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Existing evidence of dark matter



  

Favorite candidate: WIMP

Phys. Rep. 267(1996) 195-273

LSP Neutralino 
with weak coupling
             WIMP Miracle



  

Methods to search LSP

production at collider                  annihilation particle detection (indirect)

nuclear recoil (direct)



  

Direct search



  

Direct detection technique

PANDAX

CoGeNT, CDEX



  

Direct detection results

CoGeNT

CDMS

arXiv:0912.3592
DAMA/LIBRA

arXiv:1002.4703   XENON100 arXiv:1005.0380



  

Direct detection status



  

Direct detection status

Smaller WIMP mass, smaller Ethreshold

Smaller σ, larger detector mass, lower bg rate.



  

Direct detection challenge

WIMP signal: <0.1/kg day (bg 106/kg day)  
                    <100keV
                    no feature

Signal collection

Background rejection



  

Xenon advantage 

Signal collection

Background rejection

- large A: σ
SI
 ~ A2 

- easy scale-up, larger mass

- efficient scintillation (80% of NaI), 178nm, no WS

- Xe131 sensitive to spin-dependent

- self-shielding, 3g/cm3

- no long-life radioactive isotopes

- easy to remove Kr (distillation)

- dual phase

- noble gas,  -100°C, easy to handle



  

Xenon self-shielding

XENON100 arXiv1005.0380



  

Xenon light & charge

Recombination:  
Nuclear Recoil >> Elec. Recoil

NR light     >> ER light
NR charge << ER-charge

+ e-



  

Two-Phase Xenon TPC

10keV
 

x100, 400K gamma (S2=charge)

4000 electrons drift

400 gamma (S1=photon)

σ
E 
(S1+S2) can reach5%

(ZEPLIN-III)



  

Advantage of two-phase TPC I

light           charge



  

Advantage of two-phase TPC I



  

Advantage of two-phase TPC II

Excellent 3D position σ, 2mm
XENON100



  

Advantage of two-phase TPC II

Excellent 3D position σ, 2mm

WIMP, single hit

gamma/neutron , multiple hits

Mean-free-path
MeV gamma: ~3cm
MeV neutron: ~30cm



  

XENON100 as example

all 22 events in fiducial volume
failed S2/S1 and single-hit cut

Zero background achieved

XENON100 arXiv1005.0380



  

PANDAX collaboration

Particle AND Astro-particle Xenon Observatory
since 2009

上海交通大学
上海应用物理研究所
山东大学



  

PANDAX in Sichuan (of course)

中国锦屏极深地下暗物质实验室
Cosmic muon 25-50/m2 year



  

PANDAX in Sichuan (of course)

Many thanks to Tsinghua colleagues and Ertan company!

CDEX



  

Detector overview

5cm Cu outer vessel

Inner vessel

1.35m

1.85m



  

Inner detector



  

 Disk-like Xenon TPC

XENON10/100                                               PANDAX



  

PANDAX vs. Xenon100



  

 Disk-like advantage I
S1 light collection efficiency ε 

E
NR

 = S1 / ε / Fraction_E_in_scintillation

  ε↑, E threshold ↓,      WIMP event rate  ↑
                                    low-mass WIMP sensitivity ↑

Xenon100,  4-20p.e. S1 signal,   8.7-32.6keV E
NR

PANDAX,  5keV E
ER



  

 Disk-like advantage II

XENON100 E
drift

=0.5kV/cm

99% gamma rejected
ZEPLIN-III E

drift
=3.9kV/cm

99.9% gamma rejected

PRD 80, 052010 (2009)



  

 Strong E field achievable

-75kV



  

PANDAX Shielding

直径 3 米，高 3.6 米

从内向外：
5cm 铜
20cm 聚乙烯
5cm 铜
20cm 铅
40cm 聚乙烯

内部容积
高 160cm
直径 120cm

Goal set for ton-scale:  external bg event in 5-15keV, < 1/ton year



  

 External background

1, n/gamma from rock & concrete

2, cosmic muon and induced neutron
3, n/gamma from shielding material

4, Radon



  

Shielding simulation results

Simulation based on Gean4.9.3 
~1.15 event in 5-15keV / ton year
    0.5 from rock+concrete gamma
    0.6 from Cu gamma
    0.03 from Cu neutron

PANDAX



  

PANDAX projected sensitivity 

assume:
- light yield 5.5 p.e./keV
- energy range 3-30 p.e.
- 25kg x 200 days exposure



  

Comparison with other Xe-based DM exp.



  

Current activities

storage purification
prototype
detector

cryogenic 
testing

PMT base

PMT testing facility



  

Summary

- exciting physics, strong competition.
- We must move forward fast. 



  

Thank you!



  

backup



  

Comparison with other Xe-based exp.



  

backup



  

backup
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