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The renormalization group deals with the way various 
coupling constants change as a function of the relevant scale 
for the given problem, from its "bare" value to its "physical" 
value, which is used for calculating the relevant physics. In 
the theory of superconductivity one has two competing 
interactions: the repulsive Coulomb interaction, starting on 
the large, microscopic energy scale ς typically the Fermi 
energy/bandwidth EF, and the attractive phonon-induced 
interaction, operative only below the much smaller Debye 
energy D̟.  Here we suggest a way to address 
experimentally the scale-dependence of the renormalized 
interactions by monitoring the magnetic response of a 
nanoscale ring, which is superconducting in the bulk. The 
diamagnetic response of the large superconductor may 
become paramagnetic when the finite-size determined  
Thouless energy is larger than or on the  order of the Debye 
energy. 
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Scale -dependent physical quantities: 
 
Initial  scale       ---   trivial values 

 --- 

Mesoscopic  system ï can control the  
physical size ė system size experimentally! 

RG 

Physical scale        ---    determine measurable quantities 

Can measure scale -dependent interactions ! 
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Renormalized energy from  
large energy scale        
To small energy scale      :  
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Repulsive intôs decrease 

Attractive intôs increase 
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Example: mesoscopic  superconductivity: 
 
 

   Coulomb repulsion          renormalizes down  

as energy decreases from Fermi energy 
 
 
Phonon induced attraction          renormalizes up    
as energy decreases from Debye frequency 
 
 
When sum diverges ï sample becomes superconducting 
 
 
Magnetic response or persistent current on a ring is 
sensitive to sign of net interaction  --  will change 
sign (from diamagnetic to paramagnetic) as function of 
sample size! 
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Renormalization of competing interactions in bul k 
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Calculation of persistent current 
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