
Map-‐making	  leads	  to	  understanding	  

When	  we	  understand	  the	  evolu7on	  from	  one	  map	  to	  
another,	  we	  can	  understand	  	  
§   the	  sociological,	  economic,	  and	  poli7cal	  forces	  ac7ng	  on	  
the	  US	  
§ 	  the	  people,	  or	  the	  cons(tuents,	  of	  the	  US	  

	



Less	  Parochially	  …	  

t	  =	  400,000	  years	  

Today:	  Sloan	  Digital	  Sky	  Survey	  



	  Standard	  cosmological	  model	  explains	  this	  evolu7on:	  	  
Stunning	  Agreement	  with	  a	  wide	  variety	  of	  observa7ons	  

Gravita7onal	  Lensing	  

CMB	  Temperature	  

CMB	  Polariza7on	  

Galaxy	  clustering	  

Supernovae	  

Lensing	  of	  CMB[!]	  



Three	  epochs,	  each	  dominated	  by	  new	  
physics,	  are	  required	  to	  explain	  the	  maps	  

•  t~10-‐35	  sec:	  Early	  accelera7on,	  triggered	  by	  
Infla(on	  

•  300,000	  years	  <	  t	  <	  7.7	  Byrs:	  Growth	  of	  
Structure,	  fueled	  by	  Dark	  Ma2er	  

•  t	  >	  7.7	  Byrs:	  Accelera7on,	  caused	  by	  Dark	  
Energy	  



Understand	  this	  new	  physics:	  strong	  plan	  interna7onally	  
and	  across	  agencies	  o[en	  with	  US	  leadership	  

Photometric	  
	  
	  
Spectroscopic	  
	  
	  
CMB	  

HSC	  

eBOSS	  
Euclid	  

WFIRST	  

SPTPol	   Stage	  IV	  



Telling	  you	  about	  this	  cosmic	  aback	  on	  new	  physics	  

Beyond	  Einstein:	  The	  Physics	  Driving	  Cosmic	  Accelera(on	  
(Padmanabhan)	  25’	  
Cosmic	  Surveys:	  Extend	  the	  Reach	  (Jain)	  15’	  
Tough	  Ques(ons	  (Tolley,	  Kahn,	  Eisenstein,	  Wechsler)	  12’	  
Discussion	  20’	  	  
Beyond	  Planck:	  Neutrino	  and	  GUT-‐scale	  Physics	  from	  the	  
Cosmos	  (Carlstrom)	  25’	  
Tough	  Ques(ons	  (Silverstein,	  Green,	  Lee,	  de	  Gouvea,	  
Abazajian,	  Benson)	  18’	  
Discussion	  20’	  







Novel probes: looking ahead	


s  Cosmic	  accelera7on	  and	  fundamental	  physics	  mo7va7ons	  	  	  	  	  	  mul7-‐
scale	  tests	  of	  gravity	  and	  dark	  sector	  couplings.	  	  

s  The	  PPN	  program	  for	  tests	  of	  GR	  worked	  for	  nearly	  a	  century!	  	  	  	  	  	  	  	  
The	  cosmology	  program	  for	  Dark	  Energy	  has	  matured	  in	  the	  last	  
decade.	  	  

s  Exci7ng	  novel	  tests	  of	  gravity	  will	  be	  be	  carried	  out	  in	  the	  next	  
decade.	  By	  bridging	  local	  tests	  of	  gravity	  with	  cosmological	  
observa7ons	  we	  will	  probe	  many	  failure	  modes	  of	  GR!	  



CF27	  and	  CF28	  
CF27. Dark energy experiments are proposed to measure w+1 to higher and higher precision.  Suppose we find w 
= -1 at Stage IV sensitivity. What are the motivations to plan beyond Stage IV?  Is there a value at which 
improved precision becomes drastically more difficult to obtain?  
 
CF28. What is the target level of precision for measurements of w and w’?  What do increasingly precise 
measurements teach us?  What is next if w is consistent with -1 and w’ with 0?  
 
s  There are many more parameters than w+1.  The field is much richer than that! 

s  Of particular interest is that the standard cosmological model (including inflation, DE, 
and DM) solves so many old problems in cosmology!  Its success at describing all 
aspects of cosmic structure formation and evolution is truly astounding. 

s  We have a wide range of probes, covering many scales and processes.  Their mutual 
consistency is as important as the value that any probe gives.  We need to take them all 
to the same level of precision to see if the consistency holds up.  This requires at least 
going to Stage IV. 

s   If the simplest form of LCDM continues to work at the end of Stage IV, that will be 
even more amazing.  Some of our probes will be at the end of their reach anyway 
(because of cosmic variance, or because we run out of galaxies).  It might make sense to 
stop there, unless we come up with new probes of a qualitatively different character. 







CF26:Will	  astrophysical	  systema4cs	  
derail	  our	  ambi4ous	  CMB	  goals?	  

•  Infla7onary	  Signal:	  Two	  “foregrounds”	  
–  Lensing:	  Physics	  well	  understood.	  Only	  modest	  removal	  needed	  
–  Galac7c	  dust	  and	  synchrotron:	  Comparable	  to	  signal	  

•  Remove	  with	  mul7ple	  frequencies:	  40,	  90,	  150,	  220	  GHz	  
•  Achievable	  factor	  10	  in	  amplitude	  required	  














