PLAN OF THE LECTURES

Lecture 1I:
Non perturbative linear conductance: Kondo
effect in Quantum dots

e Mechanism and experimental findings

o I'reezing the charge degree of freedom in tunneling: Schrieffer-
Wolff transformation and Kondo hamiltonian

e Poor man’s scaling and Kondo screening
e Kondo conductance
e Orbital Kondo and more exotic Kondo states

e Kondo with superconducting contacts: Josephson current
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Temperature dependence of the peaks in the conductance
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at Coulomb Blockade : the charge degree of freedom is frozen

2  Non perturbative Kondo conductance :

SPIN

degree of freedom survives

if it 1s present

e Antiferromagnetic interaction : Kondo screening

e non perturbative tunneling : resonance at the Fermi
level

e phase shift § = 7/2 unitary limit of the con-
ductance
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EXAMPLES :

Parity effect

no degeneracy in the GS :

N = =0:
e o = 8 = KONDO is ABSENT

N =odd, S = = | GSisadoublet: o=t |

bof—

the magnetic moment is screened: Kondo Singlet
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single electron states in the leads in cylindrical coordinates
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D is the cutoff in the conduction band
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FIG. 1. Vertical Quantum Dot with contacts in a pillar configuration.
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N odd = S halfinkger

N even —» S l’niejct
C,—ou)o}t(né f"o Cow{'ao{'s Imq,kej Cj)lué,(_ t'u.J Srf:. Mowu Cbu.feu/c{,

KO”JO Co‘l‘t"ﬁ*‘l qu,*c: (J’Ml?e q,.,a( sfvl‘l; Qe evfcu-q

ComSer d Bwt'.'
) N odd — S t'ﬂ?‘egea. '
N even =3 S hal{'c'nfcam



Coulomb blockade

Hamiltoniana di Anderson

i = ZEddeo‘ + Zekck gcka + Und’[*”di,
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128 Fermi Liguid Theories

w/A

Figure 5.7 Fourth order perturbational results (Yamada, 1975) for the spec-
tral density 7Apq(w) for the symmetric Anderson model.
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w/A :
Figure 5.8 Results for the spectral density mApq (w) at various temperatures
(Horvatié et al, 1987) for the symmetric Anderson model with U/7A = 2.5
and (ng) = 1. The arrows indicate the energies of the excitations for A = 0.
The temperature is indicated in units of A and also in terms of the half
width of the central resonance § ~ Tk.
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FIG. 2. Charge density as a funtion of the radius r. B < B,
(B > B.) should be understood as B slightly smaller (higher)
than B.. The charge density p is only slighlty affected when
I3 goes across B.. The spin density o is zero when B < B..
It follows the profile of the charge density as B > B,.
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Underscreening or Overscreening of S depending

on the number of channels &

! underscreening 7
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[overscreening \

Examples of underscreening at even N :

N=145

B, T =) oy
(Hund’s rule)

and k=1

N=24

crossing (S, M) = -
(0,0) = (1,1)

and k=1

Kondo impurity is S =1 :
underscreening !

equiv. S =3/2 :
underscreening !




T - dependence of the conductance
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Low energy correction behavior of the self en-
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the dot spin can be screened by lead electrons:

Vemep,gmo = i(kpﬂ)z()aﬁ‘O,m(P)emﬂXa
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Unitary limit of the conductance
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Figure 1: - dependence of GG : changes with gate voltage
V, when moving from 1CK to 2CK




