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CONTENTS 
 

What can imaging with entangled photons really do? Back-propagation (retrodiction), as a 
predictive tool. 
Spatial correlations between the signal and the idler photons produced by parametric down-
conversion have been the focus of many studies. The strength of the correlations in both position 
and momentum have been used to investigate fundamental aspects of quantum.  In 1995 it was 
shown that these correlations could also be used to perform ghost imaging and ghost diffraction. 
Klyshko showed that the spatial distribution of these correlations could be predicted from a simple 
argument based upon geometrical optics. Within a standard experiment to probe spatial 
entanglement, a pump beam undergoes spontaneous parametric down-conversion (SPDC) in a non-
linear crystal to produce signal and idler photons. These photons are correlated in position and anti-
correlated in momentum. 
Thus simultaneous measurements of signal and idler photons in a re-imaged plane of the crystal 
show strong correlations in position, whereas if measured in the far-field of the crystal their 
positions are anti-correlated. Additional optical components, objects or aberrations placed in either 
signal or idler beam change the strength or form of the correlations in a manner that can be 
calculated (albeit not simply) from the two-photon wavefunction. 
 
As a predictive tool, Klyshko recognised that the form of these correlations could be predicted by a 
classical analogue. Rather than using two detectors, one detector is notionally replaced by a light 
source. Light emitted from this source and directed back towards the down-conversion crystal is in 
essence the time-reversal of the parametric emission. After transmission through any optical 
elements, this light is reflected from the down-conversion crystal towards the other detector, i.e. the 
crystal is replaced by a mirror. The detected intensity at this second detector is proportional to the 
anticipated fourth-order correlation when the experiment is run in down-conversion mode.  
However, the number of experiments that confirm this equivalence have to date been of a very 
limited nature. 
 
Here we present a full-field, 2-D, demonstration of the Klyshko advanced-wave picture in the 
context of a camera-enabled ghost imaging system (see figure 1).  We compare our Klyshko 
advanced wave picture images with those obtained using coincidence measurements and 
demonstrate the equivalence between the spatial distributions in both sets of data (see figure 2).  
This equivalence suggests that the entanglement of the photon pair does not give any aberration 
correction above that which could be obtained from a multi-pass classical system 
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FIG.	  1:	  a)	  Experimental	  setup.	  Collinear	  down-‐converted	  photon	  pairs	  at	  710	  nm	  are	  generated	  by	  pumping	  a	  BBO	  crystal	  with	  a	  UV	  laser	  at	  
355	  nm.	  L1	  and	  L3	  are	  50mm	  focal-‐length	  lenses	  used	  to	  produce	  an	  unity	  magnified	  image	  of	  the	  down-‐conversion	  source	  onto	  the	  beam	  
splitter	   (BS).	   L2	   is	   a	   100	  mm	   focal-‐length	   lens	   used	   to	   Fourier	   transform	   the	   down-‐conversion	   source	   onto	   the	   beam	   splitter.	   The	   green	  
planes	   are	   all	   in	   the	   far-‐field	   of	   the	   BS	   and	   this	   plane	   can	   be	   changed	   from	   near-‐	   to	   far-‐field	   of	   the	   BBO	   crystal	   by	   switching	   the	  
interchangeable	  lens	  system.	  A	  300	  mm	  focal-‐length	  lens	  (not	  shown)	  is	  used	  after	  the	  beam	  splitter	  in	  each	  path	  to	  Fourier	  transform	  the	  
down-‐converted	  fields	  at	  the	  beam	  splitter	  onto	  the	  planes	  of	  the	  object	  in	  signal	  arm	  and	  onto	  the	  input	  plane	  of	  an	  image	  preserving	  delay	  
line	  (DL)	  in	  idler	  arm.	  	  b)	  The	  experimental	  set	  up	  for	  a	  demonstration	  of	  Klyshko's	  advanced	  wave	  picture.	  The	  bucket	  detector	  is	  replaced	  
by	  a	  laser	  diode	  which	  back-‐	  propagates	  through	  the	  object	  arm	  and	  uses	  the	  BBO	  crystal	  as	  a	  mirror,	  before	  propagating	  through	  the	  camera	  
arm	  onto	  the	  camera.	  
 
 
 

 
FIG.	  2:	  (a)	  Quantum	  ghost	  images	  obtained	  in	  the	  position	  and	  momentum	  configurations	  respectively	  (b)	  Images	  obtained	  using	  the	  position	  
and	   momentum	   configurations	   in	   the	   Klyshko	   advanced-‐wave	   picture	   setup.	   The	   displacement	   of	   the	   momentum	   image	   is	   due	   to	   the	  
inclination	   of	   the	   BBO-‐crystal	   and	   the	   speckle	   arises	   from	   mode-‐coupling	   in	   the	   multi-‐mode	   fibre.	   (c)	   Images	   using	   the	   position	   and	  
momentum	  configurations	  in	  the	  Klyshko	  advanced	  wave	  picture	  whilst	  shaking	  the	  fibre	  to	  time	  average	  the	  speckle.	  
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Due to the change of the nature of this deliverable, we have developed a technology demonstrator 
rather than a prototype. The work will also be demonstrated in two publications, currently 
submitted.   
 
 
 
PHORBITECH contribution to this deliverable 
PHORBITECH in this work has supported a fraction of the salaries of the senior scientists and the 
purchase of lab materials. 
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