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The UMBC Ghost Imaging experiment
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Optical imaging by means of two-photon quantum entanglement

T. B. Pittman, Y. H. Shih, D. V. Strekalov, and A. V. Sergienko
Department of Physics, University of Maryland Baltimore County, Baltimore, Maryland 21228

Photon pairs
source

e Background suppression

* Imaging of difficult to access objects

e Dual-band imaging

» Relaxed requirements on imaging optics



Spontaneous Parametric Down Conversion

Phase matching conditions:
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Using thermal light

Theory: Experiment:
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Transverse mode (speckle) size:
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Ghost-imaging experiment by measuring reflected photons
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Can an object replace the beam splitter?

Source
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Our model and approach

Point-like
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::Object Point-like

i Source '
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Correlation function
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Correlation function
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Kepler 20e example

Francois et al., Nature 482, 195-198 (2012)
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Stellar Intensity Interferometer. I. Signal-to-Noise Ratio for High-Intensity Radiation™
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In different regimes, the correlation measurement SNR can be below or
above the direct intensity measurement SNR :
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Intensity

Thin lens
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Application to gravity lenses and gas clouds
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Gravity lenses are not thin lenses!
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Speckle size variation:
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Summary and conclusions

Ghost Imaging - a “spooky” relative of the intensity
interferometry — is a technique that works

Steps towards astronomy applications:

e  from quantum to natural light sources

e  from bucket to remote “fair sampling” detection
. now, from beam splitter to sub-mode detection

What could be the objects?

. Exoplanets

. Gas or dust clouds

. Gravitational lenses due to black holes

Wavelength-specific, suitable for spectrally resolved imaging

A possibility of distributing the “instrumental burden” between
the space- and ground-based detectors.

More resources to explore: higher-order correlations, information
compression, computational imaging...
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