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IN MEMORIAM OF F. L. SHAPIRO 
(April 6, 1915–January 30, 1973) 

 Shapiro was born in Vitebsk on April 6, 1915; 

 Graduated from school at 15 years of age and entered an 

electro technical school; 

 Being only 19 years old, he proposed an original method for 

converting thermal energy into electric energy by changing 

the magnetic flux generated by controlled variations in the 

temperature of a ferromagnetic core near the Curie point; 

 In1936, Shapiro entered the Faculty of Physics at Moscow 

State University. In 1941, he graduated with honors; 

 In the same year, he joined the army as a volunteer and was 

seriously wounded; 
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 After the war, Shapiro became a postgraduate student of I. M. Frank at the Institute of 

Physics (USSR Academy of Sciences, Moscow) and, from then on, remained a close 

associate of his teacher; 

 After finishing his postgraduate studies, Shapiro – together with E.L. Feinberg, L.E. 

Lazarev, L.V. Groshev, and I.V. Shtranikh – embarked on investigations into subcritical 

uranium–graphite systems; 

 In the early 1950s, Shapiro’s group developed the method of neutron spectroscopy by the 

moderation time in lead. This spectrometer was used in an extensive series of experiments 

that studied neutron–nucleus interactions and which showed, among other things, that the 

cross section for neutron capture by nuclei can deviate from the 1/v law (an explanation of 

this phenomenon was also given in Shapiro’s studies); 

 Along with research work, Shapiro delivered lectures on neutron physics at the Faculty of 

Physics at Moscow State University (his students dubbed these lectures Shapiro’s special 

course). His lectures were characterized by extreme clarity and precision of presentation; 

as a teacher, he was able to explain involved physics problems in very simple and 

comprehensive terms. 
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 In 1958, Shapiro became a deputy director of the Laboratory of Neutron Physics (headed 

by I. M. Frank) at the Joint Institute for Nuclear Research. In 1960, a pulsed fast-neutron 

reactor was commissioned at this laboratory, and Shapiro was among those who evolved 

the program of scientific investigations for this reactor; 

 While continuing his studies in neutron physics, Shapiro took part in investigations of the 

Mössbauer effect. As a matter of fact, Shapiro became the pioneer of this new method of 

gamma spectroscopy in the Soviet Union. He developed the classical theory of the 

Mössbauer effect. Together with I.Ya.  Barit and M.I.  Podgoretsky, he indicated for the first 

time that, with the aid of the Mössbauer effect, an experiment aimed at testing the 

implications of the general theory of relativity could be implemented on the Earth. In the 

course of this experiment, it proved possible to observe the shift of the photon frequency in 

gravitational and inertial fields. For this, Shapiro proposed using narrow gamma lines as a 

source of photons. As a result, a velocity sweep of the 92-keV gamma-line resonance in 

the 67Zn nucleus was obtained for the first time with a relative energy resolution of about 

10–15, which still remains a record value. 
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 In 1961, Shapiro indicated that slow neutrons from pulsed fast-neutron reactors could be 

employed in investigations into condensed-matter physics. He developed a highly 

sensitive method of inverse geometry. This method made it possible to study thermal 

vibrations of atoms in solid bodies and liquids and to measure self-diffusion coefficients in 

the critical state of liquid–vapor systems. Together with the Polish physicist B. Buras, 

Shapiro substantiated the application of the neutron-time-of-flight method to diffraction 

investigations. In addition, the method of neutron diffraction at magnetic structures in 

strong pulsed fields was implemented under his supervision; 

 In April 1968, Shapiro proposed using Ultracold neutrons in a device for seeking the 

electric dipole moment of the neutron (such searches are of great importance for testing 

the conservation of T invariance). In the summer of the same year, a group of 

experimentalists headed by Shapiro observed for the first time ultracold neutrons (gas of 

elementary particles, neutrons) from IBR pulsed fast-neutron reactor installed at the 

Laboratory of Neutron Physics. After that, Shapiro initiated experiments with ultracold 

neutrons at more powerful stationary reactors at the Kurchatov Institute of Atomic Energy 

(Moscow), Research Institute for Atomic Reactors (Dmitrovgrad), and Institute of Nuclear 

Physics (Kazakh SSR Academy of Sciences, Alma-Ata); 117th Session of the JINR Scientific Council, Dubna, December 20, 2015 





Shapiro fell seriously ill in 1971 and passed away 

on January 30, 1973 three months before his 58th 

birthday 
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Ideas and Experiments Passed 

into the XXI Century  
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Neutron Spectroscopy (Neutron 

Slowing Down Spectrometry) 
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First Neutron Slowing Down 

Spectrometer at Lebedev 

Institute 1955 
For A>>1 2/A 
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Neutron Spectroscopy (Neutron 

Slowing Down Spectrometry) 
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Neutron Spectroscopy at IBR 

 Total and partial cross-sections; 

 Measurements of the spins and magnetic 

moments of the compound nuclei; 

 Development of the method for neutron 

polarization in energy range from eV to tens keV; 

 Application of the pulsed neutron source for 

condensed matter studies, development of the 

“inverse geometry” method; 
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Neutron Spin Filter Based on DNP 
Let’s consider unpolarized neutron beam as mixture of two completely 

polarized with intensities           and          and        ,         corresponding 

cross-sections 

0
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If                     than after transition through polarized nuclear target 

beam becomes polarized 
ap  

Neutron transmission through polarized target could be described with 

transmission coefficients:                                         ,     app nnT    exp   apa nnT    exp

Nuclear polarization (I=1/2) 
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Having in mind definition of the polarization and fact that nuclear density in 

polarized target is                   , one can obtain an expression for neutron 

polarization: 
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In 1961 Shapiro proposed construction of such 
polarizer and since 1964 experiments started 



165Ho Resonances Spins Measurements – 

Spin Dependence of Neutron Strength 
Function 
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TOF spectra 

Transmission effect 
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First Neutron Scattering Experiments at 
Pulsed Neutron Source 
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First experimental  setup 

to study inelastic 

scattering of the cold 

neutrons on water 

samples with energy 

resolution one order of 

magnitude better than for 

existing at that time 



Modern Spectrometers at IBR-2 
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UCN Discovery and Physics 
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nEDM 



117th Session of the JINR Scientific Council, Dubna, December 20, 2015 



117th Session of the JINR Scientific Council, Dubna, December 20, 2015 



117th Session of the JINR Scientific Council, Dubna, December 20, 2015 



117th Session of the JINR Scientific Council, Dubna, December 20, 2015 



117th Session of the JINR Scientific Council, Dubna, December 20, 2015 


