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                    Abstract
Superconducting transition-edge sensor (TES) microcalorimeters have great utility in X-ray applications owing to their high energy resolution, good collecting efficiency and the feasibility of being multiplexed into large arrays. In this work, we develop hard X-ray TESs to measure the absolute energies of muonic-argon (μ-Ar) transition lines around 44 keV and 20 keV. TESs with sidecar absorbers of different heat capacities were fabricated and characterized for their energy resolution and calibration uncertainty. We achieved ~ 1 eV absolute energy measurement accuracy at 44 keV, and < 12 eV energy resolution at 17.5 keV.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Transition-Edge Sensors for Cryogenic X-ray Imaging Spectrometers
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2024
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Transition-Edge Sensors for Cryogenic X-ray Imaging Spectrometers
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2023
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Transition Edge Sensors X-ray Spectrometers: Applications for X-ray Astronomy
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2023
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	S. Okada et al., J. Low. Temp. Phys. 200, 445–451 (2020)
Article 
    ADS 
    
                    Google Scholar 
                

	D. Yan et al., IEEE Trans. Appl. Supercond. 31, 2100505 (2021)

                    Google Scholar 
                

	J.C. Weber et al., Supercond. Sci. Technol. 33, 115002 (2020)
Article 
    ADS 
    
                    Google Scholar 
                

	A.D. Brown et al., J. Low. Temp. Phys. 151, 413–417 (2008)
Article 
    ADS 
    
                    Google Scholar 
                

	J.A.B. Mates et al., Appl. Phys. Lett. 111, 062601 (2017)
Article 
    ADS 
    
                    Google Scholar 
                

	R.D. Deslattes et al., Rev. Mod. Phys. 75, 35–99 (2003)
Article 
    ADS 
    
                    Google Scholar 
                

	J.W. Fowler et al., J. Low. Temp. Phys. 193, 539–546 (2018)
Article 
    ADS 
    
                    Google Scholar 
                

	D. McCammon, Cryogenic Particle Detection (Springer, Heidelberg, 2005), pp.1–34
Book 
    
                    Google Scholar 
                

	J.W. Fowler et al., J. Low. Temp. Phys. 184, 374–381 (2016)
Article 
    ADS 
    
                    Google Scholar 
                

	G.C. O’Neil et al., J. Low. Temp. Phys. 199, 1046–1054 (2020)
Article 
    ADS 
    
                    Google Scholar 
                

	D. Yan et al., Appl. Phys. Lett. 111, 192602 (2017)
Article 
    ADS 
    
                    Google Scholar 
                

	J.W. Fowler et al., Metrologia 54, 494–511 (2017)
Article 
    ADS 
    
                    Google Scholar 
                

	K. Kündeyie et al., AIP Conf. Proc. 1815, 030011 (2017)
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements
This work was partially supported by the Grants-in-Aid for Scientific Research (KAKENHI) from MEXT and JSPS (Nos. 18H05458, 18H03713, 18H03714, 20K20527), and used resources of the Advanced Photon Source, a U.S. Department of Energy (DOE) Office of Science User Facility, operated for the DOE Office of Science by Argonne National Laboratory under Contract No. DE-AC02-06CH11357.


Author information
Authors and Affiliations
	National Institute of Standards and Technology, Boulder, CO, 80305, USA
Daikang Yan, Joel C. Weber, Kelsey M. Morgan, Galen C. O’Neil, Abigail L. Wessels, Douglas A. Bennett, Christine G. Pappas, John A. Mates, Johnathon D. Gard, Daniel T. Becker, Joseph W. Fowler, Daniel S. Swetz, Daniel R. Schmidt, Joel N. Ullom & Takuma Okumura

	Department of Physics, University of Colorado, Boulder, CO, 80309, USA
Daikang Yan, Joel C. Weber, Kelsey M. Morgan, Abigail L. Wessels, Christine G. Pappas, John A. Mates, Johnathon D. Gard, Daniel T. Becker, Joseph W. Fowler & Joel N. Ullom

	Advanced Photon Source, Argonne National Laboratory, Lemont, IL, 60439, USA
Tejas Guruswamy, Orlando Quaranta, Antonino Miceli, Lisa M. Gades & Umeshkumar M. Patel

	RIKEN, Wako, Saitama, 351-0198, Japan
Takuma Okumura, Tadaaki Isobe & Toshiyuki Azuma

	Chubu University, Kasugai, 487-8501, Japan
Shinji Okada

	Rikkyo University, Toshima City, Tokyo, 171-8501, Japan
Shinya Yamada

	Japan Atomic Energy Agency, Tokai, 319-1195, Japan
Tadashi Hashimoto

	Laboratoire Kastler Brossel, Sorbonne Université, CNRS, ENS-Université PSL, Collège de France, Case 74, 4 place Jussieu, 75005, Paris, France
Nancy Paul, Guojie Bian & Paul Indelicato

	Key Laboratory of Computational Physics, Institute of Applied Physics and Computational Mathematics, Beijing, 100088, China
Guojie Bian


Authors	Daikang YanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Joel C. WeberView author publications
You can also search for this author in
                        PubMed Google Scholar



	Tejas GuruswamyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kelsey M. MorganView author publications
You can also search for this author in
                        PubMed Google Scholar



	Galen C. O’NeilView author publications
You can also search for this author in
                        PubMed Google Scholar



	Abigail L. WesselsView author publications
You can also search for this author in
                        PubMed Google Scholar



	Douglas A. BennettView author publications
You can also search for this author in
                        PubMed Google Scholar



	Christine G. PappasView author publications
You can also search for this author in
                        PubMed Google Scholar



	John A. MatesView author publications
You can also search for this author in
                        PubMed Google Scholar



	Johnathon D. GardView author publications
You can also search for this author in
                        PubMed Google Scholar



	Daniel T. BeckerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Joseph W. FowlerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Daniel S. SwetzView author publications
You can also search for this author in
                        PubMed Google Scholar



	Daniel R. SchmidtView author publications
You can also search for this author in
                        PubMed Google Scholar



	Joel N. UllomView author publications
You can also search for this author in
                        PubMed Google Scholar



	Takuma OkumuraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Tadaaki IsobeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Toshiyuki AzumaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shinji OkadaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shinya YamadaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Tadashi HashimotoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Orlando QuarantaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Antonino MiceliView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lisa M. GadesView author publications
You can also search for this author in
                        PubMed Google Scholar



	Umeshkumar M. PatelView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nancy PaulView author publications
You can also search for this author in
                        PubMed Google Scholar



	Guojie BianView author publications
You can also search for this author in
                        PubMed Google Scholar



	Paul IndelicatoView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Daikang Yan.


Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Rights and permissions
Springer Nature or its licensor holds exclusive rights to this article under a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted manuscript version of this article is solely governed by the terms of such publishing agreement and applicable law.
Reprints and permissions


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



Cite this article
Yan, D., Weber, J.C., Guruswamy, T. et al. Absolute Energy Measurements with Superconducting Transition-Edge Sensors for Muonic X-ray Spectroscopy at 44 keV.
                    J Low Temp Phys 209, 271–277 (2022). https://doi.org/10.1007/s10909-022-02860-3
Download citation
	Received: 22 October 2021

	Accepted: 27 August 2022

	Published: 26 September 2022

	Issue Date: November 2022

	DOI: https://doi.org/10.1007/s10909-022-02860-3


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
                        


Keywords
	Transition-edge sensor
	Hard X-ray spectroscopy
	Calibration accuracy








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.145.170.113
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    