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Quantum	
  Informa-on	
  Theory	
  

Quantum	
  Informa-on	
  Theory	
  studies	
  how	
  to	
  manipulate	
  and	
  transmit	
  
informa-on	
  encoded	
  on	
  quantum	
  par-cles.	
  

Quantum	
  Mechanics:	
  
set	
  of	
  laws	
  describing	
  
the	
  Physics	
  of	
  the	
  
microscopic	
  world.	
  

Informa2on	
  Theory:	
  
set	
  of	
  laws	
  describing	
  
how	
  informa-on	
  can	
  
be	
  manipulated.	
  



Novel	
  informa-on	
  applica-ons	
  become	
  possible	
  thanks	
  to	
  quantum	
  
effects,	
  e.g.	
  more	
  powerful	
  computers	
  and	
  secure	
  cryptography.	
  

Change	
  of	
  paradigm:	
  physics	
  ma6ers!	
  	
  

Quantum	
  cryptography:	
  unbreakable	
  private	
  informa-on	
  exchange	
  
exploi-ng	
  quantum	
  effects.	
  

What	
  happens	
  when	
  we	
  encode	
  informa-on	
  on	
  quantum	
  par-cles?	
  

Quantum	
  Informa-on	
  Theory	
  



Quantum	
  Cryptography:	
  a	
  new	
  form	
  of	
  security	
  

•  Standard	
  Classical	
  Cryptography	
  schemes	
  are	
  based	
  on	
  
computa-onal	
  security.	
  

•  Assump-on:	
  eavesdropper	
  computa-onal	
  power	
  is	
  limited.	
  

•  Even	
  with	
  this	
  assump-on,	
  the	
  security	
  is	
  unproven.	
  E.g.:	
  
factoring	
  is	
  believed	
  to	
  be	
  a	
  hard	
  problem.	
  Alterna-vely:	
  the	
  
assump-on	
  for	
  security	
  is	
  that	
  factoring	
  is	
  hard.	
  

•  Quantum	
  computers	
  sheds	
  doubts	
  on	
  the	
  long-­‐term	
  
applicability	
  of	
  these	
  schemes,	
  e.g.	
  Shor’s	
  algorithm	
  for	
  
efficient	
  factoriza-on.	
  



Quantum	
  Cryptography:	
  a	
  new	
  form	
  of	
  security	
  

•  Quantum	
  Cryptography	
  protocols	
  are	
  based	
  on	
  physical	
  
security.	
  

•  Assump-on:	
  Quantum	
  Mechanics	
  offers	
  a	
  correct	
  physical	
  
descrip-on	
  of	
  the	
  devices.	
  

•  No	
  assump-on	
  is	
  required	
  on	
  the	
  eavesdropper’s	
  power,	
  
provided	
  it	
  does	
  not	
  contradict	
  any	
  quantum	
  law.	
  

•  Using	
  this	
  (these)	
  assump-on(s),	
  the	
  security	
  of	
  the	
  schemes	
  
can	
  be	
  proven.	
  



Quantum	
  Cryptography:	
  you	
  can	
  buy	
  it!	
  

•  Quantum	
  cryptography	
  is	
  a	
  commercial	
  product.	
  

•  In	
  2007,	
  it	
  was	
  used	
  to	
  secure	
  part	
  of	
  the	
  vote	
  
coun-ng	
  in	
  a	
  referendum	
  in	
  the	
  canton	
  of	
  Geneva.	
  

•  The	
  Quantum	
  Stadium:	
  in	
  2010,	
  in	
  collabora-on	
  
with	
  the	
  University	
  of	
  Kwazulu-­‐Natal,	
  South	
  Africa,	
  
it	
  was	
  used	
  to	
  encrypt	
  a	
  connec-on	
  in	
  the	
  Durban	
  
stadium	
  during	
  the	
  World	
  Cup.	
  

Ribordy	
  



Quantum	
  hacking	
  

How	
  come?!	
  



Quantum	
  hacking	
  

Quantum	
  hacking	
  acacks	
  break	
  the	
  implementa-on,	
  not	
  the	
  principle.	
  

Theory 

•  Prepare	
  states	
  in	
  a	
  Hilbert	
  space	
  
of	
  dimension	
  two.	
  

•  Measure	
  observables	
  in	
  the	
  
same	
  space,	
  e.g.	
  spin-­‐1/2	
  
measurements.	
  



Quantum	
  hacking	
  

Quantum	
  hacking	
  acacks	
  break	
  the	
  implementa-on,	
  not	
  the	
  principle.	
  

Theory 

•  Prepare	
  states	
  in	
  a	
  Hilbert	
  space	
  
of	
  dimension	
  two.	
  

•  Measure	
  observables	
  in	
  the	
  
same	
  space,	
  e.g.	
  spin-­‐1/2	
  
measurements.	
  

Implementation 

•  Prepare	
  states	
  using	
  an	
  
acenuated	
  laser	
  source.	
  

•  Measure	
  polariza-on	
  of	
  light	
  
using	
  single-­‐photon	
  detectors.	
  

Moral:	
  the	
  unavoidable	
  mismatch	
  between	
  theore-cal	
  requirements	
  and	
  
implementa-on	
  is	
  an	
  important	
  weakness	
  in	
  quantum	
  informa-on	
  protocols,	
  
especially	
  in	
  adversarial	
  scenarios.	
  



Cer-fica-on	
  and	
  trust	
  



Cer-fica-on	
  and	
  trust	
  



Cer-fica-on	
  and	
  trust	
  

Is	
  trust	
  always	
  needed?	
  Can	
  trust	
  be	
  cer2fied?	
  





Can	
  the	
  presence	
  of	
  randomness	
  be	
  guaranteed	
  
by	
  any	
  physical	
  mechanism?	
  



The	
  problem	
  

How	
  can	
  one	
  asses	
  the	
  level	
  of	
  security	
  provided	
  
by	
  real-­‐life	
  implementa-ons	
  of	
  quantum	
  key	
  
distribu-on,	
  or	
  more	
  generally,	
  quantum	
  
informa-on	
  protocols,	
  which	
  will	
  inevitably	
  differ	
  
in	
  inconspicuous	
  ways	
  from	
  the	
  idealized,	
  
theore-cal	
  descrip-on?	
  



A	
  solu-on	
  to	
  the	
  hacking	
  problem	
  
Device-­‐Independent	
  Quantum	
  Key	
  Distribu-on	
  

y=1,…,m 

a=1,…,r b=1,…,r 

x=1,…,m 

Alice	
   Bob	
  

Protocols	
  that	
  establish	
  a	
  secure	
  key	
  only	
  from	
  the	
  observed	
  correla-ons	
  
and	
  without	
  making	
  any	
  assump-on	
  about	
  the	
  internal	
  working	
  of	
  the	
  
devices	
  used	
  to	
  obtain	
  these	
  correla-ons.	
  

),,( yxbap

A.	
  Acín	
  et	
  al.,	
  Phys.	
  Rev.	
  Lec.	
  98,	
  230501	
  (2007)	
  



Device-­‐Independent	
  Quantum	
  
Informa-on	
  Processing	
  

Device-­‐Independent	
  Quantum	
  Informa-on	
  Processing	
  represents	
  a	
  new	
  
paradigm	
  for	
  quantum	
  informa-on	
  processing:	
  the	
  goal	
  is	
  to	
  design	
  
protocols	
  to	
  solve	
  relevant	
  informa-on	
  tasks	
  without	
  relying	
  on	
  any	
  
assump-on	
  on	
  the	
  internal	
  working	
  of	
  the	
  devices	
  used	
  in	
  the	
  protocol.	
  	
  



DI	
  quantum	
  informa-on	
  processing	
  
Develop	
  a	
  new	
  form	
  of	
  quantum	
  informa2on	
  theory	
  in	
  a	
  scenario	
  where	
  
the	
  users’	
  devices	
  are	
  just	
  seen	
  as	
  (quantum)	
  black	
  boxes	
  processing	
  
classical	
  informa-on.	
  The	
  resul-ng	
  protocols	
  have	
  self-­‐cer2fica2on.	
  

xN = 1,…,m 

a1 = 1,…,r aN = 1,…,r 

),,,,( 11 NN xxaap ……

x1 = 1,…,m 

ai = 1,…,r 

xi = 1,…,m 

… … 

Observed	
  correla-ons	
  



The	
  project	
  

Device-­‐Independent	
  Quantum	
  Informa-on	
  Processing	
  represents	
  a	
  new	
  paradigm	
  for	
  
quantum	
  informa-on	
  processing:	
  the	
  goal	
  is	
  to	
  design	
  protocols	
  to	
  solve	
  relevant	
  
informa-on	
  tasks	
  without	
  relying	
  on	
  any	
  assump-on	
  on	
  the	
  devices	
  used	
  in	
  the	
  
protocol.	
  For	
  instance,	
  protocols	
  for	
  device-­‐independent	
  key	
  distribu-on	
  aim	
  at	
  
establishing	
  a	
  secret	
  key	
  between	
  two	
  honest	
  users	
  whose	
  security	
  is	
  independent	
  of	
  
the	
  devices	
  used	
  in	
  the	
  distribu-on.	
  Contrary	
  to	
  standard	
  quantum	
  informa-on	
  
protocols,	
  which	
  are	
  based	
  on	
  entanglement,	
  the	
  main	
  resource	
  for	
  device-­‐
independent	
  quantum	
  informa-on	
  processing	
  is	
  quantum	
  non-­‐locality.	
  Apart	
  from	
  the	
  
conceptual	
  interest,	
  device-­‐independent	
  protocols	
  offer	
  important	
  advantages	
  from	
  
an	
  implementa-on	
  point	
  of	
  view:	
  being	
  device-­‐independent,	
  the	
  realiza-ons	
  of	
  these	
  
protocols,	
  though	
  technologically	
  challenging,	
  are	
  more	
  robust	
  against	
  device	
  
imperfec-ons.	
  Current	
  and	
  near-­‐future	
  technology	
  offer	
  promising	
  perspec-ves	
  for	
  
the	
  implementa-on	
  of	
  device-­‐independent	
  protocols.	
  	
  
	
  



The	
  project	
  structure	
  
•  Study	
  of	
  non-­‐local	
  quantum	
  correla2ons:	
  The	
  goal	
  is	
  to	
  study	
  quantum	
  

correla-ons	
  in	
  general,	
  with	
  an	
  emphasis	
  on	
  non-­‐local	
  correla-ons.	
  We	
  will	
  
consider	
  different	
  approaches	
  to	
  tackle	
  this	
  ques-on.	
  In	
  par-cular,	
  we	
  will	
  study	
  
non-­‐local	
  quantum	
  correla-ons	
  from	
  an	
  informa-on	
  perspec-ve,	
  iden-fying	
  
informa-on-­‐based	
  principles	
  that	
  are	
  able	
  to	
  characterize	
  this	
  set	
  of	
  correla-ons.	
  	
  

•  Device-­‐independent	
  quantum	
  informa2on	
  processing:	
  Here,	
  the	
  goal	
  is	
  to	
  exploit	
  
non-­‐local	
  correla-ons	
  for	
  informa-on	
  processing.	
  We	
  will	
  mostly	
  work	
  in	
  the	
  
device-­‐independent	
  scenario,	
  where	
  the	
  presence	
  of	
  non-­‐local	
  correla-ons	
  is	
  a	
  
necessary	
  ingredient.	
  We	
  want	
  to	
  improve	
  the	
  analysis	
  of	
  the	
  exis-ng	
  device-­‐
independent	
  applica-ons	
  and	
  derive	
  protocols	
  for	
  new	
  tasks.	
  

•  Towards	
  experimental	
  implementa2ons	
  of	
  device-­‐independent	
  protocols:	
  
Finally,	
  we	
  plan	
  to	
  consider	
  how	
  all	
  these	
  ideas	
  could	
  be	
  experimentally	
  tested	
  and	
  
how	
  device-­‐independent	
  protocols	
  can	
  be	
  adapted	
  to	
  present	
  and	
  near-­‐future	
  
technology.	
  This	
  is	
  a	
  theory	
  project	
  and,	
  as	
  such,	
  no	
  experiments	
  are	
  planned.	
  
However,	
  we	
  expect	
  to	
  have	
  close	
  interac-on	
  with	
  experimental	
  groups	
  and	
  
poten-ally	
  collaborate	
  with	
  them	
  in	
  the	
  demonstra-on	
  of	
  these	
  concepts.	
  



Who	
  we	
  are	
  
Principal	
  Inves2gator	
   Organisa2on	
   Country	
   Exper2se	
  

Antonio	
  Acin	
  (Coordinator)	
  
ICFO-­‐The	
  Ins2tute	
  of	
  
Photonic	
  Sciences	
  

Spain	
  
Physics,	
  quantum	
  communica2on,	
  quantum	
  
non-­‐locality	
  

Maciej	
  Lewenstein	
  
ICFO-­‐The	
  Ins2tute	
  of	
  
Photonic	
  Sciences	
  

Spain	
  
Physics,	
  entanglement	
  theory,	
  many-­‐body	
  
physics	
  

Nicolas	
  Gisin	
  
GAP-­‐Op2que,	
  University	
  of	
  
Geneva	
  	
  

Switzerland	
  
Physics,	
  quantum	
  communica2on,	
  
implementa2ons	
  of	
  qit	
  

Renato	
  Renner	
  	
   ETH	
  Zurich	
   Switzerland	
  
Physics,	
  quantum	
  cryptography,	
  quantum	
  
informa2on	
  theory	
  

Stefan	
  Wolf	
   USI	
  Lugano	
   Switzerland	
  
Computer	
  science,	
  quantum	
  and	
  classical	
  
cryptography	
  	
  

Sophie	
  Laplante	
   LIAFA,	
  Paris	
  7	
   France	
  
Computer	
  science,	
  quantum	
  communica2on	
  
complexity	
  

Serge	
  Massar	
  
Université	
  Libre	
  de	
  
Bruxelles	
  

Belgium	
  
Physics,	
  quantum	
  non-­‐locality,	
  
implementa2ons	
  of	
  qit	
  

Sandu	
  Popescu	
   University	
  of	
  Bristol	
   United	
  Kingdom	
  
Physics,	
  founda2ons	
  of	
  quantum	
  physics,	
  
quantum	
  non-­‐locality	
  

Jonathan	
  Barre6	
   University	
  of	
  Oxford	
   United	
  Kingdom	
  
Physics,	
  founda2ons	
  of	
  quantum	
  physics,	
  
quantum	
  communica2on	
  



What	
  we	
  planned	
  to	
  do	
  

Study	
  of	
  non-­‐local	
  quantum	
  correla2ons	
  



What	
  we	
  did	
  
Characteriza2on	
  of	
  mul2par2te	
  non-­‐locality	
  

Quantum nonlocality does not imply entanglement disitillability 

  In	
  1999,	
  Peres	
  conjectured	
  that	
  nonlocal	
  correla-ons	
  could	
  only	
  be	
  observed	
  on	
  quantum	
  states	
  
with	
  dis-llable	
  entanglement.	
  If	
  true,	
  the	
  conjecture	
  would	
  mean	
  that	
  bound	
  entangled	
  states	
  

would	
  be	
  useless	
  for	
  any	
  quantum	
  informa-on	
  protocols	
  that	
  require	
  nonlocality.	
  	
  

  The	
  conjecture	
  was	
  a	
  long-­‐standing	
  open	
  ques-on	
  in	
  the	
  field.	
  

  One	
  of	
  the	
  highlights	
  of	
  DIQIP	
  is	
  to	
  prove	
  that	
  Peres	
  conjecture	
  is	
  false.	
  Vertesi	
  and	
  Brunner	
  
iden-fied	
  a	
  bound	
  entangled	
  state	
  that	
  violates	
  a	
  Bell	
  inequality.	
  

  

UNIGE:	
  T.	
  Vertesi,	
  N.	
  Brunner,	
  Disproving	
  the	
  Peres	
  conjecture	
  by	
  showing	
  Bell	
  nonlocality	
  
from	
  bound	
  entanglement,	
  Nature	
  Communica-ons	
  5,	
  5297	
  (2014)	
  	
  



What	
  we	
  did	
  
Complexity	
  aspects	
  of	
  non-­‐local	
  games	
  

•  Nonlocality	
  enables	
  two	
  par-es	
  to	
  win	
  specific	
  games	
  with	
  probabili-es	
  strictly	
  higher	
  than	
  
allowed	
   by	
   any	
   classical	
   theory.	
   Nevertheless,	
   all	
   known	
   such	
   examples	
   consider	
   games	
  
where	
  the	
  two	
  par-es	
  have	
  a	
  common	
  interest,	
  since	
  they	
  jointly	
  win	
  or	
  lose	
  the	
  game.	
  	
  

•  Can	
   quantum	
   non-­‐locality	
   offer	
   an	
   advantage	
   in	
   a	
   scenario	
   where	
   the	
   two	
   par-es	
   have	
  
conflic-ng	
  interests?	
  	
  

•  The	
   ques-on	
   was	
   answered	
   in	
   the	
   affirma-ve	
   by	
   presen-ng	
   a	
   simple	
   conflic-ng	
   interest	
  
game,	
  where	
  quantum	
   strategies	
   outperform	
   classical	
   ones.	
   The	
   game	
  has	
   a	
   fair	
   quantum	
  
equilibrium	
  with	
  higher	
  payoffs	
  for	
  both	
  players	
  than	
  in	
  any	
  fair	
  classical	
  equilibrium.	
  	
  

•  Finally,	
   the	
   quantum	
   advantage	
   was	
   experimentally	
   demonstrated	
   using	
   a	
   commercial	
  
entangled	
  photon	
  source.	
  

LRI:	
  A.	
  Pappa	
  et	
  al.,	
  Nonlocality	
  and	
  Conflic?ng	
  Interest	
  Games,	
  Phys.	
  Rev.	
  
Lec.	
  114,	
  020401	
  (2015)	
  



What	
  we	
  did	
  
Informa2on	
  principles	
  and	
  quantum	
  correla2ons	
  

xN = 1,…,m 

a1 = 1,…,r aN = 1,…,r 

),,,,( 11 NN xxaap ……

x1 = 1,…,m 

ai = 1,…,r 

xi = 1,…,m 

…	
   …	
  

Local	
  orthogonality:	
  first	
  example	
  of	
  an	
  intrinsically	
  mul-par-te	
  principle	
  for	
  correla-ons.	
  
It	
  detects	
  supra-­‐quantum	
  correla-ons	
  for	
  which	
  any	
  bipar-te	
  principle	
  fails.	
  

ICFO+ETH:	
  T.	
  Fritz	
  et	
  al.,	
  Local	
  Orthogonality	
  as	
  a	
  mul?par?te	
  principle	
  for	
  correla?ons,	
  
Nature	
  Communica-ons	
  4,	
  2263	
  (2013)	
  



What	
  we	
  planned	
  to	
  do	
  

Device-­‐independent	
  quantum	
  informa2on	
  processing	
  



What	
  we	
  did	
  
Trade-­‐off	
  between	
  non-­‐locality	
  and	
  randomness	
  

ETH:	
  R.	
  Colbeck	
  and	
  R.	
  Renner,	
  Free	
  randomness	
  can	
  be	
  amplified,	
  Nature	
  Physics	
  
8,	
  450	
  (2012)	
  
ICFO:	
  R.	
  Gallego	
  et	
  al.,	
  Full	
  randomness	
  from	
  arbitrarily	
  determinis?c	
  events,	
  
Nature	
  Communica-ons	
  4,	
  2654	
  (2013)	
  	
  

Randomness	
  amplifica-on:	
  task	
  that	
  aims	
  at	
  producing	
  arbitrarily	
  pure	
  random	
  bits	
  from	
  a	
  
source	
  of	
  imperfect	
  random	
  bits.	
  

z 

ε ( ) εε +≤=≤−
2
1rest0Pr

2
1 z

Goal:	
  to	
  dis-ll	
  a	
  source	
  of	
  smaller	
  ε	
  from	
  many	
  uses	
  of	
  the	
  ini-al	
  source.	
  Full	
  randomness	
  
amplifica-on	
  means	
  that	
  ε	
  can	
  be	
  made	
  arbitrarily	
  small.	
  
	
  
Classically:	
  impossible.	
  
Quantumly:	
  possible	
  [1].	
  In	
  fact,	
  arbitrarily	
  small	
  amounts	
  of	
  randomness	
  can	
  be	
  fully	
  amplified	
  [2].	
  



What	
  we	
  did	
  
Improved	
  DIQKD	
  protocol	
  	
  

y=1,…,m 

a=1,…,r b=1,…,r 

x=1,…,m 

Alice	
   Bob	
  ),,( yxbap

What’s	
  the	
  op-mal	
  way	
  of	
  es-ma-ng	
  randomness	
  from	
  the	
  observed	
  correla-ons?	
  
	
  
Tools	
  for	
  op-mal	
  randomness	
  es-ma-on	
  è	
  becer	
  key	
  rates	
  from	
  the	
  same	
  correla-ons.	
  

ULB:	
  O.	
  Nieto-­‐Silleras,	
  S.	
  Pironio,	
  J.	
  Silman,	
  Using	
  complete	
  measurement	
  sta?s?cs	
  for	
  
op?mal	
  device-­‐independent	
  randomness	
  evalua?on,	
  New	
  J.	
  Phys.	
  16,	
  013035	
  (2014)	
  	
  



What	
  we	
  did	
  
Be6er	
  security	
  proofs	
  for	
  DIQKD	
  

ULB+ICFO+ETH:	
  S.	
  Pironio,	
  L.	
  Masanes,	
  A.	
  Leverrier,	
  A.	
  Acin,	
  Security	
  of	
  device-­‐independent	
  
quantum	
  key	
  distribu?on	
  in	
  the	
  bounded-­‐quantum-­‐storage	
  model,	
  Phys.	
  Rev.	
  X	
  3,	
  031007	
  (2013)	
  

•  New	
  proof	
  valid	
  for	
  any	
  Bell	
  
inequality	
  and	
  that,	
  contrary	
  to	
  
previous	
  approaches,	
  requires	
  only	
  
two	
  devices.	
  

•  It	
  assumes	
  that	
  Eve	
  has	
  no	
  long-­‐term	
  
quantum	
  memory.	
  

•  The	
  obtained	
  key	
  rates	
  are	
  
comparable	
  to	
  standard	
  QKD.	
  



What	
  we	
  planned	
  to	
  do	
  
Towards	
  experimental	
  implementa2ons	
  of	
  device-­‐independent	
  protocols	
  



What	
  we	
  did	
  
Bell	
  tests	
  more	
  robust	
  against	
  noise	
  or	
  detec2on	
  efficiencies	
  

UNIGE:	
  T.	
  Moroder	
  et	
  al.,	
  Device-­‐independent	
  entanglement	
  quan?fica?on	
  and	
  related	
  
applica?ons,	
  Phys.	
  Rev.	
  Lec.	
  111,	
  030501	
  (2013)	
  

We	
  more	
  robust	
  entanglement	
  quan-fiers	
  based	
  on	
  Bell	
  tests.	
  

Device-independent entanglement quantification etc. 

  Lower bounding negativity directly from Bell inequality violation, e.g.  

  (Genuine) Negativity bound also gives lower bound on Hilbert space          
dimension and structure on multipartite entanglement. 

  A converging hierarchy of semidefinite programs can be used to                       
compute quantum bounds obtainable from PPT states. 
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What	
  we	
  did	
  
Detec2on	
  and	
  simula2on	
  of	
  quantumness	
  in	
  many-­‐body	
  systems	
  

…	
  

•  Do	
  many-­‐body	
  quantum	
  states	
  exhibit	
  non-­‐local	
  correla-ons?	
  Yes,	
  they	
  do,	
  when	
  all	
  
possible	
  measurements	
  are	
  considered.	
  

•  Standard	
  and	
  feasible	
  measurements	
  in	
  a	
  many-­‐body	
  context	
  measure	
  correla-ons	
  only	
  
between	
  a	
  few	
  (say	
  two)	
  par-cles.	
  Do	
  quantum	
  states	
  exhibit	
  non-­‐locality	
  for	
  these	
  
measurements	
  and	
  any	
  number	
  of	
  par-cles?	
  YES!	
  

•  The	
  Bell	
  inequality	
  viola-ons	
  can	
  be	
  es-mated	
  by	
  standard	
  global-­‐spin	
  observables	
  

•  Tools	
  for	
  the	
  experimental	
  detec-on	
  of	
  non-­‐locality	
  of	
  big	
  quantum	
  systems.	
  

ICFO:	
  J.	
  Tura	
  et	
  al.,	
  Detec?ng	
  non-­‐locality	
  of	
  many-­‐body	
  quantum	
  states,	
  
Science	
  344,	
  1256	
  (2014)	
  	
  



What	
  we	
  did	
  
Feasibility	
  studies	
  for	
  DI	
  protocols	
  

ICFO+UoB:	
  M.	
  Hendrych	
  et	
  al.,	
  Experimental	
  es?ma?on	
  of	
  the	
  dimension	
  of	
  classical	
  
and	
  quantum	
  systems,	
  Nature	
  Physics	
  8,	
  588	
  (2012)	
  

…	
  1	
   P …	
  1	
   M 

…	
  1	
   R 

Goal:	
  to	
  es-mate	
  the	
  dimension	
  of	
  an	
  unknown	
  quantum	
  (classical)	
  system.	
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Project	
  mee-ngs	
  

•  Star-ng	
  date	
  of	
  the	
  project:	
  September	
  1st	
  2011	
  

•  Kick-­‐off	
  mee-ng	
  in	
  Geneva,	
  23-­‐25	
  November	
  2011	
  

•  First-­‐year	
  mee-ng	
  in	
  Barcelona,	
  13-­‐15	
  June	
  2012.	
  It	
  was	
  organized	
  
together	
  with	
  the	
  EU	
  STREP	
  Project	
  Quantum	
  Computer	
  Science	
  (QCS).	
  	
  

•  Second-­‐year	
  mee-ng	
  in	
  Paris,	
  14-­‐17	
  May	
  2013.	
  It	
  was	
  again	
  organized	
  
together	
  with	
  the	
  EU	
  STREP	
  Project	
  Quantum	
  Computer	
  Science	
  (QCS).	
  	
  

•  Third-­‐year	
  mee-ng	
  in	
  Brussels,	
  13-­‐16	
  June	
  2014.	
  It	
  was	
  organized	
  
together	
  with	
  the	
  EU	
  STREP	
  Project	
  Quantum	
  Algorithms	
  (QALGO).	
  	
  

•  Cut:	
  no	
  coordina2on	
  money.	
  No	
  conference,	
  as	
  ini-ally	
  planned.	
  



Some	
  numbers	
  

•  89	
  publica-ons,	
  6	
  conference	
  proceedings	
  and	
  17	
  ar-cles	
  submiced	
  for	
  
publica-on.	
  

•  1	
  ar-cle	
  in	
  Science,	
  4	
  in	
  Nature	
  Physics,	
  6	
  in	
  Nature	
  Communica-ons,	
  2	
  in	
  
Physical	
  Review	
  X	
  and	
  25	
  Physical	
  Review	
  Lecers.	
  

•  Although	
  being	
  a	
  theore-cal	
  project,	
  we	
  collaborated	
  in	
  7	
  experimental	
  
works.	
  

•  29	
  publica-ons	
  involve	
  collabora-ons	
  withing	
  DIQIP,	
  usually	
  of	
  2	
  nodes,	
  
but	
  some-mes	
  even	
  3.	
  



What	
  follows?	
  
•  ERC	
  Consolidator	
  Grant:	
  “Quantum	
  Informa-on	
  Theory	
  with	
  Black	
  

Boxes”	
  (QITBOX).	
  Star-ng	
  date:	
  1	
  January	
  2014.	
  PI:	
  Antonio	
  Acín.	
  

•  Templeton	
  Project:	
  Intrinsic	
  Randomness	
  in	
  the	
  Quantum	
  World.	
  
PI:	
  Antonio	
  Acín	
  (+	
  Maciej	
  Lewenstein).	
  

•  SNSF	
  Star-ng	
  Grant:	
  “Device-­‐Independent	
  Approach	
  to	
  Quantum	
  
Theory”	
  (DIAQ).	
  Star-ng	
  Date:	
  1	
  September	
  2015.	
  	
  	
  	
  PI:	
  Nicolas	
  
Brunner.	
  

•  We	
  submiced	
  a	
  joint	
  proposal	
  with	
  some	
  of	
  the	
  partners	
  in	
  DIQIP	
  +	
  
3	
  experimental	
  groups	
  to	
  the	
  recent	
  FET-­‐Open	
  call.	
  Rejected,	
  we	
  
will	
  resubmit	
  it	
  by	
  the	
  end	
  of	
  the	
  month.	
  



Conclusions	
  
•  Device-­‐independent	
  quantum	
  informa-on	
  processing	
  is	
  a	
  new	
  paradigm	
  for	
  

quantum	
  informa-on	
  processing	
  whose	
  main	
  goal	
  is	
  to	
  design	
  quantum	
  
informa-on	
  protocols	
  that	
  do	
  require	
  any	
  modelling	
  of	
  the	
  devices.	
  

•  The	
  DIQIP	
  project	
  represented	
  the	
  first	
  joint	
  effort	
  to	
  understand	
  the	
  
possibili-es	
  and	
  limita-ons	
  of	
  this	
  new	
  scenario.	
  

•  The	
  main	
  success	
  was	
  to	
  consolidate	
  this	
  novel	
  paradigm	
  at	
  a	
  European	
  
scale:	
  strengthen	
  and	
  create	
  collabora-ons,	
  results	
  in	
  high-­‐impact	
  journals,	
  
talks	
  in	
  interna-onal	
  conferences,	
  first	
  collabora-ons	
  with	
  experimentalists.	
  

•  Con-nua-ons	
  of	
  this	
  effort	
  is	
  essen-al,	
  the	
  scenario	
  is	
  s-ll	
  in	
  its	
  infancy.	
  
Individual	
  efforts	
  have	
  been	
  secured	
  (ERC-­‐type	
  grants),	
  we	
  are	
  looking	
  for	
  
joint	
  projects.	
  



Funding	
  	
  



Funding	
  	
  
1)	
  The	
  total	
  expenses	
  of	
  ICFO	
  for	
  the	
  period	
  September	
  2011	
  –	
  December	
  2013	
  consists	
  mainly	
  of	
  the	
  salary	
  
contribu-on	
  to	
  two	
  post-­‐docs,	
  Mathew	
  Hobban	
  and	
  Maciej	
  Demianowicz	
  (€	
  111,486.49).	
  The	
  other	
  major	
  expense	
  
charged	
  in	
  this	
  project	
  has	
  been	
  the	
  traveling	
  cost	
  (€25,003.76),	
  and	
  the	
  lowest	
  expenditure	
  has	
  been	
  realized	
  in	
  
consumables	
  (€1,050.16).	
  	
  
	
  	
  
2)	
  The	
  total	
  expenses	
  of	
  GAP	
  for	
  the	
  period	
  September	
  2011	
  –	
  August	
  2014	
  consist	
  mainly	
  of	
  the	
  salary	
  
contribu-on	
  for	
  the	
  PhD	
  student,	
  Mr.	
  Gilles	
  Pütz	
  (CHF	
  106'766)	
  and	
  other	
  miscellaneous	
  expenses	
  (CHF	
  5'289)	
  such	
  
as	
  traveling	
  cost	
  incurred	
  in	
  acending	
  the	
  DIQIP-­‐QCS	
  mee-ng	
  at	
  Paris	
  and	
  Brussels.	
  Gilles	
  Pütz	
  is	
  a	
  common	
  PhD	
  
student	
  between	
  Geneva	
  and	
  Zurich.	
  He	
  spent	
  20%	
  of	
  his	
  -me	
  in	
  Zurich,	
  but	
  his	
  salary	
  was	
  fully	
  paid	
  via	
  Geneva.	
  
	
  	
  
3)	
  LIAFA	
  has	
  extended	
  the	
  contract	
  to	
  end	
  in	
  September	
  2015	
  due	
  to	
  delays	
  in	
  hiring	
  a	
  suitable	
  postdoctoral	
  
researcher.	
  A	
  postdoc	
  has	
  started	
  in	
  August	
  2014	
  with	
  a	
  contract	
  ending	
  in	
  July	
  2015.	
  
	
  	
  
4)	
  The	
  total	
  expenses	
  of	
  ULB	
  for	
  the	
  period	
  September	
  2013	
  –	
  August	
  2014	
  consists	
  mainly	
  of	
  the	
  salary	
  
contribu-on	
  to	
  one	
  post-­‐doc	
  Damian	
  Pitaula	
  Garcia,	
  who	
  started	
  working	
  in	
  January	
  2014.	
  This	
  is	
  the	
  expense	
  
reflected	
  in	
  the	
  table.	
  Moreover,	
  researchers	
  paid	
  by	
  other	
  sources	
  (permanent	
  staff,	
  postdocs,	
  PhD	
  students)	
  have	
  
contributed	
  to	
  the	
  project.	
  
	
  	
  
5)	
  	
  The	
  total	
  expenses	
  of	
  UoB	
  for	
  the	
  period	
  September	
  2012	
  –	
  August	
  2014	
  consist	
  mainly	
  of	
  the	
  salary	
  
contribu-on	
  for	
  the	
  post-­‐doctoral	
  researcher	
  Ana	
  Belen	
  Sainz	
  (£	
  6547)	
  and	
  other	
  miscellaneous	
  expenses	
  (£	
  7909)	
  
such	
  as	
  traveling	
  costs	
  and	
  consumables.	
  	
  
	
  	
  
6)	
  Expenses	
  incurred	
  by	
  Oxford	
  are	
  to	
  cover	
  60%	
  salary	
  of	
  an	
  18	
  month	
  postdoc	
  (Dr	
  Clare	
  Horsman),	
  who	
  began	
  in	
  
mid-­‐Feb	
  2013,	
  along	
  with	
  small	
  amounts	
  for	
  consumables	
  (£1095.60)	
  and	
  travel	
  (£1789.75).	
  


