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Random anyon backscattering at a
guantum point contact

7N
v=1/3:9}, =7, particlesareanyons,g =e/3 A A o =m/3, 6=2m/3
N
It =q(Iy —1I2) Tunneling current

Sty = 2q% (I +10) Noise of tunneling current




Random anyon backscattering at a
guantum point contact
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LPENS Anyon braiding at a QPC
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S1: Single anyon incoming Iy

on the QPC at time ¢;:

t'<t, <t
Tunneling rate: I « Re j dt'(S1 | @) () SINGS | T (YT (E)]GS)
IR J I
Y Y
Non-equilibrium: 1 anyon emitted Equilibrium: G, 5(t — t')

Han et al., Nat Commun 7, 11131 (2016)

Morel et al., PRB 105, 075433 (2022), Mora, arXiv:2212.05123 (2022)
Lee et al., Nat. Commun. 13, 6660 (2022) Schiller et al., PRL 131 186601 (2023)



S1: Single anyon incoming
on the QPC at time ¢;:

t'<t, <t

I” Rej dT(GS|1/J1(to)1/J1(t) Y1 YT (t0)|65)<55|1/)+m(t)‘/) "(t")|GS)

J1

/ / (Slllp (t)¢+ln(t’)|51>

+ + — 17}
1 (OY7 (£)|GS) YT () PT (to)1GS) = e "G s(t —
A/ emitted att > ¢ A /N emitted at t’ < ¢ 0., braiding phase between
Han et al., Nat Commun 7, 11131 (2016) red and blue anyons
Morel et al., PRB 105, 075433 (2022), Mora, arXiv:2212.05123 (2022) _ _
Lee et al., Nat. Commun. 13, 6660 (2022) Schiller et al., PRL 131 186601 (2023) v=1/3 0 =2m/3




LPENS  partitioning of a random anyon source
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N;(t,t") anyons incoming on the QPC between times Topological anyon tunneling at input QPC: orb: 6
t"andt q=e"
t ,
I, (t)  Re U etONIEL) G (t — t')2dt

N, is stochastic: random emission
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H. Bartolomei et al., Science368,173-177(2020)
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PENS  Partitioning of a triggered anyon source

S1: N,(t,t") anyons incoming on the QPC between
timest’ and t

t
[y (t) < Re U et ONIE) G (¢ — t')zdt’]

= |GS)
N is deterministic in anyon pulse )
anyon pulses: @,5,=6 X N 6N, 2T
A N X -
Wi 3
N=0 /| N0
0 ' >t

N = 1 reproduces anyon emissionatv =1/3 6., = 2m/3

N = 3 reproduces electron emissionatv =1/3 6,, = 3 X 2m/3

JY. Lee, C. Han, H.S. Sim, PRL 125, 196802 (2020)

Proposed in: T.Jonckheere, J. Rech, B. Grémaud and T. Martin, PRL 130, 186203 (2023)
Experiment: M. Ruelle et al., Science389,eadm7695(2025)



Anyon scattering at a QPC: time-domain

t
[y (t) < Re U e 1O Ni(tt) Go(t — t')zdt’]

Ir =q(ly = I7)

I+ (t) x j_t dt’' sin()) Im[Gs(t — t")?]
/

time-dependent
braiding phase

T. Jonckheere, J. Rech, B. Grémaud and T. Martin, PRL 130, 186203 (2023)



t
[y (t) < Re U e 1O Ni(tt) Go(t — t')zdt’]

Ir =q(ly = I7)

I+ (t) x j_t dt’' sin()) Im[Gs(t — t")?]
/

time-dependent
braiding phase

T. Jonckheere, J. Rech, B. Grémaud and T. Martin, PRL 130, 186203 (2023)

ON,(t,t"), sin(BN,(t,t"))
{k

0

)
Long-time memory sin( 6 ) is erased on time g
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yon scattering at a QPC: time-domain,v =1/3,N =1
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T. Jonckheere, J. Rech, B. Grémaud and T. Martin, PRL 130, 186203 (2023)

9N1 (t; t,); Sin(eNl (t, t’))
4

0

Long-time memory sin( 6 ) is erased on time g

t
[y (t) < Re U e 1O Ni(tt) Go(t — t')zdt’] 1y

Ir =q(ly = I7)

0.5¢

t
dt' si

Ir(t) (a.u)

time-dependent Memory or correlation time
. e h '
braiding phase decayson 75 = 0.5
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r 2= Anyon scattering at a QPC: time-domain,v =1/3,N = 3

T. Jonckheere, J. Rech, B. Grémaud and T. Martin, PRL 130, 186203 (2023)

ON, (t,t"),sin(N,(t,t"))
A W77 2T

No long-time memory of sin( N )

t
[y (t) < Re U e 1O Ni(tt) Go(t — t')zdt’]

Iy =q(y —1I0) E
t S
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/ ™\ o N =3
time-dependent Memory or correlation time
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HOM experiment between anyons pulsesatv = 1/3

Y

Ir(t) (au)

N=1
v N =3
i (1)
-0.5| ;' L L .
) A -90 0 20 40 60
< 2 t —to (ps)
Normalized noise
. AS;.(D)
Tunable D, time delay
ASIT (DOO)O 8L
D =0, zero-waveform :
D>>W, two seperate pulses 0l
0.4}
0.2}
T. Jonckheere, J. Rech, B. Grémaud and T. Martin, PRL 130, 186203 (2023) 0 w : ‘ : '
M. Ruelle et al., Science389,eadm7695(2025) -600  -400  -200 0 200 400 600
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Sample and setup

Noise St QPC = = =
measurement

Conductance G

< ﬁ measurement
\
Measured quantities: V G2

HOM noise and differential conductance 65

Sr(D) = 2(e")*(Ty +T7) AV (t)

Gr(D) = 2e*(Ty —T_)/V

Vexe & nI ‘ ‘ ‘ ‘
+00

AS7(D) ocjo dt[cos(0AN(D)) — 1|Re(G5(1)?) W ~ 100 ps f = 0.65 GHz

+ oo

AGr(D) o jo dt[cos(0AN(D)) — 1]im(zGs()?)
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Calibration of the capacitance
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LPENS HOM experiment with anyon pulses
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HOM experiment with anyon pulses
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LPENS opservation of braiding in the time-domain
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6., mutual braiding
phase between blue and
red particles

Two-particle interferometry reveals
anyon braiding at a QPC:

Anyon collider experiments: v=1/3 0,, = 2m/3

Anyon pulses: v=1/3 0., =N X 2m/3 M. Ruelle et al.,Science389,eadm7695(2025)
Braiding modifies tunneling dynamics T. Jonckheere et al., PRL 130, 186203 (2023)
Anyon physics in the integer regime: charge fractionalization 0, = 4 X 2T
e

P. Glidic et al., Nature Communications 15, 6578 (2024)

J. Nakamura et al., Nature Physics 16 931 (2020).
J. Kim et al., Nat. Nanotechnol. 19, 1619-1626 (2024)
T. Werkmeister et al., Science388,730-735(2025)

Fabry-Perot interferometry:

N.L. Samuelsson et al., Phys. Rev. X 16, 011062(2025)

Scaling dimension: A. Veillon et al., Nature 632, 517-521 (2024). 5=1/3

Recent work: R. Guerrero-Suarez et al., Nat. Phys. 21, 1787-1793 (2025)
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LPENS HOM experiment with anyon pulses
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Observation of braiding in the time-domain

N =3 == simulations
Tel = 30 mK
N=1 (6 = 0.66)
a® B
IL‘-’,"..‘.‘.--_ -—.f.'.'i.---. '.H..C.ﬁ._. _._.,nooo"gc L
o e .o ‘1g!. !!,'o’
0.8 “o;;\\ ..oo. A . ‘qI 108
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0l oy 0
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Sr(D) = 2(e")?(Ty +I0) . .
mmm) normalized excess noise and conductance s(D), g(D)

Gr(D) = 2¢*(Ty —T0)/V
S(D) —S(D = 0)

S(D =2)—S(D = 0)

s(D) =

Widening of the HOM dip when going from an electron pulse N = 3 to an anyon pulse N = 1
I:> anyon tunneling dynamics is affected by braiding

M. Ruelle et al., arXiv:2409.08685
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T,; dependence and scaling dimension 0
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TS:kBT—elnd [9N=9XN]

11 -% \»i — = Simulation1
{% = = Simulation2
- N Mar. 24th
M B4 Apr. 7th

0l i S
20 40 60 S0 100 120 0 1 2 3 4
T, (mK) N
5 =066+ 0.08 0 =216 ? qN = C Veyxc

M. Ruelle et al., arXiv:2409.08685
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LPENS Anyon tunneling at a QPC, random anyon source
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Source S1: random emission, N;(t,t") anyons
incoming on the QPC between times t’ and t

A /N emittedat t’ < tg A/ emitted at t > tg

t . .
[y (t) < Re U eiiQNl(t't')G(g(t _ t’)zdt’] N; .random poissonian
—00 variable

Morel et al., PRB 105, 075433 (2022),
Lee et al., Nat. Commun. 13, 6660 (2022)
Mora, arXiv:2212.05123 (2022)

Schiller et al., PRL 131 186601 (2023)



LPENS Anyon tunneling at a QPC, random anyon source
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A /N emitted at t’ < ¢t A /N emitted at t > ¢
t . .
I, (t) < Re U eiiezvl(t,t’)Gs(t _ t’)zdt’] N; random poissonian
- —oo variable
[_ # 0: bunching mechanism

out
Negative cross-correlations: P(8 = 2r/3) = L2 _—_2<0

2qT1,

Super-Poissonian auto- F(6 =2m/3) = Sty =327>1
correlations 2qlr
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M. Ruelle et al., arXiv:2409.08685
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Partitioning of diluted anyon beams, v = 1/3
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H. Bartolomei et al., Science 368 173 (2020)
M. Ruelle et al., PRX 13, 011031 (2023)

P. Glidic et al., PRX 13, 011030 (2023).
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Fermionic statistics leads to suppression of output cross-correlations
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Scaling dimension 0

Evolution of the scaling dimension § with the QPC backscattering probability:
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All measurements fall back on the same normalized curve: the

widening of the dip (e.g. §) does not depend on the QPC
backscattering probability
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See also P. Glidic et al., PRX 13, 011030 (2023).
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Other method to measure §: T+ &)
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LPENS Unbalanced collider, F(I}* = 0): Lee et al. Nature (2023)
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Comparison Rosenow et al./ Lee et al.

B. Rosenow, I.P. Levkivskyi, B. Halperin PRL 116, 156802 (2016)  Arbitrary imbalance I_/I,
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Identical taking 8 = mA = m/3
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