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Motivation: Theory

Equilibrium: linear conductance
==> Onsager relations

Non-equilibrium: I/V %= dI/dV
Onsager relations violated

but not too much if : Small V and &
and interaction strength

Asymmetry with field inversion

P — —D probes interactions
(Sanchez and Buttiker’04, Spivak and Zyuzin’04)

Want to find interaction strength
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Motivation: Experiment.

Experiments(’05) in mesoscopic nonlinearity

« Wel et al (nanotube)

« Marlow et al (ballistic billiard)

» Leturcq et al (Aharonov-Bohm ring)
Bouchiat et al (cond-mat/0603303) @ i

« Zumbuhl et al (quantum dot) ol

Strong nonlinearity in /-V and :

strong effect of ® are observed ®

1um

What is “small voltage V or flux &”?
What are relevant scales?



Theory at low eV : What was known?

Magnetic asymmetry-+interaction Ec ~ e2/C
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Leturcq et al (A.-B. ring) Measurements
(b)
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Measures nonlinearities in transport
(y-axis) vs applied voltage Vup to \°

I-G'(V-V) (nA)
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Q: How to estimate this voltage scale?



Leturcq et al (A.-B. ring) Results

Role of B field:

Asymmetric
response to B, —B -
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Zumbiihl et al (q. dot) Measurements

Measure full conductance
g(B,V) andits (anti)
symmetric component

dB—s 9B+
(stronger at higher V)
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Zumbiihl et al (q. dot) Results
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 Random sign in B
response

» Observe non-linearity
in magnetic field B, =

in applied voltage V

Puzzle:
hel B Crossover field is
' much smaller then

Bg = 4mT’
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Questions addressed here

1. Relevant voltage scale

2. Magnetic flux &
a) What to expect?
b) The right scale.

3. Open questions



Wave-packets and voltage scale.

h/(eV) =

Waves arrive after ~ h/(eV) &§

At low eV wave-packets
arrive rarely —>

no interaction —>

ro— €25 (D, e (212
hh=529"V1i+t 529V + ..

Usually g(M (19/h)" 1 =makes sense
to look at ¢(?) if [eV < h/74]




Experiment vs theory: V-scale

e quantum dot:
A =7TpueV, NA = 14ueV = V,
e Aharonov-Bohm ring
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Inopendot h/7q = NA,
mm) should compare e/
with WA notwith A

(105 A/VS) (10° A/VY  (A/V3)

No interactions ‘ no field asymmetry .
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Coulomb interactions

« Coulomb interaction via capacitance C.

Electron in a sample shifts potential U
and affects next C vy

 Flux & distorts trajectories W
=> U(P) #U(®)

« U depends on interaction
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C —0 ( trong interaction)

N-lin. conductance depend on U, measure screening strength




Magnetic flux. What to expect?
( g;) = (¢ () + ¢ (—d)) /2

7 /7 |/

Ga(P) x U(P) — U(—P)
very sensitive to

small flux & and

interaction strength C,/C| 1
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P-scale. Electronic trajectories

Important: flux through trajectory, NOT the area.
Find flux &, through the sample such that
flux through a trajectory becomes ~ Pg

Time-scales: Td and ergodic Terg ~ Area/D

_—~__|Diffusive: 7d ~ Terg

Trajectory covers
ol area once

N b, = dg




P-scale. Electronic trajectories

Important: flux through trajectory, NOT the area.
Find flux &, through the sample such that
flux through a trajectory becomes ~ Pg

Time-scales: Td and ergodic Terg ~ Area/D

Dots: 7q = —Nh > Terg

T4/7erg > 1" OrOWNIAN"
random steps ~ =P,

= ey /Tq/Terg ~ Pg




Open questions and problems

« Comparison with
experiment (dots)

theory
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But in experiment §o’ depends on N'!

Temperature? We find  §a/ oc /N
Dephasing ? Most probably (affects small N)



« Magnetic field asymmetry
Ga(P) probes interactions
« Voltage scale eV, ~ NA

* Flux scale is not dq
Depends on dwell time 2.
and ergodic time

Thanks for discussions and data _ -G,
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