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Optique électronique dans les conducteurs

de Hall quantique
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| Electrons dans le regime d’effet Hall
quantigue entier



Matériaux 2D et fort champ magnétique:
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Le contact ponctuel quantique:
une lame semi-réfléchissante réglable

Example, v = 2
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Y. Ji et al., Nature 422, 415 (2003)
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Interférometre a deux particules:

mesures de bruit
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Interférometre a deux particules:
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C. Hong et al., PRL 59(18), 2044 (1987)

to spectrum analyser
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LPENS Noise measurements and two electron interferences

DE L'ECOLE NORMALE SUPERIEURE
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S. Ol'khovskaya et al., PRL 101, 166802, (2008).

E. Bocquillon et al., Science 339, 1054 (2013).
A. Marguerite et al., PRB 94, 115311 (2016).
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LPENS Extraction des fonctions d’'onde d’électrons
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|1 Anyons dans le regime d’effet Hall
quantique fractionnaire
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'effet Hall quantique fractionnaire

High field,v<1
N =2
hw,
N=1

Premier niveau de Landau

N 0 partiellement rempli

La seule échelle d’énergie restante est
I'interaction de Coulomb H = E,

On retrouve un systéme isolant au

. . 1 1
cceur (incompressible) pour des v=— (=,..)
remplissages spécifiques: m "3
R. Laughlin, Phys. Rev. Lett.50, 1395 (1983).
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LPENS Bruit et charges fractionnaires, v=1/3
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T<<1: processus de Poisson
(ANZ) = (Ng) = TN,
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LPENS Bruit et charges fractionnaires, v=1/3
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T<<1: processus de Poisson
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LPENS collisionneurs : groupement et dégroupement
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Collisionneurs : groupement et degroupement

DE L'ECOLE NORMALE SUPERIEURE
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Haldane PRL 67 937 (1991)




Le collisionneur a anyons

Particules émises dans les bras d’entrées
avec une probabilité: T, =T, =Ts

Couranttotal I, =1 +1,

Différence de courant I_ =1, -, =0

Pseudo-facteur de Fano

(Al3AL) = P 2qT(1 — T)14 /Theas

Prédictions:

Electrons (fermions), P = 0

Anyons (v =1/3),P = -2 (for¢e = g)

B. Rosenow et al.,, PRL 116, 156802 (2016)
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Collisions d’électrons, v = 2
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(0V30Vy) = vS1,1, H. Bartolomei, M. Kumar et al., Science 368 173 (2020)
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H. Bartolomei, M. Kumar et al., Science 368 173 (2020)
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(AI3AlL), (nA)
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(AI3AlL), (nA)
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H. Bartolomei, M. Kumar et al., Science 368 173 (2020)



Collisions d’anyons, v = 1/3
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Collisions d’anyons, v = 1/3
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Collisions d’anyons, v = 1/3

Cas fractionnaire: 1t ;
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Régime de forte rétrodiffusion

Faible rétrodiffusion:
Trasnfert d’anyons

Laughlin statev = 1/m

q=-e/m
@ =m/m

Forte rétrodiffusion:
Transfert d’électrons

Electron

q=e¢
=T




LPENS Collision d’electrons/anyonsav = 1/3

LABORATOIRE DE PHYSIQUE
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Cas fractionnaire: 1} —g=
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Conclusion

e Colliders can be used to highlight fermionic/fractional statistics independently of charge
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R. de Picciotto et al., Nature 389, 162 (1997).

L. Saminadayar et al., Phys. Rev. Lett. 79, 2526 (1997).

B. Rosenow, 1. Levkivskyi and B. Halperin, PRL 116 156802 (2016)

H. Bartolomei, M. Kumar et al., Science 368 173 (2020)

Fractional statistics can also be measured in interferometers (Fabry-Perot)
J. Nakamura, S. Liang, G.C. Gardner, M.J. Manfra, Nature Physics 16 931 (2020).




The collider: sample
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LPENS Fractional charges and noise, v=1/3
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T<<1:quasiparticle transfer is a poissonian
orocess: (ANF) = (Ng) = TN,
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LPENS Fractional charges and noise, v=1/3
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T<<1:quasiparticle transfer is a poissonian
orocess: (ANF) = (Ng) = TN,
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LPENS Inteférences quantiques de 2 photons
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Interférences quantiques
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The anyon collider, Rosenow et al.,

Phys. Rev. Lett 116, 156802 (2016)

Chiral Luttinger liquid description: bosonic fields describe charge fluctuatoins at the input of the collider
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Poissonian emission of quasiparticles at
inputs 1 and 2:

$:(0,8) = ¢ (0, 1) + 274 Ny(t)

N;(t): random (poissonian) variable,
number of quasiparticles emitted in time t
Laughlin case: 1 =1/m

but A can be renormalized by interactions
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Very good agreement with predictions for anyon collisions with ¢ = %

B. Rosenow et al., Phys. Rev. Lett 116, 156802 (2016)
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q _
6 = 21y BA + Nop2¢ v=1/3
LYJ ——
Braiding phase 2 = 21m/3
AB phase

Important: coulomb interactions can be neglected
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LPEN

r = Laughlin’s argument for quantized Hall conductance
A=B
y o Yeéx
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wavefunctions shifted to another:
For a = Ay, Ap = h/e one electron is transferred
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LPENS Looking for neutral modes?

LABORATOIRE DE PHYSIQUE
DE L'ECOLE NORMALE SUPERIEURE
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Weak tunneling limit: T,=1-T K1 Pinched QPC
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Weak backscattering limit:  Open QPC

0.95

09r
= 0.85}
08+

0.75¢

0.7

’1608850%9@

T=1-Tf < 1

o o) o)
- - __Qot_o_g___ Q -9,

- o = &Om 9
o© o© BBoeg00 - 3
O 8o

®)
0 0o oF
00

(:IO\_/

00

log(T')

data
- - - slope -0.7

11 10 9 -8
log(V)

data
- - - slope -1.3

11 -10 -9 -8
log(V)



LABORATOIRE DE PHYSIQUE

Q
DE L'ECOLE NORMALE SUPERIEURE

Weak backscattering limit: A5
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The collider: sample




