Strong Correlation in Mesoscopic Systems: From the Kondo Effect in Quantum Dotsto the 0.7 Anomaly in Quantum Point Contacts
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. . . ] The Kondo effect in Quantum dots
Correlation effects in mesoscopic systems: « transport through quantum dots

From the Kondo effect in quantum dots to « the Kondo effed in metals
the 0.7 anomaly in quantum point contacts « Kondo in quantum dots

Quantum point contads:

* conductance quantization

* the 0.7 anomaly

Yigal Meir * DFT motivation of the model

* relation to transport through QDs
» model vs. experiments

* predictions and ramifications

Luttinger Liquid

* nanotubes

* quantum wires

* quantum dotsin the FQHE regime
* quantum dot at zero magnetic fields
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Quantum Dots

left lead Quantum right lead

single grain
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Turmneling through a quantum dot: Coulomb blockade

Quantum mechanical model
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“Well, once again, here we are”
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Kondo Effect in Metals Density of states:
Energy
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finite bias and magnetic fields

Meir, Wingreen and Lee (1993,1994)

density of states

- Zero-bias anomaly that splitsin
finite magnetic fields by 2gB
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Goldhaber-Gordon, Kastner (1998)
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Cronenwett et al. (1998)
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Zero-Bias Anomaly with Increasing the
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Quantum dots vs magnetic impurities

Kondo scaling

« fully tunable, but parameters unknown

* the full crossover between the Kondo limit, ,
the mixed valence regime and the non-Kondo G E’%E
limit (comparison to NRG)

» Kondo effect out of equilibrium

* the unitarity limit

» the enhancement of the Kondo effect by
amagnetic field

* the phase of the transmission coefficient

» Kondo effect in the quantum Hall regime

« absence of even-odd parity

» magnetic field induced Kondo effect

081
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04r
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(singlet-triplet degeneracy) 02 — =-100, NRG resits \
« Kondo effect dueto excited states — =0 S
* two-impurities ? 0 ‘ ‘
« multi-channel Kondo effect ? 10” 10° 10’ 10
« noise in the Kondo regime Temperature [K]

» the Kondo effect under external irradiation
» how long does it take ?
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Quantum dots vs magnetic impurities

Unitarity limit in quantum dots (Delft)

« fully tunable, but parameters unknown

* the full crossover between the Kondo limit,
the mixed valence regime and the non-Kondo
limit (comparison to NRG)

» Kondo effect out of equilibrium

* the unitarity limit

» the enhancement of the Kondo effect by

amagnetic field -390
* the phase of the transmission coefficient ¥
» Kondo effect in the quantum Hall regime 400 |

« absence of even-odd parity

» magnetic field induced Kondo effect S
(singlet-triplet degeneracy) (5

» Kondo effect dueto excited states G

* two-impurities ?

» multi-channel Kondo effect ? -430
* noise in the Kondo regime
» the Kondo effect under external irradiation -440 8 025 D — s e

* how long does it take ?
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Quantum dots vs magnetic impurities Kondo effect in the quantum Hall regime (Stuttgart)

« fully tunable, but parameters unknown

* the full crossover between the Kondo limit,
the mixed valence regime and the non-Kondo
limit (comparison to NRG)

» Kondo effect out of equilibrium

* the unitarity limit

» the enhancement of the Kondo effect by
amagnetic field

* the phase of the transmission coefficient

» Kondo effect in the quantum Hall regime

« absence of even-odd parity

» magnetic field induced Kondo effect
(singlet-triplet degeneracy)

» Kondo effect dueto excited states
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* how long does it take ? dlfdVps [e2/h]
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Quantum dots vs magnetic impurities Quantum point contacts and quasi-1d systems

« fully tunable, but parameters unknown

» the full crossover between the Kondo limit,
the mixed valence regime and the non-Kondo
limit (comparison to NRG)

» Kondo effect out of equilibrium

* the unitarity limit

» the enhancement of the Kondo effect by
amagnetic field

* the phase of the transmission

» Kondo effect in the quantum Hall regime

» absence of even-odd parity

» magnetic field induced Kondo effect
(singlet-triplet degeneracy)

« Kondo effect due to excited states 500nm

* two-impurities ?

» multi-channel Kondo effect ?

* noise in the Kondo regime

» the Kondo effect under external irradiation

* how long does it take ?
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Conductance quantization

Van wees et al. (1988)
Wharam et al. (1988) :
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Seeing the different modes
(Topinka et al. 2000/1)
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@ (in s of szll)

The 0.7 anomaly With Ned Wingreen (NECI)

Kenji Hirose (NECI Japan)

Thomas et al. (1996,1998,2000)
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magnetic field dependence

Thomas et al. (1996)

sample B
T=60mK

—_
T

G (in units of 2¢%/h)
-
in

-6‘.8 -6‘.6 -6‘.4 -6.2
Gate Voltage V, (V)

B, =13T
sample A

T =60 mK

VgV %
<‘\

;

dG/d Vg (arb. units)

T

0

10 10

0
B ()

=0T . .
-5.6 54 -5.2
Gate Voltage Vg V)

o
=

tn
)

Dr. Yigal Meir, Ben-Gurion University (KITP Program on Realistic Theories of Correlated Electron Materials 8/29/02)

14



Strong Correlation in Mesoscopic Systems. From the Kondo Effect in Quantum Dotsto the 0.7 Anomaly in Quantum Point Contacts

Transmission through a barrier: _ _ _
Spin-density functional theory of a QPC:

Formation of local moment
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Isthe 0.7 anomaly related to the Kondo effed ?

* zero-bias anomaly
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* temperature dependence

* peak width vs. Kondo temperature
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» gplitting of the zero bias anomaly
with magnetic field What is different in QPCs compared to QDs ?

1.0 w ! ' » Large background conductance at high

temperatures, G ~ 0.5 (2e2/h)
* Energy dependent transparency
* Zero bias anomaly for small conductances
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The model
without Kondo correlations
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Actual Calculation:

(1) SW transformation into a Kondo model
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(2) high-T perturbation theory 5 |092
3 order inJand W, 20T
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Appelbaum (1967)
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Theory:

" zero bias anomaly
\ splitsin afinite
—

different gate voltages
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changing the depth of the level (theory):
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changing back-gate voltage (data):

Nuttinck et al.

i

-1.4 -1.3
Front-gate bias (V}

Dr. Yigal Meir, Ben-Gurion University (KITP Program on Realistic Theories of Correlated Electron Materials 8/29/02)

22



Strong Correlation in Mesoscopic Systems. From the Kondo Effed in Quantum Dotsto the 0.7 Anomaly in Quantum Point Contads

observing the bound state: Where ae the resonances ?

4 r T r
Bpep =0; Vi = 3
, Tim05 e L et
----- 600 mV J b
3F e 650 mV 77 I
v v 2 | Brp=25mT: V= / b
gz_ — o ] ooy ) )
=
0 / o L
N 600 500 400  -300 900 700 500  -300
keep V 4 constant such that T,~ 0.5. v, @mv) v, (mV)
s . 5

scan V, (around T,~ 0) — when thebound v - =300, i
g (round T~ 0) e @eg [ ] ey

state gets occupied, T, should jump. 4T e my T T
2 ab— Somy , i
T,~05 3
/ L S 2k N
&r'nzaketal ngﬁ _Vgl theo /AJ . ()
. . ; e
Probing bound states in quantum dots e T R L
V, (mV)
ﬁ 0 I v(g;l;/;'is:g;)l) ‘
c — By =25mT
S
h
O
g
®
b oo 0w

V, (mV)

Dr. Yigal Meir, Ben-Gurion University (KITP Fogram on Realistic Theories of Correlated Eledron Materials 8/2902)



Strong Correlation in Mesoscopic Systems. From the Kondo Effed in Quantum Dotsto the 0.7 Anomaly in Quantum Point Contads

Spin - current
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THIS 15 A SEMINAL
WORK! OF COURSE,
EVERYTHING WE GET
HERE 1S A SEMINAL

=

Conclusions:

Sperm publishers
» A Kondo-like model was introduced to explain
L N the 0.7 anomaly in QPCs.

» Semi-quantitative areement between high-T
expansion and experiments. Better agreement
with one-loop RG cdculations.

* More acarate gproadies ? (e-o-m, NCA, NRG)
* Prediction: spin current

* Prediction: observation of a bound states ?

* Relation to dephasing ?

———1um

001

can the finite dephasing time be due to
“magnetic impurities’ at the QPCs ?

can be eally chedked experimentally !
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Observations of LL behavior
Luttinger liquid: « tunneling in nanotubes —
In one dimension, the phase space for quasi-particle M. Bockrath et al. (1999
decy does not get smaller at low energies.

Elementary excitations are density waves
(bosons).

Tunneling of an eledron into a Luttinger liquid 2
is reduced (orthogonality caastrophe), and
vanishes at zero energy:

T(e) O™ |

a=1 for non-interaaing electrons g

Similar power-law behavior is expeded for
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* tunreling in aclean 1d systems (cleaved edge
overgrowth) — O. Auslaender et al. (1999
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Nonlinear response
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Nonlinear response and finite magnetic fields

Meir, Wingreen and Lee (1993,1994)

density of states

04t

Q.3 r

az

01 r

aa -
-0.41 0.0 a1

energy

- Zero-bias anomaly that splitsin
finite magnetic fields by 2gB
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