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Electromagne7cally	
  Induced	
  Transparency	
  (EIT)	
  

(DestrucDve	
  interference	
  of	
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  excited	
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Possibili7es	
  to	
  reach	
  the	
  excited	
  state	
  (e)	
  
in	
  the	
  presence	
  of	
  the	
  control	
  field:	
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This	
  is	
  Electromagne7cally	
  Induced	
  
Transparency	
  (EIT)	
  !	
  
K.	
  Boller,	
  A.	
  Imamoglu,	
  S.	
  Harris,	
  PRL	
  66,	
  2593	
  (1991)	
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EIT	
  opens	
  the	
  door	
  to	
  control	
  the	
  op7cal	
  proper7es	
  of	
  ma]er	
  :	
  

Applica7ons	
  of	
  EIT	
  

a)	
  Slow	
  light	
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Lene	
  V.	
  Hau	
  et	
  al.	
  	
  	
  	
  	
  	
  
Nature	
  397,	
  594	
  (1999)	
  

b)	
  Nonlinear	
  op7cs	
  
Higher-­‐order	
  (nonlinear)	
  contribuDons	
  become	
  ‚visible‘	
  :	
  	
  

Innn 20 +=Index	
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  refracDon:	
   can	
  be	
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  enhanced	
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   How	
  to	
  convert	
  57Fe	
  into	
  a	
  3-­‐level	
  system	
  ?	
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57Fe	
  in	
  a	
  Cavity	
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Evanescent	
  coupling	
  under	
  grazing	
  angles	
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  ~	
  3	
  mrad	
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  a	
  guided	
  mode	
  

Coherent	
  excita7on:	
  	
  
PreparaDon	
  of	
  an	
  entangled	
  excited	
  state	
  	
  	
  	
  	
  	
  
à	
  Nuclei	
  respond	
  collecDvely,	
  not	
  individually	
  

Superradiance	
  	
  à	
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  emission	
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  and	
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  Rüffer,	
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  328,	
  1248	
  (2010)	
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  Lamb	
  Shie	
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57Fe	
  in	
  a	
  Cavity:	
  The	
  Collec7ve	
  Lamb	
  Shid	
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Two	
  resonant	
  layers	
  in	
  a	
  cavity	
  !	
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-­‐

Fano	
  –	
  profile	
  	
  =	
  	
  Signature	
  of	
  EIT	
  !	
  
U.	
  Fano,	
  Phys.	
  Rev.	
  124,	
  1866	
  (1961)	
  

Superradiance	
  in	
  a	
  Cavity	
  and	
  EIT	
  

Y.	
  Li,	
  M.	
  Xiao,	
  Phys.	
  Rev.	
  A	
  51,	
  4959	
  (1995)	
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Nuclear	
  Resonant	
  EIT	
  in	
  a	
  Cavity:	
  Experiment	
  	
  

Experiment	
  performed	
  at	
  PETRA	
  III,	
  DESY,	
  Hamburg	
  (May	
  2011)	
  	
  
(Splinng	
  of	
  the	
  nuclear	
  resonance	
  due	
  to	
  magneDc	
  hyperfine	
  interacDon)	
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More	
  details	
  

Nature	
  482,	
  199	
  (2012)	
  



Ralf Röhlsberger  |  Making Iron Invisible |  KEK @ DESY 20.3.2012 |  Page 14 

Exci7ng	
  applica7ons	
  at	
  exis7ng	
  and	
  new	
  light	
  sources	
  
(PETRA	
  III	
  with	
  20	
  m	
  undulator,	
  XFELs)	
  

Summary	
  and	
  Outlook	
  

EIT:	
  Quantum	
  Op7cs	
  in	
  the	
  X-­‐ray	
  Regime	
  with	
  Nuclei	
  

X-­‐ray	
  Cavi7es/Waveguides:	
  
-­‐	
  Convert	
  2-­‐level	
  into	
  3-­‐level	
  systems	
  

-­‐	
  Laboratory	
  to	
  study	
  dynamics	
  of	
  superradiant	
  emission	
  

The	
  concept	
  is	
  generally	
  applicable	
  when	
  an	
  extra	
  atomic	
  
level	
  is	
  needed	
  

-­‐	
  Induce	
  atomic	
  coherence	
  between	
  levels	
  

Propaga7on	
  of	
  „slow	
  light“	
  in	
  waveguides	
  under	
  EIT	
  condi7ons	
  à	
  
Improve	
  cavity	
  design	
  and	
  coupling	
  

Nonlinear	
  op7cs,	
  lasing	
  without	
  inversion,	
  modeling	
  quantum	
  control	
  	
  	
  

Nuclear	
  Quantum	
  Op7cs	
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