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Abstract:	  In	  systems	  with	  a	  finite	  number	  of	  degrees	  of	  freedom,	  entanglement	  
can	  help	  increase	  the	  precision	  of	  measurements.	  However,	  the	  reason	  behind	  
this	   effect	   was	   never	   analyzed	   in	   depth.	   Here	   we	   give	   a	   simple,	   intui>ve	  
construc>on	   that	   shows	   how	   entanglement	   transforms	   parallel	   es>ma>on	  
strategies	   into	   sequen>al	   ones 	  of	   same	   precision.	  We	   can	   then	   employ	   this	  
argument	  to	  obtain	  a 	  series	  of	  new	  results 	  in	  quantum	  metrology	  and	  also	  to	  
re-‐obtain,	  in	  a	  simpler	  manner,	  some	  old	  ones.	  What	  happens	  in	  systems	  (e.g.	  
electromagne>c	  radia>on)	  with	  an	  infinite	  number	  of	  degrees	  of	  freedom?	  It	  is	  
clear	  that	  infinite	  resources	  can	  lead	  to	   infinite	  precision	  in	  the	  measurement,	  
and	  it	  has	  been	  suggested	   that	  infinite	  phase	  precision	  can	  be	  achieved	  using	  
finite	  energy	   in	  interferometric	  measurements.	  We	  prove	  that	  this 	  is 	  not	  true:	  
we	   give	   a	   general	   bound	   to	   the	   precision	   of	   a 	   parameter	   in	   terms	   of	   the	  
average	   value	   of	   the	   conjugate	   observable.	  Whence,	   interferometry	   cannot	  
give	   infinite	   precision	   in	   phase	   es>ma>on	   using	   finite	   energy	   (its	   conjugate	  
observable).	  Our	  inequality	  is 	  a	  generaliza>on	  of	   the	  conven>onal	  Heisenberg	  
uncertainty	   rela>ons 	  (and	   of	   the	   Cramér-‐Rao	  bounds):	   there	   the	  variance	  of	  
one	  parameter	  is 	  bounded	  by	   the	  variance	  of	  a 	  conjugate	  one.	  In	  our	  bounds,	  
the	  variance	  of	   one	  is	  bounded	  by	  the	  average	  of	   the	  other.	  The	  same	  results	  
hold	  even	  if	  one	  considers	  the	  prior	  informa>on	  one	  has	  on	  the	  system.	  

The	  talk	   is	  based	  on	  the	  results 	  presented	   in	  Phys.	   Rev.	  A	  88,	  042109	  (2013);	  
Phys.	  Rev.	  LeW.	  108,	  260405	  (2012);	  Phys.	  Rev.	  LeW.	  108,	  210404	  (2012).	  
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Abstract:	  Fundamental	  bounds	  on	  precision	   in	  realis>c	  quantum	  metrological	  
protocols	  will	  be	  derived	   indica>ng	   that	  presence	  of	   decoherence	  makes	  the	  
quantum	   precision	   enhancement	   offered	   by	   quantum	   metrology	   less	  
spectacular	  than	  in	  idealized	  scenarios.	  Nevertheless,	  it	  will	  be	  shown	  that	  the	  
quantum	   gain	   may	   s>ll 	   be	   important	   in	   prac>ce	   in	   e.g.	   atomic	   clocks	   or	  
gravita>onal	   wave	   detectors	   and	   can	   be	   achieved	   using	   experimental	  
resources	  available	  today.
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