Lecture 2: Kondo effect in quantum dots: Anderson model Jan von Delft IﬂMll
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How do magnetic moments form in metals?
Answer provided by "Anderson impurity model" (AM) [1961], relevant also to describe
transport through quantum dots, which also show Kondo effect [1998].

Single-impurity Anderson model m
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Conductance anomalies for quantum dot in "Kondo regime"
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Conductance anomalies: real data Am(,

Weak Kondo effect Strong Kondo effect

1.25 ' %
Look * 90 mK ]
0.75 A
;o /rA"
0.50 AR\
N \
0.25 /ﬂ 400 mK \\
S
1.25 | ~=5—t =
b
1.00
. 400 mK .
S 075¢ A N
N / e % \
3 050 AR ot v
i b 7 N
0.25 o N 1
' 7 800 mK M\ -/
0,020 —=——rt —— T
i c
0.015 -
- 90 mK
0.010 - ‘
0.005 -i |
997800 mK | f
I S
D M‘* M i -
-100 -80 -60 -40 -20 0 500 -250 0 250 500
V, (mV) Vo (V)

Goldhaber-Gordon et al., Nature 391, 156

van der Wiel et al., Sience 289, 2105 (2000)
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Ideal Kondo effect van der Wiel et al., Sience 289, 2105 (2000)

20

C
£
r:",13"1,5
O e
Yy
.
T oo
. o
10 , . %900°
10 100 1000

T(mK)

1000}

o ¥ e Beautiful Kondo plateau observed

= e T-dependence follows universal form
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When does "Kondo plateau" arise? [AMe]
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Spin-flip processes occur via virtual intermediate states.
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Schrieffer-Wolff transformation Phys Rev 149, 491 (1966)
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Single-level quantum dot with two leads Pustilnik, Glazman, PRL 87, 216601 (2001) AMa
Recent review: "Nanophysics: Coherence and Transport,” eds. H. Bouchiat et al., pp. 427-478 (Elsevier, 2005).
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Important conclusion:  One mode yields Kondo-Hamiltonian, other mode decouples completely!
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Conductance through (many-level) QD with 2 leads . 'U;: R An il
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Important conclusion: T =0 conductance is determined purely by phase shifts!
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Kondo-Abrikosov-Suhl resonance in local spectral function

u

Local Green's function: 6;(:&
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For T < Tk, LDOS develops Kondo resonance...
which is observed directly in V-dep. of G (see AM4)
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Numerical Renormalization Group
calculations by Michael Sindel, 2004




