







    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



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 09 March 2022



                    Ultra-narrow optical linewidths in rare-earth molecular crystals

                    	Diana Serrano 
            ORCID: orcid.org/0000-0002-9478-37761 na1, 
	Senthil Kumar Kuppusamy 
            ORCID: orcid.org/0000-0002-1501-77592,3 na1, 
	Benoît Heinrich4, 
	Olaf Fuhr3,5, 
	David Hunger 
            ORCID: orcid.org/0000-0001-6156-61452,6, 
	Mario Ruben 
            ORCID: orcid.org/0000-0002-7718-70162,3,7 & 
	…
	Philippe Goldner 
            ORCID: orcid.org/0000-0001-8517-09111 

Show authors

                    

                    
                        
    Nature

                        volume 603, pages 241–246 (2022)Cite this article
                    

                    
        
            	
                        12k Accesses

                    
	
                        53 Citations

                    
	
                            179 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Quantum information
	Quantum optics


    


                
    
    

    
    

                
            


        
            Abstract
Rare-earth ions (REIs) are promising solid-state systems for building light–matter interfaces at the quantum level1,2. This relies on their potential to show narrow optical and spin homogeneous linewidths, or, equivalently, long-lived quantum states. This enables the use of REIs for photonic quantum technologies such as memories for light, optical–microwave transduction and computing3,4,5. However, so far, few crystalline materials have shown an environment quiet enough to fully exploit REI properties. This hinders further progress, in particular towards REI-containing integrated nanophotonics devices6,7. Molecular systems can provide such capability but generally lack spin states. If, however, molecular systems do have spin states, they show broad optical lines that severely limit optical-to-spin coherent interfacing8,9,10. Here we report on europium molecular crystals that exhibit linewidths in the tens of kilohertz range, orders of magnitude narrower than those of other molecular systems. We harness this property to demonstrate efficient optical spin initialization, coherent storage of light using an atomic frequency comb, and optical control of ion–ion interactions towards implementation of quantum gates. These results illustrate the utility of rare-earth molecular crystals as a new platform for photonic quantum technologies that combines highly coherent emitters with the unmatched versatility in composition, structure and integration capability of molecular materials.
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                    Fig. 1: Material and low-temperature optical spectroscopy.[image: ]


Fig. 2: Ultra-narrow optical homogeneous linewidths.[image: ]


Fig. 3: Optically addressable nuclear spins.[image: ]


Fig. 4: Coherent light storage and optically controlled ion–ion interactions.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Eu3+ complex preparation and X-ray crystal structure.
Upper: Schematic representation of the preparation of the europium complex discussed in this study. Lower: X-ray crystal structure of the complex. As shown, the piperidin-1-ium cation is involved in hydrogen bonding interactions with two oxygen atoms of benzoylacetonate ligands.


Extended Data Fig. 2 Photostability of the Eu3+ complex.
5D0 photoluminescence (PL) intensity under continuous wave excitation measured at 8 K for the 151Eu3+ isotopically enriched complex. The constant PL signal confirms absence of photobleaching. See SI section 3 for more details.
Source data


Extended Data Fig. 3 2-pulse photon echo decay from the 5% Eu3+-95%Y3+ diluted complex.
The experimental decay (black circles) was fitted with a double exponential model (red curve) with T2,fast = 18 μs and T2,slow = 68 μs decay time constants.
Source data


Extended Data Fig. 4 Spectral tailoring prior to AFC storage.
a. Spectral pit of 9 MHz dug in the absorption profile at 30 MHz to create a high absorption region at 0 MHz. b. Atomic frequency comb (AFC) with teeth of 0.9 MHz separated by 1.75 MHz (finesse F = 1.9). The FFT of the storage pulse is presented over the AFC (blue line) showing good spectral overlap. The input pulse intensity was estimated by sending it through the spectral pit in a, taking advantage of the pit’s almost full transparency. A correction was made to account for residual absorption.
Source data
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