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• Obituary was published in CERN Courier of 28 
March 2013, with biographic information 
including references to his work on polarized 
targets and spin physics b 

• “Spin temperature model of DNP” remains one 
of his best recalled contributions for this 
community (Phys. Rev. Lett. 20 419, 1968) 

• This model extended the general QS treatment 
of magnetic resonance saturation to electron 
spin systems at low temperatures where the 
polarization is high 

• Borghini and his team at CERN proved also 
experimentally the validity of his hypothesis 
that all nuclear spin species cool towards a 
common temperature, that of the dipolar 
energy reservoir of the electronic spin system 
under saturating microwave field 
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Radiation Doping 
• First Irradiation 
         C. F. Hwang & T. M. Sanders, Int. Symp.  On Polarization, Helvetia Physics 
Acta, Supp. VI, 122 (1960) 
          CH2 irradiated with electrons, photons and neutrons 
         Pmax  = 1.2 %  with B = 3.2 kG, T=1.3K 
 
•  Second Irradiation 
           D. Hill et al.,  Phys. Letts., 23, 63  (1966) 
           CH2 irradiated with fast neutrons  
            P = 10% with B = 2.5 T, T = 1.2 K 
 
     Suggested irradiating at LN2  temperatures      



Radiation Doping II 
• After the Borghini EST theory, very little effort in Radiation 

doping for ~ 10 Years. 
• Increasingly the demand for radiation resistant materials in 

experiments turned attention back to radiation doping and 
by the end of the ‘70s, two workshops (precursors of the 
current PSTP Series)  ANL(1978), Cosenors House 
(Rutherford Lab.) were showing results of radiation damage  
to the standard materials and some attempts at irradiating 
materials. 

• Geoff Court at Liverpool started the modern era of doping 
NH3 by irradiating ammonia in a reactor. 

• Some of this material was polarized at CERN to ~90%  
      





Radiation Doping III 

• Around 1980 much activity at Michigan, Bonn, 
SLAC, ANL, Saclay …………… 

• First experiment with irradiated  NH3 at BNL 
(0.5 K/ 2.5 T) 

• Michigan moves to 5 T/ 1K 







Radiation Doping IV  

 
• Irradiation of NH3: 

 
• Initially under LN2:  Explosions: 
     Ozone aborption 
• Liquid Argon  
    Proton knock out at ~ 12MeV  
 e- + 40A   39Cl + p 



Radiation Doping V 

• Used in many Experiments. 
• Radiation Resistance much improved over 

chemically doped materials, eg butanol. 
•  Annealing  
• BNL, SLAC, JLab 





Performance and Experience 
Target materials 

ND3 









Deuteron Polarization of 63% at 6.5T  and 1 
K 
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