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FIG. 1. Temperature dependence of 74 for sample Au-1. The T(K)

broken lines are the functional forms expected from previous

theories. The solid line is a fit to Eq. (1) with phonons. The
inset shows the typical weak localization data taken with 2 nA
at 11 mK with a fit to the standard 1D theory.

FIG. 2. Temperature dependence of 74 for four Au wires.
Solid lines are fits to Eq. (1) with phonons. The inset is the
EE contribution to Ap with the theoretical prediction.
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Disorder + Interactions:

Universal theory
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Coherent scatte([er: hasic model




Tunnel junction, weak tunneling
all T, €1 ¢gkK1

Averin-Likharev'86 (” Orthodox” theory)
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Tunnel junction, strong tunneling

all T;, < 1 butg>1

Panyukov, A.D.Z.’88'91 (Instanton technique)
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Tunnel junction, strong tunneling

all T, < 1 butg>1
Panyukov, A.D.Z.’88'91 (Instanton technique)

One channel, arbitrary .y
Matveev'95 (bosonization)

=0 for Ty =1
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Tunnel junction, strong tunneling

all T, < 1 butg>1
Panyukov, A.D.Z.’88'91 (Instanton technique)

E.ox Ecexp(—g/2)

One channel, arbitrary o
Matveev'95 (bosonization)

P

E.=0 for Ty =1

Arbitrary scatterer, g > 1

Nazarov'99 (effective action, instantons)

E. x E. 1?;[[1 — Th] = Ec.exp(—ag)

diffusive conductor: ¢ = 72/8
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Experiment: Krupenin et al., APL'02 (Granular metals)

Fitting parameters:
R=25 kQ
42 1 a=0.0354
T V,=0.608 mV
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Multiwalled Carbon Nanotubes

Paalanen et al. (LTL, Helsinki)
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Au contacts

Fig. 1. Scanning electron microscopy image of a single multi-wall nano-
tube (MWNT) electrically contacted by four Au fingers from above, The
separation between the contacts is 350 nm center to center

] 10 100
T(K)

Fig.2. Typical temperature-dependent electrical resistance R(T) of»a single
MWNT measured in a four-probe configuration, i.e. the current is passed
through the outer contacts and voltage is measured over ;he inner ones. The
dashed line corresponds to the resistance quantum h/2e
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Fig. 6. Conductance G at zero magnetic field as a function of temperature
T for the measurement shown in Fig. 5. Filled squares correspond to G at
B =0 and open circles to G —8Gwy with 6Gwy the contribution to the
conductance from weak localization. The dashed horizontal line is the con-
ductance expected for an ideal metallic carbon nanotube. The arrow points
to the measured room temperature value
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Shot noise
(Fano factor)

Experiments on break junctions: Altimiras et al. PRL'07
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Zero bias conductance:

RG(T) ~1 — %In (QETC)

g



. Wever et al., P'ikb Ul




G(0,T)[e°/n]

1866

1865

T T T

T T T T T 2 T N B E—

0.1 1 10
leV/k,T|

41




Zero bias conductance:

RG(T) ~1 — %In (QETC)
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Shot noise: S =<ID,



Shot noise: S =<ID,
5Si~ (2v-B)leg



Shot noise: S =<ID,
38:~ (2v-B)g ~ s,

Golubev, Galaktionov, A.D.Z.'03
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S(t,t') = 8" (t,t") + 658 (t,1')

Nyquist noise...
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S(t,t') = 8" (t,t") + 658 (t,1')

Shot noise...

2(8 —2v)leV] 9Ec
Rq ‘QV’,
if T, |w| < |eV| K gFE¢

(Sgw:_

... enhanced for <2y
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Shot noise

Large voltages:

S1(0) = 26:;72 (

Small voltages:
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ShOt nOise Golubev, Galaktionov, A.D.Z.'05
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Renormalization group

Kinderman, Nazarov'0O3
Golubev, A.D.Z.'"04
Bagrets, Nazarov'0O5
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Long dwell times
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Long dwell times
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THERTIT

e Diffusive metallic nanobridges (Weber et al.)

e Break junctions (Saclay)

e Metallic constrictions (Natelson et al.)

e Carbon nanotubes (numerous)

e Single tunnel junctions and granular arrays
(numerous)

e Diffusive metallic wires (Mohanty-Webb)

Both logs have been observed
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Perturk n theory:
comple pression
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Quasi-1D Disordered Wires
Mohanty-Webb’98
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Interference (weak localization)
correction to conductance:
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Decoherence:

Electron-electron interaction — fluctuating field
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Saturation of electron dephasing time
s observed in:

Quantum dots (0d)
Quasi-1d metallic wires
Quasi-1d semiconductors
Carbon nanotubes

2d metallic films

2DEGs

Graphene
Bulk metals (3d)
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Low-Temperature Saturation of the Dephasing Time and Effects of Microwave Radiation
on Open Quantum Dots

A G. Huibers, J. A. Folk, S.R. Patel, and C. M. Marcus
Department of Physics, Stanford University, Stanford, California 94305

C.I Durudz and J.S. Harris. Jr.

Department aof Electrical Engineering, Stanford University, Stanford, California 94305
(Recerved 20 April 1999)
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Two scatterers:
no dephasing at ANY T

Voltage profile

Since Ry (7) and Rp(7) = Rp(t + ty — 7) cross the left barrier at the same time,
eV(t,Rp(7)) —eV(r.Rp(t +ty — 7)) =0

and

<E—ij:] dr [EV{T,RF{T]}—EV'fT.-RF“‘Hﬂ_T”]> — 1 = no dephasing

V, paths



Three barriers:

Forward path crosses the central barrier twice:
at T =ty and at T = s.

Then the backward, time reversed path, crosses it
at t=t+tp—sandat - =1t

Gn x Ei.'_:.-'n[RF]E—ipg[ng+it,ﬂg{3J! G4 o~ 150[Rp] ,—iwa(t+to—as)+ipa(t)

<E—i¢g[fﬂ]+is¢:~{3JE—iaﬂzf*‘l‘*ﬂ—ﬂ"‘i‘:‘??'{*]> < 1 = finite dephasing




QUANTUM DOTS

Experiment: Theory:
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S(t,t') = 8" (t,t") + 658 (t,1')

Shot noise...
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Quantum Transport in a Multiwalled Carbon Nanotube
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Scatterer

2
L L n(@) = (E ~ Ea)xn(2).

2m dx

o~ L3, (r )+ W(rL)®,(rL) = E,®(r)),



Scattering matrix:
( br1 . ari

bLNL Qo QL Ny,
br1 | S(6) aR1

\ RN R ARNR
(NL + NR) x (N + Ng)

s [ FE) E(E)
S1) = (f(é) f’(s_))
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G(T) = Gprude — 6Gint — 6GwL
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