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Interferometers in quantum Hall edge channels
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Electrons interact: dissipation / loss of coherence
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Energy Relaxation in the Integer Quantum Hall Regime

H. le Sueur, C. Altimiras, U. Gennser, A. Cavanna, D. Mailly, and E. Pierre™

CNRS, Laboratoire de Photonique et de Nanostructures (LPN)—Phynano team, route ¢ spin propagate at the same speed. Motivated by the present

(Received 22 March 2010; published 27 July 2010) oy heriment, T, was recently calculated in the bosoniza-

We investigate the energy exchanges along an electronic quantum chanr tion framework [25]. Assuming strong interactions and a
quantum Hall regime at a filling factor of v, = 2. One of the two edge standard drift velocity 10° m/s_ calculations are found to
equilibrium and the resulting electronic energy distribution is measured in the reproduce the measured nonlinear shape of Tcxc(ﬁ Vp) and
propagation lengths 0.8 um = L = 30 wm. Whereas there are no discemib ,1s0 the energy relaxation length scale, without the need to

thermalized states, we find efficient energy redistribution between the two introduce disorder [25]. However, the same lower bound

exchanges. At long distances L = 10 um, the measured energy distribution is ¢ . . . .
e — - ’ oy ‘ Cff/\./’:’ was confirmed for arbitrary interaction strength

between two IDCF branches. In [25], the data are repro-
duced quantitatively by assuming ad hoc 25% of the
energy leaks out toward other degrees of freedom.

The main outcome of the data-theory comparisons is
that additional states need to be taken into account.

= 7

temperature is lower than expected for two interacting channels, which sugges
degrees of freedom. The observed short energy relaxation length challenge
quantum Hall excitations as quasiparticles localized in one edge channel.

DOI: 10.1103/PhysRevLett.105.056803

Transfer QPC = QD: not all of the injected energy reaches QD, unknown loss mechanism
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Separation of neutral and charge modes in
one-dimensional chiral edge channels

E. Bocquillon!, V. Freulon', J.-M. Berroir!, P. DegiovanniZ, B. Placais!, A. Cavanna3, Y. Jin® & G. Féve!

val0)=2.3203% 10*ms ' at high frequency. Comparing
our results with various models of inter-edge interactions, our
results show that edge channel propagation differs from the ideal
Luttinger limit of dissipationless propagation with short-range
interaction, but rather agrees with a model of dissipative channels
coupled through a long-range interaction. Dissipation could be
caused by the internal structure of compressible edges, leading to
a coupling of EMP to acoustic mode 8 but a non-ambiguous
diagnosis will require further investigation.

to AC current «—:
homodyne detection

RF injection: channels are dissipative, unknown mechanism



Introduction

* Experiment: energy resolved transfer along quantum Hall edge
* Distinct transfer processes show distinct signatures in energy landscape

* Theory: relate signatures to underlying physical processes by
diagrammatic approach to identify relaxation mechanisms



T. Krdhenmann (Dissertation, ETH Zirich, 2017)



T. Krdhenmann (Dissertation, ETH Zirich, 2017)

. ; IDET
El -0.948
‘V 1 pA
-0.95¢
. 1100 fA
0]
:‘é -0.952
L 1+ 10 fA
>
-0.954
-100 fA
-0.956
-1 pA
-0.958 & : : S
-0.87 -0.86 -0.85 -0.84

Detector

Source Reservoir Drain




T. Krdhenmann (Dissertation, ETH Zirich, 2017)

| ' > IDET
] -0.948
-0.95
. 1100 fA
(O]
?é -0.952
L 1+ 10 fA
>
-0.954 |
-100 fA
-0.956 |
-1 pA
-0.958 & : . 3
-0.87 -0.86 -0.85 -0.84

Detector

v
v

Source Reservoir Drain



T. Krdhenmann (Dissertation, ETH Zirich, 2017)

| ' > IDET
] -0.948
-0.95
. 1100 fA
(O]
?é -0.952
L 1+ 10 fA
>
-0.954 |
-100 fA
-0.956 |
-1 pA
-0.958 & : . 3
-0.87 -0.86 -0.85 -0.84

Detector

v

v

Source Reservoir Drain



T. Krdhenmann (Dissertation, ETH Zirich, 2017)

| ' > IDET
] -0.948
-0.95
. 1100 fA
(O]
?é -0.952
L 1+ 10 fA
>
-0.954 |
-100 fA
-0.956 |
-1 pA
-0.958 & : . 3
-0.87 -0.86 -0.85 -0.84

Detector

v

v

Source Reservoir Drain



T. Krdhenmann (Dissertation, ETH Zirich, 2017)

| ' > IDET
] -0.948
-0.95
. 100 fA
(O]
?é -0.952
L 1+ 10 fA
>
-0.954 |
-100 fA
-0.956 |
-1 pA
-0.958 & : .
-0.87 -0.86 -0.85 -0.84

Detector

v
v

Source Reservoir Drain



T. Krdhenmann (Dissertation, ETH Zirich, 2017)

: : : : DET
-0.948
-0.95¢
~ 100 fA
0]
?g -0.952
L 1+ 10 fA
>
-0.954
-100 fA
-0.956
-1 pA
-0.958 & : :
-0.87 -0.86 -0.85 -0.84

Detector

v

Source Reservoir Drain

v




T. Krdhenmann (Dissertation, ETH Zirich, 2017)

| ' > IDET
] -0.948
-0.95
. 100 fA
(O]
?é -0.952
L 1+ 10 fA
>
-0.954 |
-100 fA
-0.956 |
-1 pA
-0.958 & : .
-0.87 -0.86 -0.85 -0.84

Detector

v

v

Source Reservoir Drain



T. Krdhenmann (Dissertation, ETH Zirich, 2017)

| ' > IDET
] -0.948
-0.95
. 1100 fA
(O]
?é -0.952
L 1+ 10 fA
>
-0.954 |
-100 fA
-0.956 |
-1 pA
-0.958 & : . 3
-0.87 -0.86 -0.85 -0.84

Detector

v
v

Source Reservoir Drain



T. Krdhenmann (Dissertation, ETH Zirich, 2017)

| ' > IDET
] -0.948
-0.95
. 1100 fA
(O]
?é -0.952
L 1+ 10 fA
>
-0.954 |
-100 fA
-0.956 |
-1 pA
-0.958 & : . 3
-0.87 -0.86 -0.85 -0.84

Detector

v

Source Reservoir Drain



T. Krdhenmann (Dissertation, ETH Zirich, 2017)

| ' > IDET
] -0.948
-0.95
. 1100 fA
(O]
?é -0.952
L 1+ 10 fA
>
-0.954 |
-100 fA
-0.956 |
-1 pA
-0.958 & : . 3
-0.87 -0.86 -0.85 -0.84

Detector

-u

v

Source Reservoir Drain



| ' > IDET
] -0.948
-0.95
. 100 fA
(O]
?é -0.952
L + 10 fA
>
-0.954 |
-100 fA
-0.956 |
-1 pA
-0.958 & : .
-0.87 -0.86 -0.85 -0.84

Detector

v

v

Source Reservoir Drain




-0.948

"

-0.95¢|

-0.952 ¢

Emitter

-0.954

-0.956

-0.958 & - :
-0.87 -0.86 -0.85 -0.84

Detector

v

Source Reservoir Drain

v



| ' > IDET
] -0.948
-0.95
. 100 fA
(O]
?é -0.952
L + 10 fA
>
-0.954 |
-100 fA
-0.956 |
-1 pA
-0.958 & : .
-0.87 -0.86 -0.85 -0.84

Detector

-u

v

Source Reservoir Drain










1291

(o) *
rs
UL HR
In=—— [ dwtr{g® tp.,. gt Tty Gt
R o d—oo DRUDRLRILRLLRDRYIDRIDRIUIIID

—a > <
— 9D torLrIintLrDrIDRtDRIGIT D, )

Y. Meir and N. S. Wingreen, Phys. Rev. Lett. 68, 2512 (1992).



1291

(o) *
rs
UL HR
In=—— [ dwtr{g® tp.,. gt Tty Gt
R o d—oo DRUDRLRILRLLRDRYIDRIDRIUII D

—a > <
— 9D torLrIintLrDrIDRtDRIGIT D, )

Y. Meir and N. S. Wingreen, Phys. Rev. Lett. 68, 2512 (1992).



1291

$—

(o) *
rs
UL HR
In=—— [ dwtr{g® tp.,.grt Tty GOt
R o d—oo DRUDRLRILR LD YD DRIUII DR

—a > <
— 9D torLrIintLrDrIDRtDRIGIT D, )

Y. Meir and N. S. Wingreen, Phys. Rev. Lett. 68, 2512 (1992).



1291

(o) *
rs
UL HR
In=—— [ dwtr{g® tp.,.grt Tty Got
R o d—oo DRUDRLRILR LD YD DRIUII DR

> <
— 9D torLrIintLrDrIDRtDRIGIT D, )

Y. Meir and N. S. Wingreen, Phys. Rev. Lett. 68, 2512 (1992).



_ € [ < > > <
Ip = _;f_oo dw tr{gp tperp I tinnr 9D toriGiTting — 9D ptDrlr9lptirDrIDRDRIGH tiDR}

Y. Meir and N. S. Wingreen, Phys. Rev. Lett. 68, 2512 (1992).



_ € [ < > > <
Ip = _gf_oo dwtr{gp tp .1, 9itirprIDRtDrI ClTtiDg = 9D o tDRLr LRt LrDRIDR DRI GIT LD}

Y. Meir and N. S. Wingreen, Phys. Rev. Lett. 68, 2512 (1992).



Non-interacting case m
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= 2

Ir = jdw[fL(w)_fR(w)]TL(w)TR(w)+ jdw[fl(w)_fR(w)]RL(w)TR(w)

— 00

e Landauer-Buttiker result:
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Interactions in the reservoir region
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« 2nd order diagrams

* One transmission event per quantum dot (neglecting reflections)
* Finite-ranged model interaction



Decay of elastic current
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Inelastic current



Dressing interaction diagrams with tunneling
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Dressing interaction diagrams with tunneling

L/|/R Source
Reservoir —
X L/|/R —X Drain —
Tunneling x
R - — L/l/R—§ ” —% R Interaction NN

e 27 distinct relaxation processes

 For one transfer event per quantum dot, 3 processes contribute to triangles



Keldysh component of Green’s functions
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Exchange diagrams

* Interference between direct and swap process:
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Inverted triangles

* Auger-like process?
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Interactions between reservoir and source
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Interactions between reservoir and source

e Simplified model: parallel channels
* additional distance d for interactions,

taken into account phenomenologically Drain
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Inverted triangle electron current

IDET
+I-1071 ] o
! +I'-1073 e
100 fA
+I-107°
+ 10 fA
i —I-1073 -100 fA
' ’ —Ir-1071 s
F =
350 KL KR
WR
U
o

v

| e |3.
HR

v

Source Reservoir Drain



Inverted triangle hole current
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All contributions, including elastic current
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« 2nd order interactions not sufficient to capture absence of elastic current
* Quantitative agreement requires taking into account: higher interaction orders, sample

geometry, more channels, realistic interaction, non-zero temperature, interactions
between channels and dots...



Direct evidence for Auger-like recombination
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Relevance for unexpected energy loss?

to AC current =—=:
homodyne detection

Le Sueur et al., PRL 105, 056803 (2010) Bocquillon et al., Nat Comm 4, 1839 (2013)



Conclusions

* Distinct contributions to measured current are captured by diagrammatic
approach

* Interactions between spatially separated parts of the sample confirmed as
origin of inverted triangles

» 2" order interactions not sufficient to qualitatively capture predominant
absence of elastic current

- bosonization

e Quantitative agreement (currently?) out of reach



