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         Neutrino-less Double-Beta Decay 
 



Neutrino oscillation experiments when analyzed all 
together, give us this picture; however, there are 
only 
bounds on the lightest neutrino mass eigenstate 

           
             The Neutrino Hierarchy 
Problem 
 



 
 

The only practical way to determine that 
neutrinos are Majorana particles is by direct 
observation of neutrino-less double-beta decay. 

 
Neutrino-less double beta-decay would violate 
the  conservation of lepton number. 
 
The measurement of the half life of neutrino-
less double-beta decay would yield the Majorana-
neutrino mass scale, although nuclear model 

dependent.   

 

       Neutrino-less Double-Beta 
Decay 
 



 Neutrino-less Double-Beta Decay  

 
All decay modes that engender 0-neutrino double-
beta decay require that the neutrinos involved 
are Majorana particles: This was shown by 
Schechter and Valle in their Black-Box theorem 
and also independently by  Boris Kayser and 
Peter Rosen. 
  



  

       130Te Double-Beta Decay Level 
Scheme 
 



Effective Majorana mass of the electron neutrino 
 

 

       Half Life and Neutrino Mass 
Relation 
 



 

 
 

Cryogenic Underground Observatory 
 for Rare Events 

 
A search for neutrino-less double-beta decay of  
130Te in the Laboratori Nazionali del Gran Sasso,  

Assergi, Italy 
 
 

CUORE uses the Bolometric Technique with TeO2 
single crystal bolometers  

 
 

                              
                            CUORE 



           The CUORE Collaboration 



Large Natural Abundance of 130Te, 33.167% 
 
High transition energy: 2527.518 (13) keV * 
 
It has an encouragingly large theoretical 
nuclear matrix element, hence a fast decay 
rate.  
 
The bolometer technique ran  in CUORICINO, 
with 40.7 kg of TeO2 run at 8-mK for 3 years. 
 

* Florida state group measured by the cyclotron 
frequency ratios of pairs of triply charged ions 
simultaneously trapped in a Penning trap. Redshaw et 

 

           130Te: Double-Beta Decay 
Candidate 



 

             Required Half-life 
Sensitivity 
 



Assergi, Italy 

Rome 

 
     Laboratori Nazionali del Gran 
Sasso 
 



 
   I Laboratori Nazionali del Gran Sasso 
 



The detection technique depends on the thermal 
physics of phonons in pure single crystals or 
bolometers, operated at ~0.008 K. 
 
 

The technique was developed for large 
detectors for double-beta decay over many 
years by Ettore Fiorini of the Universita` di 
Milano Bicocca and his colleagues and 
students. 

           
             Bolometric Detectors 



  
     Principles of the Bolometer 
Detector 
 



   
     Bolometric Detectors and CUORE 
 



The Development of CUORE Led by Ettore 
Fiorini of Universita de Milano 
Bicocca  

  



 
CUORICINO, the Prototype for CUORE  
 



 
           The Response of the 
Array 
 



   
        The Double-Beta Decay 
Search 
 



 
     CUORICINO Final Result 19.75 
kg-y 
 



                CUORE-0 



    CUORE-0 Calibration Spectrum 



                  CUORE-0 Fit to the Data 



Combination with CUORICINO Data 



     Comparison with Other Data  



19-Tower, 988 Bolometer Array Inserted    
in the Shielded Cryostat 
 



Custom cryogenic system 
 
Close pack geometry 
 
No cryogenic liquids 
 
Mechanical suspension of 
detector isolated from DR 
 
988 bolometers = 741-kg = 
~200-kg of  130Te 
 
Radioactivity control on all 
components 



 
Automatic Gluing of the Thermistors 

 



 
                 Building the Towers 
 



      Dilution Unit and Cryostat 
 



Paolo Gorla, 183 cm Tall, Stands Near 
the Outer Vacuum Chamber (OVC) 
 



The Detector will have 19 Towers of 52 
Bolometers of 750-g Each, or 988 Bolometers 
with a total of 740-kg  

 



   Predicted Sensitivity of CUORE 



Where Do We Go From Here? What 
Can There Be After CUORE 
 



 
To Go Beyond CUORE 
 
• Enrich the Te to 95% in 130Te 

• Identify Background Events with Scintillating 
Bolometers 

• Separate Background Events with Čerenkov  Light    



   Background Reduction Via Scintillating 
Bolometers 

 





 
Change Gears from Neutrinos to Axions and 

Axion-Like Particles from the Sun 
 

High Resolution Search for Solar-Axions and 
ALPs  























     Coherent Bragg-Primakoff Peaks  





1. Neutrino-less double-beta decay could answer several 
important questions in particle physics and cosmology. 

 
Are neutrinos Majorana particles (Leptogenesis)? 

Is lepton conservation violated? 
What is the neutrino mass scale? 

 
2. The CUORE Experiment construction is near completion in 
the Laboratori Nazionali del Gran Sasso, Assergi, Italy. 
 
3. CUORE-0, the first constructed CUORE tower operated for 
~ two years in the CUORICINO cryostat. 
 
4. CUORE is projected to begin operations in late 2015.    

     
    Conclusions About Neutrinos 



About Axions and ALPs 
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