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Unexpected behavior of electronic excitations

ELECTRONS            COULOMB INTERACTION

Lφ ~ 20µm/(T/20mK)

EXPERIMENTAL OBSERVATIONS in MZI (at ν=2)

Noise in 1 EC ⇒ dephasing in other EC

Neder et al. (PRL 2006)

Roulleau et al. (PRL 2008)

Unexpected energy 

dependent visibility

Non gaussian noise

Low coherence length

Noise induced dephasing

Alternative descriptions: bosonic modes (collective excitations)

additional electronic excitations (charge density oscillations)

Litvin et al. (PRB 2007)

Roulleau et al. (PRL 2008)

Neder et al. (Nature Phys. 2007) Roulleau et al. (PRL 2008)

Ji et al. (Nature 2003)

Bieri et al. (PRB 2009)



1) creation of a non-equilibrium distribution f(E)

2) propagation => relaxation over different lengths

3) measurement of f(E)

MAIN INGREDIENTS

Probing Energy Transport
In The Quantum Hall Regime

A NEW APPROACH:

Spectroscopy of non-equilibrium electrons:

Altimiras et al. (Nature phys. 2010)



Tunable non equilibrium situation

δδδδVD

τ

For free 1D chiral fermions :    fQPC(E)=τ.f2+(1-τ).f1
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DRAIN SOURCE

VG
Measuring f(E)
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Experimental Implementation
SHORT PATH (0.8µm)
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Raw Data In Non-equ. Situation
SHORT PATH (0.8µm)

Non-Fermi f(E) (double step) on the drain side
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Tuning f(E) Out-of-equilibrium
WITH QPC BIAS
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WITH QPC TRANSMISSION
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Tuning f(E) Out-of-equilibrium

-40 -20 0 20 40

0.0

0.2

0.4

0.6

0.8

1.0

f D
(E

)

E (µeV)



-1 0 1

0.0

0.5

1.0

 

 

f(
E

)

(E-E
F
)/eδV

D

∫ ∞−
−−≡

FE

F

F

el dEEfEE
E

))(1( 
ν

At the QPC output:

)1(
2

)(
 

6

)( 22

ττ
δπ

ν
−+= DB

F

QPC

qp
VeTkE

)1(
3

22

22

2 ττ
π

δ −+=
k

Ve
TT

B

DQPC

qp

∫
∞

−+
FE

F dEEfEE )( holes

electrons

22

6

BF

qp

qp
k

E
T

πν
≡

F

qpE

ν

step double)( =Ef

ν F

qpE

Energy within electronic excitations
extracted from f(E)

2

mequilibriu 

2

qpqpexcess TTT −=

)1(
3

22

22

ττ
π

δ −=
k

Ve
T

B

DQPC

excess



-60 -40 -20 0 20 40 60
0

50

100

150

200

 
T

e
x
c
e

s
s
 (

m
K

)

δV
D
 (µV)

0.0 0.5 1.0

40

60

80

100

120

 

 
T

e
x
c
e
s
s
 (

m
K

)

G
QPC 

(e
2
/h)

Checkpoint

QPC is a partitionner for 1DCFs

QD is a precise energy filter

Free 1DCF behavior on short distance

τ=0.5

δVD
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δVD=36µV

Excess temperature of electronic system
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Altimiras et al. (Nature phys. 2010)
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VD1

Varying the propagation length

VD4

Idot(VG)

Inner EC not shown

0.8µm

1µm

L=0.8µm



VD2

Varying the propagation length

VD4

Idot(VG)
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L=2.2 & 4 µm
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VD2

Varying the propagation length
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Varying the propagation length
L=30µm Idot(VG)
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Energy distribution in outer EC
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δVD=36µV, τ∼0.5

f(E) relaxation!      Linelastic ~ 3µm  (δVD=36µV, τ∼0.5)

f(E) saturates to a Fermi function after 10µm



L={ 0.8,2.2,4,10,30 } µm, τ=0.5, T=30mK
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Energy lost toward a co-propagating mode:
Inner EC? Additional modes (charge density oscillations)?
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VD2
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IDOT(VG)
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Energy exchanges between ECs?
Energy injected in Inner EC f(E) meas. in outer EC
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Strong Energy Exchanges Between ECs

Dominant interaction

Energy injected in Inner EC f(E) meas. in outer EC

Energy exchanges between ECs?

QPC
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VD2

VD4

IDOT(VG)1µm
Closed Inner EC

Propagative Outer EC

inner EC's loop

CANNOT ABSORB

ENERGY

from Outer EC

Probes interactions of outer EC with the rest of the world

(metallic gates, lattice, spins etc...)

Confining the inner Edge Channel

What about coupling to the rest of the world?



δVD=36µV

τ∼0.5

Frozen dynamics (no change in f(E) for 10µm loop)

Negligible Interactions with the Rest of the World
(except maybe internal charge oscillations of the Inner EC)

Confining the inner Edge Channel

What about coupling to the rest of the world?

QPC

excessT





Non-perturbative inter EC interactions (ν=2)

charge & spin EMPfree chiral Fermions

Free bosons delocalized on both ECs ≠ 1D chiral fermions

at ν=2, equivalent to spin-charge separation

outerinner vv −

intv<<<<intv

Levkivskyi & Sukhorukov (PRB 2008)

Alternative Description of Excitations in QHR

Aleiner & Glazman (PRL 1994)

Wen (PRL 1990)

(
2
1 )QPC excites 1 EC = +

Time evolution:

energy in  

inner EC

energy in 

outer EC
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• quantum DOT : precise tool to measure f(E)

• QPC : tunable source of non-eq. e-

A new method to tune and measure out-of-eq. f(E)

Summary

Electronic excitations in the Quantum Hall Regime: collective edge modes

Strong coupling between edge channels
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No energy loss at QPC, or towards other Degrees of Freedom 

(except Inner EC's internal modes)

le Sueur et al. submitted

Altimiras et al. Nature phys. (2010)

Degiovanni et al. submittedEdge's dynamics can be freezed!
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