic coordinate

galactic longitudega
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c
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c
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• Obtained limit : 557pb @200GeV 
(Best direction-sensitive limit)

• Improved one order of magnitude from previous RUN5

red : gas, with directional analysis
blue : gas, without directional analysis 
green : solid, liquid detector
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What would be the impact if we set

limits from our experimental data?
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