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Muon relaxation functions 

Lecture plan !

•! Static distributions - what is a Kubo-Toyabe? !
•! Gaussian or Lorentzian? !
•! Dynamic relaxation functions - what happens 
when the muons get a bit jumpy? !

•! Stretched exponentials - dangerous evil or 
answer to all problems? !

•! When quantum mechanics shines on the 
experiment! !

Muon spin precession!
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Ryogo Kubo (1920-1995) !

Minimum at t="3/!!

1/3 tail!

2!
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Relaxation functions 

Static distribution 

of local fields 

“Kubo-Toyabe” 
relaxation 

function 

Gaussian at 

short times 

! is the 
width of the 
static distribution 

Relaxation functions 

One can 

interpolate 
between 

statics 
and  

dynamics 

using a 
dynamical 

Kubo-Toyabe 
function 

Introduce dynamics!!



8/13/10 !

4 !

ZF Kubo-Toyabe with dynamics!!

ZF Kubo-Toyabe with dynamics!!



8/13/10 !

5 !

The effect of longitudinal-field!

Static ! Dynamic !

Zero-field! Longitudinal-field !

The effect of dynamics !

The stretched 
exponential!

Muons and spin glasses 

Muons that stop closer 

to magnetic ions 
“see” a wider local field 

distribution (which 
extends to higher 

fields) than muons 

which stop at a greater 
distance 

Y.J. Uemura et al, 
PRB 31, 546 (1985) 
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Muons and spin glasses 

The correct relaxation function must therefore  

be an average over distribution widths !.   

This leads to a root-exponential relaxation 
function:  G(t) = G(0) exp(-("t)1/2) 

where the relaxation rate " is inversely  
proportional to the fluctuation rate #. 

Non-magnetic host!

0 

Magnetic !

Non-magnetic !

Spin glass!

Muon stops close to magnetic ion 

0 

Magnetic !

Non-magnetic !

Spin glass!

Muon stops well away from magnetic ion 

0 

Magnetic !

Non-magnetic !

Muons and spin glasses 

Muons that stop closer 

to magnetic ions 
“see” a wider local field 

distribution (which 
extends to higher 

fields) than muons 

which stop at a greater 
distance 

Y.J. Uemura et al, 
PRB 31, 546 (1985) 
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……but is the dogma correct? 

Monte-Carlo calculation 

of distribution of ! 

S. J. Blundell, T. Lancaster, F. L. Pratt, C. A. Steer, M. L. Brooks and J. F. Letard, J. Phys. IV France 114, 601 (2004)!

S. J. Blundell, T. Lancaster, F. L. Pratt, C. A. Steer, M. L. Brooks and J. F. Letard, J. Phys. IV France 114, 601 (2004)!

1. !

2. !

3. !

F-!

µ+!

) !
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F-µ-F state 

F=small, high 
nuclear moment !
abundant species!

very sensitive to r1/r2!
and ! 

entanglement!

F-µ-F state 

state found in many 
ionic fluorides, and also 
teflon (PTFE) 

Cs2AgF4 !

T. Lancaster, S. J. Blundell, et al. !

Tc=13.95(3) K !

"d = 2# x 0.211(1) MHz !

F-µ separation 1.19(1) Å.  !

Phys. Rev. B 75, R220408 !
(2007)!

CuF2(H2O)2(pyz)!

Phys. Rev. Lett. 99, 267601 (2007) !

1. Interaction 
with a single 
fluorine ion !

[CuNO3(pyz)2]PF6 !

2. Crooked FµF 
bond close to a 
PF6 ion !

Phys. Rev. Lett. 99, 267601 (2007) !
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[Cu(HF2)(pyz)2]X !

3. Interaction 
with a HF2- ion !

Phys. Rev. Lett. 99, 267601 (2007) !


