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SINGLE-IMPURITY
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KONDO MODEL
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Fermi sea: gas of exchange
non-interacting electrons coupling
0= %a quantum-mechanical spin operator

S = Z Ck o ( a'a5> ck,3 spin-density (at r=0)

k,o,
8I'

Schrieffer-Wolff transformation: pJ = =



THE FAMILY OF KONDO
IMPURITY MODELS
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Classification according to 25 vs. Nchannels
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impurity spin, S 52 1 12
N channels 1 it 2
fixed point Fermi liquid singular Fermi liquid | non-Fermi liquid
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PHYSICAL REALIZATIONS
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FERMI LIQUIDS

® Excitations are “quasiparticles”: same charge, spin
and statistics as electrons, but different effective
mass; “dressed” termions.

® Residual interactions between quasiparticles go to
zero as the Fermi level is approached.

® Specific heat o T, scattering rate «cw?

(b, outla, in) = (b,in|S|a, in)
(ko,in|S|k'o’,in) = 278(k — k')dyer S(w)
5l —0)| = 1 S(w) analytic around @=0
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UNDERSCREENED
KONDO EFFECT FOR S=1 MODEL
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'——gs?/—zd //IJeﬁ ferromagnetic residual coupling

|S{w=0)| =1 S(w)singular around w=0
1/In?(w/ To) cusps in spectral functions

This is a singular Fermi liquid!
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OVERSCREENED KONDO EFFECT
FOR TWO-CHANNEL S=1/2 MODEL

e [S(w=0)I=0, incoming electrons scatters into

particle-hole excitations

 Non-interacting fixed point, but in terms of

Majorana fermions

non-Fermi liquid

* Vw cusps in spectral functions

P. Nozieres and A. Blandin. ]J. Physique 41, 193 (1980)

Maldacena, Affleck: bosonization, conformal field theory



STANDARD KONDO EFFECT
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UNDERSCREENED KONDO EFFECT
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TWO-CHANNEL KONDO EFFECT
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(SPIN) THERMOPOWER
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(SPIN) THERMOPOWER

Particle-hole symmetric point: A+(w) = A (—w)
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(SPIN) THERMOPOWER

spin current

Spin Seebeck

——
- - coefficient:
e, Vs
left lead 2= SS - AT I.=0
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NUMERICAL
RENORMALIZATION GROUP

K. G. Wilson, Rev. Mod. Phys. 47, 773 (1975)
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Wilson’s chain

open-source code: http: / /nrgljubljana.ijs.si/
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Strong spin-polarization
of high-w spectral function
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Strong spin-polarization
of low-w spectral function
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CONCLUSION

e Spin thermopower, measured as a
function of B and T, would allow very
clear distinction between the different
types of the Kondo effect.

e SFL and NFL exhibit strong spin
polarization in high and low-w part of
the spectral function, respectively.
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