
Light	
  in	
  New	
  Regimes	
  

“Is	
  a	
  new	
  theory	
  of	
  light	
  and	
  ma4er	
  needed	
  
	
  at	
  the	
  highest	
  energies?”1	
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•  Mo4va4on	
  
•  Ques4ons	
  
•  Neutron	
  Stars	
  &	
  QED	
  
•  Polarized	
  X-­‐Rays	
  
•  A	
  look	
  to	
  the	
  future	
  (past)	
  

Overview	
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Mo4va4on	
  

•  The	
  laws	
  of	
  physics	
  must	
  be	
  tested	
  
at	
  the	
  highest	
  energies	
  

•  Discover	
  new	
  physics!	
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Central	
  Pulsar	
  in	
  M1	
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  courtesy	
  hVp://CHANDRA.harvard.edu	
  



GR	
  

•  How	
  do	
  atoms	
  emit	
  near	
  event	
  horizons?	
  

•  Do	
  frame	
  dragging	
  and	
  4me	
  dila4on	
  effect	
  
spectra	
  the	
  way	
  we	
  expect	
  them	
  to?	
  

A	
  simulated	
  Black	
  Hole	
  of	
  ten	
  
solar	
  masses	
  as	
  seen	
  from	
  a	
  
distance	
  of	
  600km	
  

Image	
  courtesy	
  hVp://www.space4metravel.org/	
  



Solid	
  State/QCD	
  

Image	
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•  Are	
  there	
  exo4c	
  phases	
  of	
  maVer	
  inside	
  compact	
  
objects?	
  	
  How	
  do	
  nucleons	
  interact	
  there?	
  

•  Are	
  there	
  Q	
  stars?	
  Preon	
  Stars?	
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QED	
  

•  “The	
  Jewel	
  of	
  Physics”	
  
•  Tested	
  to	
  extreme	
  precision	
  

 Lamb	
  Shif	
  

 Vacuum	
  Polariza4on	
  
 Hyperfine	
  Spliing	
  

•  It’s	
  Feynman’s	
  baby,	
  are	
  you	
  ques4oning	
  it?	
  

2Feynman,	
  Richard	
  Phillips	
  (1998).	
  Quantum	
  Electrodynamics.	
  Westview	
  Press;	
  New	
  Ed	
  edi4on	
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Checking	
  QED	
  in	
  high	
  B	
  

•  QED	
  has	
  been	
  tested	
  in	
  the	
  lab	
  in	
  B	
  fields	
  of	
  
about	
  105	
  Gauss	
  (as	
  of	
  2003)	
  

•  Neutron	
  Stars	
  provide	
  extreme	
  tes4ng	
  
grounds	
  for	
  QED	
  because	
  of	
  high	
  B	
  fields	
  

•  1012	
  Gauss,	
  1015	
  for	
  magnetars!	
  

•  Beyond	
  the	
  cri4cal	
  energy,	
  polarized	
  x-­‐rays	
  
should	
  be	
  detected	
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Detec4ng	
  Polarized	
  X-­‐Rays	
  

•  High	
  B	
  environment	
  
•  Landau	
  Levels	
  	
  

 Cyclotron	
  frequencies	
  quan4zed	
  	
  
 Spin	
  states	
  have	
  different	
  
transi4ons	
  to	
  ground	
  	
  

 In	
  very	
  high	
  B	
  fields	
  one	
  spin	
  
state’s	
  transi4on	
  to	
  ground	
  is	
  
forbidden	
  	
  

•  Look	
  for	
  signature	
  structure	
  in	
  
spectra	
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Next	
  Time	
  

•  What	
  new	
  results	
  have	
  been	
  obtained?	
  

•  What	
  experiments	
  have	
  been	
  built/need	
  to	
  be	
  built?	
  
•  What	
  ques4ons	
  s4ll	
  remain	
  unanswered?	
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Ques4ons?	
  



Par4cle	
  Physics	
  

•  Where	
  do	
  high	
  
energy	
  cosmic	
  
rays	
  come	
  from?	
  

•  How	
  do	
  they	
  make	
  
it	
  here	
  through	
  
the	
  CMB?	
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A	
  high	
  E	
  proton	
  incident	
  on	
  the	
  
atmosphere	
  creates	
  a	
  par4cle	
  
“Air	
  Shower”	
  


