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Abstract: Since the inception of ghost imaging in 1995 there have been investigations into the 
applications of this technique. Here we present an examination of the resolution limits of the ghost 
imaging and ghost diffraction.  Beyond consideration of these limits, our ghost diffraction is an 
implementation of Popper's thought experiment, and while our results agree with his experimental 
predictions, we show how these results do not contradict the Copenhagen Interpretation. 

Ghost imaging and ghost diffraction were first demonstrated by Shih and co-workers (1) using photon pairs created 
by parametric down-conversion to obtain an image or a diffraction pattern using photons that have never interacted 
with the object, relying instead on the correlations with photons that have.  In a typical ghost-imaging configuration, 
the down-converted photons are directed into two separate optical arms. The object is placed in one arm and a 
single-pixel “heralding” detector detects the photons transmitted through this object.  The signal from this detector 
triggers a camera positioned in the other arm, which then detects the spatial position of the correlated photon (2). 
The image is recovered from the coincidence detection of the two photons. 

We compare the resolution of conventional imaging and ghost imaging by changing the position of the object, which 
in our case is a double slit. When the object is placed in the arm of the heralding detector, the system is a ghost 
imaging system. Alternatively, when the object is placed in the arm containing the camera, the system is a 
conventional imaging system, albeit one in which the camera is still triggered by a heralding photon. For both 
heralded and ghost imaging configurations the point spread function of the optics in the camera arm sets a maximum 
limit to the overall modal capacity, and therefore the resolution of the image. In heralded imaging, the resolution of 
the image is solely set by this limit. However, in ghost imaging, the resolution of the imaging system cannot exceed 
the resolution with which the spatial correlations between the down-converted photon can be measured. This 
measured correlation is itself limited by the fidelities by which the down conversion source is relayed to the camera 
and the object and importantly the underlying strength of the correlation inherent in the down-conversion process. 
We highlight the difference between a heralded and a ghost imaging system by limiting the modal capacity of the 
down-conversion source through restricting the diameter of the pump beam. We observe that when the pump beam 
is unrestricted in size, the image resolution in the heralded and ghost-imaging configurations is the same. However, 
when the pump beam is restricted in size, 
although the resolution of the heralded 
imaging remains unchanged, the resolution 
of the ghost imaging is reduced. 

Beyond being a study of the resolution 
associated with ghost imaging, our 
diffraction results are a demonstration of 
tests of quantum mechanics proposed by 
Popper.  In essence, Popper’s thought the 
heralded diffraction and the ghost diffraction 
would be the same. Our results show that this 
is not the case and that this discrepancy is a 
natural consequence of the limited modal 
capacity of the down-conversion source. 
Consequently, our experimental results are 
consistent with the Copenhagen 
Interpretation. 
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The top row shows the diffraction pattern obtained in heralded imaging for 
a reducing pump beam size. The second row shows the ghost diffraction 
pattern for the same reduction in pump size. As the pump beam size is 

reduced, the number of ghost diffraction orders decreases, while there is 
little change in the heralded diffraction pattern. 


