
  



 Astrophysical evidences for dark matter 

 Dark matter as WIMPs 

o Collider 
o Indirect search 
o Direct search 

 Direct search: status report 

 Nobel-gas liquid detectors + XENON100 

 Dark matter exp in China (CXO) 

 



 Galaxy rotational curve 

 Gravitational lensing 

 CMB 

 Galaxy distribution  

 



 In the milky way, all stars are moving around the center. 

 According to Newton’s law of gravity, the rotation speed 
has to do with gravitational mass distribution,  

 

 

   

 According to this, the sun’s speed 

shall be around 170km/s，but the  

actual speed is around 220km/s, or 

even 250km/s 
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 In a galaxy, the rotational speed of stars as a function of 
distance form the rotational curve.  

95% mass from dark matter！ 

http://cosmology.berkeley.edu/Education/images/m51.gif


 When light passes through a gravitational field, it deflects. 
From the size of deflection, we can calculate the 
gravitational field and distribution of dark matter.  



 



 According to the standard model 

 of cosmology, the universe started from  

a big-bang 13 billion years ago.  

 Since then, the universe cools and 

expands. At about 300,000 yrs, the universe 

changed from electron-nucleus plasma into  

neutral atoms, and the universe became transparent.  

 Since then, the light propagates quasi-freely and comes to 
us  now as a the 13 byrs old  fossil (Dicke, Gamow, 1946)。 

 

http://en.wikipedia.org/wiki/File:Universe_expansion2.png


 In 1965，Penzias  and  Wilson (Bell Lab) discovered the 
CMB accidently. 1978 Noble prize. 

 1990, J. Mather discovered through COBE sattelite，CMB 
is a perfect black-body radiation with the temperature also 
the same in the every direction！ 

 



 In 1992，Smoot discovered 10-5 level temperature 
fluctuation at different directions (COBE) 

 

 

 

 

 

 

 

 

 2006 Nobel Prize for Mather and Smoot  

 

 

 

 

 

 

 
 

 

CMB fluctuation 
map 



 Today’s universe is quite lumpy and this lumpiness is 
generated from this 10-5 level CMB fluctuation. 

CMB fluctuation 



 



 Very likely, a kind of particles 

o Electrically neutral  
o Long lived 
o No strong or interactions  

 Candidates 

o MACHOS 
o Primodial Black Holes, Mirror Matter 
o Axions 
o WIMPs, WIMPzillas 

o …. 
 

 
 



 In the early hot universe, the 
DM particles are in thermal 
equilibrium with everyone 
else.  

 As the universe cools and 
expands, it tries to keep 
thermal equilibrium through 
annihilation.  

 At certain point, the DM 
particle density become too 
small to annihilate each other, 
they remain as relics of the 
universe.  

 

 

 



 To understand the percent of DM energy in the universe 
today, we need the DM particles having annihilation cross 
sections on the order of 

       ~  10-40  cm2  

    Therefore, apart from the gravitational interactions, the 
DM particles likely have weak interaction as well! 

 WIMPs：Weakly -Interacting Massive Particles!  

 If DM particles do have weak interactions, they might play 
an important role in electroweak symmetry breaking!  

 



 7  TeV proton + 7 TeV proton 



 If DM particle have weak interactions, and their masses are 
smaller than ~3TeV, they might be produced at LHC!  

 

 

 



DM particle can be annihilated in the milky way, producing 
particles of SM 

o Electron-positron pairs, quark-antiquark pairs 
o High-energy x-ray，gamma ray,  neutrinos 



 





 



 



 DM forms a giant sea, enclosing  
the milky way. Our Earth is like 
a little fish traveling through the 
sea.  

 The flow of DM particles has 
small probability hits the atomic 
nucleus, less than 1/100 kg/day. 

 Direct detection measures the 
recoil effects from the DM 
collision. 



 



 Semiconductors（Ge，Si） 

 Heat and current 
 features：low-temp（0.02K）、high-cost, scalability  

 Crystals（NaI， CsI） 

 light 
 features：hard to distinguish background from signals 

 Liquid noble（Ar,Xe） 

 Light and charge  
 Features: high background-separation capability, low cost 
 

 
 
 

 



 

 

We are involved in this 



 



 





 



 

































 



 Established in 2009 

 Main Participants 

o Shanghai Jiao Tong University 
o Shanghai Applied Physics Institute, CAS 
o ShanDong University  
o China Institute of Atomic Energy 



 



 

 
１）Dark Matter! 
２）Exclude 
SUSY! 



  JinPing Lab is located at JinPing 

Mountain, Sichuan, china,  where a 
hydropower is being built by 
digging 7 tunnels through the 
mountain.  

 Two of the tunnels are used  

for traffic with length 17km,  

width 6m, and largest  

overburden 2500km (6000wme). 

 



 





 



 



 



 





 We are looking for DM enthusiasts to join our group in 
Shanghai as a postdoc or junior faculty.  

 

 

 

 

 

 

 Send me a CV,  

 Xiangdong Ji (xji@umd.edu, xdji@sjtu.edu.cn) 

mailto:xji@umd.edu

