
        
    
        
            
            
                
            

            
        
    

        
    
        
            
            
                
            

            
        
    


        
    




        

        
    Skip to main content

    

    
    
        
            
                
                    
                        [image: SpringerLink]
                    
                
            
        


        
            
                
    
        Log in
    


            
        
    


    
        
            
                
                    
                        
                            
                        Menu
                    
                


                
                    
                        
                            Find a journal
                        
                    
                        
                            Publish with us
                        
                    
                        
                            Track your research
                        
                    
                


                
                    
                        
                            
                                
                                    
                                Search
                            
                        

                    
                    
                        
 
  
   
  Cart
 


                    
                

            

        
    




    
        
    
        
            
                
                    
    
        
            	
                        Home




	
                        Physics of Atomic Nuclei

	
                        Article

CALET Results after Three Years on Orbit on the International Space Station


                    	Elementary Particles and Fields
	Experiment
	
                            Published: 05 February 2020
                        


                    	
                            Volume 82, pages 766–772, (2019)
                        
	
                            Cite this article
                        



                    
                        
                        
                    

                
                
                    
                        
                            
                            
                                
                                [image: ]
                            
                            Physics of Atomic Nuclei
                        
                        
                            
                                Aims and scope
                                
                            
                        
                        
                            
                                Submit manuscript
                                
                            
                        
                    
                

            
        
    


        
            
                

                

                
                    
                        	P. Maestro1,2, 
	O. Adriani3,4, 
	Y. Akaike5,6, 
	Y. Asaoka7,8, 
	E. Berti3,4, 
	G. Bigongiari1,2, 
	M. Bongi3,4, 
	P. Brogi1,2, 
	A. Bruno9, 
	N. Cannady5,6, 
	C. Checchia3,4, 
	M. L. Cherry10, 
	G. Collazuol11,12, 
	T. G. Guzik10, 
	M. Ichimura13, 
	M. H. Israel14, 
	K. Kasahara15, 
	Y. Kawakubo10, 
	J. F. Krizmanic5,6, 
	P. S. Marrocchesi1,2, 
	A. M. Messineo2,16, 
	J. W. Mitchell17, 
	S. Miyake18, 
	M. Mori19, 
	N. Mori4, 
	H. M. Motz20, 
	K. Munakata21, 
	L. Pacini4, 
	F. Palma22,23, 
	P. Papini4, 
	B. F. Rauch14, 
	S. B. Ricciarini4,24, 
	T. Sakamoto25, 
	M. Sasaki5,6, 
	F. Stolzi1,2, 
	A. Sulaj1,2, 
	T. Tamura26, 
	S. Torii7,8,27, 
	J. P. Wefel10, 
	K. Yoshida15 & 
	CALET Collaboration

Show authors
                        
    

                        
                            	
            
                
            67 Accesses

        
	
            
                
            5 Citations

        
	
            Explore all metrics 
                
            

        


                        

                        
    
    

    
    


                        
                    
                


                
                    Abstract
The CALorimetric Electron Telescope (CALET) is an astroparticle physics experiment installed on the International Space Station since August 2015. The CALET mission was conceived to address several outstanding questions of high-energy astroparticle physics, like indirect detection of dark matter, the origin of cosmic rays (CRs), their mechanisms of acceleration and galactic propagation, the presence of possible nearby astrophysical CR sources. That can be achieved by precise measurements of the fluxes of CR electrons and γ rays up to the unexplored region above 1 TeV, and the energy spectra and composition of CR nuclei from a few tens of GeV to hundreds of TeV. In order to perform these observations, the instrument combines a thick total absorption PWO crystal calorimeter for energy measurement, a scintillator hodoscope for charge identification and thin imaging tungsten-scintillating fiber calorimeter providing accurate particle tracking and complementary charge measurement. In this paper, we will present an overview of the main CALET results based on the data collected in the first three years of the mission.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        STCF conceptual design report (Volume 1): Physics & detector
                                        
                                    

                                    
                                        Article
                                         Open access
                                         24 November 2023
                                    

                                

                                M. Achasov, X. C. Ai, … Y. B. Zuo

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        FCC-ee: The Lepton Collider
                                        
                                    

                                    
                                        Article
                                         Open access
                                         04 June 2019
                                    

                                

                                A. Abada, M. Abbrescia, … the FCC Collaboration

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The Super-Kamiokande experiment
                                        
                                    

                                    
                                        Article
                                         Open access
                                         02 April 2019
                                    

                                

                                Yoichiro Suzuki

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	S. Torii (for the CALET Collab.), PoS (ICRC2017) 1092 (2017).

	S. Torii and P. S. Marrocchesi, Adv. Space Res. (in press, 2019).

	Y. Asaoka, O. Adriani, Y. Akaike, K. Asano, M. G. Bagliesi, E. Berti, G. Bigongiari, W. R. Binns, S. Bonechi, M. Bongi, A. Bruno, P. Brogi, J. H. Buckley, N. Cannady, G. Castellini, C. Checchia, et al. (CALET Collab.), J. Phys.: Conf. Ser. 1181, 012003 (2019).

                    Google Scholar 
                

	P. S. Marrocchesi, O. Adriani, Y. Akaike, M. G. Bagliesi, A. Basti, G. Bigongiari, S. Bonechi, M. Bongi, M. Y. Kim, T. Lomtadze, P. Maestro, T. Niita, S. Ozawa, Y. Shimizu, and S. Torii, Nucl. Instrum. Methods A 659, 477 (2011).
Article 
    ADS 
    
                    Google Scholar 
                

	P. Maestro and N. Mori (for the CALET Collab.), PoS (ICRC2017) 208 (2017).

	O. Adriani et al. (CALET Collab.), Phys. Rev. Lett. 119, 181101 (2017).
Article 
    ADS 
    
                    Google Scholar 
                

	Y. Asaoka, S. Ozawa, S. Torii, O. Adriani, Y. Akaike, K. Asano, M. G. Bagliesi, G. Bigongiari, W. R. Binns, S. Bonechi, M. Bongi, P. Brogi, J. H. Buckley, N. Cannady, G. Castellini, C. Checchia, et al. (CALET Collab.), Astropart. Phys. 100, 29 (2018).
Article 
    ADS 
    
                    Google Scholar 
                

	Y. Asaoka, Y. Akaike, Y. Komiya, R. Miyata, S. Torii, O. Adriani, K. Asano, M. G. Bagliesi, G. Bigongiari, W. R. Binns, S. Bonechi, M. Bongi, P. Brogi, J. H. Buckley, N. Cannady, G. Castellini, et al. (CALET Collab.), Astropart. Phys. 91, 1 (2017).
Article 
    ADS 
    
                    Google Scholar 
                

	O. Adriani et al. (CALET Collab.), Phys. Rev. Lett. 120, 261102 (2018).
Article 
    ADS 
    
                    Google Scholar 
                

	M. Aguilar et al. (AMS Collab.), Phys. Rev. Lett. 113, 221102 (2014).
Article 
    ADS 
    
                    Google Scholar 
                

	S. Abdollahi et al. (The Fermi-LAT Collab.), Phys. Rev. D 95, 082007 (2017).
Article 
    ADS 
    
                    Google Scholar 
                

	G. Ambrosi et al. (DAMPE Collab.), Nature 552, 63 (2017).
Article 
    ADS 
    
                    Google Scholar 
                

	O. Adriani et al. (PAMELA Collab.), Riv. Nuovo Cimento 40, 473 (2017).

                    Google Scholar 
                

	F. Aharonian et al. (H. E.S. S. Collab.), Phys. Rev. Lett. 101, 261104 (2008).
Article 
    ADS 
    
                    Google Scholar 
                

	F. Aharonian et al. (H. E. S. S. Collab.), Astron. Astrophys. 508, 561 (2009).
Article 
    ADS 
    
                    Google Scholar 
                

	M. Aguilar et al. (AMS Collab.), Phys. Rev. Lett. 114, 171103 (2015).
Article 
    ADS 
    
                    Google Scholar 
                

	M. Aguilar et al. (AMS Collab.), Phys. Rev. Lett. 115, 211101 (2015).
Article 
    ADS 
    
                    Google Scholar 
                

	O. Adriani et al., Science 332, 69 (2011).
Article 
    ADS 
    
                    Google Scholar 
                

	H. S. Ahn, P. Allison, M. G. Bagliesi, J. J. Beatty, G. Bigongiari, J. T. Childers, N. B. Conklin, S. Coutu, M. A. DuVernois, O. Ganel, J. H. Han, J. A. Jeon, K. C. Kim, M. H. Lee, L. Lutz, P. Maestro, et al., Astrophys. J. Lett. 714, L89 (2010).
Article 
    ADS 
    
                    Google Scholar 
                

	M. Aguilar et al. (AMS Collab.), Phys. Rev. Lett. 119, 251101 (2017).
Article 
    ADS 
    
                    Google Scholar 
                

	O. Adriani et al. (CALET Collab.), Phys. Rev. Lett. 122, 181102 (2019).
Article 
    ADS 
    
                    Google Scholar 
                

	Y. S. Yoon, T. Anderson, A. Barrau, N. B. Conklin, S. Coutu, L. Derome, J. H. Han, J. A. Jeon, K. C. Kim, M. H. Kim, H. Y. Lee, J. Lee, M. H. Lee, S. E. Lee, J. T. Link, et al., Astrophys. J. 839, 5 (2017).
Article 
    ADS 
    
                    Google Scholar 
                

	A. D. Panov, J. H. Adams, Jr., H. S. Ahn, K. E. Batkov, G. L. Bashindzhagyan, J. W. Watts, J. P. Wefel, J. Wu, O. Ganel, T. G. Guzik, R. M. Gunashingha, V. I. Zatsepin, J. Isbert, K. C. Kim, M. Christl, E. N. Kouznetsov, et al., Bull. Russ. Acad. Sci. Phys. 71, 494 (2007).
Article 
    
                    Google Scholar 
                

	Y. S. Yoon, H. S. Ahn, P. S. Allison, M. G. Bagliesi, J. J. Beatty, G. Bigongiari, P. J. Boyle, J. T. Childers, N. B. Conklin, S. Coutu, M. A. DuVernois, O. Ganel, J. H. Han, J. A. Jeon, K. C. Kim, M. H. Lee, et al., Astrophys. J. 728, 122 (2011).
Article 
    ADS 
    
                    Google Scholar 
                

	E. Atkin, V. Bulatov, V. Dorokhov, N. Gorbunov, S. Filippov, V. Grebenyuk, D. Karmanov, I. Kovalev, I. Kudryashov, A. Kurganov, M. Merkin, A. Panov, D. Podorozhny, D. Polkov, S. Porokhovoy, V. Shumikhin, et al. (NUCLEON Collab.), JETP Lett. 108, 5 (2018).
Article 
    ADS 
    
                    Google Scholar 
                

	S. Haino, T. Sanuki, K. Abe, K. Anraku, Y. Asaoka, H. Fuke, M. Imori, A. Itasaki, T. Maeno, Y. Makida, S. Matsuda, N. Matsui, H. Matsumoto, J. W. Mitchell, A. A. Moiseev, J. Nishimura, et al. (BESS Collab.), Phys. Lett. B 594, 35 (2004).
Article 
    ADS 
    
                    Google Scholar 
                

	P. Maestro, Adv. Space Res. (in press 2019).

	Y. Akaike (for the CALET Collab.), J. Phys.: Conf. Ser. 1181, 012042 (2019).

                    Google Scholar 
                

	K. Yamaoka, A. Yoshida, T. Sakamoto, I. Takahashi, T. Hara, T. Yamamoto, Y. Kawakubo, R. Inoue, S. Terazawa, R. Fujioka, K. Senuma, S. Nakahira, H. Tomida, S. Ueno, S. Torii, M. L. Cherry, S. Ricciarini (CALET Collab.), Proceedings of the 7th Huntsville Gamma-Ray Burst Symposium, GRB 2013, eConf C1304143, 41 (2013).

	N. Cannady et al. (CALET Collab.), Astrophys. J. Suppl. S. 238, 5 (2018).
Article 
    ADS 
    
                    Google Scholar 
                

	O. Adriani et al. (CALET Collab.), Astrophys. J. Lett. 863, 160 (2018).
Article 
    
                    Google Scholar 
                

	O. Adriani, Y. Akaike, K. Asano, Y. Asaoka, M. G. Bagliesi, G. Bigongiari, W. R. Binns, S. Bonechi, M. Bongi, P. Brogi, J. H. Buckley, N. Cannady, G. Castellini, C. Checchia, M. L. Cherry, G. Collazuol, et al. (CALET Collab.), Astrophys. J. Lett. 829, L20 (2016).
Article 
    ADS 
    
                    Google Scholar 
                


Download references




Acknowledgments
We gratefully acknowledge JAXA’s contributions to the development of CALET and to the operations onboard the ISS. We also wish to express our sincere gratitude to ASI and NASA for their support of the CALET mission.


Author information
Authors and Affiliations
	Department of Physical Sciences, Earth and Environment, University of Siena, via Roma 56, Siena, 53100, Italy
P. Maestro, G. Bigongiari, P. Brogi, P. S. Marrocchesi, F. Stolzi & A. Sulaj

	INFN Sezione di Pisa, Polo Fibonacci, Largo B Pontecorvo 3, Pisa, 56127, Italy
P. Maestro, G. Bigongiari, P. Brogi, P. S. Marrocchesi, A. M. Messineo, F. Stolzi & A. Sulaj

	Department of Physics, University of Florence, Via Sansone 1, Sesto Fiorentino, Florence, 50019, Italy
O. Adriani, E. Berti, M. Bongi & C. Checchia

	INFN Sezione di Florence, Via Sansone 1, Sesto Fiorentino, Florence, 50019, Italy
O. Adriani, E. Berti, M. Bongi, C. Checchia, N. Mori, L. Pacini, P. Papini & S. B. Ricciarini

	CRESST and Astroparticle Physics Laboratory NASA/GSFC, Greenbelt, MD, 20771, USA
Y. Akaike, N. Cannady, J. F. Krizmanic & M. Sasaki

	Department of Physics, University of Maryland, Baltimore County, 1000 Hilltop Circle, Baltimore, MD, 21250, USA
Y. Akaike, N. Cannady, J. F. Krizmanic & M. Sasaki

	Research Institute for Science and Engineering, Waseda University, 3-4-1 Okubo, Shinjuku, Tokyo, 169-8555, Japan
Y. Asaoka & S. Torii

	Human Spaceflight Technology Directorate, Japan Aerospace Exploration Agency, JEM Utilization Center, 2-1-1 Sengen, Tsukuba, Ibaraki, 305-8505, Japan
Y. Asaoka & S. Torii

	Heliospheric Science Division, NASA/Goddard Space Flight Center-Code 672, Bldg. 21, Room 137D, Greenbelt, MD, 20771, USA
A. Bruno

	Department of Physics and Astronomy, Louisiana State University, 202 Nicholson Hall, Baton Rouge, LA, 70803, USA
M. L. Cherry, T. G. Guzik, Y. Kawakubo & J. P. Wefel

	Department of Physics and Astronomy, University of Padova, Via Marzolo 8, Padova, 35131, Italy
G. Collazuol

	INFN Sezione di Padova, Via Marzolo 8, Padova, 35131, Italy
G. Collazuol

	Faculty of Science and Technology, Graduate School of Science and Technology, Hirosaki University, 3, Bunkyo, Hirosaki, Aomori, 036-8561, Japan
M. Ichimura

	Department of Physics, Washington University, One Brookings Drive, St. Louis, MO, 63130-4899, USA
M. H. Israel & B. F. Rauch

	Department of Electronic Information Systems, Shibaura Institute of Technology, 307 Fukasaku, Minuma, Saitama, 337-8570, Japan
K. Kasahara & K. Yoshida

	University of Pisa, Polo Fibonacci, Largo B. Pontecorvo 3, Pisa, 56127, Italy
A. M. Messineo

	Astroparticle Physics Laboratory, NASA/GSFC, Greenbelt, MD, 20771, USA
J. W. Mitchell

	Department of Electrical and Electronic Systems Engineering, National Institute of Technology, Ibaraki College, 866 Nakane, Hitachinaka, Ibaraki, 312-8508, Japan
S. Miyake

	Department of Physical Sciences, College of Science and Engineering, Ritsumeikan University, Shiga, 525-8577, Japan
M. Mori

	International Center for Science and Engineering Programs, Waseda University, 3-4-1 Okubo, Shinjuku, Tokyo, 169-8555, Japan
H. M. Motz

	Faculty of Science, Shinshu University, 3-1-1 Asahi, Matsumoto, Nagano, 390-8621, Japan
K. Munakata

	University of Rome “Tor Vergata”, Via della Ricerca Scientifica 1, Rome, 00133, Italy
F. Palma

	INFN Sezione di Rome “Tor Vergata”, Via della Ricerca Scientifica 1, Rome, 00133, Italy
F. Palma

	Institute of Applied Physics (IFAC), National Research Council (CNR), Via Madonna del Piano 10, Sesto Fiorentino, Rome, 50019, Italy
S. B. Ricciarini

	College of Science and Engineering, Department of Physics and Mathematics, Aoyama Gakuin University, 5-10-1 Fuchinobe, Chuo, Sagamihara, Kanagawa, 252-5258, Japan
T. Sakamoto

	Kanagawa University, 3-27-1 Rokkakubashi, Kanagawa, Yokohama, Kanagawa, 221-8686, Japan
T. Tamura

	School of Advanced Science and Engineering, Waseda University, 3-4-1 Okubo, Shinjuku, Tokyo, 169-8555, Japan
S. Torii


Authors	P. MaestroView author publications
You can also search for this author in
                        PubMed Google Scholar



	O. AdrianiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Y. AkaikeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Y. AsaokaView author publications
You can also search for this author in
                        PubMed Google Scholar



	E. BertiView author publications
You can also search for this author in
                        PubMed Google Scholar



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



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



	P. BrogiView author publications
You can also search for this author in
                        PubMed Google Scholar



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



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



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



	M. L. CherryView author publications
You can also search for this author in
                        PubMed Google Scholar



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



	T. G. GuzikView author publications
You can also search for this author in
                        PubMed Google Scholar



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



	M. H. IsraelView author publications
You can also search for this author in
                        PubMed Google Scholar



	K. KasaharaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Y. KawakuboView author publications
You can also search for this author in
                        PubMed Google Scholar



	J. F. KrizmanicView author publications
You can also search for this author in
                        PubMed Google Scholar



	P. S. MarrocchesiView author publications
You can also search for this author in
                        PubMed Google Scholar



	A. M. MessineoView author publications
You can also search for this author in
                        PubMed Google Scholar



	J. W. MitchellView author publications
You can also search for this author in
                        PubMed Google Scholar



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



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



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



	H. M. MotzView author publications
You can also search for this author in
                        PubMed Google Scholar



	K. MunakataView author publications
You can also search for this author in
                        PubMed Google Scholar



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



	F. PalmaView author publications
You can also search for this author in
                        PubMed Google Scholar



	P. PapiniView author publications
You can also search for this author in
                        PubMed Google Scholar



	B. F. RauchView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. B. RicciariniView author publications
You can also search for this author in
                        PubMed Google Scholar



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



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



	F. StolziView author publications
You can also search for this author in
                        PubMed Google Scholar



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



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



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



	J. P. WefelView author publications
You can also search for this author in
                        PubMed Google Scholar



	K. YoshidaView author publications
You can also search for this author in
                        PubMed Google Scholar





Consortia
CALET Collaboration

Corresponding author
Correspondence to
                P. Maestro.


Rights and permissions
Reprints and permissions


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



Cite this article
Maestro, P., Adriani, O., Akaike, Y. et al. CALET Results after Three Years on Orbit on the International Space Station.
                    Phys. Atom. Nuclei  82, 766–772 (2019). https://doi.org/10.1134/S1063778819660384
Download citation
	Received: 23 August 2019

	Revised: 14 October 2019

	Accepted: 14 October 2019

	Published: 05 February 2020

	Issue Date: November 2019

	DOI: https://doi.org/10.1134/S1063778819660384


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
						
						
					


		
	
	
		
			
				
					
					44.203.176.234
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    