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NEWAGE: always direction -sensitive

ɛ-PIC(MPGD) based TPC
3-D tracks SKYMAP

CF4 gas for SD search

Proposal PLB 578 (2004) 241

First direction -sensitive limits

PLB654 (2007) 58

Underground results

PLB686 (2010) 11, PTEP (2015) 043F01s

Phase for ñlowBG detectorò

New general WIMP search with an Advanced Gaseous tracker Experiment
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DRIFTǶdirection sensitive?

yes, but not direction -sensitive analysys

arXiV:1701.00171



DRIFTǵòdirectionsensitiveòǶ?

Åx 2mm y 2mm <- VETO̊ẆǲǶ̓ǋ ǲǱȐȚ

Åz (drift ׄ)ǵ ᾽ǵȆ̓ ֯ ǧǓ ǮǶʥ̓



DRIFTǵòdirectionsensitiveòǶ?

Å z (drift ׄ)ǵ ᾽ǵȆ̓ ֯

Å ֳǒȐ Ǧǒ‼ǒȐ Ǧǒ 1000 ǉȓǷ ǲ ѩ֯



DRIFT

best limit with directional detector

NEWAGE

best limit with directional analisys



minority peaks ñdiscoveryòby DRIFT group

First with CS2, then with SF6

ʫ ǱǱǓȓ Z-fiducialization

minority peaks (DRIFT group)



SF6 study for GEM+ɛPICsystem

Wide dynamic -range ASIC development

NEWAGE SF6 study ( )

SF6 study (NEWAGE)SF6 study (NEWAGE)
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NEWAGEǵǫȏȆ

ׄ ↓ǲ ҘǞǱǓȐЋ ȋǪǭǔǦƳ

ѼǵȦɪȫǓǉȒǵǓ▌ȆƳ

Ṕ₦Ǯǔǭȉ Ǔ֝ȓǱǋ˲ǓẉǋƳ

lowBGǶǚȓǒȐǧǓƲⱳ ǱȉǵǶЋ ǪǭǋȒƳ

ẎḌӓɵ̭BGɵ ׄ ↓ ǵɎɧɱȷș֝ȑǱǓȐƲ
ȈǭȍǖƳ



Neil Spooner: ǠǗǲǮȉȆȚǱǮӲҘǞǭǮ
ǒǋȉǵ=24m3 ș̸ȔǍ

Miuchi (NEWAGE): Ǒ֘ ǶOKƳᶮ ӲҘǶ
ǤȓǥȓǓȉǪǯ▌ǖǱǪǭǒȐ

CYGNUS/NEWAGE vessel

20torr 100g/m^3

CYGNUS NEWAGE

MPGD R&D

CYGNUS(DRIFT)

40cm

ɛ-PIC NEWAGE

Ÿ NEWAGE

SF6

DRIFTPlane

1.6m

0.5m 1.6m

HV

0.5m

SK 50000m^3 Ÿ  5t
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ⱳ ǲꜘǟǭᶮ ӲҘȉ



Direction- sensitive dark matter search

evenbelowthe neutrino

Cleardetection of dark matter

DMprecisestudy after detection

DMkinematicsin the galaxy,

DM- nucleoninteraction

Difficulty: short track ( a few mm> )
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DAMA
NaI 250kg

14ȳȢȭɩǵƼἳ ẀҲƽ

Ǟǋ Ƕ ₴їǠƳ

PLB450(1999)448

14 EPJC73(2013)2648

DAMA PRL114(2015)151301



NEWAGE detector
NEWAGE-0.3bô

Detection Volume: 31 ¥31¥41cm3

Gas: CF4 at 0.1atm (50keVee threshold)

Gas circulation system with cooled charcoal



NEWAGE-0.3bô 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



NEWAGE-0.3bô readouts

m-PIC is X-Y readout

ALTAS TGC ADS chips

General purpose

FPGA-based electronics

since early 2000ôs

256ch  

connector

256ch  

ASD box 

FPGAs 

NEWAGE-0.3bô

(inside)
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NEWAGE-0.3bô data

TOT of every strip by FPGA (clock 100MHz)

Ҝ3D tracks, headtails in X,Y 

+

Summed waveforms by FADC (100MHz)

Ҝenergy, headtails in Z 

combined Ҝ PID, absolute z

ñrawtrack dataò

sample

neutronάƛƳŀƎŜέcosqdistribution
(100-200keV)

Blue:measured

Green:simulation (s=40deg)



NEWAGE-0.3bô performance

nuclear tarck detection efficiency: 40% @50 keVee

gamma rejection: 2.5e-5 @ 50keVee

energy resolution: 7.8keV ů@50keVee

angular resolution: 40¡ů@ 50keVee

PTEP (2015) 043F01s

nuclear track detection efficiency electron track detection efficiency

(gamma rejection factor)



NEWAGE

Kamioka run



KAMIOKA in Japan



NEWAGE in KAMIOKA



ÅEnergy spectrum
ÅThreshold : 100 => 50keV
ÅBGrate : 1/10@100keV

ÅSkymap, cosqdistribution
ÅSet limit by significant difference 
in 2-binned measured cosqand 
DM-wind simulated cosq

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

Energy spectrum

skymap

Ŏƻǎʻdistribution

50-60keV 100-110keV

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

Ålive time: 31.6days
Åfiducialvolume 28x24x41cm3

Åmass : 10.36g
Åexposure : 0.327 kgdays

NEWAGE underground run



Galactic -plane sky -map

correlation with

efficiency

= consistent with

isotropic

+ Ḹ
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