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LPENS Single-particle vs two-particle interferometry
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LPENS Single and two particle interferometers in

DE L’ECOLE NORMALE SUPERIEURE

quantum Hall conductors

Electron optics experiments in quantum Hall conductors

Electrical current (I (t))

Current correlations (813()814(t")) Single-particle interferometry

Two-particle interferometry J. Nakamura, S. Liang, G.C. Gardner, M.J. Manfra,
H. Bartolomei, M. Kumar et al., Science 368 173 (2020) Nature Physics 16 931 (2020).



Electron beam splitters:

random partition noise and charge measurement
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LPENS Bosonic case: the Hong-Ou-Mandel

LABORATOIRE DE PHYSIQUE
DE L’ECOLE NORMALE SUPERIEURE

experiment

Amp.
& > Counter
Disc.
L
_Ll KDP ™ Coincidence . qul::
“o »{ Counter 1723+
Amp.
& +— Counter
Disc.
Pinhole IF1
Photons pairs :
C. Hong et al., PRL59(18), 2044 (1987) P (T)
£ 1000
= . .. .
o | 1 Undistinguishable photons
S 800- ‘ o
(75
=
3
S 600
o
@
<
g 400 Bunching:
Q
< ) _
g 200 |:> more negative cross-correlations
©
o 0 +—— e e -2
= 260 280 300 320 340 360

Position of beam splitter (1cm)



LPENS Anyons and the Fractional Quantum Hall Effect (FQHE)
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Each FQHE phase hosts a specific variety of anyons characterized by their
fractional charge q and their fractional statistics ¢

Halperin, PRL 52 1583 (1984) Revi < of Physice 323 204 (5
Arovas, Schrieffer, Wilczek PRL 53 722 (1984) eview: Stern, Annals of Physics 04 (2008)




Fermions, bosons and anyons

Symmetry of the wavefunction ¥ under the exchange
of two particles:

J.M.Leinaas, and J.Myrheim, Nuovo Cimento B37, 1-23 (1977).
G. A. Goldin, R. Menikoff, and D. H. Sharp, J. Math. Phys., 21 650 (1980).
F. Wilczek, PRL 49, 957 (1982).
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Fermions and bosons

Symmetry of the wavefunction ¥ under the exchange
of two particles:
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3D: Fermions and bosons

Path of particle 1 can be continuously deformed on the sphere to the
reversed path : these two paths are topologically equivalent

3D sphere:
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2D: Fermions and bosons and anyons

2D plane:
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LPENS Anyons and the Fractional Quantum Hall Effect (FQHE)
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LPENS Transfer of electrons and anyons at the edge:
the quantum point contact

Insulating bulk

Integer case: random transmission of electrons
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Electron/anyon beam splitters:

random partition noise and charge measurement

Binomial law: (ANZ) = T(1—T) N,
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Electron/anyon beam splitters:

random partition noise and charge measurement

Binomial law: (ANZ) = T(1—T) N,
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LPENS The anyon collider
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e =1%= Balanced collider, I_ = 0, electron case, v = 2

E L'ECOLE NORMALE SUPERIEURE

_ _ Integer case: q = e, fermions
Balanced case: I{"= I3"
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H. Bartolomei, M. Kumar et al., Science 368 173 (2020)
(0V36Vy) = vS1.1, M. Ruelle et al., PRX 13, 011031 (2023)



LPENS Balanced collider, I_ = 0, electron case, v = 2

DE L’ECOLE NORMALE SUPERIEURE

_ _ Integer case: q = e, fermions
Balanced case: I{"= I3"
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e =1%= Balanced collider, I_ = 0, electron case, v = 2

E L'ECOLE NORMALE SUPERIEURE

_ _ Integer case: q = e, fermions
Balanced case: I{"= I3"
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LPENS Balanced collider, I_ = 0, electron case, v = 2

DE L’ECOLE NORMALE SUPERIEURE

_ _ Integer case: q = e, fermions
Balanced case: I{"= I3"
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LPENS Balanced collider, I_ = 0, electron case, v = 2

DE L’ECOLE NORMALE SUPERIEURE

_ _ Integer case: q = e, fermions
Balanced case: I{"= I3"
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LPENS Balanced collider, I_ = 0, electron case, v = 3

DE L’ECOLE NORMALE SUPERIEURE

Integer case: q = e, fermions

Balanced case: I{"= I3"
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s Balanced collider, I;" = I3", electron case, v = 2

DE L’ECOLE NORMALE SUPERIEURE

Integer case: q = e, electrons
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P. Glidic et al., Phys. Rev. X 13, 011030 (2023).
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LPENS pjjanced collider, I_ = 0, anyon case, v = 1/3

. . Fractional case: @ = e/3, anyons
Balanced case: I{""'= IJ"

v =1/3,T =0.3,Ts = 0.05
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(Va3 oVy) = YS1L1, M. Ruelle et al., PRX 13, 011031 (2023)



DE L’ECOLE NORMALE SUPERIEURE

LPENS pjjanced collider, I_ = 0, anyon case, v = 1/3

. . Fractional case: q = e/3, anyons
Balanced case: I{""'= IJ"
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DE L’ECOLE NORMALE SUPERIEURE

. . Fractional case: q = e/3, anyons
Balanced case: I{""'= IJ"
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(818l (7 (1-1))

Fractional case: q = e/3, anyons

v =1/3,T = 0.3,Ts = 0.05
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It =q(ly —I7) Tunneling current
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LPENS Two-particle interferometry and anyon tunneling

DE L’ECOLE NORMALE SUPERIEURE

Weak backscattering regime: lowest order in tunneling Hy = {Y{ vy, + (Y3,

It =q(I} —1I2) Tunneling current

(AI%) = q?(I+1.)/Tyeqs  Noise of tunneling current
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Weak backscattering regime: lowest order in tunneling Hy = {Y{ vy, + (Y3,

It =q(ly —I7) Tunneling current
(AI%) = q?(I+1.)/Tyeqs  Noise of tunneling current

I, « f dr{p MDY ()P (™ (0)

+00

I j dr(p (D" (0) W, ™ () E(0))

Fourier space and

fermions: I, « j_ :odefl(e)[l — £,(8)] I" x f_oo defr(&)[1 = f1(e)]



| | P
91|¢)=¢I’(to)IGS> »1 ) )

Single anyon incoming
on the QPC at time ¢;:

v=1/3 : YIp.

—<'/\'<

+ o0 ] ] .
Tunneling rate: F_ocj_ dT(CD|l/Jin(T)l/J1+’m(O)|CI>><GS|1/)2+’m(T)l/J§n(O)|GS>

Non-equilibrium: 1 anyon emitted Equilibrium: G, s(t —t')
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LPENS Anyon tunneling at a QPC, single anyon emitted
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LPENS Anyon tunneling at a QPC, single anyon emitted
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LPENS Anyon tunneling at a QPC, random anyon source
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N(t,t") anyons incoming on the QPC between times t’ and t

A/ emittedatt = 0 < tg A/ emitted at T > ¢

mutual braiding phase
+ 00 :
[, « Re U eileNl(T)Gs(T)sz]
0

number of anyons emitted \ equilibrium Green’s function,
at input 1 reaching the QPC long-time decay governed by §

j — _ptif
N; is a random Poissonian variable: (eileNl) — ¢~ (N1)(1-e>")

Morel et al., PRB 105, 075433 (2022),
Lee et al., Nat. Commun. 13, 6660 (2022) p_q_tan e/2 1 ) 9 = 28 — 2m
Mora, arXiv:2212.05123 (2022) = T anms 1—28 — 4mo =737

Schiller et al., PRL 131 186601 (2023)



LPENS Anyon/Fermion collisions, I_/I, # 0

LABORATOIRE DE PHYSIQUE
DE L’ECOLE NORMALE SUPERIEURE

~~~~~~~~~ g O
l—é—i TS = 1, Vv = 3

Ts =0.35 v =3
0@9~-— TS:0.2, v=3

-
-
-
-
-~
~

- -
-
-
-—
-~
-

S S
..... *~\\\‘ﬁ\s\\§
TS 005 1/_]./3 17—'5\!
-3 Ts = 0.1, v = 1/3
¢ LTy = 1/3 See also
0 0_2 0_4 0.6 0.8 4 P Glidicetal, PRX 13, 011030 (2023).

I /I,



LPENS Single source, anyon case, v = 1/3
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Lee et al., Nature 617, 277-281 (2023)
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Conclusion 1

* Two-particle interferometry
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