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4.9 % ordinary matter
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69 % dark energy
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4 FORCES 

GRAVITY 

• WEAK 

• DROPS OFF WITH INVERSE SQUARE LAW 

• DEPENDS ON MASS PRESENT 

• ALWAYS ATTRACTIVE 

• ACTS ON ALL MATTER 

• ALWAYS ADDITIVE 

GENERAL 

RELATIVITY 



HST/NASA 

 

4 FORCES 

GRAVITY 
GENERAL 

RELATIVITY 

ELECTROMAGNETISM 

• DROPS OFF WITH INVERSE SQUARE LAW 

• DEPENDS ON CHARGE PRESENT 

• CAN BE ATTRACTIVE OR REPULSIVE 

• DOES NOT INFLUENCE ALL MATTER 
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SUSY? 
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X-rays  

optical  

  

NASA/STScI 
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Balance the 

inward  force of gravity  

(depends on the total mass of the cluster) 

 

by the  

outward pressure of the hot gas  

(depends on its temperature & density)  

 

X-RAY CLUSTER MASSES 
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DARK MATTER 

total mass: ~1,200 billion M
sun 

luminous mass: ~120 billion M
sun 
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LENSING CLUSTER MASSES 
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BIG BANG NUCLEOSYNTHESIS 
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You are here 

SDSS III 
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Millenium Simulation: Springel et al  



T = 13.6 billion years 
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dark matter density                                  gas density  

Illustris Simulation 
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DARK MATTER CAN BE… 

BARYONIC 

NOT BARYONIC 

Illustris Simulation 



BARYONIC DARK MATTER 

ROCKY OBJECTS 

NASA/JPL-Caltech/UCLA 



BARYONIC DARK MATTER 

ROCKY OBJECTS 

BROWN DWARFS 

NASA/WISE 
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ROCKY OBJECTS 

BROWN DWARFS 

STELLAR REMNANTS 
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NON-BARYONIC DARK MATTER 

• EXPERIENCES GRAVITY 

• WILL REACT TO WEAK FORCE 

• DOES NOT REACT TO E-M FORCE 

• DOES NOT RESPOND TO STRONG FORCE 

 

 

 

 

• ENOUGH MASS?  

• TRAVELS TOO FAST!  

 

 





Millenium Simulation: Springel et al  
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AXIONS 
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WEAKLY INTERACTING MASSIVE PARTICLES 

WIMPS… 



WIMPS… 

LHC/CERN 

FROM PARTICLE COLLISIONS 
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WIMPS… 

FROM SEARCHES FOR BY-PRODUCTS 

Daylan et al/Fermi 
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excess of cosmic rays 
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WIMPS… 

FROM COLLISIONS WITH ORDINARY MATTER 
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