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CMB	
  FormaJon	
  

•  Describe	
  the	
  universe	
  before	
  recombinaJon.	
  	
  
How	
  does	
  this	
  relate	
  to	
  what	
  we	
  see	
  today	
  in	
  
the	
  CMB?	
  

•  Why	
  is	
  the	
  maPer	
  distribuJon	
  in	
  the	
  universe	
  
clumpy,	
  but	
  the	
  photon	
  distribuJon	
  smooth?	
  

•  Would	
  we	
  expect	
  them	
  to	
  be	
  the	
  same	
  or	
  
different?	
  

•  What	
  is	
  the	
  proposed	
  mechanism	
  for	
  the	
  
primordial	
  small	
  perturbaJons?	
  



The	
  PerturbaJons	
  

•  How	
  do	
  they	
  work?	
  	
  What	
  are	
  the	
  restoring	
  
forces?	
  	
  What	
  do	
  the	
  oscillaJons	
  represent?	
  

•  What’s	
  the	
  difference	
  between	
  small-­‐scale	
  
and	
  large-­‐scale	
  anisotropies?	
  

•  What	
  happens	
  to	
  the	
  perturbaJons	
  when	
  the	
  
universe	
  becomes	
  neutral?	
  

•  How	
  do	
  fluctuaJons	
  in	
  a	
  scalar	
  field	
  during	
  
inflaJon	
  become	
  temperature	
  fluctuaJons?	
  

	
  



Open,	
  Flat,	
  or	
  Closed?	
  

•  How	
  do	
  we	
  know	
  the	
  universe	
  is	
  flat	
  from	
  the	
  
CMB	
  power	
  spectrum?	
  

•  How	
  do	
  the	
  peak	
  locaJons	
  provide	
  a	
  means	
  to	
  
measure	
  the	
  physical	
  age	
  of	
  the	
  universe?	
  



Analysis	
  of	
  CMB	
  

•  Why	
  can	
  we	
  use	
  a	
  linear	
  response	
  theory	
  to	
  
predict	
  the	
  anisotropies	
  of	
  the	
  CMB?	
  

•  Why	
  do	
  we	
  use	
  spherical	
  harmonics	
  predict	
  
and	
  analyze	
  the	
  anisotropies?	
  



Errors/UncertainJes	
  

•  Do	
  we	
  expect	
  greater	
  uncertainJes	
  at	
  low	
  or	
  
high	
  mulJpoles?	
  

•  What	
  are	
  other	
  sources	
  of	
  uncertainty?	
  
•  What	
  is	
  the	
  cosmic	
  variance?	
  



CMB	
  PolarizaJon	
  

•  What	
  would	
  this	
  tell	
  us?	
  
•  What’s	
  the	
  cause	
  of	
  this	
  polarizaJon?	
  



Damping	
  

•  What	
  causes	
  the	
  damping	
  of	
  the	
  acousJc	
  
oscillaJons?	
  




