LLPENS Anyonic and Fermionic Statistics in a Mesoscopic Collider

LABORATOIRE DE PHYSIQUE
DE L'ECOLE NORMALE SUPERIEURE

H. Bartolomeil3*, M. Kumarl#t, R. Bisognin!, A. Margueritel¢, J.-M. Berroir!, E. Bocquillon!~, B. Placgais!, A. Cavanna?,
Q. Dong?, U. Gennser?, Y. Jin?, and G. Féve!

h

SORBONNE
UNIVERSITE

I Laboratoire de Physique de I’Ecole normale supérieure, ENS, Université PSL, CNRS, Sorbonne Université, Université Paris-Diderot, Sorbonne
Paris Cité, Paris, France
2 Centre de Nanosciences et de Nanotechnologies (C2N), CNRS, Univ. Paris Sud, Université Paris-Saclay, 91120 Palaiseau, France.

B '-f..:;'.'::.'.‘:' 3 Laboratory of Quantum Physics, Topology and Correlations, Institute of Physics, EPFL, 1015 Lausanne, Switzerland
: 4 g e rc * Low Temperature Laboratory, Department of Applied Physics, Aalto University School of Science, 00076 Aalto, Finland
— ' .'-- > Physikalisches Institut, Universitat zu Koln, Zulpicher Str. 77, 50937 Koln

¢ Laboratoire de Physique et d'Etude des matériaux (LPEM), ESPCI-Paris, 75005 Paris France

The concept of anyon [1,2], AbstraCt

non-fermionic non-
bosonic particles, has

What happen to the many body wave Quantum statistics
function when two particles are

Shot noise in FQHE systems

| _ | exchanged/braided ?
;alsed a IIOt Ofmtere;t *lilftef; the(gg;%‘;ery of the N\ ® AlGaAs/GaAs two dimensional electron gas under strong
ractional quantum Hall effect : 3 . . — ol . . erpendicular magnetic field => Quantum Hall effects
for some value of the filling factor, and due to Pl]tp(rl’ ey Uiy ey T ""rN) =€ \I—’(rl, o Uiy ey T ""rN) PED 5 Q
the strong coulomb interactions, electrons ® Shotnoise: low freq. current
condense into a strongly correlated quantum ® Abelian particles: an exchange phase ¢ is accumulated noise arising from tunneling 1

phase in which the elementary excitations of the

at a quantum point contact
system are described by quasi-particles with

(QPC): charge g measurement
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® 3D case = braiding is trivial : ¢ = 0 (Bosons) ¢ = m (Fermions)

fractional charge, and fractional exchange ® 2D case = braiding non trivial : ¢ takes any values (Anyons) Fos
statistics.

This work introduces the mesoscopic collider 5. = [ dr < 8I()S1,(0) > e
geometry [3,4,5] in both integer and fractional Y l ! qv 2kp0 | 02
Quantum Hall regimes. By measuring the cross- = +2qT(1 —T)GoV][coth (ﬁ) T v ]
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correlations of current fluctuations resulting
from the collisions between two dilute currents
of fractional particles, we are able to extract the
statistical exchange phase /3 of anyons in the
Laughlin state v = 1/3, providing strong
evidence of the “anyonic” nature of the charge
carriers in FQH systems.
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® Current conservation for cQPC, and excess noises relations:
11 + 12 — 13 + 14_ = 6533 + 554_4 + 26534 — 5511 + 6522 — O

= 6533 — 6544 — _6534

® Single QPC charge characterization forv=2;3 ;%

Input QPC: autocorrelations only
[ ] [ ] =1/3, 71 =0.04
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The collider experiment Collider = HOM [6,7,8] experiment with random Tl T, -QPC: auto and cross-correlations
sources I
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The collider geometry has three QPC ® Definition of the generalized Fano factor | 3] e N T e I L ﬁ
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® QPC1/2 are random particles emitters Sas =P x2gT(1 —T)I, IR S osks N e
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® Emitted particles collide at CQPC Withl, =, + LandI_ =1, — I, T oy T
® Cross-correlations at CQPC output probe the A RS i N A S e e e
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result of collisions Bunching Pauli exclusion : R e S R Drvieadite; AN
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S <0 ® The two regimes of particles tunneling in FQHE:
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Weak backscattering T «< 1 Strong backscattering 1 — T < 1
® Expectations for P:

IQHE: Electrons=exclusion P = 0
FQHE (WBS): Anyons=bunching P < 0
FQHE (SBS): Electrons=exclusion P = 0

Anyons through correlated bulk Electron through insulating bulk

DICayo IR eI Collisions for integer states v = 3 Anyons and electrons atv = %

Case of the balanced collisionsv = 1/3
andv = 2 = electrons

Balanced collisions for the Laughlin fractional in SBS = Electrons

® Balanced collider: both input emit the same average current statev = 1/3 in WBS = Anyons ® Resultsfor T=and Ts = 0,7
Iy =1 andl_ =0 m) Non linear transmission with input current:
=) Noise conservation allows to characterize the ® Results for T = 0,2 and different Ts in diluted regime switching from SBS to WBS

“colliding charge” q _ oy o m) Switching from electrons (P = 0) to anyons

<6 m) Strong negative cross-correlations, with slope giving B '
= §Ssq + 8S44 + 2854, = 2 X 8Sy x 4qTs(1 — To)l, ; _ _9 (P=-13)!
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® Result of the collision for v = 2, : . =)
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(Same input QPC transmissions)
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