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Abstract: Enown in nano-electronic 2 selid state quantum - size systems motivate they crezting using the surface electrons over
helinm. The quantum carry of quasi-one-dimensional surface electrons (QI1D-SEs) over superfluid helium is considersd hers
Eesearch performed zccording to an electron phase diagram m gas phase at conditions far from electron quantim meltimg. A
substrate iz dense row of the light-guide segments whete the SEs chanmnels are formed over helium i the fiber gaps. The
electrostatic model of substrate profile demonstrates modulation of potential m the electric field leading to possibility of the
fikers tops charge thereby improving the Q1D-SEs chanmels quality. The experments carried out by 2 low - fraquency electron
transpott method 2t the temperzmire from 1.5 K to 0.5 K and the concentrations of electrons were up to 10°%cm-~ The SE move
transverse to chamnel satisfies conditions of quantization m sense both the temperature and the relaxation time of electron i a
system. According to an experiment lower some temperzture the SE conductivity is ladderlike. The differential of SE
conductivity 15 pezk-like correspondmg qualitztively to zn electron states density. The distznee between pezks accords to the 1D
enetgy spectrums in some approach. Possibility of apply the 1D-5Es quantized enerpy levels (vibration level 5) 2z quantum bits of
guantum computer is considered.
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1. Introduction

At struchure size matter is comparative to electron de-Broglie wavelength the quantum effects zre well expressed. Modem
nane-technologies let create a clear quantum - size systems (Q53s) are use for both the fundzmental rezearches and the applied
purpeses. The effects quantization of electron move m the quantum - size systems are observed at the electron ensrgy spectrum
resolution mors temperature znd at sufficient the relaxation time of electron i system. As was note the metz] matter is not
satisfied to (J55s condiions formation because both the high Fermi energy level (more 1 &V) and the small relaxation time of
glectron. The semiconductor matter can be candidate to QS5 The surface electrons (SEs) either on helium layvers or on others
cryegenic matters with smooth surfzee relate to the quantum - size systems too. Because both the low polarization of the
substrate matter and the negative affmity it to electron the SEs move i3 quasi-free over substrate. The ()55s m nane-clectronic are
kmown 23 next: the quantum well; the quantum wire; the quantum dot; the heterostrueturs and others [1].

The specific properties SEs on helium surface was noticed i theorstical works [2] and [3] mdependently. Surface electron is
loczlized m 2 shallow potential well and 15 distenced the surface. The Fermi energy of 8Es, & = a1 % . /(2m), (here & iz Plank
constant; #; iz concentration of 2D surface electrons; mr iz the mass of free electron) iz small encugh relative to temperature sothe
electron system i3 nondegensrated. The SE move transverse to the substrate surface is quantized by the hydrogen-like spectrum
zs 7 K it the basic ensrgy state znd that is more the temperzture m experiments. The S3E mebility 2long the helium surfzaee is high
and it i3 limited omly by both the mterzction slectrons with heliim stoms m gzs and the mtersction with ripplons. The SEs
Wigner crystallization at some conditions is proof of clean this system. The SEs system advantages are the broad variztion both
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the electron density and the scatterrers type in one experiment. The disadvantage of the SEs system on the massive liquid helium
is limitation of the electron density nezr 2=10" cm-“on value due an electro-hydrodynamic 1.1:13T.aﬂ::r|lﬂ1;r of charged surface leadmg to
losses of the slectrons either p@.fli*:r of full. The roughness of the solid substrats matter beneath helium lzver can cznse the thermo-
activation carry of electrons. SEs serves as well the chject of study and the conducting medsl of solid-state matter [4]. The
surface electrons can be by basis the sensitive chips m nanoelectronic and by quantum bits (QE) of 2 quantum computer (QC)
tzking zccount hers either the electron discrete energy levels or the electron spms [3,6].

The periedical medulation of the substrate properties leads the dimensionzlity of the surface electron svstem to one-
dimenstonzl (1D-5Es)or lower. For creatmg 1D-5E system the profiled substrate can beused. 1D-5E states on the bottom of the
curvahirad helimm surface i the profiled substeate groove hes been proposed and realized i works [7] and [3] cotrespondingly.
The detailed theoretically description was perfu-rmnd i wotk [9]. In last work, m particular, the quantization of the electron
colliston frequency as function of the 1D-5E energy spectrums is considersd zt both the electron-nipplon mteraction and the
electron-He ztom mterzction. The narrow and clean electron stripes azre need to the quantization of one-dimensionzl move. The
mfluence of quantum effects on the electron ety iz essentizlly and the simplest electron transport methods zre enough for
experimentz] research hers,

The Q1D-5Es quantim effects resezrched i this work using the gaps between cylinder light-muides which filled by helinm.
According to an electron phase dizgram the resezrch was fulfilled m electron gas phase at the temperatires and at the surface
glectron concentration far from the quantum melting process.

The practica]l zims of many contemporary works are the theorstica] and the experimental researches for creating 2 quantim
bits on swrface electrons for quantum computing [10-13]. Row of the mtemationals and nationals groups imtensively give
attention to this problem i last decade. The leader of the scientific group, Schuster Dawvid with collaborators (USA) and
researcher Jm D study row questions: «Couplmg 2 smgle electron on superfluid helum to 2 superconducting resonstor; “Smgle
electron on zolid neen as 2 selid-state qubit platform ™ znd related to them. Other group iz Deniz Konstantinev with collaborators
(Japan). Thetr works dedicated row themes, for example, “Observation of the Rydberg’s resonances m swrface electrons over
superfluid helium confmed m 2 sclid matter with 4-pm deep channel . Group performs much wotks concem to the novel devices
projects and to the resezrch of the fundamentz] basiz for buildmg the quantum bits over the helmm or others cryogenic matters.
S0 was created micro structured devise: superconducting ..u:!-planar-um eguide (CPW) resonator integrated with an electron trap
for smdy “couplmg of the 5E spin states to the Rydberg’s states™. Separate theme is testmg on SE move both the microwave
radiation and the transition to Wigner crystzllization. Others researches have deal with mnzlogical questions using cryogenic
matters of others 2s substrate and they give some example of qubits i practice too [16 — 19].

The pessible building QBs on the vibration quantized levels of the one-dimensionzl surface electrons over superfluid helinm
which were prelmmery considered m [20] iz sense of present work. Works use the kmown basic consequences the Schridmger
znd the Laplace equauuns at anzlyze 1D electron system. In current wotk the historicz]l moement lezding to the practical search
1D — 3E energy levels is noted too. The Mbltﬂgaph} iz eszentially supplemented hers concem to study and designed QBs on
surface electrons over Cryogenic matters.

The criginal substrate for QBs i present work i3 combination micro-channels both the coaxial rings with £ and r radius and
the radizl channels. The UHF technique with high quality cavity working on the Hyy, escillation meds for QB manipulations can
be applied.

So, the current work has dezl with the possibility crezting QBs for QC using transverse oscillation of 2 one-dimensional
electrons and that i3 considersd m item & this work “Possibility apply 2 1D-5Es quantization levels over superfluid helium as
QBEsof QC™

Origimal part of paper structure consists from next ttems: mtroduction; experimentsl setup; electrostatic consideration of 2
dielectric cylinder (light guide); experimentz] results; discussion; pusstbrllm apply 2 1D-5Es quantization levels over superflmd
helium 2= QBs of QC; conclusion.

2. Experimental Setup

Building the clear Q1D syst=m on the semiconductor basis motivates fulfill this syst=m on the surface electrons basis. The
work idez i3 creating relative narvow and stzble Q1D-5E channels by added to the outer electric ficld the field of linear cherges is
placed directly on the profiled substrate tops. The coplanar field of charged stripes mcreaszes thereby the potential well and shifts
surface electrons to the channel center apart from the groove borders. The QID-5E spectrum at that mcrezses as wvalue o ~
me'n/ma’(here e 13 the charge of electron; . i3 the lmear charge density on the substrate tops and o is mterval between charges
ot the charge groups). The value fieo can achieve the enetgy magnitude neer 0.3 K.
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Popular in the experimental research of SEs 2 low-frequency transport methed is applied m this work. Conductance features
of the Q1D electron system on the charged profiled substrate mvestizated by the Sommer-Tanner techmique [21]. Method essence
iz malvzing conductivity of the charged syst=m on substrats which coupled m the capacitive manner with the coplanar capacitor
plates. The mezsurement some detzils concem te QQ1D-5E channels can se2 m work [22]. The measurements werecarried out on
the signal frequency 20 kHz at the value signal in range 2-130 mV rms. The temperature nterval was from 1.5 K to 0.5 K and
both the 4He and 3He refrigerators were used for temperatire variztion.

2.1.Cell

The design of cell m detziled 15 shown m Figurs 1. The two neighboring plates 3x12 aa” in size (position 1) organized the
mezsursment coplanar capacitor. Between messurements electrodes situzted screenimg stripe (.5 mm o section (pesition 2)
finetion which is the crosstalk noises izolation. In parallel to messurement capacitor siuated upper plate (position §). The
dielectric substrate with charges (position 3) iz located mmer to cell. Upper plate has negative potential for keeping charges on

substrate with defmition density. The guard ring (position 7) has negative potential and served for forming the electron spot with
sharp borders.

Figure 1
Cell structure with profiled substrate for form the 1D SEs svstem: 1 - measurement electrodes; 2 - screening stripe; 3 -
helivm film; 4 - 1D system of surface electrons: 5 - substrate (row of light guides); 6 — electric clamping electrode; T -
guard ring; 3 - electron source (glow tungsten thread); 9 — insulating plate

Wthi = B @ W=~ O

The capacitive between parts of measurements electrode (position 1 on figurs 1) without surface electrons on substrate is up
to 80 fF =nd with SE on substrate that value is much more m magnitude. The measurement signal from generstor dirscted to ons
measurement electrode and other one is connected with high sensitive two-phase lock —in- analyzer. The leading electric field has
been directed along conducting channels. Measurements are performed on a current scheme because the mpedanes of SEs on the
substrate much mere mput mpedance the mezsursm ent syst=m.

1.2, Bubstrate
Figure 2
Substrate part section for forming electron quasi-one-dimensional channel over helium shown on figure 2: two the
cvlinder light guide segments withthe curved surface superfluid helinm form channel for SEs (bottom picture); 1D
potential well in clamping electric field with energy levels of 1D-SE (upper picture)

Poterial hale and enengy kvess
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The profiled substrate represents 2 tightly lzid row of light guides m quantity 33 segments by 100 pm in diameter sitnated
on thin msulating plate (shown i Figure 1. positions 3 and 9). The superfluid helimm flows on substrate mto spece betwesn light
guides creating the liquid curved grooves because both the capillary and the grawity forees. The liquid helinm ewrvatre radinz m
groove depends from distance substrate over massive helium. At presence of pressimg electric field the grooves is filled by the SE
lines owver helium o the experiment process. On Figure 2 are shown schematically both the potentizl well for S5E over curved
helmm surface between the cylmdricsl fibers (Figure 2. bottom picture) and the 1D energy spectrum m potentizl well (Figure 2,
uppet picture).

Preliminary, the some experiments performed on substrate where mstead light puides use the nylon threads 20 pm m
dizmeter which can charged spontansously m outer fisld becasze quality.

The real fiber surfzce quality of light guide iz different from idezl and its roughness has been defmed by an ztomic forcs
microscopy (AFM) method (Figure 3).

Figure 3
Atomic force microscopy (AFM) of the light guide surface (comment is beneath of picture)
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Ascan see on the AFM tracks the roughness of the light guide surface 1z 0.7 nm rms i zmplitude. The local mhomegeneity
pikes zre nezr 4 nm n amplimde with ~20 um in intervel. The effective electric potantial varistion slong the conducting channel
with 5Es leads to the valus which can express as next

ao STl & b A 7 §)
16(z, +D) 7,2 A Z

Hers, symnd & zre the dielectric constant of both the substrate and the vacuum, accordingly; the value Z is the distance of
surface electron to substrate; value Sis the mhomogensities effective amplimde; and valne A is the effective distanes between
mhomogeneities. The estimations give next: at equal the values A and £ and when the value Z iz about 10--10-* cm in magnitude
s0, the effective potential variztion, 417, is near magnitude 10-° K the channel center. This vzlue is increasing i magnituds near
edge of border.

2.3, Procedure

Sequence the experimentz] steps i3 implementad 2z next. The nontermoelized electrons from the glow tungsten thread (3 pm
m dizmeter) were directed 2t some pressing electric field to tops of profiled substrate. Such are form 2 charged stripes with the
fmed potential. (The electrostatic consideration pessibility chargme top of the dielectric cylmdrical fiber iz m ttem 3, beneath )
The slow moving thermelized electrons at the additiona]l outer field zre form condueting SEs channels on heliim mte the
substrate grooves. The substrate electron density, », either of the surface electrons or of the charged stripes has been determined
by the values the specific cell capecitance with diclectric substrate, C, and the pressing potentizl, TL, namely, n = C-TL e . At
that has a place shift the conductivity dependence from I'L to right on the potentizl axe 13 defmition the charged stripes potentizl
(Figure 4, for example).
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The experiments carried out 2t different electron concentrations both the charged stripes and the surface electrons, beginning
from zero mzpnitude electron density to value up to 107 em-* accordingly. The temperzmire dependences of SE conductivity are
considered m item 4, “Experimenta] results™

Figure 4

Example of shift to right the value ¢ vs 7 of SEs in the linear grooves of substrate at charged stripes. According
dependence the potential of charged stripes is more 50 V. An extrapolation line by resection with potential axis is
appointed this value magnitude. After that the SE conductivity behave, 7, is practically proportional to value 4 ¥ (here 4
is difference in the potential values)
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3. Electrostatic Consideration of a Dielectric Cylinder (Light Guide)

It iz kmown the dielectric structured substrate in uniform electric fisld causes the electric potential variations m section. The
analyze changmmg of the electric potentizl, ¢, and the electric fisld, £, on the section of the swrfzce diclectric cylndsr top is
constdered here. The dielectric permittrvity of light guide much mors permittivity surroundimg space, meludmg liquid helum.
Cross section of the cylimdrics] light puide m the coordimate system is shown on Figure 3.

Figure 5
Cross section the cvlindrical light guide in the evlindrieal coordinate system: picture for electrostatic consideration. Here
rand & is radial and axial coordinates, accordingly; value @y is the electric field potential outside the dielectric cvlinder;
values £; and &; are dielectric permittivity outside and inside cvlinder accordingly
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Into cylmdrical coordmate system (r |, @) the Laplace®s task at both conditions the perpendicular uniform electric field and
the uncharged substrate iz Jp =0 (here A iz Laplace s operator and value p is the electric potentizl of dielectric cylinder). The
variztions of the electric potentizl aleng the cylinder zxis in this coordinate system are zhsent, 12 dpat =0. Tzke to zccount
Fourier*s replacement for g 2s ¢ = Mir)-Mje) the Laplace s equation transform to next expression with 2 separating variables r
and a.
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The suitable adjustment constants m the selution of ezch separate term in full expression are based on the equality both the
electric potentials and the normal components of electric mduction at cylmder border. Accordmg to solution terms of equation,
the electric field either mzide cylinder or nezr the cylinder border top of bottom, respectively, is

3

Here value ¢ is the diclectric permittivity of correspondmg matter; svmbols e and § are indices of the permittivity values
putside znd mside of cylnder, sccordingly. The value of potentizl neer cylmder border, g, 13

f
g.=E |:|
L

Summearizing out the electrostatic consideration of dislectric cylinder, should be note next:
z) the mtenszity of electric field mside dielectric cylinder (znd nesr top it surface) is twice more than cutside eylinder at large
diglectric constant of cylmder relative to surrounding matter (see expression (3));
b) the function [cos] is even then the electric potentizl is parsbolic function on @ near top cylmder border (322 expression
(40);
c) here takes place the possibility of the dielectric cylinders tops to linear charge because the parabelic potential well across
cylinder.
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4. Experimental Results

Figure 6
Temperature dependence conductivity, ¢, of guasi-one-dimensional surface electrons at condition absent the charge
stripes potential on the profiled substrate is formed by light guides

The calibration dependence 2 QID-3E conductivity, o, from temperature, T, without the stripes charge on substrate

demonstrates by Figure 6 aimed which 15 compare the result with others anslogical dependsnces at the different values of
potentizl both the SE znd the charged profilsd substrate. As can see on Figure 6 the dependence 5 from T iz smeoth. The
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dependence s strong moreasing mors order 2t decrezsing temperature from 1.3 K to 0.8 K (regime mteraction surface electrons
with He-atoms m gas phase). From 0.3 K to 0.5 K (prefersntiz] mteraction surface electrons with ripplons on helim surface
helinm gzs go to freere) this dependence is practically independent temperzture. The mobility of SEz for the broad Q1D channel
ovet liquid helium was considered exly for these repimes. The mobility of SEz i the ripplon secattering region iz g = SohlemEL”
(here value ois the helium surface tension coefficient). The mobility of 3Es m the helium gas scattering region is . = Je /(Iafig,
1 7) (here op i3 section scattering electron on the helinm atom i gas; ' ~ 3nm iz the Borh's radius for surface election over
helinm; #.is helium gas density).

The research results as the corresponding temperature dependences of conductivity at some the substrate charges potential
and at some SE potential are shown beneath on Figure 7-12

Before work with regular substrate (light guides on dislectric plate), 25 note upper (ftem 2.2, Substrate), the separate
research has been performed with the nylon threads on glass plate which can be charge spontansity because low quality of nylen
thread. The some tragular conductivity m view small jumps chserved zt tempersture lower than 1K (Figure 7).

Figure 7
Temperature dependence conductivity of a Q1D-5SE at spontaneity charged substrate with nylon threads on glass plate.
This is first observation of irregularities o vs T dependence. In temperature range between 1.0 K - 0.83 K takes a place
irregularities the type of small jumps
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On Figure 7 presented experimental mwvestigation regularities 2s conductivity from temperature performed exly with using
zs profiled substrate the nylon threzds 90 pm m dismeter on glass plate. It is shown the temperatire dependence conductivity of
(1D-SE at spontneity charged substrate has 2 place the #rregularities m temperature range between 1.0 K - 0.85 K 23 small
JUIpS.

Figure §
Temperature dependence of QLD-5SE conductivity, ¢, in channels at small stripes charge (beginning research with stripes
charge on the light-guides tops)
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On Figurs § at temperatre range from 14 K o 0.8 K we can see the exponentizl dependence of Q1D-53E conductivity
which due scattering electrons with He ztoms m gas (the He gas region); ripplon scattermg regime has a place at T= 0.3 K. Bat
hete take 2 place 2 ladder-like view of conductivity at temperature interval lower 1.1 K. This feature due by quentization Q1D-SE
curry znd steps is the more expressed with lowering temperature. Last can explain morezasing zn immeobile SE with decrezsing T
near some roughness of channel border because termo-activation effect. The part of immokile SE merezses 1D potential well and
shifts mobile SE to the chanmel center.

Figure 9
5 Vs I dependence of Q1D- SEs is measured at the substrate charge potential, ¥, approximately 5 V: upper curve is
obtained at cooling cell from 1.5 K to 0.5 K at start of this research and under curve takes a place at increasing
temperature of cell from 0.5 K to 1.52 K in same experimental process
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In begm the substrate with not encugh high quality of the glass surface had been used for obtammng the temperature dependences
of conductivity. The upper arrow of figure © mdicates the lowering temperature at start the experiment and under arrow and
lowsr curve related to morezsing temperature (retum move) of this experiment. At temperature lowsr 1.2 K the conductivity
ladder-like steps have 2 place on both curves but mors clean steps demonstrates the bottom curve. It s supposedhas plzee tend to
the radistribution order of elactrons slong sach stripe during some time relative previous dependsnce.

Figure 10
Dependence conductivity, o, of Q1D-SEs from T at high electron concentrations both the SEs and the stripes charge: the
upper conductivity dependence, curve 1, was measured at electron densities near 5.4 = 10° em (here is left axe for
conductivity) and the under conductivity dependence, curve 2, was measured at the electron densities ~10° com-* (here is
right axe of the conductivity) correspondently. The cycling on I' practically not changes this dependence
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At high electron densities both the SEs and the stripes charge of temperature dependences Q1D-3E conductivity are shown
on Figure 10. Here curve 1 iz dependence conductivity at electron densities near 5.4- 10% em~ at cooling of the experimental c2ll.
The curve 2 1z conductivity dependence at the electron densities ~10" em-* at the cell heating. It can to see on Figure 10 the
maximum of 2 quantization st=p of conduetivity i zpproximately 0.3 K (curve 2) znd that corresponds to 3 em range of
itradiation. So the 3 cm technique can be uses for spectroscopic study and manipul ations in this case.

Figure 11
The temperature dependence of Q1D-5Es conductivity, o, after row of the cyeling passages on I. Here the potentials15 V
have a place for both the charged stripes and the SEs
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Figure 12
Differential temperature dependence of Q1D-5Es conductivity is given on Figure 11
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Figure 11 and 12 demonstrate the temperature dependence of Q1D-3Es conductivity and the differential of that value n
temperature mterval 0.9 — 1.4 K for high quality substrate (after clezning). The results are applied after row the temperature cycle
passzges on temperatire. The SE potentizl and the stripes charge potential hawve values 15 V. It can see dependence #vs T on
Figure 11 iz well expressed 2z ladder-like with steps mcressing with decreasing temperature. The differentizl that value hes a
pick-lake character (Figure 12) which qualitatively comcides with the electron states density.

Summing up the experimentz] results need notice next. The substrate charge i3 used for mproving the SEs channels quality
by mcreasing 1D potentizl well. The SE quantization move iz manifested itself 25 the conductivity ladder-like dependence from
temperature. The steps duration depends on the electron densities both the Q1D-5Es potential and the substrate electron charges.
Steps duration are varied i researches from zero (without the substrate charge, Figure 6) to near 0.5 K m value (Figure 10, curve
2). The energy mtervals of QQID-SE spectrum accord to the steps duration and the differemtisl of the conductivity temperature
dependence (Figure 12) is qualitatively comciding with the electron state density.
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5. Discussion

As zppointed above the effects of quantization electron move in QS53s are observed at the energy spectrum resolution of

glectron, Jz, more temperaturs, T, and at the relaxation time of electron i system, 1, 15 sufficient, 12 g - &= BT and oo -2

= h /1 . Accordmg to sclution of stztionsry Schrodmger ° s equation for 1D surface electron zt the parzholic
potentizl, Uiy = ma! :,F /2 . wave fumction of basic electron state i3

" (5)

Value y=h/(2rmm,) iz the SE localization length square cross channel.
The harmoenic spectrum size of 2 1D electron system corresponding to frequency, g, in potential well (ze2 Figure 2) 13

i’ = e-Ev(m-R) (6)

The value R =g’ (p-g-) 15 the curvamre radims of iquid surface m groove (here iz the surface tension of superfluid heliim
znd g iz the helivm density; value g is gravity constant) which i experiments take 2 place 33 pm i size. The ensrgy spectrum of
one-dimensionzl electron zt parzbelic potentizl is

s={n+ %}-ﬁ-m1+ﬁl'k"/£ﬂ (7

Walue &, 15 the wave vector of 2n electron along conducting channel .

The depth of 1D potentizl well over helium m groove of profiled substrate can estimate 25 @ ~ e-L-4 (here value 4 is 2
deflection the liquid surface from horizon m groove).

MNotice, estimates according [3] are give next magnetudes: ¢ ~ 10° B Awo~ 0.1 K and yo ~ 30 nm 2t clamping electric fisld
435-10* V/m in magnitude. As considersd upper the linear charges of 2 stripss tops shift Q1D-5E inter energy lines of spectrum
and magnitude that value can achieve mors 0.3 K

The mhomoegenates have 2 place on profiled substrate in spite of cleaning one (Figure 3). That leads to the thermoe activation
carry of electrons. According Arrhenius law the conductivity of channel s expressed a3 o= gu-gxpd/T (here A is energy of therme
zetivation; ouis the conduetivity of clean channels). The sffactive magnitude of value . i most experiments was nezr 1 K

Sonumber of mmobile electrons near the boundary 45 mereasing with decrezsing I and they can 2dd to the linear electron
charge on structured substrate and that merezses the potential well for SE.

6. Possibility Apply a 1D-SEs Quantization Levels over Superfluid Helium as QBs of QC

Besezrchers Platzman and Dylmean considersd n}pptsﬂu.uin creating QC using two-dimensional surface electrons (2DSEs)
over superfluid helmm covermg p&m}dt._al set of govemmg electrodes [3]. The basic energy level and the first excited energy
level of SE 23 quantum bit (QB) were proposed use. Both the SE Bydberg’s levels and they Stark’s shift by electrie fisld accord
to outer microwave energy are considered. The Wigner®s msta]ltzauu-n of SEs leads to the entznglement of electron states. The
guantum icnization of the excited electrons mto the free space through adjustzble potential barrier for rezd-out the electron states
are proposed.

In our original work i considered possibiity building (Bs use the transt erse vibration energy levels of one-dimensional
electrons over ltqutd helium (energy levels schematic shown simile on Figure 2, upper part). The upper performed mvestigates of
quantized move i Q1D-SE is basis for consideration that proposition. The substrats is combination of the micro-channels by
value § in cross section arranged as coaxial rngs with X and » radinz which are connected each other by same radizl channels
(Figure 13). The 5E can mowve slong radial chanmel between rings by the radial electric field. The substrate can be situzted m 2
cylnder superconductivity UHF cavity with high quality factor of the Hyj, mode.

Ower nodes of the largs radins ring in pressing electric field are formed the 1D-5Es vibration ensrgy levels By with the
wave functions basic state like (3). The frequency of equidistant spectrum, cy , i3 shownm (7). The quantized vibration states of
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surfzce electron are considered as 2 qubit basis. The Q1D-3E superpesition state of QB 13 defmed by the Babbi®s frequency pulse
ot by shift the UHF pulse i3 cansed clampmg electric field. The Fabbi Frequency 1s

eE, <0p1>
N-_7 "~ 5"
A (8)

E iz mtemsity of Fabbi electric field, cause the transition of SE between the vibration energy levels <0 and <1=.

Figure 13
Combination of 1D micro-channels for QBs of QC: the coaxial micro-channel rings with large, R, and small, r, radinses
are connected each other by same radial micro-channels

The entanglement of the electron states has 2 place at the Wigner s crystallization of SEs (signed as dashed line on Figure
13), which manifested at corresponding ratio the potentizl energy of the Coulomb mteraction between electrons to the kmetic
energy, m particulsr, thermodynamic one, namely.

& (mml? dmeerksTe)=T (%)

Were 7' =1/ 137.033 1z constant of the thin structure, &= 1.38- 10" 'K 1z the Boltzm ann *s constant, £ and =, are dielectric
permittivity the substrate znd the vacuum, zecordingly.

As sppointed M current researcher (Figurs 10, curve 1) the value 0.3 K of the energy quantization level can be achieve m
(Q1D-5E vibration specters and Sem technique can be constdered for QB manipulation.

Fead out of the QID-3E state after reverse moving can be detected either by the micre-capacity or by the SET (smgle
electron tramsistor). Estimates can be next The radmses magnitudes are R~ 1 mm and » ~ 0.1 mm sccordmgly; 4 ~ 1-2 pm; the
UHF -cavity Hoio resonanes 13 9.4 GHz (the 3 om techmique), were value de= Fwy 13 ~ 0.3 K Near 2 smzll diameter rmg the
electron crystzl goes to melt at temperature near 20 mE. The surface electrons quentity can achieve value 5-10° over nodes and
that can be the QC scale. It must be note the quality of cavity with superconducting coating (Sn matter, for example) can achieve
10" and mers n magnitude.

7. Conclusion

Summarizmg must note next. Studded of the quantum carry features of quasi-one-dimensional surface electrons over the
superfluid helimm at charged substrate the enerpy lewels which can zpplied to building 2 quantum bits. According to idea the
charge of 2 profiled qualitative substrate can to improve essentizlly the 3Es conducting channels by increazsing 1D potentizl well.
The researches were performed i the electron gas phase.

The substrate profile i the electrostztic model according to Laplace *s task at both conditions the petpendicular uniform
electric figld and the uncharged substrate demonstrates modulation of potentizl giving possibility for the substrate tops to charge.
The experimentzl profiled substrate represents tightly lzid on msulating plate 2 row of the cylindrical light guide segments by 100
um i dizmetsr. The superfluid helm flows on substrate mto space between light puides creating the liquid curved groowves
cauzsed both the capillary and the gravity forces. In the experiment process the grooves filled by the SE lines over helium.
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The low-frequency electron transport methed which is popular 2t study the low dimensionzl surface electrons was applied
here. The lzdder-simil ar dependence o vs I i experiment was displayed on profiled substrate usmg the light suides. The st=p
pictire depends on the electron density both the QID-5Es and the substrate cherge The steps can vary from zero (without the
substrate charge, Figurs 6) to near 0.3 K m value (Figurs 10). The energy mtervals of Q1D-5E spectrum zocord to the ladder s
steps duration as suppesed. The differsntizl of dependence the surface electron conductivity from temperamire is pikes-similar
and it qualitative corresponds to the elsctrons state density. The steps of conductivity don™t depend on the mezsursment signal
parameters, bat they dependence from the substrate surface quality. The experimental mvestigation the itregularities of
conductivity from temperaturs were performed exly with using profiled substrate on the nylon threzds %0 pm i dismeter. It was
shown (Figure 7) the temperature dependence of QQID-SEs conductivity at spontmmeity charged substrate not high quality has
wregularities. In temparsture range between 1.0 K - 0.83 K i3 observed 2 small jumps.

Mors pronounce steps on the conductivity dependence at decreasing temperature can be explained by both the electrons
redistribution to the lowsr energy levels (1D system and the mereasmg of number of mmobile electrons near the channels
boundary according to Atrthenius * s law. The experiments]l imvestigation coincides with theoretical considerstion at some
Zpproximation.

It iz possible apply the 1D-5Es quemtizztion levels for QBs building and the 3em technique emm used here for QB
manipulations. QBs state ean govern both the electric field pulses and the UHF pulses. Designed set of 1D micto-channels iz
arranged as coaxizl rings with R (outer) and » (mner) radims which connected each other analegical radial chanmels (Figure 13).
The 3E: can move betwesn rings by the radiel directed electric field and the SEs states entanplement iz possible at electron
Wigner crystallization i space betwsen rings.

In recent works [23, 24] were shown that zn electrons fleating m 2 vacuum above the surfzee of liquid helium or solid neon
emerge 23 promising candidates for qubits. Charge qubit consistng of 2 simgle electron bound to solid neon surface exhibits an
exceptionzlly long cohetence time. By evaluating the surface charges induced by the electron was demoenstrated itz strong
petpendicular binding to the neon suwrface. The Schredinger equation for the electron's lateral motion on the curved 2D surface i3
then solved at extensive topographicel variarions. The results revezl that surface bumps can nzturslly bind an electron, formimg
unique ring-shaped quantum states. It was shown the electrons excitation energy can be smoothly tmed usmg 2 magnetic field to
facilitate qubit operation. Were considered too both the theorstical proposals and recent experiments, primarily focusing on the
use of the spin state as the qubit, wherein the spin and charge states are hybridized. Throughout these propesals and experiments,
the charge state 1z coupled to an LC resonator, which facilitates both the contrel and readout mechanizsms for the spm state viz an
atificially mtroduced spin-charge coupling.

It must note, the others cryegenic selid matters at the convenient quantum characteristics with or without helm film can
used s substrates mstead helim znd neon: for example, H., D Er and others. For the neen substrate the quantum values are the
binding energy of electron with the substrate i3 Eo = 17.3 meV znd the Bohr radius, o', is 19 A, respectively. For the solid
hydrogen substrate the binding energy of the electron with the substrate 15 £, = 16.7 meV and the Bohr radims 15 17 A,
respectively, and for the solid deuterium £ =22 meV and ' is ~ 13 A, respectively.

Fecently 2 silicon spin many qubits processor was propesed m work [23]. Compact 3D microwzve dielectric resonators
were considersd a2s 2 way to deliver the magnetic fislds for spim qubit control 2cross an entirs quanmm chip using cnly 2 simngle
microwave source. Here take 2 place “coherent Rabi oscillations of the smgle slectron spm qubits m 2 planer SIMOS quantum
dot deviee ztusing 2 global magnetic fisld generated off-chip™.
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