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Elementary  
Particles 

What are muons ? 



Familiar Particles and Muons 

A positive muon behaves like an unstable light isotope of hydrogen  



Muon: 
Elementary particle 
but not constituent of 
ordinary matter 

Present in cosmic rays 

Muon flux at 
ground: 
∼1 Muon/Min/cm2 

Average energy ~ 2 
GeV 



Muons Production 





Muons Production 



Why are muons interesting for  
solid-state physicists ? 





µSR is used to study properties  
of materials at a microscopic level 



















Measuring Properties of Type II Superconductors 

H < Hc1 : Meissner state Hc1 < H < Hc2 : Vortex state 

Abrikosov Vortex Lattice 

© AT&T, 1995 





On the left is a theoretical magnetic 
field distribution for a hexagonal 
vortex lattice in a type-II 
superconductor. 

Also shown is a contour plot of the 
spatial distribution of the internal 
field B(r). 

Theory 
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Spintronics	

•  Conventional electronics: charge of electron used to 
achieve functionalities – e.g., diodes, transistors, 
electro-optic devices (detectors and lasers….) 

•  Spintronics: manipulate electron spin (or resulting 
magnetism) to achieve new/improved functionalities --  
spin transistors, memories, higher speed, lower power, 
tunable detectors and lasers, bits (Q-bits) for quantum 
computing…. 

Need for Ferromagnetic Semiconductors	




(Ga,Mn)As 
H. Ohno et al. (1996): 
ferromagnetism in GaAs 
thin films doped ~5% 
with Mn 

Growth by low 
temperature MBE to 
beat equilibrium 
solubility limit Max. TC=172K   

(so far...) 
      





Storchak et al., PRL 101, 027202 (2008) 



To summarize: 



The   End	



