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直接探索実験

over 9σ (by 14yrs of measurement)

⇒ 発見には至らず。。。

DAMA実験



nucleusnucleus

DM

SIGNAL

ER<～100keV

expected direct DM signals

• ① observed * events

② energy spectrum    

• ③ seasonal modulation

• ④ material dependence

• ⑤ direction-sensitive

DM direct detection



ER（photon）

ER（charge）

DAMA, DM-ICE

COSINE, SABRE, ANAIS（NaI）
DEAP

XMASS（Xe）

ER（heat）

nucleusnucleus

DM

PI-CO,SIMPLE（CxFx）
CDMS（Ge/Si）
EDELWEISS（Ge）

CRESST

（CaWO4）

XENON, LUX, PANDA-X,LZ

(Xe)

DarkSide （Ar）

（photon + heat）

（charge + 

heat）

（photon + charge）

SIGNAL

ER<～100keV

CoGent

DAMIC (Ge)

NEWS-SNO (Ne)

ER+DIRECTION

DRIFT, NEWAGE,

DMTPC, MIMAC,

NEWS(emalustion)

SIGNAL

γ, e

e

BG
SIGNAL

GETWIMPS20179

ERの捉え方



nucleusnucleus

DM

SIGNAL

ER<～100keV

expected direct DM signals

• ① observed * events

② energy spectrum    

• ③ seasonal modulation

• ④ material dependence

• ⑤ direction-sensitive

DM direct detection



Direction-Sensitive Dark Matter Search

concept “CYGNUS”

GC

Our GALAXY

SUN
constellation

“CYGNUS”

WIMP-WIND from “CYGNUS”

@ LAB



Clear Discovery

+ study the nature of DM after discovery
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物理

検出まで
検出後： 宇宙物理 素粒子物理



検出まで
「ニュートリノフロア†」を超えた探索が原理的に可能

†ニュートリノ-原子核コヒーレント散乱
2017年ビーム試験で初観測

solar

atmospheric
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clearly distinguishable

expected



検出後：宇宙物理
Test the halo model

standard halo (1-r) + co-rotating halo (r)

target: F

MWIMP=60GeV

standard “spectrum”

in AD era
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検出後：宇宙物理

Test the DM motion

ex. Sagittarius stream

streams, halo model…

standard HALO

standard HALO + stream

GC

Our GALAXY

SUN

constellation

“CYGNUS”

galactic coordinate

expected



検出後：素粒子物理

Test the interaction by scattering angle

some operators are distinguishable

SI SD



検出後：素粒子物理

質量の異なるDM同士の遷移



実験



原理

a few mm in low pressure gas

a few 100 nm in solid

TPC

Recoil nuclear track detection < 100keV

challenge: short track

E2D readout + timing

→ 3D tracking

Most typical “CYNGUS”:

low pressure gas TPC

（time projection chamber）



ガスTPC：大型検出器



DRIFT:パイオニア

early 2000s ~
large TPC

low BG study

2mm pitch multi-wire proportional chamber

not very direction-sensitive



NEWAGE（PI身内）:方向感度を追求

μ-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 “low BG detector”

New general WIMP search with an Advanced Gaseous tracker Experiment
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NEWAGE
[Kobe+]

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

• Micromegas (~400mm pitch)
•quenching factor measurement

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

1m

MIMAC
[France]

DRIFT
[UK+US]

D3
[Hawaii]

DMTPC
[US+UK]

• optical (CCD) readout
• R&D in the surface lab

1m

10cm

• Pixel readout (ATLAS FE-I4) chip
• R&D in the surface lab

2cm

10cm

50cm

25cm

1m



• emulsion (20~50nm crystal)
• good position resolution
• large mass
•No time resolution

NEWSdm
[Japan+Italy]

DM

Φ～10nm
C

~10μm

DeCANT
[Italy]

•Carbon nano tube
•large mass
•Proof of concept is ongoing

Liq Ar
[Italy, Japan]

• “anisotropic” scintillator
• large mass
•need to confirm in low energy

ZnWO4

[Italy,Japan]

• columnar recombination
• large mass



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



低BG化

低α μ-PIC：α線レベル×1/100のμ-PIC完成

Z方向のfiducialization：SF6ガスのstudy

10cm角
の試験

lowα μ-PIC(30cm角)

8月に地下実験へ投入

SF6
-

SF5
-

SF6ガス

ドリフト速度の違い → Zの絶対値測定

それぞれ2桁のBG削減



NEWAGE大型化

現状：30×30×40cm3 → 大型チェンバー製作中

まずは 2×( 30×30×50cm3)で開始

20torr～100g/m^3

SF6

DRIFT Plane

1.6m

0.5m

1.6m

0.5m

現行の30cm角μPIC

- 18個ある窓に違った検
出器を設置可能
- observatoryとして国内
外の研究者に提供予定



まとめ

方向に感度を持つ直接探索

確実な発見 → 宇宙物理 素粒子物理

ガスTPC、原子核乾板 など


