A Josephson relation for /3 and e/5 fractionally charged with anyons

Maelle Kapfer

Preden Roulleau
D.C. G.

P. Jacques

@ NanokElectronics Group, CEA Saclay

D. Ritchie,

OPEN POSITION
I. Farrer, for 18-24 months
Post-doct.
@ Cambridge UK (urgent)




OUTLINE

Quantum Hall edge states and Fractional Quantum Hall Effect
PHOTON-ASSISTED TRANSPORT

* Photon-assisted processes

A JOSEPHSON Relation for Photon Assisted Shot Noise (PASN) f, =

X. G. Wen (1991)
Experimental Results

« e*=¢/3
« e*=¢/5

CONCLUSION and PERSPECTIVES



Quantum Hall Effect (QHE)

/\
B Z \ T V <0 2D electrons 5
g
, P /

1
e’ (v =k)
H—i(r) +e,51)2—7?—2
2m 2m
X =y (X,Y)
eB B
y_ +ﬂ 7/eB
R eB (X’Y)

cyclotron motion

energy A
—hao,
2
eB
o, =—
c
m
§hcoC
2
%ha)C 8
€
n(D :T
: >

density of state

ol [e o ned

[X ,Y]:—ii . Baxav="

eB e

cyclotron motion is frozen — 1D dynamics




Integer Quantum Hall Effect (IQHE)
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QHE and EDGE STATES
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Integer Quantum Hall Effect (IQHE)
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DC SHOT NOISE:

strong barrier :
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DC SHOT NOISE: FQHE
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Tunneling through a v=2/5 Jain FQHE state
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Photon-Assisted transport (weak coupling)
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Photon-Assisted Shot Noise (PASN)
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Photon-Assisted Shot Noise (PASN)
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Photon-Assisted Shot Noise (PASN)
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Experimental Set-up and samples

Samples: n, =1.07 10 cm2 p=3 10 cm2V-1s! (from I. Farrer, D. Ritchie, Cambridge UK)
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Experimental Set-up and samples

CROSS-SPECTRUM
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DC Shot noise for the 1/3-FQHE state
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Photon-Assisted Shot Noise for the 1/3-FQHE state
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Photon-Assisted Shot Noise for the 1/3-FQHE state
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Excess

Excess PASN for the 1/3-FQHE state

Killing the non photon-assisted part !
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Excess PASN for the 1/3-FQHE state

WHY a FLAT VARIATION?
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Excess PASN for the 1/3-FQHE state

Killing the non photon-assisted part !
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Excess PASN for the 1/3-FQHE state

Killing the non photon-assisted part !
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Josephson relation for the 1/3-FQHE state

CHECKING the FREQUENCY DEPENDENCE of Excess PASN:
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New Measurement of e* for the 1/3-FQHE State

MEASURING e* from Excess PASN:
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DC Shot noise for the 2/5-FQHE state
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Photon-Assisted Shot Noise for the 2/5-FQHE state

Vo +V,.c0S(2Tft)
ﬁ r
R\/4
vp=2/5 » e/5

conductance ( e’/h )

o
-
T

o o
N W
1 T T 1] ]

o
—a
T

vg=2/5

f=17GHz
) e DC Shot/Noise
56_30& o PASN 17GHz -58dBm
_ 4e-30f o PASN 17GHz -55dBr2'°
‘TI\I - %o o
N 3e-30f - o..
N B - ono
< - "‘jp Ve
— 2e-30F q% f;"?
%)
| . ’
1e-30f x.' o
0: """ FEEERETEE Lo \u-"' ------ L L

=400

=200 0 200

0
-0.25

-0.2

-0.15 -0.1
gate voltage Vs ( Volt )

-0.05

0

V(t)=V,. +V,_ cos(2xft)
V,.~ 300 pV for -58dBm

~ 400 pV for -55dBm



Killing again the non photon-assisted part !

Excess PASN for the 2/5-FQHE state

Excess PASN:
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Excess PASN for the 2/5-FQHE state

Killing again the non photon-assisted part !
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Josephson relation for the 2/5-FQHE state

CHECKING the FREQUENCY DEPENDENCE of Excess PASN:
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New Measurement of e* for the 2/5-FQHE State

MEASURING e* from Excess PASN:
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CONCLUSION

FQHE e*=e/3 and e/5 abelian anyons can be manipulated with microwave by MV (1)
well-defined photon-assisted processes. What about e/4 in non-abelian 5/2 FQHE state?

* Validates the possibility to realize on-demand single anyon sources €V;c=hV I
for time domain anyon braiding. U S e e 2
€V;rc—hV I__ © time
* Based on Photon-Assisted Shot Noise (PASN) 0 le- 1le ..
* Shows evidence of the Josephson relation e*V/h=f predicted in 1991 by X.G. Wen* .Sine wave
single charge
pulses

(Old 1997 exp. ) ( New 2019 exp. )

SCHOTTKY (charge granularity ) PASN Josephson Relation (photon quantum )

- ¥k
S, =2e*| hf=e*V
| B =
. X 4.
/ \ [ N\
4 \ J
weak signal good signal very accurate good accuracy

but accurate but lack of accuracy,

model dependent *predicted for the current, see als

l. Safi +Sukhorukov (2010).
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PERSPECTIVE :
ANYONS on DEMAND

A Time Controlled Poissonian Source of Anyon

leviton
IDEA: Weak backscattering beaks the leviton V t) evito (e) (26/3)
into e/3, 2e/3 quasiparticles. J\—P A— - p
> >
v=1/3 FQHMWI/E& FQHE
) e/3
state - state
A

e Anyons inherit from the time properties of Levitons Lorentzian ‘&
* Non-deterministic: Poissonian source pulse 3

«- A QPC

anyon (e/3) (WB)



PERSPECTIVE :

o ANYON BRAIDING INTERFERENCE
. ANYON i
SOURCE ANYON COLLIDER
. ' H.O.M.
. Beam
y;(a. -ﬂ‘ﬂ ' Splitter A/zAI (t
! e ! L | t
V(t) O N :
p— e ~ (A1, Al,) o L+ 0, (r) C0S(0ye)
V=1/3FQHE | . V=1/3FQHE
state state
: <+ : 5 E - /', ----------------- S\
: - N\ i e/3! ‘:
Al (t) . B g V()
________ s ! |
“Current Correlations from a Mesoscopic Anyon Collider “
B. Rosenow, I. P. Levkivskyi, B. I. Halperin, (2016)
ANYON

SOURCE

_________________



Braiding Anyons

1) Unveiling the anyon statistical angle with Hong Ou Mandel braiding interference

Photon 1 -




