
MEASUREMENT OF THE LONDON PENERTRATION DEPTH 
IN HIGH TEMPERATURE SUPERCONDUCTORS 

 

Introduction: 
 
This experiment uses muons to measure the London penetration depth, λ, in 
the high temperature superconductor BiSCO. 
 
Above Tc flux penetrates uniformly and therefore the muons precess in 
phase. Thus, the signals have low damping. Below Tc flux penetrates as a 
vortex lattice (Figure 1a) and consequently there is a field distribution 
inside the material. The µSR frequency spectrum maps this distribution, 
which takes the form shown in figure 1b. In fact, for this experiment, the 
line shape may be approximated by a Gaussian, G t t( ) exp( / )= σ2 2 2 , with a 
second moment of 

1/2 2B    ∆= µγσ .  

 

 
Figure 1: (a) The structure of flux-lines in the mixed state Hext~Hc1, (b) Probability 
distribution p(B) for an ideal triangular vortex-line lattice. The inset shows the 
field contour plot of the corresponding lattice. 

 
A simple relationship connects this line width with the London penetration 
depth: 
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Using the form of the temperature dependence σ(T) it is possible to 
investigate the pairing mechanism of the super conducting state. 



 

Outline of experiment: 
 
• Ensure the correct setup of the spectrometer, geometry and steering 

magnets. 
 
•  Mount the sample. Consider the background contribution and thermal 

contact. 
 
• Apply a transverse 400 gauss field and cool to base temperature (approx. 

10K). Ensure this field remains constant throughout the experiment. Plot 
σ as a function of temperature as the sample is heated through Tc to 
approximately 110K. In fitting your data, consider the effect of the 
muons falling on the silver mask. 

 
• The field dependence of σ may be investigated by repeating the above 

method at a number of different transverse fields. 
 
Additional Problem: 
 
Type 1 superconductor. What happens above and below TC in a type I 

superconductor when the field is below Hc? Use runs 45992 (T=3.3K) and 
45983 (T=1.25K) for experimental data with a transverse field of 20G. 
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