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Three lectures:

1. Superconductivity at weak coupling

Basics: what one needs for SC
Kohn-Luttinger mechanism
Lattice versions of KL story (cuprates, pnictides...)

2. Superconductivity near a QCP

RG: conventional, parquet, functional....
Spin-fermion model, pairing of incoherent fermions
Role of thermal fluctuations: difference between FM and AFM QCP

3. Charge instability as a competitor to SC at a QCP

Charge instability due to spin fluctuations, SU(2) symmetry
Eliashberg-type theory of charge instability
The interplay between charge order and superconductivity
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Superconductivity:

Zero-resistance state of interacting electrons

Non-superconductive
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A magnetic field is expelled from a
superconductor (Meissner effect)




Superconductivity:

It all started in 1911
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Nobel Prize 1913

2011 was the 100™ anniversary of the discovery of SC



What we need for superconductivity?

Drude theory for metals predicts that resistivity

should remain finite at T=0
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If the system has a macroscopic condensate
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there is an additional current |joc V|, which is not accompanied

by energy dissipation and exists in thermodynamic equilibrium



Once we have a condensate, we have superconductivity

For bosons, the appearance of a condensate is natural, because
bosons tend to cluster into one quantum state at zero momentum
(Bose-Einstein condensation)

But electrons are fermions, and two fermions simply
cannot exist in one gquantum state.

However, if two fermions form a bound state at zero momentum,
a bound pair becomes a boson, and bosons do condense.

We need to pair fermions into a bound state.
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Two electrons attract each other by exchanging phonons —
quanta of lattice vibrations
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Phonon-mediated attraction competes with Coulomb repulsion
between electrons and under certain conditions overshadows it



Phonon superconductivity was one of
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New era began in 1986: cuprates
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Fig. 1. Evolution of the superconductive transition temperarure subsequent
to the discovery of the phenomenon,
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New breakthrough in 2008: Fe-pnictides

LaFeAsO, F , Tc=206K
SmFeAsO, F ,h Tc=43K
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Is only high Tc relevant? No

MgB.,: A phonon Superconductor at 40 K

Fig.4 Nagamatsu et.al Tc:39 K Akimitsu et al (2001)
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Then what is relevant?

In Cuprates, Fe-pnictides, as well as in

Ruthenates (Sr,RuQ,) ,

Heavy fermion materials (Celng, UPI;, CePd,Sl,),
Organic superconductors (BEDT-TTF),-Cu[N(CN),]Br)

electron-phonon interaction most likely is NOT responsible
for the pairing, either by symmetry reasons, or because
It Is just too weak (Tc would be 1K in Fe-pnictides)

If so, then the pairing must somehow come from
electron-electron Coulomb interaction, which is repulsive




Superconductivity from repulsive interaction

How one possibly get superconductivity out of repulsion?




The ABC of theoretical treatment of superconductivity
(let’s do this on the blackboard)
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Walter Joaq_uin
Kohn Luttinger 3

For the rest of my lectures | will explore KL idea that the

effective pairing interaction is different from a bare

repulsive U due to screening by other fermions and may
have attractive components in some channels

scuprates
e doped graphene

 Fe-pnictides

Each case will represent different lattice version of KL physics



To continue
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