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Atomic deexcitation emitting a neutrino pair and a photon is expected to provide a novel method of neutrino physics if it is enhanced by quantum coherence in a macroscopic target. However, the same enhancement mechanism may also lead to a serious problem of enhanced QED background process. We show that the QED background can be suppressed enough in the photonic crystal waveguide by using the spatial phase that is imprinted in the process of initial coherence generation in the target at excitation.
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	This may be achieved using the difference of two excitation lasers as the trigger.





References
	D.N. Dinh, S.T. Petcov, N. Sasao, M. Tanaka, M. Yoshimura, Observables in neutrino mass spectroscopy using atoms. Phys. Lett. B 719, 154–163 (2013). arXiv:1209.4808 [hep-ph]
Article 
    ADS 
    
                    Google Scholar 
                

	A. Fukumi et al., Neutrino spectroscopy with atoms and molecules. PTEP 2012, 04D002 (2012). arXiv:1211.4904 [hep-ph]

                    Google Scholar 
                

	M. Yoshimura, C. Ohae, A. Fukumi, K. Nakajima, I. Nakano, H. Nanjo, N. Sasao, Macro-coherent two photon and radiative neutrino pair emission. arXiv:0805.1970 [hep-ph]

	M. Yoshimura, N. Sasao, M. Tanaka, Dynamics of paired superradiance. Phys. Rev. A 86, 013812 (2012). arXiv:1203.5394 [quant-ph]
Article 
    ADS 
    
                    Google Scholar 
                

	Y. Miyamoto, H. Hara, S. Kuma, T. Masuda, I. Nakano, C. Ohae, N. Sasao, M. Tanaka, S. Uetake, A. Yoshimi, K. Yoshimura, M. Yoshimura, Observation of coherent two-photon emission from the first vibrationally excited state of hydrogen molecules. PTEP 2014(11), 113C01 (2014). arXiv:1406.2198 [physics.atom-ph]

                    Google Scholar 
                

	Y. Miyamoto, H. Hara, T. Masuda, N. Sasao, M. Tanaka, S. Uetake, A. Yoshimi, K. Yoshimura, M. Yoshimura, Externally triggered coherent two-photon emission from hydrogen molecules. PTEP 2015(8), 081C01 (2015). arXiv:1505.07663 [physics.atom-ph]

                    Google Scholar 
                

	Y. Miyamoto, H. Hara, T. Masuda, N. Sasao, S. Uetake, A. Yoshimi, K. Yoshimura, M. Yoshimura, Vibrational two-photon emission from coherently excited solid parahydrogen. J. Phys. Chem. A 121(20), 3943–3951 (2017). https://doi.org/10.1021/acs.jpca.7b02011. PMID: 28459577
Article 
    
                    Google Scholar 
                

	T. Hiraki, H. Hara, Y. Miyamoto, K. Imamura, T. Masuda, N. Sasao, S. Uetake, A. Yoshimi, K. Yoshimura, M. Yoshimura, Coherent two-photon emission from hydrogen molecules excited by counter-propagating laser pulses. J. Phys. B 52(4), 045401 (2019). arXiv:1806.04005 [physics.atom-ph]
Article 
    ADS 
    
                    Google Scholar 
                

	M. Tanaka, K. Tsumura, N. Sasao, S. Uetake, M. Yoshimura, Effects of initial spatial phase in radiative neutrino pair emission. Phys. Rev. D 96(11), 113005 (2017). arXiv:1710.07136 [hep-ph]
Article 
    ADS 
    
                    Google Scholar 
                

	M. Yoshimura, N. Sasao, M. Tanaka, Radiative emission of neutrino pair free of quantum electrodynamic backgrounds. PTEP 2015(5), 053B06 (2015). arXiv:1501.05713 [hep-ph]

                    Google Scholar 
                

	P. Yeh, A. Yariv, E. Marom, Theory of Bragg fiber. J. Opt. Soc. Am. 68, 1196 (1978)
Article 
    ADS 
    
                    Google Scholar 
                

	J.D. Joannopoulos, S.G. Johnson, J.N. Winn, R.D. Meade, Photonic Crystals, 2nd edn. (Princeton University Press, Princeton, 2008)
MATH 
    
                    Google Scholar 
                

	M. Tanaka, K. Tsumura, N. Sasao, M. Yoshimura, Toward background-free RENP using a photonic crystal waveguide. PTEP 2017(4), 043B03 (2017). arXiv:1612.02423 [physics.optics]
MathSciNet 
    
                    Google Scholar 
                

	Y. Fink, D.J. Ripin, S. Fan, C. Chen, J.D. Joannepoulos, E.L. Thomas, Guiding optical light in air using an all-dielectric structure. J. Lightwave Technol. 17(11), 2039–2041 (1999)
Article 
    ADS 
    
                    Google Scholar 
                

	E.M. Purcell, Spontaneous emission probabilities at radio frequencies. Phys. Rev. 69, 681 (1946)
Article 
    
                    Google Scholar 
                

	Particle Data Group Collaboration, M. Tanabashi et al., Review of particle physics. Phys. Rev. D 98, 030001 (2018). https://doi.org/10.1103/PhysRevD.98.030001


	I. Esteban, M.C. Gonzalez-Garcia, M. Maltoni, I. Martinez-Soler, T. Schwetz, Updated fit to three neutrino mixing: exploring the accelerator-reactor complementarity. J. High Energy Phys. 2017(1), 87 (2017). arXiv:1611.01514

Article 
    
                    Google Scholar 
                

	Planck Collaboration, N. Aghanim et al., Planck 2018 results. VI. Cosmological parameters, arXiv:1807.06209 [astro-ph.CO]


Download references




Acknowledgements
This work is supported in part by JSPS KAKENHI Grant Numbers JP 16H03993 (MT), 18K03621 (MT), 18H05543 (KT), 17H02895 (MY), 15H02093 (NS) and 15K13486 (NS).


Author information
Authors and Affiliations
	Department of Physics, Graduate School of Science, Osaka University, Toyonaka, Osaka, 560-0043, Japan
Minoru Tanaka

	Department of Physics, Kyushu University, 744 Motooka, Nishi-ku, Fukuoka, 819-0395, Japan
Koji Tsumura

	Research Institute for Interdisciplinary Science, Okayama University, Tsushima-naka 3-1-1, Kita-ku, Okayama, 700-8530, Japan
Noboru Sasao, Satoshi Uetake & Motohiko Yoshimura


Authors	Minoru TanakaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Koji TsumuraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Noboru SasaoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Satoshi UetakeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Motohiko YoshimuraView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Minoru Tanaka.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Tanaka, M., Tsumura, K., Sasao, N. et al. QED background against atomic neutrino process with initial spatial phase.
                    Eur. Phys. J.  Plus 135, 283 (2020). https://doi.org/10.1140/epjp/s13360-020-00290-2
Download citation
	Received: 11 December 2019

	Accepted: 21 February 2020

	Published: 03 March 2020

	DOI: https://doi.org/10.1140/epjp/s13360-020-00290-2


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        









                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					34.205.172.146
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    