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Main Targeting  Areas 

- Axion search & sub-eV scale:   
 

- Light Dark matter search: readout via Scintillation, Ionization and  phonon  
 

- Neutrino coherent scattering  
 

- EDM cryogenic doped crystals 
 

- Quantum Macroscopic States  for 2 neutrinos emission spectroscopy 
 
-     Medical (MRI/NMR) hyperpolarized 131Xe and Neon Nuclei  

 
 
 
 

         SEE COSMIC VISION  & QUANTUM SENSING IN HEP REPORTS 
 
 
 
 
 

   



Laser/Matter Approach for New Physics  : 
• The neutrino coherent scattering off nuclei 
      [B. Cabrera, L. M. Krauss, F. Wilczek; Phys. Rev. Lett 55, 25 (1985)] 
 
• The REMP (Radiative emission of a neutrino pair) atomic process 
      [M.Yoshimura et al. Phys. Lett. B 719, 154 (2013)]  
 
•  Artificial Vacuum for T-Violation Experiment 
      [G.Prior , F.Wilczek , Phys. Lett. B194, 137 ,(1987)] 

 
• Optical Excitation and Decay Dynamics of Ytterbium Atoms Embedded in a Solid Neon 

Matrix 
      [Z.T.Lu et al. , Phys. Rev. Lett. 107, 093001 (2011)] 
 
• On the possibility of producing a  coherent scintillator 
     [M.I.Ryazanov et al., JTEP Letters 32 , 8 (1980)] 

 
• The neutrino magnetic moment 
       [H. T. Wong , Hau Bin Li, Shin-Ted Lin; Phys. Rev. Lett 105, 061801 (2010)]  

 
• The laser-induced acceleration of forbidden captures of orbital electrons by nuclei 
       [M. Yu Romanovsky, JETP Letters, 94, 425 (2011)]  

 
 
 



AXIOMA RESULTS: 1 



AXIOMA RESULTS 2 



AXIOMA RESULTS 3 

2 more articles already accepted 
 
3 under submissions 



AXIOMA RESULTS 4 
Laser Based Coherent Scintillator: Radiation Induce Stimulated Emission  

Nd:YVO4 large IR LIGHT SCINTILLATION YIELD 
 
     L.Y. = 105  IR photon/ MeV 
 
Laser operating near threshold need  
 
an extra population on around 103 Atoms in 
 
              Excited States 



      Low Energy Threshold Cryogenic  
                           Detectors 

 

 
 
 
-A) Single Electron Detection promoted without and with laser and Electric Field with a Kg 
mass detector via Bridgeman’s growing technique  
 
-B) Fluorescence Recycling Phenomena in doped cryogenic crystals 
-doping atoms: Rare earth, molecular nitrogen or Alkaline atoms 
 
-C) Inverse Bremsstrahlung electron accelleration under Laser Field combination of electron 
and light multiplication present in high  density media 

Future efforts on Cryogenics Noble 
Gases Matrix Isolation detectors: 
Undoped & Doped crystals   
 

3 main approaches proposed: 

Comment on  Oxide , Fluoride & Cloride doped  Crystals  



Matrix isolated crystals 

Noble gases matrices 
Low interacting environment 
Feeble interaction host-host 
Possibility to embed species into 
the matrices 

Example of solid neon structure 

Axioma 
receipe: 





FERMILAB CHAMBER SET-UP 
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Laser Driven Particle Detector = Sistema a 3/+ livelli 



Stato Attuale Rivelatori Alle Basse Soglie 

 ( Fano Factor , Quenching Factor,…) 

 Scintillatori :  Kev    (40 ph/KeV)  Q.F. elevato alle basse energie , Fano Factor alto 
 
 Semiconduttori :     400 eV  ( 1 e/h /3,6 eV  Si ,100 elettroni rumore a bassa Capacita’) 
 
 Bolometri : less than eV  MA Risoluzione  
 
                              (  Basse Soglie  = microgrammi  @ milli Kelvin) 

Shockley  

                  PROBING THE MATTER WITH LASER : 
 - Soglia Energia = Singolo Atomo Eccitato ( SATURAZIONE ) 
 - Volume/Masse = 1 Lt / Kg seems possible 
 - Amplificazione ottica :   Geiger mode  + Em. Stimolata, 
 



Tracce Elettrone Compton in Elio Liquido CCD 



  
Low Energy Threshold Cryogenic Detectors 

 
                Future efforts on Cryogenics Noble Gases Matrix Isolation  Detectors:  
 
                                                         Undoped & Doped   
 
     3 main approaches proposed: 
 
- A) Single Electron Detection promoted without and with laser and Electric Field 
      with a Kg mass detector via Bridgeman’s growing technique  
 
- B) Fluorescence Recycling Phenomena in doped cryogenic crystals 
      doping atoms: Rare earth, molecular nitrogen or Alkaline atoms 
 
- C) Inverse Bremsstrahlung electron accelleration under Laser Field 
      combination of electron and light multiplication present in high density media 

Comment on  Oxide , Fluoride & Cloride doped  Crystals  
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