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The renormalization group deals with the way various
couplingconstantschangeasa function of the relevantscale
for the givenproblem, from its "bare" valueto its "physical”
value, which is usedfor calculatingthe relevant physics In
the theory of superconductivityone has two competing
Interactions the repulsiveCoulombinteraction, starting on
the large, microscopicenergy scale ¢ typically the Fermi
energy/bandwidth E; and the attractive phononinduced
Interaction, operative only below the much smaller Debye
energy - . Here we suggest a way to address
experimentallythe scaledependenceof the renormalized
Interactions by monitoring the magnetic response of a
nanoscalering, which is superconductingn the bulk The
diamagnetic response of the large superconductor may
become paramagnetic when the finite-size determined
Thoulessnergyis largerthan or onthe order of the Debye
energy



Scale -dependent physical quantities:

Initial scale w-~ --- trivial values

Physical scale Ww.--- determine measurable quantities

Mesoscopic system 1 can control the
physical size e system size experimentally!

‘ Can measure scale -dependentinteractions !
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Renormalized energy from >
large energy scale wW> Wel oo
To small energy scale
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Example: mesoscopic superconductivity:

Coulomb repulsion J, renormalizes down
as energy decreases from  Fermienergy E;

Phonon induced attraction g, renormalizes up
as energy decreases from  Debye frequency WD

When sum diverges 1 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!



Renormalization of competing interactions in bul k

conduction band

W>= Er ~ 10, 000K for Coulomb interaction
w~= wp ~ 300K for Fréhlich interaction
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Thouless energy: Ec = D/L2

system length: L

diffusion
coefficient:

D = vpl/3
mean-free path: 4

energy-relaxation

length: €in mesoscopic system: {< L < €¢ f

phase-breaking

(coherence) length: &

Copper (Cu): | = 10~ %V ~ 10mK

circumference (L)- [ = 2um

[W< =max{%,Ec,T}]

mean-free path- ¢ = 20nm
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example 2: persistent currents —

1 : - m
H=—(—ihV—ZA) +V(r)
2m c
® . it [T A-dr'
A_Zp —D'\Il(r) —= o 1O
h2v2
—= = — V
H et (r)
L
S
|
P |~
/\,\_/4\,-\_ =

Aharonov & Bohm, Phys. Rev. 115 (1959)
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Calculation of persistent current

start from

1

a (single-electron) Hamiltonian Ho(r) = o
m

( 1V — eA)2 + v(r)

which includes a magnetic field:

add both = / dr Z (£)Ho(r) s (r)

(competing) interactions: ()\r — I)\al)wT(r)d?I(r)wl(r)wT(r»

and calculate® the partition function 2 and the free energy F
the magnetic response is the (second) derivative of JF

with respect to the magnetic field

*in the Gaussian approximation, in the Cooper channel
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