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First	
  evidence	
  for	
  dark	
  matter:	
  the	
  Coma	
  cluster	
  of	
  galaxies

and	
  discovered	
  that	
  a	
  large	
  amount	
  of	
  invisible	
  matter	
  must	
  
be	
  present	
  to	
  prevent	
  the	
  cluster	
  from	
  flying	
  apart.
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  and	
  again	
  found	
  that	
  much	
  more	
  mass	
  was	
  needed	
  to	
  explain	
  
why	
  the	
  galaxies	
  didn’t	
  fly	
  apart.



What	
  does	
  “dark”	
  mean?



Dark	
  matter	
  has	
  since	
  been	
  detected	
  in	
  many	
  other	
  ways	
  
via	
  the	
  gravitational	
  force	
  it	
  exerts	
  on	
  other	
  things

Image Credit: NASA / WMAP Science Team

and	
  from	
  these	
  observations	
  we	
  have	
  been	
  able	
  to	
  learn	
  
about	
  some	
  of	
  the	
  properties	
  of	
  dark	
  matter	
  and	
  its	
  

role	
  in	
  the	
  universe.



Dark	
  matter	
  is	
  fundamentally	
  different	
  than	
  
the	
  “ordinary”	
  matter	
  that	
  we	
  are	
  made	
  of.



Image Credit: NASA/GSFC



It	
  interacts	
  with	
  other	
  matter	
  (almost?)	
  
exclusively	
  through	
  gravity.



Image Credit: S. Carroll



Image: NASA/ESA

Gravity	
  bends	
  spacetime,	
  changing	
  the	
  path	
  that	
  
light	
  travels	
  from	
  a	
  distant	
  source	
  to	
  us.

	
  The	
  gravity	
  from	
  clumps	
  of	
  dark	
  matter	
  acts	
  like	
  a	
  
lens	
  and	
  distorts	
  the	
  images	
  we	
  see	
  of	
  distant	
  

galaxies.



To	
  date,	
  dark	
  matter	
  has	
  only	
  been	
  robustly	
  detected	
  
via	
  its	
  gravitational	
  pull	
  on	
  other	
  objects	
  in	
  the	
  

universe.
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Direct	
  detection

LUX	
  experiment
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Credit: Sky & Telescope / Gregg Dinderman

Indirect	
  detection



Credit: NASA/GSFC



Indirect	
  detection

Credit: NASA/General Dynamics

Super	
  Kamionkande	
  [neutrinos]

Fermi	
  Gamma-­‐ray	
  Space	
  Telescope
[gamma	
  rays]

Cherenkov	
  Telescope	
  Array	
  [gamma	
  rays]





Dark	
  matter:	
  still	
  a	
  mystery	
  after	
  almost	
  80	
  years.


