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            Abstract
Advances in solid-state and atomic physics are exposing the hidden relationships between conventional and exotic states of quantum matter. Prominent examples include the discovery of exotic superconductivity proximate to conventional spin and charge order1,2, and the crossover from long-range phase order to preformed pairs achieved in gases of cold fermions3,4,5 and inferred for copper oxide superconductors5. The unifying theme is that incompatible ground states can be connected by quantum phase transitions. Quantum fluctuations about the transition are manifestations of the competition between qualitatively distinct organizing principles6,7, such as a long-wavelength density wave and a short-coherence-length condensate. They may even give rise to ‘protected’ phases, like fluctuation-mediated superconductivity that survives only in the vicinity of an antiferromagnetic quantum critical point8,9. However, few model systems that demonstrate continuous quantum phase transitions have been identified, and the complex nature of many systems of interest hinders efforts to more fully understand correlations and fluctuations near a zero-temperature instability. Here we report the suppression of magnetism by hydrostatic pressure in elemental chromium, a simple cubic metal that demonstrates a subtle form of itinerant antiferromagnetism10,11,12,13,14,15,16 formally equivalent to the Bardeen–Cooper–Schrieffer (BCS) state in conventional superconductors. By directly measuring the associated charge order in a diamond anvil cell at low temperatures, we find a phase transition at pressures of ∼10 GPa driven by fluctuations that destroy the BCS-like state but preserve the strong magnetic interaction between itinerant electrons and holes. Chromium is unique among stoichiometric magnetic metals studied so far in that the quantum phase transition is continuous, allowing experimental access to the quantum singularity and a direct probe of the competition between conventional and exotic order in a theoretically tractable material.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: 
                        Phase diagram and Brillouin zone schematic for magnetism in chromium.
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Figure 2: 
                        Structure, CDW intensity and wavevector 
                        Q
                         for 
                        T
                         < 8 K.
                      [image: ]


Figure 3: 
                        Dependence of 
                        Q
                         on order parameter and band structure in the classical and quantum regimes.
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Figure 4: 
                        Disparate routes to quantum criticality.
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Chromium goes exotic
Quantum phase transitions are attracting increasing attention as the conceptual link between conventional and exotic states of quantum matter: they have been implicated, for example, in the properties of high-temperature superconductors. But few model systems have been identified in which these enigmatic transitions can be readily studied and understood. Now Jaramillo et al. reveal that placing simple elemental chromium under pressure at low temperatures suppresses its normal magnetic state, and gives direct experimental access to the underlying quantum phase transition responsible for these changes.
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