







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 27 August 2014



                    Quantum imaging with undetected photons

                    	Gabriela Barreto Lemos1,2, 
	Victoria Borish1,3, 
	Garrett D. Cole2,3, 
	Sven Ramelow1,3Â nAff4, 
	Radek Lapkiewicz1,3 & 
	â€¦
	Anton Zeilinger1,2,3Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 512,Â pages 409â€“412 (2014)Cite this article
                    

                    
        
            	
                        53k Accesses

                    
	
                        440 Citations

                    
	
                            529 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Quantum optics


    


                
    
    

    
    

                
            


        
            Abstract
Information is central to quantum mechanics. In particular, quantum interference occurs only if there exists no information to distinguish between the superposed states. The mere possibility of obtaining information that could distinguish between overlapping states inhibits quantum interference1,2. Here we introduce and experimentally demonstrate a quantum imaging concept based on induced coherence without induced emission3,4. Our experiment uses two separate down-conversion nonlinear crystals (numbered NL1 and NL2), each illuminated by the same pump laser, creating one pair of photons (denoted idler and signal). If the photon pair is created in NL1, one photon (the idler) passes through the object to be imaged and is overlapped with the idler amplitude created in NL2, its source thus being undefined. Interference of the signal amplitudes coming from the two crystals then reveals the image of the object. The photons that pass through the imaged object (idler photons from NL1) are never detected, while we obtain images exclusively with the signal photons (from NL1 and NL2), which do not interact with the object. Our experiment is fundamentally different from previous quantum imaging techniques, such as interaction-free imaging5 or ghost imaging6,7,8,9, because now the photons used to illuminate the object do not have to be detected at all and no coincidence detection is necessary. This enables the probe wavelength to be chosen in a range for which suitable detectors are not available. To illustrate this, we show images of objects that are either opaque or invisible to the detected photons. Our experiment is a prototype in quantum informationâ€”knowledge can be extracted by, and about, a photon that is never detected.
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                    Figure 1: Schematic of the experiment.[image: ]


Figure 2: Experimental set-up.[image: ]


Figure 3: Intensity imaging.[image: ]


Figure 4: Phase image of an object opaque to 810-nm light.[image: ]


Figure 5: Phase imaging of a 2Ï€ step at 820 nm.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Visibility of the experiment.
The count rates were recorded with the path D1â€“D2 both unblocked (red dots) and blocked (blue squares) as the relative phase between the transmitted and reflected beams of the PBS was varied. The red line is a sine curve fit for the experimental data giving (77Â Â±Â 1)% visibility. The error bars are smaller than the size of the data points.


Extended Data Figure 2 Excluding induced emission.
Shown are the count rates for 810-nm photons produced in NL2 when the path between D1 and D2 was blocked (blue crosses) and unblocked (red dots). The blue diamonds show the ratio of the count rates for the blocked and unblocked configuration. The linear fit for this data (black line) gives an angular coefficient of (2Â Â±Â 4)Â Ã—Â 10âˆ’5 (mW)âˆ’1.
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        Editorial Summary
Phantom photon photography
A new quantum imaging experiment demonstrates the seemingly impossible: pictures made with light that is never measured. The experiment involves the creation of pairs of photons that are indistinguishable. One member of the pair follows a path where it illuminates an object, but this remains undetected. The second photon, which does not interact with the object at all, is the one that is collected, and remarkably it can be used to form an image of the object. This phenomenon is a product of the quantum principle that indistinguishable photons will interfere, but interference is inhibited by the mere possibility of obtaining information that could distinguish between them. The presence of interference fringes is used to form the picture. As well as demonstrating a fascinating aspect of fundamental physics, this observation can be of practical relevance for a wide range of imaging applications since it allows the use of a detector in a different wavelength range than the one illuminating the object.
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