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 Evidences of DM from gravitational effects  
 

Gravitational curves  

Strong lensing  

Weak  lensing  

Large scale structure  

CMB 

Bullet cluster  
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Dark Matter 
 

 

   Can not be detected with any kind light 

But it is in existence   

      With gravitational effects 

And main part of universe 



Is there interaction between  DM & SM 

What is the interaction 

What is the mass of DM  

……. 

The direct detection could be answer the question ! 

There are many Candidates , we focus on the WIMPs 

Questions  



A,  DM+ DM’ → SM + SM’ B, DM + SM →  DM + SM C, SM + SM→ DM + DM  

Detection of  dark matter particle WIMPs 

We focus on the direct detection of  WIMPs  
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Direct detection of  dark matter particle WIMPs 
 

       Deduce the WIMPs from detection of  recoil nuclear            



  Properties of WIMPs 



Characteristic of WIMP nuclear elastic  scattering  

1,  recoil energy very low 

2,  recoil energy depends on nuclear mass 

3,  exponential distribution of recoil energy 

4,  probability of collision ( event rate) very low  

5,  recoil nuclear is charged ion and can be detected   



• Comparison of different detector ( target) 

Ge, Xe, Ar  

• WIMP 100GeV in mass  

• 10e-6pb in cross section 

• Background gamma ,neutron  much high  



Most background are recoil electron  

Very bad background are neutron 

WIMPs 
e 



• 1, detector must be target 

• 2, large mass 

• 3, high atomic number 

• 4, high density 

• 5, small ratio of surface/volume 

• 6, low radioactivity  

• 7, low noise  

• 8, low threshold  

• 9, ability to identify radioactivity background 

• 10, long term stability 

 

Requirements on detectors  

Big challenges 



Requirements on experiment sites  

• Cosmic ray flux  

• Low radiation environment  

• Radon concentration 

• Work condition  

• Living condition  



1，Cosmic ray: muon,  proton  

 

2，second particles produced  

      on the environment    

3，second particles produced 

      on the shielding   

4，background produced  

     on the detector 

 

5,  neutron and Gamma  

 

Measurement has to be in underground 

Detection has to be in deep underground 

 



Muon Flux in underground Labs 

CJPL 



International Main Undergound Laboratories 

Boulby 
ZEPLIN 

DRIFT 

Modane 
EDELWEISS 

GRAN SASSO 
DAMA/LIBRA 

CRESST 

WARP 

XENON 

SNO 
DEAP/CLEAN 

PICASSO 

DUSEL 
LUX 

Soudan 
CDMS 

Kamioka 
XMASS 

Kamioka 
XMASS 

Kamioka 
XMASS 

Y2L 
KIMS 

CJPL 
CDEX 

PandaX 



      1, Active veto  

     

       2,Shielding         
       Lead                   

      Polyethylene(PE) 

      Boron +PE 

      Cu 

 

       3,  Blow  gas 

 

  

 Active veto  

 

Detection needs passive shielding &  

active shielding   

 



WIMP 

Cs 

I 

Recoil nuclear  

light 

phono 

charge 

libration 

ionization 

WIMPs 

Energy converts  through three channels 

excitation 

 Principle of direct detection of WIMPs  

Recoil nuclear is charged particle which can be detected   

Events rate 0.01cpd.  Energy : 1-100KeV 

Background: cosmic ray ; gamma , neutron, surface contamination 

Experiment has to be in undergroungd  

 

Recoil WIMP 



Technical Specifications on typical detectors 
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   Detect  light only     

    

    Large mass 

    high density  

    Convenience 

    Simple & easy 

    PSD 

     

    internal radiation     

    Quenching factor 

    Channeling  

1,  Scintillation Crystal Detector 



Pulse Shape Discrimination & internal radiation  



Quenching factor & Channeling  



Detect charge only  

 

High efficiency 

High resolution  

High density ,  

Large mass 

Pure material(internal radiation 

Low noise/ Low threshold  

PSD  

 

Low temperature(77K) 

Background suppress  

 

2,   HP Ge detector / PC Ge detector 





Pulse Shape of PCGe 

 Current pulse 
 Charge pulse 

Bulk surface 



Internal radiation of HPGe 

65Zn 

68Ge 
68Ga 

73As 



Radiation isotopes produced by cosmic ray 

 
Cu Ge 



3,   Ge (Si)+ Phonon detector 
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Phonon detector 

Ionization detector 



detect charge and phonon 

 

high efficiency 

good resolution  

high density ,                              

good background suppression  

  

 

cryogenic system (mK) 

small mass  

threshold high 

S/B 

 (Si Ge (Si)+ Phonon detector 



Surface and bulk event 



Charge  and light  

 

Background suppression  

Large mass 

High density 

Low temperature 

 

Threshold high  

 

4,  two  phase Liquid scintillation detector 



Liquid scintillation detector 



Background suppress 



  

   Liquid  TPC 

   Emulsion nuclear-track 

   Bubble chamber  

   Bolometer 

     …… 

5,  New scheme 

Track detector  &  others 



    Track 

     TPC 

  Emulsion 

CDEX 

PANDAX 

     Experiments for direct detection of  WIMPs  



Experiments for direct detection of  WIMPs  

          CDEX        Ge      ionization        running            CJPL       China 

          Pandax       LXe    2phase             installation      CJPL       China 



Events select procedure 

Quality chick 

Noise  

physic 
Surface 

  bulk  

Multi hit  

Electron recoil 

Nucleus recoil 

Raw data  

WIMPs  

Single hit  

Neutron  

??  Threshold to high  

? 



Status and future of  DM search  



• Larger mass 

     1kg → 1ookg →  1t 

• Lower backgrounds 

     deep sites; low contamination & radon concentration; 

        low internal radiation; high efficiency Veto; 

• Lower threshold 

        5 keV → 500 eV →100eV 

• Good background suppression  

        high rejection ability of detector 

• Longer stable exposures       

      low statistics fluctuate 

Detection technology in the future 
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