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Outline 
What the technique is not! 

(mistakes to avoid)  

•  “Muon	
  sca/ering” –	
  no,	
  the	
  muons	
  stop	
  in	
  the	
  
sample	
  and	
  they	
  do	
  not	
  sca/er!	
  

•  “Muon	
  resonance”	
  	
  -­‐	
  no,	
  unlike	
  NMR	
  and	
  ESR	
  you	
  do	
  
not	
  need	
  to	
  use	
  resonant	
  techniques	
  (though	
  you	
  can).	
  

	
  

Electron 
 
mass me,  charge –e,  spin 1/2 
 
moment –1.001µB,  γe=28024.2 MHz/T 
 
lifetime > 4x1023 years 

Muon 
 
mass 206.8me,  charge +e,  spin 1/2 
 
moment 0.00484µB,  γµ=135.53 MHz/T 
 
lifetime = 2.19903x10-6 s 

•  Muons produced via pion decay: 

•  Muons 100% spin polarized, speed~c/4, K.E.~4 MeV. 

•  Muon decays into a positron: 

•  Positron decay is asymmetric with respect to the initial muon-
spin polarization because of parity violation (weak interaction) 

 
(see S.J. Blundell, Contemp. Phys. 40, 175 (1999))  

MUON        POSITRON         NEUTRINOS 

⇥+ � µ+ + �µ

µ+ � e+ + �e + �̄µ

PION              MUON         NEUTRINO 

Muon spin rotation (µSR)
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“I cannot believe 
God is a weak left-
hander” 

 
Wolfgang Pauli 
(1900-1958) 

2.2 µs 

Every single µSR experiment…. 
…looks like this 

a0 = 1/3 
a0 = 1 

a0 = -1/3 

a0(✏) =
2✏� 1

3� 2✏

p(✓) / 1 + a0(✏) cos ✓

✏ = E/E
max

✏ = 0
✏ = 1

E
max

= 52MeV
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Experiments at the ISIS ���
muon facility	



Experiments at the PSI ���
muon facility	



© P.J. Baker 2009	



µSR	
  worldwide	
  

TRIUMF 
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PSI 
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T. J. Jackson et al. Phys. Rev. Lett. 84, 4958 (2000) 

Depth-Resolved Profile of the Magnetic Field beneath the Surface of a 
Superconductor with a Few nm Resolution 
 
Experiment: YBCO 

R. F. Kiefl et al. Phys. Rev. B 81, 180502 (2010) R. F. Kiefl et al. Phys. Rev. B 81, 180502 (2010) 

R. F. Kiefl et al. Phys. Rev. B 81, 180502 (2010) 
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Experiment: YBCO 

Muons and the flux lattice 
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Single superconducting vortex 
 
 

Vortex lattice 
 
 

Muons and penetration depth 
 
 

S.J. Blundell, Contemp. Phys. 40, 175 (1999))  
	
  

•  Scale of p(B) gives information about penetration depth 
•  Shape of p(B) allows the study of vortex lattice melting and decoupling.   
            

Muons and the flux lattice 
 
 

D.R. Harshman et al. 1990 L.P. Le et al. 1992 

	
  s-­‐wave	
  

	
  line	
  
nodes	
  

κ-BEDT-TTF2Cu(NCS)2 

PRL 79, 1563 (1997) 

	
  vortex	
  laMce	
  

	
  dimensional	
  crossover	
  

	
  asymmetric	
  

	
  symmetric	
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LaFeAsO1-xFx 

NaFe1-xCoxAs 

Ba(Fe1-xCox)2As 

LiFe1-xCoxAs 

Superconducting 

Nature	
  Mat.	
  8,	
  305	
  (2009);	
  8,	
  310	
  (2009);	
  PRB	
  80,	
  052503	
  (2009);	
  79,	
  144523	
  (2009);	
  JPSJ	
  79,	
  113702	
  (2010)	
  	
  
J.	
  Am.	
  Chem.	
  Soc.	
  132,	
  10467	
  (2010);	
  PRL	
  104,	
  057007	
  (2010);	
  PRB	
  85	
  054503	
  (2012),	
  	
  

New iron-based superconductors 

NaFe1-xCoxAs 

J. D. Wright et al. Phys. Rev. B 85, 054503 (2012) 
D. R. Parker et al. Phys. Rev. Lett. 104, 057007 (2010) 

structural distortion 

precession frequency 

J. D. Wright et al. Phys. Rev. B 85, 054503 (2012) 

NaFe1-xCoxAs 

LiFe1-xCoxAs 

Superconducting 

111 iron-based superconductors 

M. J. Pitcher et al. JACS 132, 10467 (2010);  
D. R. Parker et al. PRL 104, 057007 (2010);  
J. D. Wright et al. PRB 85 054503 (2012);  
J. D. Wright et al., PRB 88, 060401 (2013) 
	
   S. Li et al. Phys. Rev. B 80, 020504 (2009) 

Moment estimated to be 0.09(4) µB  
from neutron diffraction 

 
- a Bayesian approach 

Moment estimated to be 0.06 - 0.08 µB  
from our muon results 
J. D. Wright et al. Phys. Rev. B 85, 054503 (2012) 

Magnetic moment determination 
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Phys. Rev. B 87, 121108(R) (2013) 
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‘Uemura	
  Plot’	
  for	
  cuprates	
  and	
  other	
  superconductors 

	
  	
  	
  Tc	
  ∝	
  σ	
  	
  
	
  	
  	
  	
  	
  	
  (µSR	
  relaxaXon	
  rate)	
  	
  
	
  
Equivalently:	
  

Tc	
  ∝	
  ns/m*	
  	
  
	
  
Tc	
  ∝	
  ρs	
  	
  	
  
(superfluid	
  strength)	
  
	
  

Tc	
  ∝	
  1/λ2	
  	
  
(λ	
  is	
  penetraXon	
  depth) 

‘Uemura	
  Plot’	
  for	
  cuprates	
  and	
  other	
  superconductors 
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J. D. Wright et al. Phys. Rev. B 85, 054503 (2012) 

M. Burrard-Lucas, D. G. Free, S. J. Sedlmaier, J. D. Wright, S. J. Cassidy, Y. Hara, A. J. Corkett, 
T. Lancaster, P. J. Baker, S. J. Blundell and S. J. Clarke, Nature Materials 12, 15 (2013) 
 

Uemura plot 

The end 


