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Karl Popper issued a challenge to Copenhagen quantum mechanics based on observer knowledge as a 
causative agent1. His conjecture was that quantum mechanics predicts that a particle that is virtually 
confined in its transverse position by virtue of localization of the position of its entangled twin would 
experience an increase in its transverse momentum.  He went on to claim that this behavior violated 
physical reality and therefore quantum mechanics was wrong. The community subsequently arrived at 
a consensus that Popper was wrong and that the claimed behavior was not predicted by quantum 
mechanics.  Here we examine experimentally and theoretically a realization of his conjecture in the 
form of ghost imaging with entangled signal/idler photons produced through type II spontaneous 
parametric downconversion (SPDC).  In the configuration shown in Figure 1 the idler photon passes 
through a 160 µm slit.  The correlated signal photon forms a virtual image of the slit at the ghost image 
plane and subsequently spreads.  The issue with respect to Popper's conjecture is whether the signal 
photon will diverge after the virtual image as determined by the Heisenberg uncertainty principle.  In 
terms of the experiment the observed behavior involves spatial resolution of the correlated image and 
the degree of partial spatial coherence of the signal or, in the language of quantum states, whether the 
correlated signal photon is projected into a pure or mixed state2.  
 

 
 

Fig. 1.  Schematic diagram of entangled ghost 
imaging 

Fig. 2 Phase matching rings for type II 
SPDC in BBO. 

 
The spatial resolution is determined by the spread of transverse k-vectors present in the signal and idler 
photons, which in turn is determined by the angular spread of the phasematching cones (Fig. 2). Initial 
measurements show that the observed resolution in the horizontal direction is consistent with a much 
narrower far field spread (~4 mrad) than is indicated in Fig. 2 (10 mrad).  Further measurements along 
with modeling will be presented to explain the observed resolution and subsequent spatial spread and 
their implications for realizing the Popper conjecture with the ghost imaging configuration. 
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