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Charge excitations in a two dimensional electron gasleura quantizing
magnetic field and in the fractional quantum Hall effiexgime, flow in one
dimensional-like strips along the edges of the sample.esd@texcitations
(quasiparticles) may be independent or condense into taradting chiral
Luttinger liquid. Adding a backscattering potential, whicfiects a forward
propagating quasiparticle to a backward propagating one, pastiti@ stream
of quasiparticles and induces quantum shot noise. The isgiseportional to
quasiparticles charge and may be affected by their mutteractions. The
dependence of the determined charge on the temperaturigtiercenergy,
and partitioning will be describes for a few fractiostdtes, revealing in some
cases aniversal behavior.

1. Introduction

Shot noise refers to time-dependent fluctuations irelaatrical current,
being a direct consequence of gaeticle-like nature of the electrorend
the stochastic nature of their injection. Shot eayenerally provides
information on the charge and the mutual correlatajribe particles - not
necessarily given by the time-averaged current. dverage current,
according to Landauer formula, merely probes the aeetr@mnsmission
coefficient of the electrons through the conductdn. a truly classical
stochastic (Poisson-like) electron emission prosetise time average, or
the ensemble average, of the squared current fluctsatios

<i2>Af =S§(f)Af =26, [Af , whereS(f) is the generallyvhite spectral

density, I; the average transmitted current, akfdthe bandwidth of the
measurement. In mesoscopic conductors, however, wélectrons
scatter only elastically, shot noise is suppressethe fBason for this
suppression is fundamental, resulting from the fermio@iture of the
electrons [2]. In contrast, in classical conductersere electrons scatter
many times and thermalize, shot noise, in the sehbeing proportional
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to the current, is not observed, with the noise exptes® the increased
temperature and thus the thermal noise.

We are concerned here with quantum Hall effects, gbdein a two
dimensional electron gas (2DEG) under a strong miaghetd B. The
energy spectrum of a 2DEG is then consisting of higlégenerate
Landau levels with a degeneracy per unit adeB/@, with @=h/e the
flux quantum(h being Plank's constant). Whenever the magnetit iie
such that an integer number(the filling factor) of Landau levels are
occupied, that is’=nJdd equals an integend being the areal density of the
2DEQG), the Iongitudir21al conductance of the 2DEG vauisttale the Hall
conductance equaige /h with very high accuracy. This is the celebrated
integer quantum Hall effect (IQHE) [3,4]. A similar behavior of the
conductance is found &tactional filling factors, namely, when the filling
factor equals a rational fraction with (mostly) afdalenominator 2+1,
being known as théractional quantum Hall effect (FQHE) [4,5]. In
contrast to the IQHE, which is well understood mr# of non-interacting
electrons, the FQHE cannot be explained in such tenchssabelieved to
result from interactions among the electrons, broagjout by the strong
magnetic field. Laughlin’s theoretical prediction tife existence of
fractionally chargedquasiparticles, each having a fractional charge
e =e/(2p+1), e.g.,&/3, &5 ande/7, put forward in order to explain the
FQHE effect [6], is very counterintuitive.

Halperin was the first to suggest edge channels goahso explain the
conduction mechanism in the IQHE [7]. According ks tsuccessful
model current flows along the edges of the sampléh wlectrons

performing classical chiral ‘skipping orbits’. In a qiam mechanical
language, current flows at the crossing of the Laridaels with the

chemical potential, near the edges of the samplethdiQHE regime,

electron-correlations are weak and currents are pesstionflow in non-

interacting 1d like channels. Alternatively, in tR@HE regime, electron
correlations are strong, leading the edge charoetehave as 1d chiral
Luttinger liquid [8]. Due to the chirality, backscaitey in wide samples
is minimized and edge channels propagate void of battesing for long

distances.
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Edge channels produce shot noise (called sometimess® noise’) on top
of the ubiquitous thermal noise (‘Johnson-Nyquist’ neigeth the latter
being a property of any conductor and is independeits ohicroscopic
properties and the electron charge. Its spectraltgedis4ksTg, with kg
the Boltzman’s constant] the temperature, and the conductance,
originates from microscopic current fluctuations (withcurrent flowing)
due to the finite temperature of the electrons. Theafled quantum shot
noise differs from the classical one reflecting nbese free property of the
emitting reservoir (due to its fermionic nature) [2,9,10 his was first
demonstrated in the simplest mesoscopic system: iatisadlonstriction in
the 2DEG. The constriction was formed by Quantum PGiomtact
(QPC) [11], being two closely separated metallic gategporated on the
surface of the heterostructure embedding the 2DEG rfseein Fig. 1).
At zero temperature the contribution to the shot nabethe p'th
propagating channel in the constriction is:

S =2evVg,t,@-t,) (1)
where § stands for the low frequency<keV/h) spectral density of
current fluctuations,V the applied source-drain voltagey, the
conductance of the fully transmittgeth channel, and, the effective
transmission coefficient of thp'th channel. This reduces to the well
known classical poissonian expression for shot noise (above) wjeri
(‘Schottky equation’).

2. Noise of Fractional Edge Channels

Recent theoretical studies of shot noise in the F@tgfne, based on the
chiral Luttinger liquid model, are applicable only toethaughlin
fractional states, e.g.,v=1/3, 1/5 etc. [8], namely, when the edge current
is carried by only one channel. They predict a speckensity of shot
noise very much like in Eq. 1, with two limits [12]:

S,=2eVg,(-t)=2el, ; t =1
S, =2eVg,t, =2el, , 1,=0

where |, and I; are the reflected and transmitted average currents,
respectively. The most important outcome of Eq. hésgrediction that

: (2)
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the tunnelling of quasiparticles contributes to the shot noise at weak
reflection ¢,=1). No easily accessible formulation for an arbitrary
transmission exists [12].

One can gain insight into the characteristics efdékpected shot noise in
the FQHE regime by considering the composite ferm{@# model [13].
In its simplest form the model identifies the frantlly filled first electron
Landau level,v=p/(2p+1), as an integep filled Landau levels of CFs
(ver=p). Each CF consists of an electron awd magnetic flux quanta
opposing the original magnetic field attached to iHence, the net
magnetic field sensed by the CFsBi2ndh/e (equals to zero at=1/2).
Under this weaker effective magnetic field the @Ba be approximated
by weakly interacting quasiparticles, flowing in separand nearly non-
interacting edge channels, hence, justifying the epitin of the above
mentioned formulae for stochastic back scatteringpafticle and a
poissonian shot noise. When the QPC partly pinchésand the
conductance is in a transition between two diffeFQHE plateaus of the
seriesp/(2p+1), only the highest edge channel is being partitiptiee
other, lower lying channels, are fully transmitteGonsequently, in Egs.
(1) and (2)p designates the CF edge channel that is being paetti |f
in the transition region betweer1/3 and an insulator the values grel,
0:=0o/3 and t;=3g/go, then, in the transition region between2/5 and
V=13 they are p=2, 9,=(2/5-1/3po, andt, :%. Hereg is the
total two-terminal conductance agg=€’/h the quantum conductance.

A more general expression for shot noise of nonatarg particles [14],
applicable at finite temperatures, is:

eV . 2k;T
2B |+4k,Tg , (3
2kBT) eV } s'd ®)

with a finite noise at zero applied voltag&=4ksTg. When
V>Vi~2kgT/e the noise approaches the linear behavior predictedyby E
1 and 2. This expression was utilized for charge detation over a
wide range of conditions (transmission and tempeegtuas described
later. It should be noted that a different approachetermine charge,

S=2eV gptp(l—tp){coth(

4
PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



e.g., based on visualization of localized quasipastifl®] and resonant
tunnelling of quasiparticles into an isolated islamdan impurity) [16].

3. Experimental Consider ations

In order to realize shot noise measurements we tbooestrictions in the
plane of a 2DEG, embedded in the heterostructure, somenli€low the
surface. Carrier densities are aroumg(1-2)10"cmi® and nobilities
[=(2-30Y10°%cnf/V-s at 4.2K. Samples were cooled in a dilution
refrigerator to an electron temperature 10-50mK. Curitentuations,
generated in the constriction, were fed intd.@ resonant circuit with
center frequency ~1MHz and bandwidth of 30-100kHz. Theuatons
were amplified by a nearby extremely low noise, homedana
preamplifier, cooled to 4.2K. The preamplifier has dag# noise as low
as 2.5 18%?Hz and a current noise of some (410fy°A%Hz. Outside
the cryostat the amplified signal was fed into awdlitamhal amplifier
followed by a spectrum analyzer. Since the accuragniwale of the
noise signal is important, a careful calibration &f tbtal gain is routinely
done by utilizing a calibrated current noise sourceadveng the thermal
noise generated by the conduction of the constrig¢torby the quantum
conductance in a multi-terminal configuration) as fiomcof the inverse
conductance t both the electron temperature, Via(d5//Ag)/4ks, and
the current noise of the amplifier (extracted from éxérapolated total
noise to zero inverse conductance) were deducedd@assn Fig. 1).
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Fig. 1. A general configuration of the noise measurement systémthe measured
shot noise at equilibrium at the input of the preamplifier &snation of the output
conductance. The output conductance is independent of the transroisienQPC

and is controlled via the magnetic field. The measured mmigesum of thermal noise
4ksTg and the constant noise of the amplifier.

4. Shot Noiseat v=1/3

Shot noise measurements as a function of the curfeough the
constriction were performed first in the absence afjnetic field. The
results, after calibration and subtraction of the ameplf noise, are
shown in Fig. 2. The transmission of the lowesinigyuasi 1d chaznnel
was simply deduced from the measured conductance rnioethly 2 /h
(the factor 2 accounts for spin degeneracy). Ouralatast perfectly fits
the expected noise from electrons predicted by Eq. 2gushie
independently measured electron temperature [17].

At high magnetic field (10-14Tesla), the two-terminainductance
exhibits Hall plateaus at fractional fillings. We s$thay exploring filling
factor v=1/3 with gy==€%3h. Figures 3a and 3b present typical
differential conductance of the constriction as figmctof the applied
voltage at electron temperaturés23mK andT=120mK, for different
backscattering potential strengths (determined bypiiegate voltage of
the QPC). At the lower temperature, even a relgtiveleak
backscattering potential (transmissitrg/gyz~0.7 at high bias) almost
fully reflects the current at zero applied voltage.

6
PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



Current Noise, S (10-28 A2/Hz)
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Fig. 2. Shot noise as a function of the currérthrough the constriction without an

applied magnetic field. The solid line is the noise given dpyFEwith the temperature
deduced independently (as in Fig. 1).
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Fig. 3. The differential conductance of the constrictional/3 as function o¥ps. a.
Measured at 23mK for a few backscattering potential strenfibrs; bottom to top:
QPC split-gate voltage changes from -83mV to -0.5nm.Similar data measured at
120mK; from bottom to top: QPC split-gate voltage changes £131mV to -11mV.

We turn now to the shot noise in this regime. Ttredactance and shot
noise at different temperatures are plotted as funatiothe applied

voltage across the constriction in Fig. 4. At 23mk tonductance is
highly non-linear and the noise is non-poissonid@he noise has only the
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gualitative features of the CLL, predicted by Fendiewal. [18]. The
quantitative disagreement may be related to a dewiati the scattering
potential and its voltage dependence from the assudeatized impurity
[19], or due to added Coulomb interactions [20]. As #raperature
increased the differential conductance turned to beveeakly dependent
on current and the shot noise reduced. At suffigidngher temperature,
here 120mK, shot noise turned poissonian, with a deftrhargea*ze’S
(see also Ref. 21), verifying Laughlin’s predictionfrafctionally charged
guasiparticles (however, flowing in edge channels).
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Fig. 4. Shot noise and differential conductancevail/3 for different temperatures.
Shot noise due to a weak backscattering potential measuradatsvtemperatures: 23,
49, 69 and 120mK. The thin solid lines are the expected shot noisenfanteracting
quasiparticles with charg#3 at 23mK (upper line) and 120mK (lower line). Inset: The
transmission of the constriction at the same temperatwidis,the top most line at
120mK and the lowest one at 23mK.

What happens at an even lower electron temperature;%mK? This
temperature is very close to the lattice temperatuderas achieved after
‘cold grounding’ of most of the ohmic contacts i ttample (cooling the
electron via Wiedemann-Franz- conduction) [22]. Aswhown before,

a relatively weak backscattering potential 1&t1/3, with a saturated
transmissiont=g/gy5~0.7, led to rather strong backscattering in the tinea
regime (near zero excitation). Moreover, both thdtage and
temperature dependences of the differential conductaace positive —
as expected from the CLL model (‘valley-like’ behayioHowever, when
the QPC split-gate potential was even smaller (inlatesterms), making
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backscattering weaketsg/g,,2>0.85, the dependence of the conductance
on excitation voltage and temperature reversed s@gnKg. 5, a ‘mound-
like’ behavior), contradicting the CLL prediction.n these two regimes
the charge determined at low excitation voltageeiy Varge (approaching
e), turning toe/3 at higher excitation voltage. Only in the extrenvebak
backscattering regime (see Fig. %+=-0.03V), with conductance again
independent of excitation voltage the noise was poigacagain, leading

to a charge =e/3 — very much like at elevated temperatures.
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Fig. 5. Typical dependence of the transmission coefficient and batkszhturrent on
bias and temperature at1/3. a. At different QPC split-gate voltages. When the QPC
is very weakly pinched off (split-gate voltage -0.03¥0.97) the transmission has a
very weak (negative) dependence on the applied bias; opposité teeGavior. b. The
backscattered current as a function of electron temperatuasuneel with AC 1V
RMS. The curve can be fitted with a single slope. Inded: §hot noise generated by
the weakly pinched constriction as function of the backscattemednt, at an electron
temperature of 9mK. Noise is classical and quasipartitiasge is/3.

5. Shot Noise at v=2/5 and v=3/7

What about the charge of quasiparticles in higher Cihrels? This
measurement is important since it distinguishes betweercharge and
the conductance. Figure 6a shows, as an examplené¢ae tivo terminal
conductance as the constriction is being pinched foullefilling factor
Wwuk=2/5 (fluctuations are due to instabilities).
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Fig. 6a. The conductance as function of the QPC split-gate voltaffeciing the
constriction width). Two conductance pIateaua?/,Sh andé?/3h, are observed.
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Fig. 6b. Noise measured at the two plateaus, at points A and B&)gt: andt; refer
to the transmission coefficients of the first and seconiLCFs (=1/3 andv=2/5,
respectively). The noise is constant and does not depend airibiet caccounting only
for the thermal and stray noise; hence, the shot noiseas Z&e conductance is shown
for reference (by + signs).

Figure 6b show the measured noise, as function ofahertritted current

in the 2/5 plateau (in the CF languagisst;=1) and in the 1/3 plateau
(t=0, t,=1). As expected, no excess noise (above the thermal and
amplifier noises) was measured in each of the plateauSince

(8(,)%) =0 and (8(i, +i,)*) =(8(i)*) +(8(i,)°) + 2(8(i, [1,)) =0,
the last two terms in the last expression must eadetmeindependently
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(unlikely that they cancel each other), leadinghe tonclusion that the
two currents flowing in the two CF channels are fpeafelent (last term).

Setting the QPC split-gate voltagett®.98 the temperature dependence
of the backscattered current, shown in Fig. 7a, cafitted with two
distinct slopes in logg) vs log(T) — with a crossover ai~45mK. The
noise was measured across the full temperature ratigéwa examples

plotted in Fig. 7b. Note that with,, :'[[92/5—91/3:6,[_5, ter IS
92/5 ~ Q3
substantially smaller thanexcept fort very close to unity. The two solid
lines in Fig. 7b, which agree very well with the dadae the calculated
shot noise with chargeg=2e/5 at T~9mK andg=€e/5 at T~82mK. The
charge changes smoothly with temperature over arregficome 20mK
(Fig. 7c). While the scattered chargee/5, which was measured at the
high temperature region, had been measured already before [2B&rge
g=2e/5, measured at the lowest temperature, was unexpected.
Apparently, at the lowest temperature, in the very weagkscattering
regime, one can view the noise as resulting fromitfaing of two
guasiparticlese/5 each, at each backscatter evbaoh¢hing).

Similarly, at v=3/7 the charge approacheg/73 (maximum measured
charge was ~2ef7) at the lowest available temperature (Fig. 8).
Presumably an even lower temperature is needed in twrdench three

€/7 quasiparticles toe87 charges. This unexpected bunching might be
related to the fractional exchange statistics ofjtesiparticles.
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Fig. 7. Backscattered current and charge=2/5. a. Backscattered current as function
of the electron temperature. Two distinct slopes are wbkdewith a transition
temperature of about 45mK.b. Shot noise at two different temperatures. The
backscattered quasiparticle charge &2t 9mK ande/5 at 82mK. The constriction
was tuned to reflect some 2% of the 2/5 channel at the twpetamores. c. The
evolution of the quasiparticle charge with temperature.
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Fig. 8. Shot noise at two different temperatures 1&a3/7. The backscattered
quasiparticle charge is ~&7 at 9mK ande/7 at 27mK. The constriction was tuned to
reflect the 3/7 channel by some 2%.
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6. Shot Noise in the Strong Backscattering L imit

In the strong backscattering limit the quasiparticlearge is expected to
be different (Eq. 2). As the constriction is beingcped thel-V
characteristic becomes nonlinegrgndt depend on current), even at an
elevated temperature. Measurements were done ag) filictor 1=1/3.
To account for the non-linearity, the energy indepaendEq. 3 was
modified, by approximating the integral over energy Ref. 14.
Moreover, the dependence of the conductance on theentuwas
attributed only tat, while the charge was assumed to be constant for a
fixed QPC gate voltage. Replacing the integratiogr @nergy by a sum
over discrete points and substituting terms ofg ande in Eq. 3, we get
[24]:

o L[, (9i/9,) eV | _2KT
s(|)_2e|ﬁi§1[1 wncmh[%gj - }+4kBTg. 4)

Here i runs over the measured pointd) (up to currentl, g is the
differential conductance at each point, and the tetnis being replaced
by 1-t , with t the effective transmission coefficient of tHex of

quasiparticles € and not the current. Theoth term, however, rising
from integration over the Fermi function, was inedrin ‘by hand’. The
noise expression now contains a single fitting paramet In other
words, for each width of the constriction we finditing quasiparticle
chargee and consequently the channel transmiss{ora g).

Transmission, ¢

Current Noise, S (10 ~° A2/Hz)

-0.6 -0.3 0.0 0.3 0.6
Current, 7(nA)
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Fig. 9. Bunching ofe/3 quasiparticles at=1/3 by a relatively pinched constrictiom.
Noise and conductance for0.1, demonstrating bunching of quasiparticles to charge
b. The evolution of the charge in three different devices agifumof the transmission
of the constriction (squares, circles, and triangles stardifferent samples).

In Fig. 9a the noise and the fitted charge~at/3 are shown fot=0.1 at
the lowest applied voltage. The fitted charge islpea The dependence
of € ont is summarized in Fig. 9b [24]. Measurements taken fawa
samples collapse into one curve. The charge chanuesttdy frome/3
for weak reflection (larg® to arounce for strong reflection (at-0.1) - as
expected.

7. Evolution of Charge with Partitioning

We discuss now low temperature (~10mK) shot noise meaasuatg in

the non-linear regime, where the transmission isuimna-like’ or ‘valley-
like’.  Shot noise and transmission were measureduastion of the
excitation voltageVy and split-gate voltag®, for bulk filling factors
v=5/2,v=7/3 andv=1/3. In the weak and strong backscattering regimes,
in all three filling factors, both conductance andcsaé density exhibited
two distinct regions in the excitation voltage. I#iv excitation voltage,
the conductance, with either ‘mound’ or ‘valley’ likeehaviors, was
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accompanied with a large slope in the spectral dengltich corresponds
to a large charge at all filing factors. At highexcitation voltage a
rather ‘linear characteristic’ and a significantlpwer charge were

obtained.
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Fig. 10. Measurementat v=5/2 state of the transmission probability and the shot noise
in the smallVy range, measured d~10mK. (a) - (c) Spectral density for a few
transmissions and the predicted spectral dengitieimg Eqg. 1). (d) The evolution of
quasiparticle charge as a function of the effective (aegragnsmission probability (of

the 5/2 channel with the lower lying channel @5/2_2> , measured on four different

samples.

Focusing on the low excitation voltage range an éstang dependence of
the deduced quasiparticle charge on the average fismnsmwas found.

For v=5/2, at high, ‘mound-like’, transmissions-Q.9), the charge was
substantially higher than the theoretically predicfedsiparticle charge of
e =e/4 (Fig. 10a, and see Ref. 25 for previameasurements and a
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description of this even-denominator fraction). itermediate values of
the transmissiont{0.4-0.9), with the transmission almost independent of
the applied voltage, the charge was very closete/4 (Fig. 10b). At
lower, ‘valley-like’, transmissions, the charge rieased towarde =e
(Fig. 10c). The latter result is expected since thiadifactor within the
potential barrier approached2; enabling thus only backscattering of
electrons. Figure 10d summaries the low-excitationgeh@volution as

function of the effective transmissio(‘tS,z_Z), as measured on four

different samples. A similar behavior was obtainesb dbr thev=7/3
case. The quasiparticle charge evolution as a functiaime average

effective transmission<t7,}2>, resembles that in the=5/2 state, with

e ~e/3 obtained only at the intermediate transmissiogeanwhere the
transmission is nearly voltage independent (not show

For thev=1/3 state, with measurements performed in the higherahthe
tys,  with ‘mound-like’ transmission, and in a somewhiwer
transmission which was rather flat. Again, a binhagesiparticle charge
was observed in the ‘mound-like’ transmission regimith e =e in the
small excitation voltage range aed-e/3 at a higher excitation voltages.
For the flat transmission, the charge fitted vesie/3 over a wide range
of excitation voltage (not shown). The lower trarssion range
(t1:<0.3), the backscattered charge approaeheas already discussed
above [24].

Temperature dependence of the noise measured at &igmissions was
studied at bulk filling facton=5/2, as described in Fig. 11. While the
longitudinal resistance of the/=5/2 state increased weakly with
temperature, the resultant backscattering was lessOlid&ha at 85mK.

As evident from data, the differential transmissioefficient became less
sensitive to the applied voltage and the quasipadiwege reduced. The
charge approached=e/4 and saturated thereafter as the temperature
reached ~75mK and beyond (Fig. 11).
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Fig. 11. The dependence of the backscattered charge on temperaturectiedsueak
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with €~0.%, and (b) at T=76mK with € ~¢/4. (c) Evolution of the backscattered
charge as a function of temperature. At temperatures higaer~40mK a significant
reduction of the charge is observed.

Our measurements present a rather complex evolutiore alefermined

backscattered quasiparticle charge. It roughly portitsys extreme
values of the quasiparticle charge. One small - belnge to the
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‘expected value’ - at intermediate backscattering proitiabior at higher
energies (excitation voltage or temperature), in whightransmission is
usually linear. The other one is large, approackirg, for extremely
weak backscattering and in the limit of low excitativoltage and
temperature, in which the transmission is found to dre lmear. This
enhancement of the charge can be attributed to ¢ftbescattering of an
integer multiple of a smaller fundamental chargen¢hing), or to the
fundamental charge being larger than expected. Téeagsumption is
strengthened by the observation of the lower chatrdegher excitation
voltage or temperature; suggesting that bunching may péce at low
energies, and its dissemination into individual fundatal quasiparticle
charges at higher energy.

8. Shot Noise of Composite Edge Channels

Transport is more complicated if there are one or emoounter-
propagating edge channels, as is the case of thalled lwle conjugate
guantum Hall states, v=2/3, 3/5, etc. In the case wt2/3, which we
describe briefly here, a clean sample devoid of apuiites is expected
to support two charged modes: one with conductan@d/lof- carrying
electrons, and a counter-propagating one with condoetgi/3§7/h,
carryinge/3 fractional charges [26]. For a smooth edge potettie two
counter-propagating modes will have different momdiite difference
being proportional to the enclosed flux), and hence elglifo equilibrate.
However, in the presence of random inter-channelttesgzy the
momentum of each channel need not be conserved, iralotus
equilibration (and the emergence of a single charmgejrand a universal
quantization of Hall conductance (}3h. In addition, aneutral counter
propagating channel (namely, carrying only energy bmutcharge) is
expected to exist [26,27]. Recently, there has been agesmer of
theoretical investigations of this and similar nal&dge channels [28];
ignited by the hypothesis of the much anticipated rmedian 1=5/2
fractional state, which is expected to carry a neigbrana mode [29].
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Figure 12a shows a plot of the transmission as functicime applied
split-gate voltage to the QPC, measured on a typaabke. Scanning
the gate voltage revealed a prominent plategsld®, suggesting a local
filling factor in the constrictiorve=1/3. Adopting the assumption that the
electron density drops gradually near edges of thetaotion, thevc=1/3
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plateau seems to confirm that 1/3 edge channel travéreeconstriction
without backscattering, while the 2/3 edge channelully freflected.
Under such circumstances the shot noise t&/2 should be zero.
However, surprisingly, this was not the case here.siown in Fig. 12b,
the measured shot noisefisite, suggesting a different picture of edge
reconstruction in the=2/3 case. Since this behavior repeated itself in all
the measured samples, we must adopt the notion of gie sthiral-
composite-edge channel, with transmissiotx@gdetermined by the split-
gate voltage.

The charge over the entire range of the transmig$iom very close to
unity to t~0.3) fits excellently to a value =(2/3)e (not shown). Upon
depleting the constriction further the differentiahrtsmission became
highly current dependent and the spectral densitylajsee two distinct
slopes: at the low range of current the quasipartteege was while at
higher currents the charge dropped to approximately §2/3ince the
transmission increases with current (expected inraldhittinger liquid),
the charge reverts back to that of the quasiparticles the electron
temperature increased the charge, measured«0 X evolved smoothly
from (2/3e to €/3. This observation, reminiscent of the behaviothef
quasiparticle charge in the 2/5 and 3/7 states [22], magestudhat
guasiparticles of charge/3 carry the current in the 2/3 state, however,
bunching takes place at the low temperature regime.

9. Shot Noise of Interfering Electrons

Every interferometer must generate phase dependentelse since it
splits the incoming electrons into at least two patnsalternatively, its
transmission is in general smaller than one. Ihisguing to measure
simultaneously the discrete nature of particles andititerference due to
their wave behavior. In a symmetric interferometdnere the incoming
beam is split equally between two paths, one can exgressansmission
tin=0.5(14 cospag), with u the visibility and gss the AB phase (the
Aharonov Bohm phase), one gets for shot noise:

S=0.5l;,, (I~ 1 coS g5 ., (5)
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with lin, the impinging current. Hence, the shot noise costanly the
second AB harmonic.

We developed a two-path electron interferometer baseedge channels
transport: a Mach-Zehnder electron interferometef. [38 single edge
channel is split and later recombines after enclosamg AB flux.
Changing the area of the interferometer, under thentizing magnetic
field, changes the AB phase leading to interferevmellations in the
conductance (Fig. 13a). The noise measured under suncfitiaus
revealed indeed a second AB harmonic (Fig. 13b).
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Fig. 13. Aharonov-Bohm oscillations of conductance and noise in atraiéc Mach-
Zehnder interferometera. The AB oscillations in the conductance as function of the
voltage on a gate that changes the area of the interfenonte Shot noise - second
harmonic of the AB oscillations in the conductance.
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