Echo phenomena in spin spectroscopy
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    75 years ago, in 1950, Erwin Hahn discovered [1] that the nuclear spins precessing with different phases in non-uniform magnetic fields created by the local environment of these spins, can be brought back into phase by the application of a certain sequence of radio frequency (RF) pulses, leading to the generation of responding signal pulse. He appropriately called this response the spin echo.
In this report the development of spin echo phenomena firstly observed on protons and its impact on spin spectroscopy in other ranges of particle physics will be given. 
The fundamental parameters of a spin system are the relaxation times, which are determined by interactions within the spin system (spin-spin relaxation) and the interaction of the spin system with the environment in which it is located (spin-lattice relaxation).  When we talk spin echo, it means a direct method for determining spin correlation, that is crucial for the spin coherence and her stability (resistance) in such  areas as magnetic resonance imaging, quantum computing and spintronics. In this report the features of  spin echo formation in nuclear magnetic spins: protons, muons and neutrons, experimental facilities for its measurements, and their application in studies of the processes of destruction and maintenance of spin coherence will be mainly considered.  Along with the classical echo [2], the first observation of the muon spin echo generation in zero external magnetic field [3] 

and the time-of-flight neutron spin echo [4] will be described.  The use of nuclear particles, muons and neutrons, which can be implanted at any materials allows to investigate the quantum dynamics of charged states in semiconductors, superconductors and individual ions.  On Figure  the first observation of the muon spin echo signal generated in zero external magnetic field after applying the single pulse of non-oscillatory magnetic field is presented.
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