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How test of Majorana nature  of neutrinos (𝝂 ≡ 𝝂)?   

       The key test originally proposed by G.Racah (1937): 

        n → p + 𝐞− + 𝝂  → (𝝂 ≡ 𝝂) + n → p + 𝐞− + p + 𝐞−  

        Such a combination of events would violate the     

        conservation of lepton number (∆L=2) 

        One way to study the Racah process is use real 𝝂 : 

        Ray Davis (1955) performed the famous 37Cl → 37Ar 

        reaction using anti-neutrinos from reactor 

       (  ν + 37Cl → 37Ar  + 𝑒−   - reaction for famous experiment with 

        neutrinos from the Sun)  

                    Can produce 𝝂  indeed  37Ar nuclei in reaction above? 

 

Dirac or Majorana particle?  
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“Rumors of a positive result reached Bruno Pontecorvo in Moscow   
 in 1957 and caused him to invent neutrino oscillations in direct  
 analogy with the Gell-Mann-Pais analysis of neutral Kaon decay.  
The rumors eventually  died out but the idea of oscillations is  
still alive and kicking.” – S.P. Rosen (1992) 
 
In 1957 with the discovery of parity nonconservation and the two- 
component neutrino, it was recognised that the two-step process 
of Racha is inhibited by helicity: the right-handed anti-neutrino 
emitted by the first neutron is in the wrong helicity state to be re- 
absorbed by another neutron. 
In order to complete the second step of the Racah process, the  
anti-neutrino must be able to flip its helicity and turn itself into a 
neutrino. 
 
A much more sensitive method is to study double beta decay 
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Process Transition Beta ray Neutrino 

Emission  n → p   𝑒𝐿
−  𝜈 eR 

Emission  p → n   𝑒𝑅
+  ν𝑒𝐿 

Absorption  n → p   𝑒𝐿
−  ν𝑒𝐿 

Absorption  p → n  𝑒𝑅
+  𝜈 eR 

Table1. Emission and Absorption of Neutrinos in the Standard Model 

Table2. Emission and Absorption of Neutrinos in a Modified Standard  
Model. The parameter η denotes small admixture of opposite helicities. 

Process Transition Beta ray Neutrino 

Emission  n → p   𝑒−  𝜈 eR     +η 

Absorption  n → p   𝑒−  ν𝑒𝐿   +η ν𝑒𝑅 

  𝜈 eL  
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Important:                                                                                
 
It can be treated the admixture of right-handed currents (RHC-
mechanism) as a separate phenomenological mechanism for 
0νββ decay. But it is not a separate fundamental  mechanism.  
In gauge theories the mass is the fundamental mechanism for  
lepton number nonconserving processes: RHC- mechanism will 
not work unless there are mass term present in the neutrino 
mass matrix (J. Schechter-J.Valle theorem) 
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Germanium for neutrinoless 
double-beta decay experiments  

Germanium detectors 
 
•    Source is detector 
 
•    Good energy resolution 

 
•    Well established technology 
 
•    Intrinsically clean (high-purity    
        germanium) 

      isotope for 0νββ 
 
• Q-value of 2039keV above most 

backgrounds 
 

• Can be enriched to >86% in 76Ge  (nat. 
abundance ~ 8%) 
 

• Slow 2νββ rate (1021 yr) 
 

• Best limit to date on 0νββ 
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76Ge 
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Underground cryostat  
and “monolith”  

Prototype cryostat  

MJD Schedule  

         MJD will proceed in 3 steps 
  

Prototype Cryostat (Spring 2013): 
above ground, commercial copper, 2-3 
strings natGe  
Test mechanical design  
Test detector performance in cryostat and 
Monte Carlo models (eg. granularity)  
 

Cryostat 1 (Early 2014): underground, 
electroformed copper, 3 strings enrGe, 4 
strings natGe  
 

Cryostat 2 (Late 2014): underground, 
electroformed copper, up to 7 strings 
enrGe  
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Electroforming Copper 

• Status 
- For the past 18 months have been 
operating 16 baths, 10 at 4850L 
SURF and 6 at shallow UG site at 
PNNL. 
- Mandrels with Cu pulled from baths 
at PNNL and TCR. Cu machined, 
removed, and flattened. 
- Properties look good. 
- Small parts fabricated from EF Cu. 
- All cryostat 1 parts complete. 
- Part of inner shield 
• Major remaining activities - 12 months 
of electroforming remain - cryo 2 parts, 
inner shield. 
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Enriched germanium processing 

Enrichment to >86% 
at Electro-Chemical 
Plant (ECP) in Russia  

Reduction to Ge metal 
at Electrochemical 
Systems Inc. (ESI)  

Zone-refinement by 
commercial vendor  

Pull crystal by 
commercial vendor  Detector fabrication by 
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•  P-type Point Contact HPGe detectors  

 
• “Novel” technology  

 
• Small point contact to readout charge, low 

capacitance  
 

• Thick outer contact (n+, lithium diffused), 
strongly attenuates alphas  

Semi coaxial detector  

Point contact detector  

P. N. Luke, F. S. Goulding, N. W. Madden, R. 
H. Pehl, IEEE T. Nucl. Sci. 36 (1989) 926  
P. S. Barbeau, J. I. Collar, O. Tench, J. 
Cosmol. Astropart. Phys. 0709 (2007) 009.  
E. Aguayo et al. [The Majorana 
Collaboration], 
http://arxiv.org/abs/1109.6913 (2011)  
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P-type Point Contact Detectors 
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(Left top) A typical charge pulse of an ordinary semi-coaxial high-purity germanium detector.  
(Left lower) The corresponding current pulse from differentiating the above pulse.  
(Right upper) A typical charge pulse from a point contact detector.  
(Right lower) the current pulse from differentiating the charging pulse above. 
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A gamma-ray spectrum taken with a point-contact detector using a 232Th calibration source 
(Black  fitted  line). The lines at 1581, 1588, 1621, 1625, 1631, and 1638 keV are full-energy peaks 
corresponding to gamma rays of those energies, and are dominantly multi-site.  
The peak at 1592-keV is the double-escape peak from the 2615-keV line in the 
daughter 208Tl and serves as a proxy for the 0-decay signal.  
The red spectrum shows the events remaining after the application of PSA cuts to remove multi-
site events. A fit  to the remnant peaks and background is also shown (red line). 

28 



Seminar 03/26/2014 

P-type Point Contact Detectors 
Low capacitance results in greatly reduced series noise 
- opportunity for dark matter search 
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Shield Overview 
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                   32 veto panels 
• Dimensions of individual panels 

from 0.6 m2 to 2.0 m2  . 
• Veto should be 99% hermetic 
• Panels should be highly efficient 

for muons (>99%) and other 
penetrating particles but blind 
for gammas 

• False veto signals should not 
introduce large dead time. 

Majorana Active Veto System  
(Contribution part from UT) 
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Veto panel 

muon telescope 

• All 32 Veto Panels were assembled and tested at SERF (UT, Knoxville) 

• All 32 Veto panels are shipped to SD  
• 12 Veto panels are operated  permanently  at SURF in Davis campus 
       since October 2013. 
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Thanks for your attention! 
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Backup slides 
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