







    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: 06 April 2017



                    Background-free search for neutrinoless double-β decay of 76Ge with GERDA

                    	The GERDA Collaboration



                    

                    
                        
    Nature

                        volume 544, pages 47–52 (2017)Cite this article
                    

                    
        
            	
                        8876 Accesses

                    
	
                        199 Citations

                    
	
                            315 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Experimental nuclear physics
	Experimental particle physics


    


                
    
    

    
    

                
            


        
            Abstract
Many extensions of the Standard Model of particle physics explain the dominance of matter over antimatter in our Universe by neutrinos being their own antiparticles. This would imply the existence of neutrinoless double-β decay, which is an extremely rare lepton-number-violating radioactive decay process whose detection requires the utmost background suppression. Among the programmes that aim to detect this decay, the GERDA Collaboration is searching for neutrinoless double-β decay of 76Ge by operating bare detectors, made of germanium with an enriched 76Ge fraction, in liquid argon. After having completed Phase I of data taking, we have recently launched Phase II. Here we report that in GERDA Phase II we have achieved a background level of approximately 10−3 counts keV−1 kg−1 yr−1. This implies that the experiment is background-free, even when increasing the exposure up to design level. This is achieved by use of an active veto system, superior germanium detector energy resolution and improved background recognition of our new detectors. No signal of neutrinoless double-β decay was found when Phase I and Phase II data were combined, and we deduce a lower-limit half-life of 5.3 × 1025 years at the 90 per cent confidence level. Our half-life sensitivity of 4.0 × 1025 years is competitive with the best experiments that use a substantially larger isotope mass. The potential of an essentially background-free search for neutrinoless double-β decay will facilitate a larger germanium experiment with sensitivity levels that will bring us closer to clarifying whether neutrinos are their own antiparticles.
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                    Figure 1: Energy scale and resolution.[image: ]


Figure 2: Energy spectra for the two detector types.[image: ]


Figure 3: Pulse shape discrimination.[image: ]


Figure 4: Energy spectra in the analysis window around Qββ.[image: ]
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Extended data figures and tables

Extended Data Figure 1 GERDA Phase II experimental set-up.
a, Overview. 1, water tank with muon veto system PMTs (590 m3, diameter 10 m); 2, LAr cryostat (64 m3, diameter 4 m); 3, floor and roof of clean room; 4, lock; 5, glove box; 6, plastic muon veto system. b, LAr veto system: 1, bottom plate (diameter 49 cm) with 7 3-inch PMTs (R11065-10/20 MOD) with low radioactivity of U and Th (<2 mBq per PMT); 2, fibre curtain (height 100 cm) coated with wavelength shifter; 3, optical couplers and SiPMs; 4, thin-walled (0.1 mm) Cu cylinders (height 60 cm) covered with a Tyvek reflector on the inside; 5, top plate with properties as bottom plate 1 except for 9 3-inch PMTs; 6, calibration source entering slot in top plate; 7, slot for second of three calibration sources. c, Detector array. 1, Ge detectors arranged in 7 strings; 2, flexible bias and readout cables; 3, amplifiers. d, Detector module, view from bottom. 1, BEGe diode; 2, signal cable; 3, high voltage cable. 2 and 3 are attached by 4, bronze clamps to 5, silicon support plate; 6, bond wire connections from diode to signal and high voltage cable; 7, Cu support rods.


Extended Data Figure 2 Detector types.
Cross-section through the germanium detector types (left) and the corresponding photographs of them (right). The p+ electrode is made by a ∼0.3 μm thin boron implantation. The n+ electrode is a 1 to 2 mm thick lithium diffusion layer and is biased with up to +4,500 V. The electric field drops to zero in the n+ layer, and hence energy depositions in this fraction of the volume do not create a readout signal. The p+ electrode is connected to a charge sensitive amplifier.


Extended Data Figure 3 Germanium detector array.
Photograph of the assembled detector array, with a string of coaxial detectors on the left, and strings of BEGe detectors at middle and right. Each string is enclosed by a cylindrical nylon shroud covered with a wavelength shifter.


Extended Data Figure 4 Liquid argon veto set-up.
Photographs of the LAr veto system: left, fibre curtain with SiPM readout at the top; right, top and bottom arrangement of PMTs.


Extended Data Figure 5 Frequentist hypothesis test.
P value for the hypothesis test as a function of the inverse half-life [image: ] according to equation (7). The colour bands indicate the spread of the P-value distributions for many Monte Carlo realizations according to the GERDA parameters (with no signal): green and yellow show the central 68% and 90% probability intervals, respectively. The dashed black line represents the median of the distribution; the P value for the GERDA data is shown as a solid black line. The red arrows indicate the results at 90% confidence level, that is, a P value of 0.1: the limit for [image: ] (full red arrow), and the median sensitivity for [image: ] (dashed red arrow). For a detailed discussion of their computation, see Methods.
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