
Milan vs Rome =>  Ettore & Luciano  

My debts to Luciano: from neutral currents to CUORE 

Roma  in fanteria e Milano in fureria 

Roma in infantry and the Milan in quartermaster office     Rome 

 

Roma  in fureria e Milano in fanteria 

Roma in QUATERMASTER OFFICE and the Milan in  infantry   Milan                      

  

                              But not for us => many episodes 

- Discovery of neutral currents 

- Neutrino mass and double beta decay 

- Single beta decay and relic neutrinos 

- The second mistery of Ettore Majorana                        
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Discovery of neutral currents 

- Innovative ideas by Carlo Franzinetti 

- Proposal for an heavy liquid bubble chamber in Italy (E.F.,L.Guerriero, 

  I.Mannelli,P.Negri and L. Scotoni) well considered by INFN 

 

                                  GARGAMELLE 

• Andre’ Lagarrigue -> Contract CERN-France  

• Very generous offer by A.Lagarrigue to our group  (le vieux copain) 

• Gargamelle Users Committee 

• Construction of Gargamelle in France and its installation at CERN.  

• The first Gargamelle collaboration: Aachen, Bruxelles, CERN, E.P.Paris, 
Milano, Orsay and U.C.London 

• Special projectors ARGO  “ e gli occhi d’ ARGO se fosser vivi sarebber 
cotali” 

                               Not only neutral currents. 

•  The first evidence for single hyperon production by antineutrinos   

 +  p     => +    +  o in excellent agreement with Cabibbo theory   

• Cross section of neutrinos and antineutrinos as a function of energy 

• Evidence for production of charmed particles (later, 1975) 
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               The structure of Gargamelle 
Wife of Grangousier and Mother of Gargantua- see F. Rablais  ≈1550) 
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              Neutral currents not particularly popular : 

            “ Le correnti neutre le lascio a Fiorini !   Carlo Franzinetti” 

Two reasons: 

- Experimenters attracted by the new discoveries on partons at SLAC 

      and by the opportunity to measure their quantum numbers   by the 
interactions with neutrinos (D.Perkins) 

- No evidence  in strange particle production like K+ => + +  +  

     However I was impressed by the paper by Glashow, Iliopoulos and Maiani 
postulating  a mechanism with a fourth quark which suppressed the strangeness 
changing neutral currents . Strong interest in Milan for N.C. interactions 
without outgoing electrons or  muons 

      Group meeting in A.Pullia house (department occupied for two months by 
student unrest) and reports by Tonino in Paris 0n March 2 and 3 1973  followed 
by a conference by P.Musset at CERN on July 19,1973 paper published in 
Phys.Lett. On September 3, 1973 

                                      Almost contemporarily  one event  

 ee
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AACHEN, BRUXELLES, CERN, ECOLE POLYTECHNIQUE, MILANO, ORSAY, 

U.C. LONDON COLL. : Observation of neutrino-like interactions without muon or 

electron in the Gargamelle neutrino experiment – Phys. Lett. 46B, 138 (1973) 

Events induced by neutral particles and producing hadrons, but no muon or electron, 

have been observed in the CERN neutrino experiment. These events behave as expected if 

they arise from neutral current induced processes. The rates relative to the 

corresponding charged current processes are evaluated. 

 

AACHEN, BRUXELLES, CERN, ECOLE POLYTECHNIQUE, MILANO, ORSAY, 

U.C. LONDON COLL. : Search for elastic muon neutrino electron scattering - Phys. Lett. 

46B, 121 (1973)  

One possible event of the process  + e−  →  + e−  has been observed. The 

various background processes are discussed and the event interpreted in terms of the 

Weinberg theory. The 90% confidence limits on the Weinberg parameter are 0.1 < sin2θW 

< 0.6. 

                           My visit to Rome  

 Long discussion with N.Cabibbo and L.Maiani 
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1973 Neutral currents : twenty years later  
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The existence of charm is confirmed   

S.L. Glashow, J. lliopoulos and L. Maiani, Phys. Rev. D2 (1970) 128 

 
AACHEN, BRUXELLES, ECOLE POLYTECHINIQUE, MILANO, ORSAY, U.C. 

LONDON COLL. : Strange particle production and charmed particle search in the 

Gargamelle neutrino  experiment - Phys. Lett. 58B, 361 (1975) 

Data is given for single and multiple strange particle production in neutrino reactions in 

both charged and neutral current channels. A total of 15000 neutrino and antineutrino 

events has been examined for possible evidence of semi-leptonic decay of a charmed 

particle. One candidate has been observed. Upper limits on charmed particle production 

cross-sections are given as a function of the neutrino energy and the invariant mass of the 

final state hadrons 

 

• Gargamelle was moved to SPS to “continue its noble career” 

(J.Steinberger) , but “died” in 1979 for her initial sickness, a bad 

quality of its weldings 

• Even now ICARUS is quoted as  “an electronic Gargamelle” . 
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To the charm discovered party                  
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  decay 
Electron capture 

An unexpected help from Luciano :  

Single beta decay and cosmic neutrinos 

15 

Direct measurement of the neutrino mass 
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The Karlsruhe Tritium Neutrino (KATRIN) 
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A picture by Enzo Iarocci 
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Another approach: thermal detectors 
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: 

0.8 keV FWHM   @  46 keV 

1.4 keV FWHM  @ 0.351 MeV 

2.1 keV FWHM  @ 0.911 MeV 

2.6 keV FWHM  @ 2.615 MeV 

3.2 keV FWHM  @ 5.407 MeV  

 

(the best  spectrometer so far 

210
Po  line 
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Energy resolution of ea crystal of  TeO2 5x5x5 cm3 (~ 760 g ) 
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  187Re => 187Os + e-  + e   

A dream =>  Detection of cosmic ray neutrinos 
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e  + 3H=> 3He + e -                                e  + 187Re => 187Os + e - 

  Ettore => Angela  => Luciano again     
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Which is the nature of neutrino and its mass   

The second mystery of    Ettore  Majorana 
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Double beta decay     Ettore  => Luciano and Nicola 
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Two neutrino decay has been detected in ten nuclei also into 

exited states  

Neutrinoless decay 
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Experimental approach  

Direct experiments 

Source  detector  
Source = detector  

(calorimetric) 

Geochemical experiments 
82Se = > 82Kr, 96Zr = > 96Mo (?) , 128Te = > 128Xe (non confirmed), 130Te = > 130Te 

Radiochemical experiments 
238U = > 238Pu (non confirmed) 
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Experiment in the Mont Blanc Tunnel 

A good example for experimentalists Cabibbo and the 2.8 effect 
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Discovery of neutrino oscillations  

 Neutrinoless  Double beta Decay becomes very fashionable  
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Oscillations indicate that <m ≠ 0  
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Nucleu

s 

Experiment % Q Enr Technique 0 y <m ) 

48Ca Elegant IV 0.19 4271 scintillator >1.4x1022 7-45 

76Ge Heidelberg-

Moscow 

7.8 2039 87 ionization >1.9x1025 .12 - 1 

76Ge IGEX 7.8 2039 87 Ionization >1.6x1025 .14 – 1.2 

76Ge Klapdor et al 7.8 2039 87 ionization 1.2x1025 .44 

82Se NEMO 3 9.2 2995 97 tracking >1.x1023 1.8-4.9 

100Mo NEMO 3 9.6 3034 95-99 tracking >1x1024 .5-1.9 

116Cd Solotvina 7.5 3034 83 scintillator >1.7x1023 1.7 - ? 

128Te Bernatovitz 34 2529 geochem >7.7  1024  .1-4 

130Te Cuoricino 33.8 2529 bolometric >2.8 x1024 .3-.7 

136Xe DAMA 8.9 2476 69 scintillator >1.2x1024 1.1 -2.9 

150Nd Irvine  5.6 3367 91 tracking >1.2x1021 3 - ? 

Present situation on neutrinoless  decay  
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Future experiments  
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Experiment  Isotope Mass [kg] 1/2[y] <m  >[meV] Comment 

CUORICINO 130Te 40 2.8x1024 300-700 Best sensitivity so far 

CUORE0 130Te 40 4x1024 210-490 End of 2011 

CUORE 130Xe 200 2x1026 35-80 2014 =>  possible enrich 

DAMA 136Te 6.5 1. 2x1024 1.1-2.9 Also Dark Matter 

LUCIFER Various R&D and possible development of CUORE 

COBRA Various R&D 

GERDA I  76Ge 17  3x1025 300-700 Running 

GERDA I I 76Ge 40  2x1026 70-200 2012-2014 

GERDA III 76Ge 100  6x1027 10-40 2012-2014 

Help by Nicola, Luciano,  INFN presidents  and LNGS directors  

not only to CUORE, but to  experiment 
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Experiments in LNGS 
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Majorana “spin-flip” and ultra-low temperature atomic physics by Massimo Inguscio 

Ettore Majorana’s legacy and the Physics of the XXI centuryOctober 5-6, 2006 Catania, Italy 

C. Xu and S. Sachdev Majorana Liquids: The Complete Fractionalization of the Electron 

Jacob Linder et al :Unconventional Superconductivity on a Topological Insulator 

Jason Alicea: Majorana fermions in a tunable semiconductor device 

Roman M. Lutchyn, Jay D. Sau, and S. Das Sarma Majorana Fermions and a Topological 

Phase Transitionin Semiconductor-Superconductor Heterostructures 

I am interested, but  a poor experimentalist:  Luciano please help! 

But => 
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