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Theoretical interpretation 
perpendicular field 

1. Perpendicular magnetic field penetrates the film in the 
form of vortices:

As the field increases vortices delocalize and Bose- 
condense leading to an insulating behavior.
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Theoretical interpretation 
perpendicular field 

2. Perpendicular magnetic field enhances thermal phase 
fluctuations that destroy phase correlations between SC 
islands.
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Experimental results – parallel field
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Existing models - 
not applicable to parallel field

1. No vortex penetration in parallel field.

2. Parallel spin-exchange field causes the order 
parameter phase and amplitude to vanish abruptly

Both perpendicular 
and parallel field

parallel field only

Y. Dubi, Y. Meir, and Y. Avishai, 
Nature 449, 876 (2007).
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Motivation

Phase fluctuations enhanced by orbital effects of 
the perpendicular field can explain the qualitative 
behavior seen in experiments. 

Can the transition in the parallel field be a result of 
a similar mechanism?



Main result

Parallel field decreases the SC order parameter 
and reduces its phase stiffness. 

Quantum fluctuations of the phase are enhanced 
and can lead to an INS behavior. 



Phase stiffness with parallel field
The phase action:
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A critical value       marks the onset of strong phase 
fluctuations.
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Prediction: critical parallel field

The critical parallel magnetic:
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• All details are in      .
• Spin exchange not considered.

– Strong spin-orbit scattering in MoGe, NbSe and Bi.
– Numerically – spin exchange gives a SC-metal 
transition.

The dependence of      on      ,    and     , can 
determine which mechanism dominates the 
transition.

Critical field – main points
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Relation to experiments

Data from A. Johansson et al., 
condmat , 0602160 (2006).
Fit using
Fit using
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• Orbital effects of a parallel field 
can drive a SIT in disordered 
films.

• The field reduces the phase 
stiffness leading to strong 
quantum phase fluctuations and 
ultimately to an insulating 
behavior.

• The model allows to 
discriminate spin and 
orbital effects.

Summary 
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