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Transport properties of quasi-one-dimensional nondegenerate quantum wires formed on the surface of liquid
helium in the presence of a normal magnetic field are studied using the momentum balance equation method
and the memory function formalism. The interaction with both kinds of scatterers availaper atoms and
capillary wave quantais considered. We show that unlike classical wires, quantum nondegenerate channels
exhibit strong magnetoresistance which increases with lowering the temperature.
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[. INTRODUCTION systems There is also an interesting evidence for the self-
organized current filaments in the helium microchanfils.
Electrons trapped on the free surface of liquid helium The confining potential affects crucially the energy spec-
form a nondegenerate two-dimensional electron systerfrum of electrons subject to the magnetic fi@dbecause it
(2DES* whose properties are complementary to the properremoves the degeneracy of Landau levels. For example, in
ties of the degenerate 2DES created in semiconductor strugie 2DES the Landau spectrum does not depend on the orbit
tures. Considerable experimental and theoretical research haenter coordinatef = —13k,, and it is purely discrete, y
been performed on the quantum magnetotransport in such anz  (n+1/2), wherefik, is the electron momentum along
almost pure and highly correlated 2DESr a recent review, the x direction,n=0,1,2 . .., lg=(#c/eB)*? is the mag-
see Ref. 2 In the presence of a strong magnetic field appliedetic length, ands.=eB/mc is the cyclotron frequency de-
in the normal direction to the system the electron energyined in terms of the free-electron mass. In contrast, for
spectrum is squeezed into the set of Landau levels slightly,e parabolic confining potential(y)zmewéyzlz, the elec-
broadened due to the interaction with scatterers, if Coulomby,, energy spectrum under the magnetic field has a continu-
forces_ are _disregarded. The eff_ect_ of Coulomb _forces can _b8us term depending on the electron momentum along the
described in terms of the quasiuniform fluctuational electric.pgnnef?
field E; (Refs. 3—5% which causes fast drift velocities of elec-

tron orbit centers. In local reference frames moving along 1h2K? 1

with an electron orbit center the broadening of Landau levels Enk =5 thQIn+ 5], (1)
is even reduced because of the fast drift velocfti€sr sur- * 2mg 2

face electrongSE) on liquid helium, the broadening of Lan- where

dau levels is extremely narrow, usually much smaller than

temperature, which is the origin of the unconventional Hall Py

effect observed in this system under different experimental mg=me| 1+ —Z . Q= \witw? 2
conditions’® wy

The SE can be confined in quasi-1D channels, when th . . _ 2 2
helium surface is curved by capillary forces in the presenccjhhe Ol’blt. center cgordlnate(kx— _(“’_C/Q_)kax (here I
of a specially constructed dielectric substrdt&: The con-  =7/Me() is the typical electron localization length across
ducting channels are formed in the valleys of the heliumthe channelis determined by the interplay of the magnetic
normally to the surface. These channels can be considered 8Bifts the electron wave function in the changgly —Y) )
the nondegenerate version of quantum wires created in senti the left or the right depending on the signkgf, as shown
conductor structures. In the presence of a strong normal maga Fig. 1. It increases also the frequency of the discrete part
netic field, the electron states in the chantfelesemble the of the electron spectrumu,— Q) and the effective mass of
current-carrying edge states of the quantum Hall effectharge carriesmi,—mg>€?). Such an unusual behavior of
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B0 B+0 Because the curvature radius is much larger tharnwe
restrict our study to the model of a 2DES subject to the
oscillatory confining potentialU(y). The electron wave
function in the channel is defined as

k<0
X \,\
/

k>0
r( *

1
| nsolx:9) = =ik gl (Y=Yl J, (3

(po(y) (arb. units)

where ¢,(x) is the Hermite functionsl., is the linear di-
mension of the channel, and, as stated aboVQ*
= —(wc/Q) Ik

In general, we have to include the interaction of the elec-
tron spin with the magnetic field. This leads to the energy
y spectrum

FIG. 1. Profiles of the electron wave function across the channel 2.2
for B=0 (solid line) and for a characteristiB#0 (dashed lines X+ 50

> . o - Enk = +hoo,
The confining potential (y) is indicated by the dotted line. o 2mg

L
T3

the electron effective mass is very important for channelwhereo= *1/2 is the spin projection eigenvalue. In the pure
magnetotransport, localization effects, and the polaroni@DES (=w,.), the inclusion of spin causes an additional
transition(for a review on the last two topics, see Ref).15 degeneracy of the electron states: the energy levels mvith
In this work we report the theory of quantum magne-=0, ¢=1/2, andn=1, o= — 1/2 coincide. For electrons in
totransport in quasi-1D electron channels under the conditioghannels, these levels are split becallsew.. Because the
that the electron-electron collision raig. is much higher interaction with scatterers does not involve the electron spin,
than the effective collision frequenaydue to available scat- we shall disregard it when calculating the scattering matrix
terers. In this regime, usually realized for SE on helium, theelements.
memory function formulation for the electron conductivfty The magnetic field does not modify the nature of the elec-
and the momentum balance equation approach leads to thn motion along the channel, and the continuous part of the
same conductivity equation. The important advantage oglectron spectrum has the usual foemxzﬁzkilsz_ Still,

these methods is that the electron conductivity along the,q magnetic field increases strongly the effective nmags

channel can be quite generally expressed in terms of thgng for electrons with a fixed densitgs it is indeed for SE
electron dynamical structure fact®SP S(q,), which al- o5 hejium, it reduces the Fermi energy. At low electron
lows us to track the origin of the strong dependence of theosities we can consider only the lowest level with 0.
electron mobility on the magnetic field. We find that, in con- Then, in the absence of the magnetic field, the Fermi mo-
trast with classical wires, the resistivity of the ”O”dege”erat?nentumkF: 7.2 (hereng, is the linear electron density
quantum wires formed on the surface of liquid helium is ;4" tha 1D Eermi Cenergy se=so, Where s,

highly affected by the magnetic field. This effect depends_ thanh,Sme_ The magnetic field splits the lowest level,

strongly on the temperature. The results obtained here ar . : :
compared with those found for the pure 2D case. &nd for a fixed channel density, the 1D Fermi energy and the

total energy of an electron at the Fermi level depend strongly
on the energy parameteg= w2ﬁ2n§h/8m3 which decreases
with B because of the mass enhancement. The total energy at
A. Electron channel states the Fermi level can be written as

II. BASIC RELATIONS

In the presence of a strong holding electric fi@d di- .
rected along the axis the electrons in the channel are gath- Soa=4ep+ Q= wc)/2 T hwc>4eg,
ered near the minimum of the channel profile which we de- R 4 #4242 i < )
scribe by the semicircular fornz(y)=R(1—1—Yy%/R?) cot Azt Awillbey I Awc<des @
=y?/2R if y<R (hereRis the curvature radius of the helium It should be noted that the field dependence: gf, is non-
surface which usually ranges from 10to 10°* cm). As a  monotonous: the total energy defined above increases at low
result, the potential energy of an electron across the channgéiklds (hw.<4eg), and decreases steadily at high fields
can be approximated by the parabolic potentia(y) (hw>4eg). For SE's on liquid helium the Fermi energy is
= mewgyzlz, wherea%:eEL /mgR. As the magnetic fiel  much smaller than temperature and it is not a topical param-
is applied in the direction parallel to the holding electric eter. For other possible channel systems with a fixed density,
field, we use the Landau gauge for the vector potertial the decrease of the Fermi energy and the total energyBvith
=(—By,0,0) to take the advantage of the translational in-means that for finite temperatures and in the limit of high
variance along the channek (axis). The electron motion fields even a degenerate electron channel eventually becomes
along they direction is quantized and the electron energya nondegenerate system, whose transport properties are dis-
spectrum has the form given by Ed). cussed in this paper.
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B. Dynamical structure factor

As stated in the Introduction, the equilibrium electron
DSF S(q,w) plays an important role in the quantum trans-
port theory of electrons with a short autocorrelation time. We

define it as

1 (= .
S(q,w)=N—EJ'_we"”tmq(t)n-q(O))dt, ©)

wheren,=
tor, g is the 2D wave vector, and, is the 2D position of an
electron. For the energy spectrum given by EL, we can
evaluate the average - -) straightforwardly to obtain

SQo)=— 3 E f(enk )1 F(snr k)]
ek k n,n’
X[(n, kx|e_|q "In’ ks >|25(8nk Sn’,k)’<+ﬁw),

(6)

wheref(¢e) is the Fermi distribution function.

>.exp(=iq-re) is the density fluctuation opera-
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FIG. 2. The magnetic-field dependence of normalitieuyhich
determines the momentum exchange along the channel in scattering
eventsq,~ 1/, .

gy andg, enter into these matrix elements in the same way,
which is usual for the quantum magnetotransport in the
2DES. An additional restriction og, appears because of the

The SE on liquid helium form usually a nondegenerategactor exp(-&q/4T), but it becomes less important for strong

system. Therefore we can disregéd(d ”kx) as compared to
1in Eq. (6). Then, introducing the notation

Jn,n’(qx aqy) = Jl eiqylyT(Pn(T)(Pn’(T_ qxlywc/Q)dTv
(7

the DSF can be found in the form

S(q, ) =h(1—e HT) ILE e honT|y 12
SQXTn,n’ ’
[8q 2
X exp| — , (8)

min(n,n")! B
e qu\n n‘[me(nn )(Xq)]2

X—hw—ﬁﬂ(n—n’)]
4quT

with

Jn (X 2=
[Innr (Xg)] y—

|2
]

HereL['(x) are the associated Laguerre polynomials.

The matrix elements$J,, ,/(Xy)|? restrict differently the
wave numbers|, andq, . For the lowest leveh=n"=0, we
have

and

212 22
ayly  axly
y'y ) (9)

|‘JO,O(arqy)|2:eX[{ — T_ XY _C

In the extreme casB=0 this equation restricts only trans-
verse wave numberg, owing to the channel confining po-

tential. For high magnetic fieldQ = w, both wave numbers

fields whenmg>m,.

The channel DSF5(q, ) exhibit features which are typi-
cal for both the free-electron gas under zero magnetic field
and the 2DES in the presence of a strong perpendicular mag-
netic field. We first pay attention to the singular®{q, w)
«1/|q,| and the factor expfeq/4T) which are inherent for

free electrons. They concern thhg component only, reflect-
ing the free-electron motion along the channel. In the ul-
traquantum limitT<A(), Eq. (8) can be approximated by
the terms withn=0. Then the channel DSF is given as a
sum of Gaussian terms broadened by the width parameter
r*=2 gq, T, which exhibit the resonant behavior as
—n'Q—0. This result is similar to that obtained for the 2D
Coulomb liquid under a normal magnetic fiéldn the lim-
iting casel'* — 0, the DSF is a sum of functions reflecting
the singular nature of the 2DES under the magnetic fetd
The broadening parameter of the Gaussians in (Bj.
r~=2 gq T Can be estimated combining two exponents

proportional tog? by

q2|2 qu q2|2
T
where we have defined
12=1222 we , 17 (10
Y2 4mBT'
Then the typical electron wave numbeys~\/2/l,.. In gen-

eral I)2<(B) is a nonmonotonous function of the magnetic
field, as shown in Fig. 2, where we have used the dimension-
less parameter$/fwg and w./wo. We shall see that this
behavior affects the channel magnetotransport.

At low temperatures T/Awy<0.255), |, decreases
steadily with B, and when l,~l 0./} we have I'*
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~2(ThQwylw.=12e Ecrly where eEg, Following Refs. 2 and 21, the frictional force can be quite
=2m.TQuwq/w., With E., being a characteristic electric gene_rally expressed in terms of the equilibrium electron dy-
field. For strong field€)=w,, E,~wyy2m,T is the force ~N@mical structure factor

acting on an electron at= \/2T/mecoo2 due to the confining

potential. It is interesting that in this limiting case, the tem- ~ Ne 2201 (1) "

perature and field dependencies of the broadening of thgscat_ﬁ_SA % 0xVqQqoNg [ 1~ "1 ]Sy(q, wq— OxUian),
channel DSFI'* «\[T/B are the same as that induced by (12)
strong internal forces in the 2D Coulomb liqid!® The
conditions under which the fluctuational electric field in the

— [ 732 () et
channel can be disregarded will be discussed in Sec. lll. wherewq = ya/pq™= andNg_ are the spectrum and distribu

tion function of rippIons,Q§=ﬁq/2pwq, a and p are the
surface tension and the liquid-helium mass density, respec-
tively. Equation(12) is strictly valid for electrons with a

In this work we primarily consider the dc magnetotrans-short autocorrelation timevg > vo) which allows us to de-
port, which means that the frequency of the driving electricscribe them by the the equilibrium DSy (q,w) in the
field is zero or negligibly low. Therefore, the current acrosscenter-of-mass reference frame moving along the channel. In
the channel is assumed to be zedy<£0 and the Lorentz the laboratory frame the frequency argument acquires the
force is balanced by the field of the confining potential Doppler shift: S(q,w)=S¢(q,w—0yUa). The frictional
Then for electrons with a short autocorrelation time, the elecforce of Eq. (12) can also be found employing the
trical current along the wird, can be easily found by bal- momentum-balance equation mettéd®
ancing the force of the driving electric fie.eE, and the According to Eq.(12) the linear transport regime is valid
frictional force F ., acting on the electron system due to thewhen the correctiorfgyu,, is much smaller than the tem-
scattereré.In the linear transport regime the absolute valueperature and the broadening of the electron DSF as a func-
of the frictional force is proportional to the current or the tion of frequency. In the 2DES the latter condition is more
average electron velocity in the channe),, and can be restrictive because the broadening of the DSF is small. The
written asF ¢ca= — NeMeveii(B) U,,. The proportionality fac- DSF for channel electrons is much broader. Anyway, under
tor ve(B) is called the effective collision frequency, which the conditions of the linear transport regirhg,u,,<T and
can be found by evaluating the momentum loss of the eleckgyu,<I'* the effective collision frequency of channel
tron system per unit time. Then the current along the channedlectrons
is given by

C. Channel magnetotransport

1
Jx=eNeUay=NeenEy, un=el(Meren), (11 mevggf(B):ﬁ > V2QAINYSy(q,0q) (13
A q

where o is the channel mobility. It is well known that for
classical thin wiresv(B) does not depend oB (it coin-
cides with the conventional collision ratand the theory
gives zero magnetoresistance. In the following we shall se
that there is a strong magnetoresistance for nondegenere}

qu?r?tg?(;g\r”rtisﬁndF we can calculate the momentum " the_direction of the wave vectaoy, as d@scussed in Sec.
scat o . IIB. It is worthy to remark that the effective mass of elec-
absorbed by scatterers per unit tifig.;= —P. For SE on  ons in the channehg enters into the frictional force only
helium, the only scatterers are helium vapor atoms and Cafly means of the channel DSFhe free-electron mags, in
illary wave quanta (ripplons. At low temperaturesT  the |eft-hand part of Eq(13) is chosen as a convenient pro-
=<0.5 K the electrons are scattered predominantly by ”p‘portionality factoi.
plons, because the vapor atom density decreases with cooling The same expression for the effective collision frequency
at an exponential rate. In this case the interaction Hamilygyid be obtained by means of the memory function formal-
tonian is proportional to the electron-density fluctuation op-ism introduced by Gize and Wifle.?* In this approach the
eratorny and given by guantum conductivity equation looks like an extension of the
classical Drude formula, in which the imaginary part of the
1 S Ve conductivity relaxation kerndthe memory functiorM (w)]
\/S—A g reTa plays the role of the effective collision frequency. It should
be noted that the approximation for the memory function
whereS, is the surface area/, is the electron-ripplon cou- frequently used in quantum transport equations is actually a
pling, and &, is the Fourier component of the surface- high-frequency approximations(v), even though it usu-
displacement operataf(r). In the limit of strong holding ally gives correct results in the whole frequency range. Platz-
electric fields, the coupling paramedéy does not depend on  man et al?® were the first to apply this approach for the
the wave numbeW =eE, . In general we have to include analysis of the effect of electron correlations. The important
the polarization ternV,=e(E, +E,), whereEy has a quite  point is that the high-frequency approximation for the con-
complicated dependence on the 2D wave nunap€r® ductivity relaxation kernel and the dc approach based on the

is similar to that obtained previously for an isotropic 2D
electron liquid®?* Thus the anisotropy of the channel system
hidden in its DSF: in contrast with the isotropic 2D case,
e DSF of the electron channg}(q,»,) depends strongly

Hint=
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conditionv,c> v employed here yield the same equations forE, >E, we can use the approximatidf,=eE, . Then, the
the effective collision frequency as it is in the semiclassicaleffective collision frequency of the electron channel can be

kinetic equation method. found analytically as
If the temperature is relatively highf& 0.7 K), we have
to consider the possibility of electron scattering by helium 2mg19(B)

i MeVei(B) = —————
vapor atoms. Even though the helium vapor atoms represent ' eff 1—aT/hO
a sort of impuritylike scatterers, we can disregard quantum
localization effects because the electron-electron collision X arctaf (A wa/4QT)Y2J1-4T/AQ], (17)
rate is extremely highi.2>v). For the interaction Hamil-
tonian, given in Ref. 26, in the quasielastic approximationWhere
the above described treatment leads to the following correc- m
tion to the effective collision frequency induced by vapor mey(o)(B)=<—B)
atoms: Me

l/2(eEL)2

2a|§wo

(18

We can see that only the increase of the effective mass de-
16TS, > 0255(9,0), (14) scribed. by mg=m.Q% w2 cannot explain th_e Whol_e
q magnetic-field dependence of the electron mobility. The field
dependence of the effective collision frequency is deter-
mined by the interplay of the mass enhancement and the field
dependencies df(B) andl,(B). For example, an additional
increase of the channel magnetoresistance appears because
i of the factor leiocﬂ, which comes from the scattering ma-
ntrix elements. Recalling the definitions afy and|? given
above we can find that the low-temperature Iimﬂﬁg(B) of
the effective collision frequencyg(B) increases wittB as

3n,V2y
Mer@(B) =~

where n, is the density of vapor atomsy is the para-
meter describing the wave function of SE statg¢g(z)
xz exp(—vyz2), andV, describes the interaction of a free elec-
tron with a single helium aton'V(R—R,)=V,0(R—R,).
Even though the interaction parameter is usually written
the form V,=2=h2s,/m, containing the scattering length
sp andmg, the effective mass of electrons in the charmgl
appears only in the channel DSF.

w}
1+—
)

(eEL)Z

lll. RESULTS AND DISCUSSION O(B)= 2o
(84

(19

It is instructive to consider the ultraquantum linit) e 0) 5
>T. In this case, the electron DSF can be approximated bjfOr Z&ro magnetic fieldy™(B) tends tovo=(€E,)*/2a%.

the term withn=n’=0: Under the condition #Q/%w3<1, Eq.(17) gives the fol-
lowing asymptote for the channel mobility
m a1y ail V2
S(q,00=% | —=expg — == — , (15) 2af [ wg)? 40 TQ
&q,T 22 p= o —|— (20)
meeE? | T\ hw]

where the parametéy was defined in Eg10). We consider
only the dc case, and disregard the frequency argument b
causefiwg/T is quite small and the relevant parameter
fiwg /T is small if B is not too high. In this approximation
Eq. (13) turns out to be

g_or B=0, this equation reproduces the result found previ-
ously in Ref. 27. It is remarkable that the zero-temperature
term of Eq.(20), as a function oB, agrees with the formal
mass replacememt,— mg= meﬂzlwg in the mobility equa-
tion u=2ah/mee Ef obtained for electron in the channel at
0 my/2 " 22 [ B_Tho . We glsoﬁno:e thtat th(le te;hmperature tcorre.c?o_r: inc;et%ses
N = 5 —qly/2 Wi and affects strongly the magnetoresistivity of the
evef (277)3’2aT1’2f0 da,a.e fo day electron channel.
T T At high magnetic fields the condition T@/ﬁw§<1
X[ Vgl (ag+ay)]e” Wy (16)  preaks down and we have to use the more general expression
given by Eq.(17). For different temperatures the magnetic-
We point out that, in contrast with the pure 2D case whergield dependence of this expression is shown in Fig. 3 using
ver and o, are proportional to /T, the channel effective the normalized unitsl/%w, and w/w,. We can see that
collision frequencyEq. (16)] behaves differently becausg  even at relatively low temperatures T/fiwy=0.1),
contains the temperature-dependent term according to Eg.4(B)/v, deviates strongly from the zero-temperature as-
(10). For a pure 2DESI(=1,=1g), Eq.(16) also results in  ymptote. It is remarkable that, foF/%w,>0.84, electrons
vg?foc 1/\/T. For the electron channel, this behavior is limited on the lowest channel leveh&0) show a negative magne-
to the temperature range where the temperature-dependdntesistance in the region of low fields. The origin of this
term of % is small. unusual behavior is the nonmonotonous field dependence of
In generalV, is a very complicated function of the 2D 12(B) discussed above and shown in Fig. 2. Still, later we
wave number, and Eqg.(16) should be evaluated numeri- shall show that at such high temperatures the average contri-
cally for given channel parameters. If the electron channel idution from all terms withn,n’=0 compensates this effect
formed by applying a strong holding electric field , i.e., and channel electrons show only positive magnetoresistance.
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FIG. 5. The inverse mobility of electrons on the lowest channel
FIG. 3. Magnetic-field dependence of the effective collision fre-level (n=0) vs magnetic field for different temperatures under the
quency of electrons on the lowest channel level due to ripplonsondition that electrons are predominantly scattered by short-range
given in Eq.(17) for different temperatures. impuritylike scatterergvapor atoms

Figure 4 shows how the magnetic field affects the tem-The collision broadening usually increases wigh There-
perature dependence of the resistivity of the electrons in théore, the above results are valid under the condition
channel. For zero magnetic fieltine 0), the temperature \2eE,|g>T,. For the electron-ripplon interaction, the col-
dependence is relatively weak. The magnetic field makes thision broadening has the same temperature dependence
temperature dependence sharper in the low-temperatu(g ,oc\/T), and the breakdown of the channel magnetotrans-
range (lines representingo./wo=1, 2, and 3), which is port equations occurs when the magnetic field is increased
consistent with the singular nature of the 2DES subject to th@eyond the value given by the above condition.
normal magnetic field because at high fields—¢Ig) the For electron scattering by vapor atoms in the ultraquan-
channel becomes effectively a quasi-2DES. Physically, theum conditions, Eq(14) can be evaluated analytically
effective collision frequency increases due to the multiple
electron scattering. The number of multiple scattering events 3nav§ymB
is limited by the electron velocity which decreases strongly mevfeéflf)(B):W-
with B. 16T, 15

At high fields and low temperatures the effective broad-Using the dimensionless units,= w./wg and r=T/A w,
ening of the channel DSF* ~ \2eEy|s decreases aB*  the corresponding mobility of the electrons on the lowest
«\[T/B. In this regime the electron channel becomes similachannel level 1=0) can be written as
to the 2DES in which the broadening parameter of the DSF

112
(21)

I'y.n is determined by the interaction with scatterers. In the uAB)  1+47A%\1+AZ
self-consistent Born approximatiohi, ,» = N l"zn,)/z,2 w0) (1+A2)7 (22)
Cc

wherel',, is the collision broadening of the Landau levels. ) ) . o
In this case the negative magnetoresistance originating from

the field dependence d)f(B) becomes more prominent for
such short-range impuritylike scatterers, as shown in Fig. 5.
It should be noted that the negative magnetoresistance of the
electrons occupying the lowest levei€0) resembles that
observed for quantum localization effects in nondegenerate
2DES® 2 under the condition/,c< v, although in the trans-
port regimev, > v considered here quantum localization ef-
fects can be disregarded. However, under conditiens
=T/hwy>0.44 the contributions from other terms of the
DSF (n,n’>0) are important and the system behaves like
the 2DES exhibiting positive magnetoresistancergt= v.
. i . i In this case we have to perform numerical calculations.
00 02 04 06 08 10 Typical field dependencies of the channel mobility evalu-
T/ ho ated numerically using Eq$13) and (14) for different n,,
0 =N/« Which restrict the sums overandn’ are depicted in
FIG. 4. Temperature dependence of the electron effective colliFig. 6. Forfiw,/T=0.46, the electrons predominantly oc-
sion frequency due to ripplons given in E4.7) for different mag- ~ cupy the high-energy levels. We observe clearly the negative
netic fields. magnetoresistance only wher,,,=0 andn,=1. The in-

v BT /v,
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It should be noted that in the limit of high, the inelastic

61 T=06K effect of the electron-ripplon interaction cannot be disre-
E =2300 V/cm garded. In this case the expression in the integrand appear-

. 31 Ao, / T =0.46 ing in Eq. (16) contains an additional exponential factor
‘ exp[—(ﬁwq/l“*)z] because of the finite frequency argument
Z 4 f the electron DS Typical rippl
E of the electron _FSo(.q,wq). ypical ripplon wave num-
mé’/ bers and frequencies involved in scattering events increase
= 3 strongly withB, while the effective broadening of the DSF of
. ) 3 the electron channd’*=2‘/squ decreasegit decreases

10 also by loweringT). Eventually, the energy exchanfjie at
14 a collision becomes comparable witlf and the effective
00 0l 02 o3 o1 os collision frequency decreas:es with cooling the syst_em.
) For the pure 2DES realized on the surface of liquid he-
Magnetic field (T) lium such an inelastic effect was discussed in Ref. 30. It was
FIG. 6. Mobility of electrons in the channel vs magnetic field Shown that foff>0.1 K, the decrease o} due to inelastic
under the condition that channel levels with-0 are occupied effects becomes important only B>2 T (actually it was
(T/hwy=2.2). The succession of solid curves show how the inclu-observed aB=6.4 T). In this paper we consider lower mag-
sion of higher channel levels with,n’ <n,,, diminishes the nega- netic fields to keep, comparable with the confinement fre-
tive magnetoresistance in the region of weak fields. quencyw,. Additionally, I'* is assumed to be larger than the
collision broadening of the Landau levels. In this range in-
clusion of high levels suppresses the negative magnetoresistastic effects on the channel magnetotransport can be disre-
tance of the electrons in the channel, and in the limjt,  garded.
>1 the electron channel shows only a positive magnetoresis- The quantum magnetotransport of a 2D nondegenerate
tance because, as expected, it becomes effectively a quagkectron liquid in the regime of weak and intermediate mag-
2DES. netic fields is strongly affected by the internal electric field

For fixed values of the magnetic field, typical temperatureg . of fiyctuational origir® Therefore it is necessary to dis-
dependencies of the channel mobility evaluated numericall s how this Coulombic effect can affect the results ob-
mc!ud_lng high Ie\_/els .n'>1) are shown_ In Fig. 7. The tained here for channel electrons. The average fluctuational
solid lines of the figure represent the contributions from bOthﬁeId E,~3Tn%? depends on temperature and the areal elec-

S

scattering mechanisms which interplayTat 1 K, while the . . _
dotted and dashed lines show the separate contributions froffP" densityns. Under the conditiorl’c= V2eEllp<T the

scattering by vapor atoms and ripplons correspondingly. Folluctuational _electric fieldg; can _be cons_i_dered as quasiuni-_
T<1 K electrons are predominantly scattered by ripplons. Iform. Such fields cause fast drift velocities of electron orbit
this regime at high magnetic fields, there is a range where th@énters which reduce the number of multiple-scattering

tures u approaches a finite value which decreases stronglffames moving along with orbit centers the single-electron
with B. wave functions remain the sarfieDbviously, this kind of

Coulombic effect is a purely 2D feature and it is suppressed
— in 1DES's. There are two important points supporting this
N conclusion.

We note first that the confining electric field of a 1D sys-
tem (which is assumed to be the strongesself plays the
same role as the fluctuational electric field in 2DES’s. There-
fore at high temperatures, when the channel system behaves
similar to a 2D nondegenerate electron system, the results
obtained here are limited by the conditiok;<E,
=wgy2mT/e. Since the both field&; and E., have the
same dependence dh (the corresponding broadening pa-

u (cm’/Vs)

E =3000 V/em rameters of the electron DS andI'* have the same de-
r Y T pendence oiB), the above given condition restricts only the
60 05 10 L5 20 electron density, which is quite obvious. From the other side
Temperature (K) our treatment is limited by the conditiong<v... The elec-

FIG. 7. The mobility of electrons in the channel vs temperaturetron autocorrelation frequena. is usually estimated as the

evaluated including all channel levels: solid curves show the effecE@racteristic plasma frequency in zero magnetic fiejd
of both scattering mechanisms, while other curves represent elec- V2me“/mea”, wherea is the electron spacing. One can
tron scattering by ripplongdashed curvésand vapor atom&otted ~ See that even for such low areal electron densitigs
curves solely. ~10" cm 2 such that the Coulombic effect can be disre-
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garded in the 2DES, the electron autocorrelation frequencthe quantum transport theory. In contrast with classical wires,
vee~7X10° sec’! is much higher than the collision fre- they exhibit strong magnetoresistaritee channel mobility
guency due to ripplons. decreases with the field intensityhich is a result of the

At low temperatures, when the channel widl) is much interplay between the mass enhancement of channel carriers
shorter than the average distance between electeons mg and the magnetic-field-induced increase of the momenta
=1/nch, the fluctuational electric field is mostly directed exchange g, and ﬁqy) in scattering events. For the elec-
along the channel and cannot cause any fast drift velocity ofygn gas with a short autocorrelation time.(> v), we have
an electron in the perpendicular direction because of the consptained the general relation between the channel mobility
fining potential. In this case the qua_lsiuniform electric field gng the dynamical structure factor of such an anisotropic
can only affect the _electror_1 population of the _channel MO%lectron system. Evaluations performed for particular cases
mentum states, which obviously can be described by the ;,ji-ate that the effect of a normal magnetic field on the

equilibrium o_Ils_trlbutlon function. Thereforv_e at low te_mper_a hannel mobility is very strong for conducting channels
tures the validity range of the results obtained here is limite - . .
I . ormed on the surface of liquid helium under usual experi-
by the condition that the electron DSF is only weakly af- I
mental conditions.

fected by internal forces. We expect that this condition is
approximately the same as in 2Dhe frequency of electron
vibrations w, is lower thanT/#. According to estimations
given above, for typical densitieas~10" cm 2 and T
>0.1 K this condition is fulfilled.

In conclusion, we have shown that nondegenerate quan- This work was supported by the Brazilian funding agen-
tum wires may constitute a remarkable laboratory for testingies FAPESP and CNPq.
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