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A >1980 quantum transport iphasecoherentconductorsbecameaccessible
A new quantumeffectsnot obervedin other systemdike photons,photons+atomsetc.

A originatefrom the Fermistatistics propertiesof electrons

A concept of Fermsea(Fermi 1926 : high @tloms Sommerfeld 1927metal9

A Landaugquasiparticle(1957)
- Thomas Fermi screening : 1& e''/r
- Pauli suppression aflectronelectronscatteringchannels
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mesoscopiguantum transport:

conductorsize <coherencdength =V 1, ballistic( >10mm @ IK)
L<I G Cty, | = Ve ., diffusive (>mm @ 2K)

A pionneeredby R Landauel(1957) ( from Kuboapproachl1957)
A 19801985 full quantum description of quantum transpairn¢y, Buttiker, Landauer
A elasticscatteringof electronwaves
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somemagicpropertiesof the Fermisea

A quantizedconductance in absence backscattering G = &h
A continuoussingleelectronsource for free | =e (eV/h)

A noiselesslectron(fermion) transport : ®I12> =0

A perfectelectronanti-bunching

A generationof entangledelectronhole pairs for free

Allthis pointstowardsthe realizationof electronquantumopticsexperiments

emphazingor exploitingdifferencebetweenbosons(photons) andermions(electrong

A singlephotonssources  (photons ataunchedin the vacuumn)

A singleelectronsources efectronsare launchedon top of aFermisea)
A in genera) generatesmanyextra ethole excitations
A but: amagicproperty of the Fermiseaallowsfor
guiet injection ofelectronsin aform of aleviton.



OUTLINE

A idealconductorsto explore the Fermbea

A quantizedconductance andoiselesslectronflow

A electronhole entanglementin the Fermisea

A singleelectronsources foelectronquantumoptics
A minimal excitations states of a Fersga the levitons
A experimentalrealizationof levitons

A perspective and applications levitons



ideal condluctorsto explorettherEermsea

2D-electronsconfinedas aperfect 2D metalin semiconductors

V <0 2D electrons A 2D electrons
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ideal condluctorsto explorettherEermsea

2D-electronsconfinedas aperfect 2D metalin semiconductors

V <0 2D electrons

~1980 wveryhighquality heterojunctions

guantum optics with

electron waves | Il Vs,

electron
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(in 2D) Vp @l
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A. Yacoby et alPhys. Rev. Lett. 66, 1938 (1991
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ideal condluctorsto explorettherEermsea

energyA
B E V <0 2D electrons g>Wc
P/ eB
W .
m
3
2
1
2 eB
Ml ===
—s
density of state
R _
H=gn(prea)’=2 ppy|=-i>eB e —su e+ 18
¢ 2=
X:X-p_é (X,y)
e o
p ple [x,\(]:-iiB . BDXDy="
S e e
Y= y+eB (X,Y)

cyclotron motion

cyclotron motion is frozen 1D dynamics




ideal condluctorsto explorettherEermsea
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ideal conductorsto exploretthereerisea
electron quantumoptics

elementary quantum gates are realizable:
* beam splitter

« fabry-Pérot interferometer
 Mach-Zehnder interferometer

+
Q) \ ®

(r)

V




ideal condluatorsto exploretthereernsea

electron quantumoptics

elementary quantum gates are realizable:

* beam splitter
« fabry-Pérot interferometer
 Mach-Zehnder interferometerJi et al. (Nature 2003))
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A quantizedconductance andoiselesslectronflow

A electronhole entanglementin the Fermisea

A singleelectronsources foelectronquantumoptics
A minimal excitations states of a Fersga the levitons
A experimentalrealizationof levitons

A perspective and applications levitons



guantizeticconduciancefof @eperiecirecondoictor
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guantizeticconduciancefof @eperiecirecondoictor
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Y conductance

guantization

(D. Warrham ; B.J. van Wees 1988)

2D electron layer

= S
c:;; 3 39mode
N L
- 2 2"d mode i
S < i
— // :
-g 1|1 mode ' '
=
~
=
= 50 0 50 100
Vg (mV)
D,=0 - 1 ’
D,=0 - 1
D, S0==""1
2e’ ..
G= .a D,
h 7




perfect contuctors are deiseless
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Shat motse-p peérteciguantupr partitiotReise
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(DI?) = 2el (1- D)Df

G. Lesovik 89, M. Biittiker 91
Th. Martin, R. Landauer 92
Khlus (1987)



Quantum Point Contact

Fano reduction factor

(DI?) = 2el (1- D)Df
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Conductance 2e2/h

A. Kumar et al. Phys. Rev. Leff6 (1996) 2778..

M. I. Reznikovet al., Phys. Rev. Let?5 (1995) 3340.

Atomicpoint contact

Conductance (2€/h)

van Ruitenbeck Phys. Rev. Lett. (1999)

Carbon Nanotube

~» 1.0

electron transmission
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L. G. Herrmann, T.Delattre P. Morfin, J.-M. Berroir, B. Plagais
D. C.Glattli, and T.Kontos Phys Rev. Lett. 99, 156804 (2007)



Shat moise-» peérteciquantup partitiomneise

elementary quantum gates are realizable: %

* beam splitter
« fabry-Pérot interferometer
 Mach-Zehnder interferometer
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VOLUME 65, NUMBER 23

PHYSICAL REVIEW LETTERS

3 DECEMBER 1990

Scattering Theory of Thermal and Excess Noise in Open Conductors

M. Biittiker

PHYSICAL REVIEW B VOLUME 46, NUMBER 19

M. Biittiker

(Received 16 June 1992)

Scattering theory of current and intensity noise correlations in conductors and wave guides

IBM Thomas J. Watson Research Center, Yorktown Heights, New York 10598

15 NOVEMBER. 1992-1
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FIG. 1. Conductor (waveguide) with contacts connected to
electron reservoirs (blackbody radiation sources).

related experimentalobservations:

e2
exp. (A)  (Di,.Dl,) =- ZFeV(TM.Tgl)
2
exp (B)  (DI,.Di,)=- Z%eV(T42.T32)
exp. (C)  (bi,.Dl,), - (DI,.DI,), - (DI,.DI,)
O
== ZFeV(SM Sy S %1)
(exchangdaerm)
guantumstatistics!

M. Hennyet al., Science 284, 296 (1999N D. Oliver, J. Kim, R. C. Liu, Y. Yamamoto, Science 284, 299 (1999)
Liu, R. C., Odom, B., Yamamoto, Ya&ichaS., Nature391, 263265 (1998)
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A electronhole entanglementin the Fermisea

A singleelectronsources foelectronquantumoptics
A minimal excitations states of a Fersga the levitons
A experimentalrealizationof levitons

A perspective and applications l&vitons



Entangteckelectroinole paishyrmixinguiwod-ernmt se:

T week ending
VOLUME 91, NUMBER 14 PHYSICAL REVIEW LETTERS 3 OCTOBER 2003

Proposal for Production and Detection of Entangled Electron-Hole Pairs
in a Degenerate Electron Gas

C.W. J. Beenakker, C. Emary, M. Kindermann, and . L. van Velsen
Instituut-Lorentz, Universiteit Leiden, PO. Box 9506, 2300 RA Leiden, The Netherlands
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FIG. 1 Creation of an entangled electron-hole pair by appli- Be” palr
cation of a voltage difference V' between two metals separated
by a tunnel barrier. The Fermi sea consists of the filled states
in the conduction band. The spins of the electron (e) that

: 2eV
has tunneled and the hole (k) it leaves behind are entangled entanglementproductlon rate: —— D(l- D)
in the state 2‘“3{_ Tatle) + | lnle)) h
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Entangteckelectroinole paishyrmixinguiwod-ernmt se:
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Entangteckelectroinole paishyrmixinguiwod-ernmt se:
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entangli'ng# Eermionsremited/by themdodynanic #eservoirs

- reservoirs regularly inject
electrons at frequency eV/h
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analyzinghe outputs
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analyzinghe outputs

@ the joint probability to arrive in detectors (contacts) L(R),~(®) is obtained from:
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While the case q,= gr=0 (or p) is trivial and classically expected, other cases like q,= gg=p/2
Is not classically expected and results from quantum interferences between two possible

indistinguishable electron-hole pairs.



sometheoreticalwork on Rermistatisticsentanglement

Setupof three MachZehnderinterferometers for production and observation of Greenbergarne Zeilingerentanglement oklectrons
A. VyshnevyyG.Lesovik T.Jonckheereand TMartin ; PhysRev. B 87 165417 (2013)

LeggettGarg inequality in electron interferometers
CliveEmary Neill Lambert, and Franddori; Phys Rev. B 86 235447 (2012)

Quantum Noise as an Entanglement Meter
IsraelKlichand Leonid_evitov; Phys Rev. Lett. 102 100502 (2009)

Optimal SpirEntangled Electroilole Pair Pump
C.BeenakkerM. Titoy, and BTrauzettel, Phys Rev. Lett. 94 186804 (2005)

Reduced and Projected TviRarticle Entanglement at Finite Temperatures
P. Samuelsson,Nleder and M.Blittiker; Phys Rev. Lett. 102 106804 (2009)

Two-ParticleAharonovBohm Effect and Entanglement in the ElectrddanburyBrown-Twiss Setup
P. Samuelsson, Bukhorukoyand M.Bittiker; Phys Rev. Lett. 92 026805 (2004)

Quantum Teleportation by Particldole Annihilation in the Fermi Sea
C.Beenakkeand M.KindermanrPhys Rev. Lett. 92 056801 (2004)

Entanglement in aoninteractingmesoscopic structure
A.LebedeyG.Lesovikand GBlatter ; PhysRev. B 71 045306 (2005)

Entanglement in mesoscopic structures: Role of projection
A.LebedeyG. Blatter, (BBeenakkerand GLesovik Phys Rev. B 69 235312 (2004)



what could be done expetimentally...

Ordersof magnitude :

T =20mK

V =25mV (~250mK)

eV/h =6 GHz

For transmissioD = 0.1 :

| = 100pA and-1=1/e ~0.6 GHz

S ~ (6fA)?/ Hz measurablén d.c.

(sample D. Mailly, P. RocheP. Roulleau,CEA Saclay/ LPN Marcoussis,)



reek endi
VoOLUME 92, NUMBER 2 PHYSICAL REVIEW LETTERS 151\;8131_!.:\[112\1""%004

Two-Particle Aharonov-Bohm Effect and Entanglement
in the Electronic Hanbury Brown—-Twiss Setup

P Samuelsson, E. V. Sukhorukov, and M. Biittiker
Département de Phvsique Théorique, Université de Genéve, CH-1211 Genéve 4, Switzerland

Electrons: injected from (2) and (3)
in coincidence at (5) and

Pzziz‘eifAeifB +efcgfo 2
y 4
~7 _1
"z_lnglg(t) _§(1+COS¢A+fB_fC_fD))
/ /4
\ \
,~J \’00 \“.0

<DI5.D|8> . P, joint probablityto find electrons
in (5) and (8simultaneously



reek endi
VoOLUME 92, NUMBER 2 PHYSICAL REVIEW LETTERS 151\;8131_!.:\[112\1""%004

Two-Particle Aharonov-Bohm Effect and Entanglement
in the Electronic Hanbury Brown—-Twiss Setup

P Samuelsson, E. V. Sukhorukov, and M. Biittiker
Département de Phvsique Théorique, Université de Genéve, CH-1211 Genéve 4, Switzerland

Electrons: injected from (2) and (3)
in coincidence at (5) and

1, . .
PzZF‘elfAelfB +gfeglp

14 oop +
DI (t) =§?+COS(fA+fB-f -f,+2p 'pg

* *
\.’ \‘.
* *

VAR

interferencein the crosscorrelationnoise( two particle)
no interferencein the current (singleparticle)




k endi
VOLUME 92, NUMBER 2 PHYSICAL REVIEW LETTERS IGJ\:SLEI‘?IU;IJIT}HEDWI

Two-Particle Aharonov-Bohm Effect and Entanglement
in the Electronic Hanbury Brown—-Twiss Setup

P Samuelsson, E.'V. Sukhorukov, and M. Biittiker

irtement de Phyvsique Théorique, Université de Genéve, CH-1211 Genéve 4, Switzerland

Excess cross-correlation
signal (1090 A2 Hz™")

2

P:i ifAeifB +eifceifD
2 42

: :
:%%+cos(fA+fB-fC-fD+2p )
C 0

Interference between two indistinguishable electrons from independent sources

I. Neder N. Ofek Y. Chung, MHeiblum D. Mahalu, V. Umansky
Nature 448, 333 (2007)
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A singleelectronsources foelectronquantumoptics
A minimal excitations states of a Fersga the levitons
A experimentalrealizationof levitons

A perspective and applications l&vitons



electron @uantumMo@ptes

Single Electron__, Quantum , Single Electron
Sources Gates Detectors
(this talk) (OK) (to be done)
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principleof a Hadamarajatewith electron
flyingqubit in aballisticconductor

combiningseveralsimilarqubits maylead toqubit operation



some avdilableisigleelectranisosyces

: _h
- voltage biased contact : iy
continuous generation adingle electrons in a «—>
form of agiant Slater determinant a&\fh pace ! /WW\
no time control
le 1le le 1le —

« single electron pumps :
controlled injection of single charge

sequential (incoherent) electroninjection
L. J. Geerligs et al., Phys. Rev. Lett. 64, 2691 (1990).

L. P. Kouwenhoven, et al., Phys. Rev. Lett. 67, 16261199 e o D
Pothier et al EPL (Europhysicd_etters), Vol. 17, No. 3. (1992 .2 ) @ e

 recenton-demand singlelectronsource:
coherentsingleelectronsource
energy resolved
opens new fieldf quantum experiments

But: do not operatefor n-electrons i
FeveG., Mahe A.,Berroir J.-M., Kontos T.,PlacaisB. and Glattli D.C.

ScienceVol. 316, No. 58282007,

$e2/Crn

C
V(t)
b)) L
A S.AW. based single electron sources
itinerant quantum dots at sound speed

Good forspinmanipulation

orbital wavefunction not well defined
Talyanskiiet al, PhysicalReviewB, Vol. 56 Dec1997), ppl15180615184
Hermelinet al. Nature477 (201)



on-demand elementary excitations:
a keyiissue-for a/system=madefoffermions
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on-demand elementary excitations:
a keyiissuedfor a/system=maderof-fermions

leviton
o
( 3 2
°o--> 6’+D€',I\
es— o---» @
U (t)
7 Fermisea

dorgiagf0 =1 fueya

- _h w .
Df=2p and U(t)—;ter—W2 lorentzian

minimal fermion state: &eviton Levitoy Lee)vanov,Lesovil96,97); Keelingglich Levitov(06)

PHYSICAL REVIEW B VOLUME 36, NUMBER 11 15 SEPTEMBER 1997-1

Coherent states of alternating current

Electron counting statistics and coherent states

of electric current ~

, ) , eck endi
1YSICAL REVIEW LETTERS IESE‘;FE!&%IQEEO%

Leonid S. Levitov and Hyunwoo Lee
Department of Physics, Massachusetts Institute aof Technology,
12-112, 77 Massachusetts Ave., Cambridge, Massachusetts 02139

Minimal Excitation States of Electrons in One-Dimensional Wires

J. Keeling,' I. Klich,” and L. S. Levitov'



on-demand elementary excitations:
a keyiissue-for a/system=madefoffermions

leviton
o
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gxegt e’V F =2 Ut
h w .
Df=2p and U(t)= —- lorentzian
D7 +wW
minimal fermion state: &eviton Levitoy Lee)vanov,Lesovil96,97); Keelingglich Levitov(06)
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a simptecordemand sstiagle on+electron soutee

requirement : as simple as possible

This clever pump-action device shoots sweet, edible miniature
marshmallows over 30', and it even has an LED sight that projects
a safe beam of red light to help locate a target for pinpoint accuracy.
The easy-to-refill magazine holds 20 marshmallows (or foam
pellets—not included) for fast, nonstop action. Barrel and
magazine are top rack dishwasher safe, and the back of the box
includes a target for practice. Ages 6 and up. 4" H x 174" L. (1% lbs.)
71405G $24.95



requil

rement Z

THE MARS SHOOTER".

This clever pump-action device $hoots sweet, edible miniature
marshmallows over 30°, and it eve has an LED sight that projects
a safe beam of red light to help locate a target for pinpoint accuracy.
The easy-to-refill magazine holds 20 magshmallows (or foam
pellets—not included) for fast, nonstop action. Barrel and
magazine are top rack dishwasher safe, ar:&ne back of the box
includes a target for practice. Ages 6 and up. 43H x 174" L. (1% lbs.)
71405G $24.95 \

+

a S

a simplecordemant sstiagie on-electron sauree

si mple as po

Review This Product | Choose a sort order v

Customer Review: W W 17 17 17
lame, October 8, 2008
By frion 9 (read all my reviews)

% . e R e
The marshmallove frequentlf get stuck. h)
Not as fun as I thought it wouldbe'— —

Was this review helpful to you? Yes No (Report Inappropriate
Review)

Share this Review: ﬂ T o

Customer Review: W W 17 17 17
look elsewhere, October 1, 2008
By scrappinqueen 4 (read all my reviews)

"The marshmallow shooter is poorly made.l It vas cracked phen ve
received it. Great idea for a child but it needs to be better made.
Maybe charge a little more but it should be made vith better quality
products."

Gender: Female

Age: 36-40

Was this review helpful to you? Yes No (Report Inappropriate
Review)

Share this Review: n -



voltage pulses on a contact

as simple aghat !

 (t)dt=ne

or: pgV(t)dt=nh




voltage pulses on a contact
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as simple athat ! M
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or: fEV(t)dt=nh T
SIMPLE BUNONTRIVIAL N.+N, >n !

more guasiparticles than injectedcharges

not suitablefor quantumexperiments



Lorentzian voltage pulses on a contact

V(t)T
as simple athat ! /W\
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provideclean charge injection
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a Leviton' ’
Levitoy Lee)vanov,Lesovil6,97); Keelinglich Levitov(06)



LEVITONS : a wave property + Fermi statistics
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LEVITONS : a wave property + Fermi statistics
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LEVITONS : a wave property + Fermi statistics

arbitrary pulse @ AT
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LEVITONS : a wave property + Fermi statistics
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LEVITONS : a wave property + Fermi statistics
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LEVITONS : a wave property + Fermi statistics

Lorentziampulse
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LEVITONS : a wave property + Fermi statistics

Lorentziampulse
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LEVITONS : a wave property + Fermi statistics
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arbitrary quantizetLorentzianpulses
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the leviton in brief

a new guasparticlewith minimal excitation
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Levitoy Lee)vanov,Lesovil96,97); KeelinKlich Levitov(06)
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a Leviton’



OUTLINE

A experimentalrealizationof levitons

A perspective and applications l&vitons



physical implementation of Levitons

Cross-correlation detection
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A ~ 35mKelectrontemperature

A world state of the art < 16°A2/Hz
currentnoisesensitivity




physical implementation of Levitons
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counting excitations with shot noise

A on-demandinjection ofn-electron(s)

10um -
. | /
h ey, 1SN Contact ' QPC
n=1
Mesa A

A NOISE astaol to characterizeéhe on-demandelectroninjection
D

—>

—_

S=2enD(1-D)n

( nrepetition frequency

G.B.LesovikJETP Lett.49, 592 (1989)
M. Buttiker PRL 65, 2901 (1990)
Th. Martin and RLandaueyPRB 46,1889 (1992)



counting excitations with shot noise

A NOISELESS -demandinjection ofn-electron(s)
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A NOISE astaol to characterizeéhe on-demandelectroninjection
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periodicvoltage puiseappliedon acontact

V(i) =V, +V_(t | =en
Sine Pulse (£) = Ve +Vae(l) dc

(D)
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periodicvoltage puiseappliedon acontact

separate V. and V,,
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experimentally
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" charge per period q
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A minimumexcess-h particlefor integercharge general for any pulseshape
A remarkablequantizationof the chargen a system made ahanydelocalizectlectrons

M. Vanevic Y. VNazaroyand WBelzig PhysRev.Lett. 99, 0766012007)
Lee and_evitoy arxiv, cond-mat, 9312013v1 (1993)



EXPERIMENTAD NOISE for VMARIOUS ‘PULSE SHAPES

electron-hole pair numberper pulse
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Lorentzian : <1%e-h pairs petelectron ~ 2qexp( 4pW/T) |e_Vit0n

~2qJ,(q)’ sine

J. Dubois et al, Nature 502, 659 (2013)



EXPERIMENTAD NOISE for VMARIOUS ‘PULSE SHAPES

electron-hole pair numberper pulse
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J. Dubois et al, Nature 502, 659 (2013)



SINEWAVE : noise minimuiat integer

LEVITON:

EXPERIMENTAD NOISE for VARIOUS PULSE SHAPES
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time domaiin electronpulse collisions
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C. K. Hong, Z.@u and L. Mandel. PRL, 59(1@®Jpv1987) pp20442046

electronsdc voltage
W. Oliver, J. Kim, R. Liu, and Y. Yamamoto, Science 284, 299 (1999)
M. Hennyet al., Science 284, 296 (1999



time domaiin electronpulse collisions

bosons
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experimentalHong @u\Mandetorrelationswith Levitons

SHOT NOISE + FERKatisticgprobes the OVERLAP of ELECTRON YMANMETIONS

time (ps)
0,0q 1(?0 2001,0 e
o 4.8 GHz Lorentzian pulse ~
: 2W= 75ps |
N \-}E/
-0,9 S
0,3 o =
y 0,8 =
J [
;J\ &
. 0,7 &
°%.0 0,5 1, D
P" t/T
2
ﬁ\> 9,(t)= |l Oy (¢) A excellent agreementvith theory
v A time-domainshapeis Lorentzian( 1€)
. . )
_ SHOM 1S0=2(1- a.(f))= 8b6°sin(p n)
gz([)—l' F SI S ( g2( )) l- 2b2 COSQIU n)ﬂ‘bz

J. Dubois et al, Nature 502, 659 (2013)



shotnoise: energydomairn time-domain
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OUTLINE

A perspective and applications l&vitons
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Hong @Qu Mandeatorrelationswith 2e levitons

2e levitonsversus & levitons e
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multiple Fermion Hong Ou Mandel

"homodyne tomographyof aleviton
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guantum statetomogragphyof aleviton

Fullknowledgeof a quantum state: <y () ‘y (t)> or <y *(€) ‘y (e)>

Forfermions (electrong y (t- X/ve) =j (t- x/ve)| f)
wavefunction ™ Fockstate
P
Forbosons (photons) E,u(t- x/c)|b)
/
E.M. mode
(~classica)l

HERE : quantumavefunction tomography

for aleviton: | f)=|1) and focuson: (y*(e)|y (€)*] (e)j (¢



guantum statetomograpiyof aleviton

Fullknowledgeof a quantum state: <y () ‘y (t)> or <y *(€) ‘y (e)>

Forfermions (electrong y (t- X/ve) =j (t- x/ve)| f)
wavefunction ™ Fockstate
P
Forbosons (photons) E,u(t- x/c)|b)
/
E.M. mode
(~classica)l

for aperiodic train of levitons <y “(e)y (6)> =8 d(€- e- km,) | (e+km,)j (e
k

from which one getsde WIGNER fct.: W(t,e)= F{y+(e+d/2)y (e- d/2)>e“"'“> dd



homaodlymnequantuim statetomogragihy
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theor. proposal by GGrenieret al. NewJournal of Physids, 093007 (2011)



homodymegquantuim statetomography
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T. Jullien, Roulleay B. Roche and D. Glattli Nature, 514 603607 (2014)
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T. Jullien, Roulleay B. Roche and D. Glattli Nature, 514 603607 (2014)



homodlymequanium statetomograhy

EXPERIMENT 1 THEORY 1

Wignerfunction _ +0 I
(quasiprobability) w(t.e)= [{(v (e+8/2)y (e-8/2))e " ds

NEGATIVE PARDBE) reflect QuantumCoherence
T. Jullien, Roulleay B. Roche and D. Glattli Nature, 514 603607 (2014)



multiple Fermion Hong Ou Mandel

2- leviton HanburyBrown Twiss
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multiple Fermion Hong Ou Mandel

2- leviton HanburyBrown Twiss
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magicpropertiesof the Fermisea

guantizedconductance in absence backscattering G = &h
continuoussingleelectronsource for free | =e (eV/h)
noiselesslectron(fermion) transport : 812> =0
perfectelectronanti-bunching

generationof entangledelectron-hole pairs for free

minimal excitations stateddvitons for singleelectroninjection

...l tworgh lookingdeeperin the Fermsea
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HOMwith multiple electrons

single pulse

, /\l/\i /\i /\i
WARY AR ARY
single pulse filux leviton wavefunction =4 A LS S
1 at+iwg " _ . R F,@
F.t)=——&—0 example: 2-electronleviton Y ,.(12)=
(® t-iwct- iw= g F.(2) F,(2

periodic pulses

periodic n-flux leviton wavefunction
o - ) -1
1 asin(p(t +iw)) Q
sin(p(t - iw)) ?sin(p(t- W) Q

F ()=

period T period T
& ANE— AN

F.t-k) Fa(t-k-1)
F(t- k) (Fo(t-k-1)
Fat-k) Fat-k-1)

= POy e Doy ‘<F1(t)‘|:1(t+l‘)>‘2): 8b*sin(p n)t

1- 2b%cos@p n)& b?
identifies toconventional
FloquetShotNoisecalculation

Samefor 2-electron HOM noise:
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time



current shot noise cross-correlations
to test entanglement

@ (beam splitters (QPC) in real s @ m e .
word. Not ferromagnetic filters) (pseudo-spin representation)
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current shot noise cross-correlations
to test entanglement

@ s @ - . .
(pseudo-spin representation)
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