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Correlation measurement is used to characterize the statistical and coherence properties of light, and has
indeed been widely demonstrated to improve the resolution in many fields. For example, second-order
temporal correlation between photons can reveal the linewidth of a narrowband photon pair source which
may not be resolvable using traditional spectrometry.

Here we discuss the possible potential to improve the resolution by using high-order correlation in lensless
correlated imaging. We find that the image quality can be greatly enhanced when higher-order correlations
in the spatial domain are taken, whether the object is ordinary or periodical. In principle, the visibility
can be improved if higher-order correlation measurements are performed, theoretically reaching 1 as the
order N approaches infinity, as shown in Fig. 1. We first demonstrated this experimentally for values of
N up to 20 with pseudothermal light but actually using only two detectors [1]. We have also demonstrated
that the correlated Talbot self-imaging effect with incoherent thermal light can be similarly generalized to
high orders with significant improvement [2]. However, longer integration times are required owing to the
increased fluctuations of higher-order intensity correlation functions. To overcome this limitation, we have
devised a type of "logical correspondence" correlated imaging by conditional averaging of the reference
frames, which only see the freely propagating field from the thermal source [3]. Compared with conventional
intensity correlation imaging, both the number of exposures and computation time are greatly reduced, while
the image visibility is much improved. These methods promise a way to improve the resolution for potential
applications, such as metrology, positioning, and imaging, where conventional techniques are limited or
cannot be used.
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Figure 1: (a) Experimental setup for arbitrary-order lensless correlated imaging with a pseudothermal light
source. (b) (from Ref. [1]) Experimental results of 2nd, 4th, 6th, 8th and 10th order lensless correlated
imaging of a double-slit along one cross-section; each point on the plot is an average of the raw data from 5
pixels; the solid lines are Gaussian fits.
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