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Schematic view of experiment
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le Sueur, Altimiras, Gennser, Cavanna, Mailly & Pierre, PRL (2010)



Analogue of earlier experiment in wires

Electron distribution in biased diffusive wires
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Poithier, Guzron, Birge, Esteve, & Devoret, PRL (1997)



Contrast with tunnelling probe of fractional
guantum Hall edge states

Voltage-dependent differential conductance from electro n correlations

Theory: Kane & Fisher (1992)

Expt: Chang, Pfeiffer & West (1996)
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Analogy with guantum gquench
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Experiment — Actual

le Sueur, Altimiras, Gennser, Cavanna, Mailly & Pierre, PRL (2010)

Evolution of Distribution

Sample Design




Theoretical description of edge states

As electrons:

H:—mv/da:w /dx/dex—a: )p(2)
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As collective modes:

H =" hw(q)bib

o) = +ul@lq  ulg) = (2rh)" / dz U (2)

— related via bosonization



Fractionalisationat v = 2

Two filled Landau levels
Modes mixed by interaction g
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Injected electron fractionalises
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Description of edge state tunnelling experiment

Difficulties
Interactions treated most simply via bosonization

Tunneling at QPC simplest in fermionic language

Previous work on theory for relaxation expt
Boltzmann Eqn: Lunde et al (2010)
QPC as source of plasmon noise: Degiovanni et al (2010)

Approx theory of tunnelling: Levkivskyi & Sukhorukov (2012 )

Approaches here
Physical picture
Quantum quench as toy problem

Exact treatment via bosonization + refermionisation



Physical picture of relaxation

Collective mode Hamiltonian H=7> hwn (q)bh, b,

Edge magnetoplasmon dispersion  — electron equilibration?

Initial quasi-particle separation s < hv/eV
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Relaxation when wavepacket spread  [(t) = s



Relaxation from two mode velocities

Two edge modes with short-range interactions

Two linearly dispersing modes w1(q) = viq
Initial quasi-particle separation s = hv/eV
Relaxation when wavepacket spread  [(t) 2 s

Spread I(t) = |vy —wv_]t
h v

eV vy —u_

Relaxation time: leq ™

Relaxation distance: v ieq

& wo(q) =v_q



Theoretical Idealisation: Quantum quench

Evade treatment of point contact

— study time evolution in translationally-invariant edge

Initial state , (@)
Up) with
> U
Time evolution Properties of  |U(t)) ?

’\IJ(t» — eth ’ \Ifo> Energies of collective modes conserved

— consequences for equilibration?



What Is the equilibrium state?

Characterise via one-electron correlations
Calculate  G(z,t) = (4T (x,1)1(0, 1))

inthermal state ~ G'(,t) = [—2ifhvsinh(w[z + i0]/BAv)]~

Approach to calculations:

Alternate between fermionic and bosonic descriptions

Initial state
\If(aj) ~ ¢ () simple for fermions

o) oc Y q—1/2 [bge_iqw 4 h.C] Time evolution

simple for bosons

T
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Comparison with thermal state

Short-distance correlations
As in thermal state at same energy density
Long-distance correlations
G(x,t) ~ exp(—alz|) with « not fixed by energy density

Difference from thermal in steady state

Example p=0.1,0.2,0.25,0.3,0.5
Initial momentum distribution 2.5
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Solvable model

Each edge

2

H = Hkin + Hint

Hin = —ifv [ (0](2)0, 91 (2) + Wi(2)0,05() ) do

Hine = 27hg [ p1(z)po(z)d, pn(x) = Wl (2) W, (2)



Solvable model

Each edge /_\Q@g

H = Hyin + Hint
Hign = —iho [ (9](2)0,01(2) + Wh(2)0, Wa(2) ) do
Hine = 270g | p1(x)pa(z)da, pu(@) = Wl (2) W, (2)
Bosonize and diagonalise Wy o(x) ~ e iPr2(®)
H =55 (000 ()2 &£ + 5= [[0up ()]

Modes vy =v+tg pi(x)= %[gpl(x) + o ()]



Refermionize

Combine bosons from opposite edges
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Tunneling My, = tqpa[Wl, (0)¥ 1 (0) + W), (0) W, (0)
\111;(())\112(()) ~ ellv1(0)=¢r1(0)]  llpat(0)=pa-(0)] \IJI:H_(O)\IJA_(O)

Edges
Hiin+Hing = —ih [[vo 00 (2)0, 0 4y (2) 40 VY, ()0, 04 (2)]da
+ [A <> S]



Observables

Electron energy distribution at 2 from

(U (2, )W, (2,0))

)

or  (Upy(x, 1)V, (x,0))
Transformsto  (e"-—+))  or  (elm(n-F74))

with — ne = [T UL (9) 0, (y) - dy

Energy exchange between channels — analytic result

Electron distribution — evaluate free fermion averages num erically

U

L



Results: energy exchange between channels

Measurement in channel Measurement in channel
coupled at QPC coupled by interactions
: ./\‘ !
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see also Degiovanni et al. 2010



Comparison with experiment

Measurement in channel Measurement in channel

coupled at QPC coupled by interactions

Fitting parameter: interaction strength  (v? + ¢*)/2g = 6.5 X 10*ms™!



Related experiments

Interferometers out of

equilibrium

Controlling relaxation

Heiblum group (2005)

Altimiras et al (2011)



Summary

Experiment probes relaxation in an integrable system

® Interactions bring system into steady state

Full problem with QPC solvableat v = 2
e Asymptotic state is nhon-thermal

e Calculated evolution of tunneling density of state with dis tance

matches experiment well



