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Abstract

The phenomenon of the formation of uncompensated antiferromagnetic ordering coexisting with
the superconductivity at the room temperature in carbon nanotubes, produced by high energy ion
beam modification of diamond single crystals in (100) direction is argued.
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1 Introduction and Background

Discovery of new types of superconducting materials has accelerated in 21th century. The commen-
cement of 21th century was commemorated by the discovery of superconductivity, which was observed
at relatively high temperature T. = 40 K in the simple (structurally and electronically) compound M gB-
(1). Its origin is proposed to be arising from charge carriers, which turn out to be placed into very
strongly bonding states. They in its turn respond very sensitively to the bond-stretching vibrational
modes, see, for instance (2), (3), (4). The boron-boron bonds in the graphite-like layers of MgB;
are rather strong, and it is argument to the appearance of superconductive state. At the same time,
the graphite itself and diamond are materials that have more strong bonds (in graphene plane in the
case of graphite). Consequently, it allows to consider the carbon and carbon-based materials to be
perspective materials for the realization of superconducting states.

Really, the second step in the field was the discovery of superconductivity at 4 K in very heavily
boron-doped diamond, reported in 2004 by Ekimov et al (5). Confirmation has been provided by
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Takano et al, where the value of transition temperature to superconducting state 7. equaled to 7 K'in
B-doped diamond films (6) was reported.

The origin of the superconductivity in diamond was discussed in a number of theoretical works,
see for example (7), (8). In (7), an ab initio study of the superconductivity of boron doped diamond
within the framework of a phonon-mediated pairing mechanism was presented. It has been shown
in (7), that the role of the dopant, in substitutional position, is unconventional in that, that half of
the coupling parameter « originates in strongly localized defect-related vibrational modes, yielding
a very peaked Eliashberg function (spectral decomposition of «). The electron-phonon coupling
potential was found to be extremely large, however T. remained to be low because of the low value
of the density of states at the Fermi level (which is connected with the 3D-nature of the network).
The authors of (7) have invited to the study of the case of doped diamond surfaces, where both
the contraction of the reconstructed bonds and the 2D-nature of the surface states may lead to
much larger T.. We will show, that given idea, concerning of the 2D-nature of carbon states by
a preservation of a bond strength (that allows to generate high-frequency phonons) is actually true.
The same idea (however in an implicit form) is presented in (8), where the superconductivity of boron-
doped diamond is studied in a comparison with its analogy with M gB-.

Authors of (8) conclude, that higher doping should increase 7. somewhat, but effects of three
dimensionality primarily on the density of states will keep doped diamond from having a T closer to
that of M gB-.

Therefore, the authors of above cited works come independently to the same conclusions concerning
the nature of superconductivity in heavily boron-doped diamond.

It has to be remarked, that the discovery of superconductivity in diamond followed the discovery
of superconductivity in doped silicon clathrates (9) (7. = 8 K), a cage-like silicon material which
crystallizes in the same sp® environment. Let us also remark, that even though the reported temperatures
are rather low by sp® environment, the superconducting transition of column IV semiconductors is of
much interest, since it concerns very common materials, in which column [Va elements in Mendeleev
Periodic Table are based elements.

The aforesaid idea to use a 2D-modification of column IVa elements was successfully realized
relatively recently (in 2008) in the work (10) and the essential progress in 7. enhancement up to 145
K was achieved. In (10) the transiton to the superconducting state in the silicon sandwich S-Si-QW-
S nanostructures prepared by short time diffusion of boron after preliminary oxidation of the n-type
Si (100)-surface has been found. The sandwich S-Si-QW-S structures represent themselves the
p-type high mobility silicon quantum wells (QW) confined by the nanostructured é-barriers, heavily
doped with boron on the n-type Si (100)-surface. The studies of the cyclotron resonance angular
dependences, the scanning tunneling microscopy images and the electron spin resonance (ESR)
have shown, that the nanostructured §-barriers consist of a series of alternating undoped and doped
quantum dots, with the doped dots containing the single trigonal (Cs,-symmetry) dipole centers,
B+ + B_, which are produced by the negative-U reconstruction of the shallow boron acceptors,
2By — By + B_. The temperature and magnetic field dependencies of the resistance, thermo-
emf (Seebeck coefficient), specific heat and magnetic susceptibility were studied and gave the clear
evidence of the high temperature superconductivity, 7. = 145 K. It, according to (10), seems to be
resulting from the transfer of the small hole bipolarons through the B + B_ dipole centers at the Si-
QW-§-barrier interfaces. The authors consider the coherent tunneling of bipolarons to be the based
mechanism of superconductivity.

The next success of the first decade of 21th century in the field of superconductivity studies
was the discovery of superconductivity coexisting with antiferromagnetic ordering in the iron-based
layered pnictide compound LaFeAsO (that is, also in the material with the prevailed 2D-dimensional
strucure). It was repoted approximately in the same time with the discovery of Bagraev et al (in 2008)
in (11). Next, the superconductivity has been discovered in both oxygen containing RFeAsO (R =
La, Nd, Sm) compounds and in oxygen free AFe;Ass (A = Ba, Sr, Ca) compounds. It is interesting,
that the superconductivity occurs upon doping into the FeAs layers of either electrons or holes. Let
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us remark, that owing to the highly two-dimensional structure the pnictides are like to the cuprates.
It gave rise to the viewpoint that the physics of the pnictides is similar to the cuprates, and involves
insulating behavior. However, there is a growing consensus among researchers that Mott-transition
physics does not play a significant role for the iron pnictides, and there are strong indications, that
magnetic ordering is of spin-density wave (SDW) type rather than Heisenberg antiferromagnetism
of localized spins. In particular, it is evidenced by a relatively small value of the observed magnetic
moment per Fe atom, which is around 12-16 percents of 2. In another distinction to the cuprates,
electronic structure, which was proposed by band-structure calculations and was supported by angle-
resolved photoemission spectroscopy (ARPES), consists of two small hole pockets centered around
T point, k& = (0,0) and of two small electron pockets centered around M point & = @ = (r, ) in the
folded Brillouin zone (BZ) (there are two Fe atoms in the unit cell).

Many theoretical studies are devoted at present to the study of the superconductivity state (SSt)
formation in pnictides. For instance, the authors of the paper (12) have presented the Fermi-liquid
analysis of SDW magnetism and superconductivity in given compounds. They considered a two-
band model with small hole and electron pockets located near T and M points in the folded BZ
and argued, that for the geometry indicated, particle-hole and particle-particle channels are nearly
identical, and the interactions logarithmically increase at low energies. It has been found, that the
interactions in the SDW and extended s-wave (st - wave) channels k = (0,0), k = k + @ become
comparable in a strength being to be the result of the increase in the intraband pair hopping term
and the reduction in the Hubbard-type intraband repulsive interaction. The authors also argued, that
at zero doping, SDW instability comes first, but at a finite doping, s* (s* in the designation by other
authors) superconducting instability occurs at a higher temperature.

* pairing bears the similarity to magnetically mediated d,> 42 pairing in systems with a large
Ferml surface (FS) with an idea that in both cases pairing comes from a repulsive interaction, peaked
at @, and requires the gap to change its sign under k — k + . The difference is that for small
pockets, that the gap changes the sign away from the Fermi surface and remains constant along the
FS. The spin response of undoped and doped s superconductors is analysed in (12) and it has been
found that

(i) it possesses a resonance mode which disperses like to Anderson-Bogolyubov mode, that is,
with the same velocity,

(i) intraband scattering by nonmagnetic impurities does not affects the system, but interband
scattering affects the system in the same way like to magnetic impurities in a s-wave superconducting
state.

Let us touch now on the nature of magnetic ordering in carbon and carbon based materials too.
It is well known, that all substances on the whole are magnetics and that classical magnetic ordering
is existing in the substances, which are built from the atoms with unfilled inner atomic d- or f-shells or
include given atoms in their elementary units. In other words, magnetically ordered solid substances
are the groups of substances, elementary units of which include transition chemical elements with
unfilled atomic 3d-, 4d-, 5d-, 6d-shells, or 4f, 5f-shells of rare earth elements. Carbon does not refer
to given groups. At the same time, there are at present a number of reports on magnetic ordering in
carbon and carbon based materials.

On the experimental discovery of magnetic ordering in carbon structurally ordered systems was
reported for the first time during the IBMM-Conference in Knoxville, TN, USA (13) and it was confirmed
in the report on E-MRS Conference in Strasbourg, France (14). Let us remark, that the first report
almost in the same time on magnetic ordering in structurally non-ordered carbon materials is the work
(15), where ferromagnetic ordering in pyrolytic carbon, produced by the chemical vapour deposition
method was found. Let us also remark, that simultaneously, the reports (13), (14) were the first
reports on the formation by high energy ion beam modification (HEIBM) of diamond single crystals
of structurally and magnetically ordered quasi-one-dimensional (quasi-1D) systems along ion tracks,
that is, on the formation of new carbon allotropic forms, which was identified with nanotubes (NTs),
incorporated in diamond matrix, both like to free NTs with almost cylindrical symmetry and quite
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different NTs - with Cy symmetry axis and four petal cross-section figure, which, cannot be ranked
with fullerenes. It was shown, that axes of incorporated NTs are very precisely coinciding with ion
beam direction (16). The cylindrical symmetry NTs were found to be produced also in polycrystalline
diamond films with implantation direction transversely to film surface (17). All new carbon allotropic
forms, produced by means of HEIBM possess by a number of very interesting physical properties,
reported in (16), (17), (19), (18). When concern the magnetic order, it was established from the
study of the temperature dependence of the electron spin resonance absorption intensity, that the
incorporated nanotubes, produced by neon HEIBM of a diamond single crystal along (100) crystallo-
graphic direction, possess by weak antiferromagnetic ordering (16), (19), (18), however, copper
HEIBM with the implantation direction along (111) crystal axis, nickel HEIBM with the implantation
direction along (110) axis (16), (19), (18) and boron HEIBM of polycrystalline diamond films with the
implantation direction transversely to a film surface (17) lead to the formation of NTs, which possesss
by ferromagnetic ordering. It was established directly by the observation of a ferromagnetic spin wave
resonance (FMSWR) (17), (19), (18). It was found, that magnetic ordering is an inherent property
for given carbon electronic systems and it is not connected with magnetic impurities, since starting
samples were selected in that way, that the absolute spin number of paramagnetic impurities and
the other paramagnetic structural imperfections in the samples studied did not exceed the value
~ 10'? spins. Let us remark, that antiferroelectric ordering has been found recently (20) in the
same pure carbon allotropic form - quasi-1D carbon zigzag-shaped nanotubes (CZSNTs), obtained
by boron- and copper-HEIBM of diamond single crystals in the (111)-direction. It was established by
means of the detection of the new optical phenomenon - the antiferroelectric spin wave resonance
(AFESWR). The given phenomenon was theoretically described and experinmentally confirmed for
the first time by infrared (IR) spectroscopy studies of carbynoids and polyvinilidenhalogenides in
(21). Let us indicate on some significant conclusions, which were done on the base of foregoing
results. The results obtained mean, that pure carbon systems in the form of quasi-1D CZSNTs and
in the form of 1D-carbon chains are multiferroic systems. In its turn, the experimental observation
of a multiferroicity in quasi-1D CZSNTs and carbynoids means the breakdown of a space inversion
symmetry along CZSNT hypercomplex (that is, along a n-dimensional symmetry axis z, see for details
(22), (20), where n is the number of the chains in CZSNT) and along a carbon chain symmetry axis
in carbynoids. In the case of CZSNTs, it agrees well with the model of quasi-1D CZSNTs (22), (20),
based on a bond dimerization in all chain components of quasi-1D CZSNT along its hypercomplex
symmetry axis z. Really, the bond dimerization leads actually to an inversion symmetry breakdown
along z, confirming additionally the model itself. At the same time it is clear, that the inversion
symmetry breakdown is the necessary condition for the appearance of a nonzero polarisation by
atomic displacements, that is, for the appearance of an antiferroelecricity (however it seems to be not
the sufficient condition in the general case).

Qualitatively, the appearance of magnetic ordering in carbon systems was explained in (23). It
is indicated in (23) that the key for the explanation of the appearance of magnetic ordering in carbon
systems and in the other systems based on IVb-group elements of Periodic Mendeleev Table - Si, Ge
- is concealed in the atomic structure of IVb-group elements, more specifically, the crucial moment is
the fact, that free C, Si, and Ge atoms have the spin value S = 1 and the orbital moment value L =
1, at that, the spin and orbital moments have opposite directions, resulting in the strict compensation
of each other. It is clear, that in condensed matter, that is, in some carbon allotropic forms or in
C-based or Si-, Ge-based compounds the compensation of spin and orbital moments of individual
atoms can be destroyed. It can be achieved, for example, by the change of orbital or spin moment
directions relatively each other. The second possibility is the change of the value, for instance, of
orbital moments of individual C, Si, or Ge atoms. It is concluded in (23) that the C-, Si-, Ge-based
magnetic materials can be elaborated with magnetic properties to be comparable with those ones,
which possess the materials, produced on the base of transition chemical elements with unfilled
atomic 3d-, 4d-, 5d-, 6d-shells, or 4f-, 5f-shells of rare earth elements. Moreover, magnetic properties
of given magnetic materials are predicted to be regulable.
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The mechanisms to achieve the given goal can be very different. One of the mechanisms is
discussed in (23).

The aim of given work is to study in more details the properties of non-cylindrical nanotubes,
produced in diamond single crystals by high energy ion implantation, which are possessing instead
of Cs symmetry axis the only by C, symmetry axis and to establish the mechanisms of the formation
of magnetic and electric ordering in given NTs. They seems to be the appropriate candidates for high
temperature superconducting systems, since both the mechanisms of superconductivity like to those
ones established in MgB> and in pnictides, briefly reviewed above, can be realized (see Section IV).
Moreover, it will be theoretically shown, that the usual s-wave mechanism, proposed by Bardeen,
Cooper, Schrieffer (BCS) (25) can also be realized. In other words, the multicannel superconductivity
is predicted in given NTs.

Let us accentuate once again, that the given systems - corrugated cylindrical nanotubes, incorpo-
rated in diamond single crystals, are representing the quite new class of carbon structures, and they
cannot be considered to be limit case of the fullerene series (whereas it takes place for cylindrical
nanotubes), since they have the alternating-sign curvature of the four-petal NT-surface in the direction,
being to be transversal to the NT-axis (the curvature of cylindrical nanotubes like to fullerenes is not
sign-alternating).

2 Experimental Technique

Samples of type lla natural diamond, implanted by high energy ions of nickel (the energy of ions in
ion beam was 335 MeV') have been studied. Paramagnetically pure samples have been selected so
that the absolute spin number did not exceed the value ~ 10'2 spins in each of the samples used
before implantation. lon implantation was performed along the (100) crystal direction (ion beam dose
was 5 x 10" em™2) transversely to sample (100)-plane and uniformly along all the plane surface.
The temperature of the samples during the implantation was controlled and it did not exceed 400
K. ESR spectra were registered on X-band ESR-spectrometer "Radiopan” at room temperature by
using of T'F192 mode rectangular cavity. The ruby standard sample was permanently placed in the
cavity on its sidewall. One of the lines of ESR absorption by Cr** point paramagnetic centers (PC) in
ruby was used for the correct relative intensity measurements of ESR absorption, for the calibration
of the amplitude value of magnetic component of the microwave field and for precise phase tuning
of the modulation field. The correct relative intensity measurements become to be possible owing
to unsaturating behavior of ESR absorption in ruby in the range of the microwave power applied,
which was ~ 100 mW in the absence of an attenuation. Unsaturable character of the absorption
in a ruby standard was confirmed by means of the measurements of the absorption intensities in
two identical ruby samples in dependence on the microwave power level. The first sample was
standard sample, permanently placed in the cavity, the second sample was placed in the cavity away
from the loop of the magnetic component of the microwave field so, that its resonance line intensity
was about 0.1 of the intensity of the corresponding line of the first sample. Both the samples were
registered simultaneously but their absorption lines were not overlapped owing to slightly different
sample orientations. The foregoing intensity ratio was precisely preserved for all microwave power
values in the range used, which indicates, that really ruby samples are good standard samples in
ESR-spectroscopy studies.

3 Results

The ESR spectra observed in carbon nanotubes, produced by nickel high energy (100) ion beam
modification of natural diamond single crystals, are presented in Figures 1 to 3 in crystal directions
[100], [111] and 60 degrees from [100] correspondingly. The line in the range (1865 - 1981) G
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Figure 1:  Spectral distribution of ESR absorption intensity in diamond single
crystal, implanted by high energy nickel ions by beam direction transversely (100)
sample plane, the sample was rotated in (011) plane, ffOH [100] crystal axis,
leftmost line belongs to ruby standard
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Figure 2:  Spectral distribution of ESR absorption intensity in diamond single
crystal, implanted by high energy nickel ions by beam direction transversely (100)
sample plane, the sample was rotated in (011) plane, Hy|| [111] crystal axis
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Figure 3:  Spectral distribution of ESR absorption intensity in diamond single
crystal, implanted by high energy nickel ions by beam direction transversely (100)
sample plane, the sample was rotated in (011) plane, the angle between H, and
[100] crystal axis is 60 degrees
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Figure 4. Dependence of absorption amplitude of the left line L in ESR spectrum of

NTs incorporated in diamond single crystal on magnetic component of microwave
field at Hy||[100] crystal axis
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Figure 5: Dependence of absorption amplitude of the right broad line R, in ESR
spectrum of NTs incorporated in diamond single crystal on magnetic component of
microwave field at Hy|| [100] crystal axis

(given field range is indicated by arrows in Figure 1) is the absorption line by ruby standard, it is
shifted to botton in Figure 1 and it is removed in the same range in Figures 2 and 3. The most
intensive two lines in the range (3000 - 3500) G were excited spontaneously the only by very precise
orientation of external static magnetic field H, in the plane coinciding with the plane, transversal to
the implantation plane and containing the implantation direction. Therefore, resulting spectrum in the
range (3000 - 3500) G was consisting of three lines, at that both two new lines have rather large
anisotropic linewidths. Let us designate given lines by R, for the right broad line and by L for the left
line. The right broad line was overlapped with relatively narrow almost isotropic line, designated by
R, (given line was observed by usual sample orientation). Additionally, very broad strongly intensive
anisotropic absorption lines were observed. They represent themselves two backgrounds with two
dip positions (in integrated spectrum) at ~ 2410 G and ~ 2892 G by the spectrum registration in
the direction corresponding to [111] diamond lattice direction, Figure 2. Dip positions for given
background absorption were coinciding by static magnetic field direction in 60 degrees from [100]
diamond crystal direction, Figure 3. It seems to be the display of the fact, that the symmetry of the
interaction, leading to the appearance of a very strong background absorption is determined by an
inherent symmetry of NTs, produced by [100] HEIBM, which is not connected with a potential effect
of the diamond lattice presence.

Dependencies of absorption amplitudes of L-line and Ry-line on magnetic component of microwave
field at the fixed orientation of polarising magnetic field Hy||[100] crystal axis have been studied,
Figures 4 and 5. It is seen from the comparison of the Figures 4 and 5, that given dependencies are
quite different. The dependence, presented for L-line in Figure 4, is superlinear. It is similar to the
dependencies, which were earlier observed in the samples, modified by HEIBM with copper, neon,
nickel ions (however with dose 5 x 10'* (16), (19), (18), that is, in the case of an entire modification
of the diamond layer, which is localised near the implantation surface). It means, that the layer was
consisting then the only of NTs, which seem to be interacting with each other. In the studied sample
(integral dose is 5 x 10'%), individual NTs are isolated by the diamond structure, nevertheless the
superlinear dependence is taking place, which seems to be unexpected. Let us remark, that the initial
part of the curve, presented in Figure 4, can in the principle be approximated by a linear dependence
(dashed line), although it is clear from the comparison with the approximation of the whole curve
(solid line in Figure 4), that even the initial part, strongly speaking, is not linear. Solid line in Figure
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Figure 6: Angular dependence of g-factor of the left line L in ESR spectrum of NTs
incorporated in diamond single crystal, the sample was rotated in (011) plane

4 is the polinomial fit with the function f(z) = bo + b1z + baa® + bz + bsa*, where by = —0.17117,
b1 = 208.92305, by = —139.06624, bz = 159.14424, by = —33.90983.

It is seen, that the dependence of the absorption amplitude of the right broad line R, in the
ESR spectrum of NTs on the magnetic component of the microwave field is strongly nonlinear. It
is characterised for the values of the relative magnetic component of the microwave field H,/H.”
in the range (0-0.75) by the usual saturating law, but in the range (0.75-1) it acquires the prominent
superlinear nonsaturating character. The dependence for an ESR absorption kinetics in the form,
presented in Figure 5, is observed in ESR-spectroscopy for the first time. It can be approximated by
the solid line, which represents itself the polynomial fit in accordance with the relation Y (z) = A +
Biz + Box® + Bsx® 4+ Baz*, where A = 1.14618, By = 0.77956, B> = —0.00159, Bs = —3.03868¢°,
By = 1.40072¢~".The angular dependence of g-factor of the left line L in the ESR spectrum of NTs
in the sample studied is presented in Figure 6. It consist of two branches. One branch is in the angle
range 0-50 degrees from [100] crystal lattice direction, that is, in the direction, which is coinciding with
NT axis direction in limits of the experimental inaccuracy by implantation providing (not exceeding 1
degree), the second branch is in the angle range 50-90 degrees. Let us remark, that the connection
point of two branches, equaled to 50 degrees for g-values of L-line is not coinciding with the point
of the junction of two dips in the very broad (and consequently very intensive) absorption, testifying
on the existence of two different resonance processes, which are responsible for the appearance of
L-line and very broad lines. The deviation of g-values from free electron value g = 2.0023 is very
large, at that, the minimal value is achieved in the range 16-20 degrees from the [011] direction in
diamond lattice and it is equal to ~ 2.0719, maximal g-value corresponds to the NT-axis direction,
that is, to [100] crystal lattice direction and it is equal to ~ 2.3120. The given values are characteristic
for the systems with strong magnetic ordering. Consequently, we have obtained the direct proof of
the spontaneous transition of NT system, incorporated in diamond lattice, in the state with the strong
magnetic ordering in ESR conditions. The angular dependence of ESR absorption intensity of the
left line L has qualitatively opposite character to its g-factor dependence. The maximal absorption
value corresponds to the direction, being to be transversal to NT axis, which is coincides with [011]
direction in a diamond lattice, Figure 7. The additional maximum is observed at 60 degrees from the
given direction. Let us remark, that both the maxima in the angular dependence of ESR absorption
intensity of the line L are observed also in the angular dependence of its linewidth, Figure 8, indicating,
that the main features in the angular dependence of ESR absorption intensity are governed by the
angular dependence of the linewidth. It is confirmed also by that, that the very pronounced local
maximum is observed in the angular dependence of the absorption amplitude of the line L in the range
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10-20 degrees from [100] crystal lattice direction (the corresponding Figure is not presented). At the
same time it is not pronounced in the angular dependence of the absorption intensity, see Figure
7. ltis seen from the angular dependence of the linewidth of the line L, Figure 8, that its value is
strongly dependent on the direction of the static magnetic field applied. There are four local maxima,
main maximum is achieved at [011] direction with the linewidth value, which is equal to 140.9 G, very
pronounced maximum is observed at the angle in 40 degrees from [100] lattice direction, the linewidth
value is equal to 139.1 G, that is, it is comparable with the main maximum value. Two, not very
pronounced maxima are observed correspondingly at at the angle between 10 and 20 degrees and
at the angle in 60 degrees from [100] lattice direction, the linewidth values are equal correspondingly
to 68.7 G and 100 G. The main minimum is achieved near the NT axes’ direction, more stricly, at ~
5 degrees from the given direction with the linewidth value, which is equal to 49.1 G. The foregoing
linewidth values are characteristic for the states with strong magnetic ordering, that is, it is additional
argument in favour of the conclusion on the formation of strong magnetic ordering in the sample
studied. It is also seen from Figure 8, that two branches of the linewidth growth, starting at ~ 5
degrees and in the range 70-75 degrees from [100] direction, have the resemblance. That seems to
be the indication on the same origin of the linewidth broadening process, determining the foregoing
growth branches. It is also significant, that linewidth anisotropy value, equaled tp 91.8 G is very
large, indicating on the appearance of very strong mechanism of line broadening by the spontaneous
transition of the NT-system studied in the state with the ESR spectra above described.

Especially interesting, that the line L is asymmetric, Figure 9. However, the angular dependence
of the ratio A/ B of the asymmetry extent is disagreeding with the angular dependence, which has to
be observed by an usual Dyson effect in metals or semiconductors (26). The value B/A is equal 2.55
for static (immobile) paramagnetic centers (PC) in conductive media in the case of thick samples (in a
comparison with the scin depth) and it is determined by the space dispersion contribution (27), which
is appeared in conductive media by the microwave field propagation into the conductive sample. It
corresponds to the ratio of the space dispersion contribution and the absorption contribution to the
resulting ESR response, equaled to (1 : 1) (27) in in the case of thick samples. The value B/A for the
absorption derivative is increasing from 2.55 to more than 19 for mobile PCs (or by the presence of a
spin diffusion) in the dependence on the velocity of mobile PCs (or on the rate of the spin diffusion)
(28). In the case of thin samples, the ratio B/A has intermediate values, between 1 and above
indicated, depending on the thickness of the samples. It is seen from Figure 9, that the ratio A/B
is anisotropic. The maximal A/B value (correspondingly, minimal B/A) is near [111] crystal lattice
direction and it is equal to 0.83, Figure 9. The minimal A/B (maximal B/A) value is near 60 degrees
from [011] crystal lattice direction and it is equal to 0.49, Figure 9. Let us remark, that by an usual
Dyson effect in conducting thin samples (in particular, in the samples with metallic NTs, producing
the network) the maximal deviation from the ratio A/B = 1 has to be observed by the microwave field
propagation direction along the sample side with the maximal size of the implanted region in the
rotation plane, that is by H, along [100] crystal direction, in the case, when the network is opaque for
the microwave field in the direction, transverse to NT axis direction, or by H, along [011] in the case,
when the network is opaque the only for the microwave field propagation in the direction, coinciding
with NT axes. [t is taken into account, that the propagation direction is transverse to the static
magnetic field direction]. The observed maximal deviation of the ratio A/B from A/B = 1 at ~ 60
degrees from [011] confirms the conclusion on the nontrivial nature of an Dyson-like effect in the
sample studied.

The presence of the ruby standard allowed to control the cavity Q-factor, Figure 10. It seems
to be substantial, that Q-factor is increasing in the ranges, where the deviation of the ratio A/B from
A/B = 1 is also increasing, that is, the increase is starting near 60 degrees from [011] crystal lattice
direction and the increase takes place in the range near 10-30 degrees from the same [011] crystal
direction, compare Figures 10 and 9. For an usual Dyson effect it has to be conversely, @-factor
has to be minimal in the direction of the maximal deviation of ratio A/B from A/B = 1, that is, near 30
degrees from [100] crystal lattice direction, Figure 9. It is seen from Figure 10, that Q-factor has in
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the given direction the maximal value. We have to remark, thatwhich indicates simultaneously, that
the approximating solid line does not run over the point, corresponding to the maximal Q-value. It
means, that the approximation has to be more accurate (more of experimental points is required).

4 Discussion

It will be further argued, that the results above described are agreed with the spontaneous transition
of the system to the state, which characterises by the coexistence simultaneously of antiferromagnetic
(AFM) uncompensated ordering and the superconductivity, which is realized in electron spin resonance
conditions and it is not appearing without the resonance. Given specific conditions seem to be
indicating, that the origin of the given state, that is mechanisms, leading to its formation cannot
be entirely coinciding with known ones, including above reviewed. To solve given task, it seems
to be necessary to know the nature of charge and spin carriers and the mechanisms of a carrier
transport and interactions of charge and spin carriers both between themselves and with phonons and
photons in NTs studied. There seems to be paramount significant the same task for nanoelectronics,
spintronics and for the other branches of nanotechnology.

Let us remark, that in the theory of 1D electronic systems, in particular, in the theory of conducting
NTs is existing the following concept. It is based on the work of Tomonaga (29) and on the work of
Luttinger (30), from which follows, that the electron-electron interaction destroys the sharp Fermi
surface and leads to a breakdown of the Landau Fermi liquid (LFL) theory for 1D systems. The
resulting non-LFL state is commonly called Luttinger liquid (LL), or sometimes Tomonaga-Luttinger
liquid (TLL). The term “Luttinger liquid” has been coined by Haldane (31). The given approach was
used upto now for the description of the universal low-energy properties of all 1D conductors. The
theory of LL (TLL) predicts the pronounced power-law suppression of the transport current and the
density of states, and the effect of a spin-charge separation. The nature of the spin and charge
carriers accorging to LL (TLL) theory is the following. They are chargeless spin 1/2 quasiparticles
- spinons and spinless quasiparticles with the charge + e - holons. The universality of LL (TLL)
description means that the physical properties of 1D systems have to be not depending on details of
the model, of the interaction potential, and so on. They are only characterized by a few parameters
- critical exponents. Moreover, the LL (TLL) concept is believed to be valid for arbitrary statistical
properties of the particles, that both for fermions and bosons. It is also interesting that along with a
paradigm for non-Fermi liquid physics for the description of any 1D systems the concept of LL (TLL)
was extended for the description of 2D and 3D correlated electrons in systems with a linear dispersion
law (32).

Concerning NTs, let us remark, that the single-wall carbon nanotubes (SWCNTSs) are considered
in many works to be 1D objects (it is not always correct, especially for standard NTs with adiameter
in several nanometers and more), which can be described the only within the frames of LL (TLL)
concept. Moreover, SWCNTs are considered to be the best model systems for the LL (TLL) state
demonstration. The arguments used to confirm the given conclusion are the following. It is the
experimental observation of a power-law behavior by measuring the tunneling conductance of SWNTs
in dependence on temperature and voltage. It has to be remarked however, that power laws are
widely spread in the physics. They can approximate some other dependences or can follow from
the other theories too. Electron force microscopic measurements showed also the ballistic nature
of a transport in conducting SWNTSs, predicted by the LL (TLL) model. Ballistic behavior of transpot
phenomena can also be determined by the other causes, not connected with LL (TLL) model, see,
for instance, (33), (34). An insufficiency of the substantiation of the applicability of LL (TLL) model to
SWCNTSs becomes to be evident, if to take into account, that the main feature of the given model - a
spin-charge separation by the spinon-holon mechanism has not been observed.

It has to be also taken into account, that both the models LL (TLL) and LFL are the oversimplified
models, since they do not take into account the nonlinearity of the fermion spectrum on the one hand
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and the presence of electron-phonon interactions on the other hand. In fact both the models describe
not strongly adequately the real processes, since the changes in the charge state of an arbitrary atom
in 1D chain, being to be the result of the electron-electron interaction, are always accompanied by
the changes in the phonon subsystem (and vice versa). It is the consequence of generic coupling
between operators of a creation and an annihilation in the electron subsystem and in the phonon
field (see futher for more details). Let us also remember, that the key argument for the insertion
of the notion “Luttinger liquid” itself (31) is in fact also based on the simplification, determined by a
linearization of the generic spectrum of particles in the neighborhood of Fermi points in k-space. At
the same time, the divergencies arising in the perturbation theory in 1D-case are the consequence
just of the given simplification. From here it is not follows, that 1D Fermi liquid description is incorrect
in the general case, which takes into account the electron-phonon interaction and/or the nonlinearity
of the generic spectrum of particles in a neighborhood of Fermi points in k-space.

So we come to the conclusion, that the description of NTs within the frames of LL concept seems
to be also the oversimplification. To correct the given situation, let us consider the new model of
quantum liquid. It was developed in (35) where the concept of the description of 1D correlated
electronic systems wihtin the framework of 1D Fermi liquid (FL) was restored.

It was considered in (35) the concept of 1D FL on the example of well known 1D system - trans-
polyacetylene (t-PL). It is in fact the generalization of well known model of conjugated organic 1D
conductors proposed by Su, Schrieffer, Heeger (SSH-model) (36), (37), which is formally a Fermi gas
model. It will be futher shown that SSH-model takes the intermediate position between Fermi gas and
Fermi liquid models, since it takes into consideration the electron-electron correlations in implicit form.
The further generalization, for instance, for the application of 1D FL model immediately to the quasi-
1D carbon zigzag shaped nanotubes can be obtained by using of the hypercomplex number theory
like to the works (22), (20), where the hypercomplex number theory was applied for the interpretation
of quantum optics effects in the carbon zigzag shaped NTs.

Let us represent for the convenience of the readers the main moments of the calculation and the
results of the work (35).

The Born-Oppenheimer approximation was considered and starting Hamiltonian was the following

H(u) = Ho(u) 4+ Hot (1) + Horu(w). (4.1)
The first term in (4.1) is

. P2
HO(U) = Z Z( 2]\7;* &r-tz,s&?rL,s + Kufnd;;,sdnbys)‘ (42)

It represents itself the sum of the operator of the kinetic energy of CH-groups’ motions (the first term
in (4.2)) and the operator of the o-bonding energy (the second term). Coefficient K in (4.2) is effective
o-bonds spring constant, M* is total mass of CH-group, u.., is configuration coordinate for m-th CH-
group, which corresponds to the translation of m-th CH-group along the symmetry axis z of the chain,
m = 1,N, N is a number of CH-groups in the chain, P,, is the operator of the impulse, conjugated
to the configuration coordinate w,,, m = 1, N, &:;,S, am,s are creation and annihilation operators of
a creation or an annihilation of a quasiparticle with the spin projection s on the m-th chain site in
o-subsystem of t-PA. The second term in (4.1) can be represented in the form of two components
and itis

Hﬂ,t(u) = 7:l7r,t0 (U) + 7:[7r,t,a1 (u) = Z Z[(to(éjn_'_l’sém,s + éj;z,sém+1,s)+
e (4.3)

(_1)m2a1u(éj;z+1,sém73 + é'r—;,sé’m"’lﬁs)]:

where &, ., ém,s are creation and annihilation operators of a creation or an annihilation of a quasiparticle
with the spin projection s on the m-th chain site in m-subsystem of t-PA. It is the resonance interaction
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(the hopping interaction in a tight-binding model approximation) of quasiparticles in w-subsystem of
t-PA electronic system, which is considered to be Fermi liquid, and in which the only constant and
linear terms in the Taylor series expansion of the resonance integral about the dimerized state are
taking into account.

The operator #(u) is invariant under spatial translations with period 2a, where « is the projection
of spacing between two adjacent CH-groups in the undimerized Iattlce on the chain axis direction,
which is equal to 1.22 A. It means, that all various wave vectors k in k-space will be in the reduced
zone with the module of k in the range — = < k < X (37). The reduced zone is considered like to
usual semiconductors to be consisting of two subzones - conduction (¢) band and valence (v) band.
Then the operators {¢,, s}, {ém,s}, m = 1, N, were represented in (35) in the form

{ems} = {e)} + (el

(4.4)
{em.s} = {9 +{enV),
related to m — ¢- and 7 — v-band correspondingly, and k-space operators were defined
{ Icc?s} - {\/7 ZZ m+1 exp _kaa) 57?,?5}7
(4.5)

(U)} _ {\/*ZZGXP zk:ma)cm s}

m=1,N.

The o-operators {a;, ,} and {Gm,s}, m = 1, N were also represented in the form like to (4.4) for
m-operators and transforms, analogous to (4.5), were defined. It leads to the following expression for
the operator Ho(u)

ZZ 2M* + Ku®) (R + ), (4.6)
where ;¢ and 7, are operators of number of o-quasiparticles in o-c-band