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Abstract

The quantum field theory approach has been proposed for the description of graphene electronic
properties. It generalizes massless Dirac fermion model and is based on the Dirac-Hartree-Fock
self-consistent field approximation and assumption on antiferromagnetic ordering of graphene
lattice. The developed approach allows asymmetric charged carriers in single layer graphene with
partially degenerated Dirac cones.
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1. Introduction

The ongoing boom in experimental researches of graphene is not accompanied, however, by substantial devel-
opment of nanoelectronic components using its unique properties. The one of the possible reasons of this situa-
tion could be the absence of satisfactory description of its electrophysical properties on the basis of quantum
field theory.

The ab initio calculations by muffin-tin orbital method and usage of random phase approximation (RPA) for
polarization operator to investigate the balance of exchange and correlation interactions on band structure of
loosely-packed crystals have shown that strong exchange leads to appearance of an energy gap in the spectrum
[1]. Conversely, strong correlation interaction leads to tightening the gap in the band spectrum. The spin non-
polarized ab initio simulations of partial electron densities of two-dimensional graphite have shown that the ma-
terial is a semiconductor. Interlayer correlations tighten energy gap that results in semi-metal behaviour of three-
dimensional graphite [1]. The presence of a gap in band spectrum of graphene (at Dirac points K,K’) would
increase theoretical estimation of its conductivity to me? /h that is to value approaching optical (high frequency)
conductivity of graphene [1]. But there is a significant discrepancy of theoretical estimates of low-frequency
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(minimal) conductivity of monolayer graphene [3]-[5] with its experimental value 4e2/h [6]-[12].

Energy gap ~10 meV can be in spectra of nanostructures with photon-dressed ground state [13]. With mea-
surement accuracy ~1 meV, permissible at the present level of technological development, the gap is not regis-
tered [14], though a sharp change of the Fermi velocity v, in Dirac point K (K'), described in Hartree-Fock
and RPA [14], as well as when using the ab initio simulations [15] is the experimental fact [14].

Quantum field theory [16] of pseudo-Dirac quasiparticles [17]-[20] in RPA gives a strong screening which
destroys the excitonic pairing instability if dynamic fermion mass m, is small in comparison with chemical
potential x: m, <. The existence of dynamic screening for this system with physical flavor N =2, calcu-
lated by Eliashberg self-consistent technique, makes the value of m, non-zero for momentums |q|<10° [16].
Unfortunately, such a range of values of q also gives practically vanishing mass m,_ ~q Ve <10 for the
Fermi momentum k. and Fermi velocity v, ~10° m/s. Additional possible lack of this approach is that
though pseudo-Dirac fermions act in 2 + 1 dimensional space-time, an electromagnetic field is defined as usual
in 3 + 1 dimensions [2] [16] [21] (otherwise Coulomb interaction in 2D space would be log r rather than needed
1/r).

In papers [22]-[24] one uses a known analogy between the mass of a particle in the Kinetic energy and a factor
entered as the mass tensor m’ in a quadratic term in the energy expansion of a single-particle state; the mag-
neto-transport term for which there is no such an analogy is discarded. Such description of particles collisions in
impurity-free (pure) graphene as electron-phonon scattering gives an estimate of the dynamic conductivity
ne’/(2h) at low temperature T —0 [22]-[24].

In the reference frame where a fermion with nonzero rest mass moves with a velocity V, its bispinor wave

function W (t)= {‘Pfj’ (1), we (t)} in addition to non-zero upper components W'’ (t) acquires non-zero lower
(“positron”) components ¥ (t) [25] [26]
1 op

1 ; .
PP (t)= E(cosh 2+ ey, WO (t) = 7 o (cosh z —1)"? ey 1, cosh iy =41-v?/c*. (1)

Changing the light speed ¢ — v in (1), the pseudo-spinor wave function ‘¥, (t) of quasiparticles in gra-
phene can be written as a sum of electron wave functions (1):

¥ (t) =%[‘Pi" (6)+ W5 (0)+(W% (1) + W (t))T} N%[e‘””‘ (1+o-p/p)+e (1-0-p/p) ¥, ()

where &, =V p/h . Due to the process of electron-hole pairs” production, the current j [27] oscillates [28]

JO)=do+ h+ i Jo :eVFZ‘PL—p(pZG)‘Pp, i :%Z\PL {a——p(gza)+ipax p}\ypez'%‘ @3)
p p

where oscillating summands j;, j are called “Zitterbewegung” terms. Drawback of pseudo-electrodynamics

of graphene [28] is the divergence of the expression (2) at v — v, .

Weak localization of states can be introduced through non-zero spin-orbit interaction. A possibility of the ab-
sence of inversion center for spin-polarized electron density of monolayer grapheme, related with this fact pos-
sibility of non-zero spin-orbit contribution Hg;', which depends upon z -component of Pauli matrices vector
(spin) and pseudo-Pauli matrices vector (pseudo-spin) and stipulates magnetoelectric effects, has been men-
tioned in papers [29]-[31]. The phenomenon of spin dependent scattering in non-magnetic graphene can be
viewed as an experimentally proven charged carrier asymmetry in graphene [32] [33]. Intrinsic and extrinsic
(Rashba) spin-orbit couplings in single layer graphene manifest themselves via the Elliot-Yafet and Dyako-
nov-Perel disorder-scattering spin-relaxation mechanisms, respectively [34]. The development of quantum spin-
tronic devices is based on spin-dependent bands simulations. These simulations demonstrate that intrinsic
spin-orbital interaction is very small, less than 100 peV [35]. Resonant mechanism of the skew scattering, stipu-
lated by increase of the strength of spin-orbital coupling up to ~10 meV in the presence of a metal cluster, has
been proposed in [36]. Despite the fact that the non-equilibrium spin can occur in a resonantly acting field
(plasmons) of metal cluster near the surface of graphene (the Hanle effect), the presence of such an impurity is
also accompanied by the removal of degeneracy of the Dirac cone. The last one leads to the appearance of a
hexagon of mini-zones in the vicinity of Dirac cone; respectively, electron-hole asymmetry has another origin
which is not related with spin-orbital interaction. In [2] [3] [13] [37], the conductivity of graphene has been de-
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scribed via the appearance of a gap stipulated by excitonic pairing mechanism and with a value of the same or-
der of magnitude as the aforementioned (induced) one. Besides, the Hall effect is accompanied by intensive
process of electron-hole symmetric pair production in the form of “Zitterbewegung” for wave functions [3] [27]
[37]. This demonstrates that the “Zitterbewegung” phenomena and the gap of nanostructures with photon-
dressed ground states are capable to neutralize resonant mechanism of the induced skew symmetry.

Electromagnetic interaction between N Dirac particles leads to a renormalization of their masses [38]. On
the one hand, this dynamic (renormalized) mass m, of charged carriers in graphene should be sufficiently
small: m, < u, to be an agreement with experimental data. On the other hand, the value of m, should be finite
that allows at least getting a match with the experimental value of the dynamic conductivity of graphene [2]
[22].

The most promising is the use of Dirac-Hartree-Fock self-consistent field approximation for the description of
spin-dependent electrical properties of graphene, since the estimate of dynamic mass of the quasiparticles in
graphene in this approximation is given by =,.%.,/c ~107® [39].

Charged carrier asymmetry in graphene transport experimentally found in [40] [41] by a method [42], allows
assuming non-coincidence of Dirac cone with its replica except for K (K')-point. In the paper [43], it has been
shown that in the flavor model N =2 charged carriers are symmetric as well as the graphene band structure.

The goal of this paper is to construct a pseudo-bispinor description of graphene, which is based on the Dirac-
Hartree-Fock self-consistent field approximation, and to propose a flavor model N =3 for the graphene with
spin-polarized sublattices. Coulomb interaction in the model is dynamically screened not due to self-consistent
motion of an electron with respect to a hole as in flavor models N =2, but due to self-consistent motion of
negatively charged three-particle exciton state relative to positively charged three-particle exciton (N =3).

The paper is organized as follows. In Sections 2 and 3 we shortly introduce the approach [39] and use it in a
simple tight-binding approximation of the problem and massless case. Section 4 gives explicit expressions for
exchange interaction matrices allowing further simulating quantities of interest, which are performed and dis-
cussed in Sections 5 and 6; in Section 7 we summarize our findings.

2. The Equations of Self-Consistent Charged Carriers Motion in Graphene

In papers [39] [44]-[46] a new approach has been proposed to describe graphene electronic properties. It utilizes
a quasi-relativistic Dirac-Hartree-Fock self-consistent field approximation and assumption on ferromagnetic or-
dering of the sublattices A,B (with anti-ferromagnetic ordering of the lattice as a whole). In this approach the
graphene is described by the following stationary equation for the second-quantized fermion field ;2_TUA :

(o092 ~(0)(izh) o (1Zh )y} 20 (N]0.-0) = B (9) 2, (00} @)

Here points K (K') in the Brillouin zone of monolayer graphene are designated as K,(Ky), p is the
momentum operator, operator V2 is defined as

iy =[(Z?e|) +cho- (K, + KB)] ®)

o= (o— o,,0, ) is the vector of Pauli matrices, 2D transformation matrices (Zﬁe, )BA , (Zfe, )AB are determined
by an exchange interaction term X,

, [“( )]|o T [’?}A“)]|o,—o>|o,a>, ©

2y (1) (), 0 N\Za(n)
NN,
(2:9.)B;a;(r)lo,a>:Zjdn;z;s(r)|o,a><o,—oi|;2;A(n)V(n—r);z,(,a(n)|o,—air>, )
(241 ), 10, (N]0-0) Idr (N[0.-0)(0.0: 7, (RNVE-P)Z, (1)[0.5). @)
Now, we perform the following non-unltary transformation of the wave function for graphene
7 l0-0)=(24), 7., ]0.-0). ©

In the limit of |q|<<1 we can neglect the mixing of the states for the Dirac points K, and K, and get
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pure two-dimensional case. After this transformation, Equation (4) takes the form similar to a pseudo-Dirac ap-
proximation of two-dimensional graphene:

{cols  Pon—ZerZug | 210, (1)|0,=0) =By (P) 2, (1)[0,-0), a <1 (10)

where z/“;S‘_A/B = _(E)r(el )BA (ZI)'(E| )AB ' O.ZAIE = (Z:el )BA O.ZD (Z:el );: ’ O-ZD = (O-x!ay ) ’

Zt -1 2t = A
pBAZ—oA = (E:el )BA p(z:el )BA Z—o-A ’ Equ = Eqqul'
_Ina similar way we can write down the following stationary equation for the second quantized fermion field
Zl,, onthesublattice B:

|:CO-ZBI§ “Pas _EAB\z;( p):|;:(IaB (r)|010> = CEqu ( p);:(IUB (r)|0,a) (11)

T v X x \ 7t 2 ~
where z“ABZBA = _(Z:el )AB (Z:el )BA ' pAB = (Zrel )AB p(zrel )AB ' ZIJB (r)|0’ O-> = (Z)r(el )AB ZIO’B (r)|0’ O-> :
Due to the fact that (Z?e, )BA # (Zﬁe, )AB , the vector pg, of the Dirac cone is somehow rotated and stretched
in respect to the vector p,; of its replica.
3. The Equation of Motion of Massless Charged Carriers in Graphene

Massless approximation of Equation (10) reads

0'283 ) pABﬂ?Io*B (r)|0,—0'> = Equ ( p)):dfra (r)|0,—0'>. (12)
Let wave functions ¢, and ¢ with spin up and down respectively has the form
1(4 1(0
=— , = . 13

Bispinor wave functions of quasiparticles moving on the Dirac cones and its replicas can be represented as the
free Dirac field of = (p,)-electrons:

exp{—i@kA(B) }¢1
725,%5) (r)|0,—o'> e_i(K“B)_qNB))'r EXp{_inNB) }¢z )LJA(B)
2 Rt E{ J (14)
Xrogn (r)[0,o) 2 —exp{lekB(A) }¢2 Xionn
&P {ie"aw } %
—EXP{inA(B) }¢2
;(/LA(\B)(I’NO, 0'> e—i(KNB)—qA(B))T eXp{i@kNB) }¢1 {X+O‘A(B) }
S =— = (15)
}(L,B(A) (I’)|0,—O‘> V2 exp {—i@kB(A) }¢1 X-oy(a)
exp {—i&kB(A) }¢2
where
¢ - )y eXp{i |:KA(B) _qA(B):“:RIA(B) - r}}‘//{ni} (r - R|A(B)) (16)

(2m)" INJ2 g

is a Bloch function.
In approximation of free = (p,)-electrons all wave functions entering into the expressions (7), (8) are de-
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scribed by the Formulae (14), (15):
}A(IGiA(F)E;(IJA (I‘), /}?;B (I’)E;(;B (I’) for Vi, i (17)
Then, in this approximation we can write matrices (Efe,) o 2,5 and (Zfe, )BA ~ X, Without self-action as

(Zh),, 2 (N]0.6) = Zaar,, = ZIdrV ) o () 2 (6) ] o (1Y)
L | €A () e ) ) e T 6
25 G e et () e ()6 (1) )| e I ly ) |

NyN-1

(21),, 70 (N)]0.0) = Zgaz , = Z [anV (6 =1) 2oy (0) Zio (1) ] 2.0, (7)

‘e'%¢z(ﬁ)(-1)6"9“¢2 (r) —e% g (r)e ™ (n )} ]y
ei%%(n)(—l)e'm“qﬁ;(n) eog (r)e ag () | e el (1)

It follows from the expressions (18), (19) that the matrices X,; and X, have the form

NyN-1
23/2 Z Jdr v (

i=1

—
~—

|

—~

[EN

O

~

3 A0E (1) A0 (r)

e =3 2 Jonv )Léz(w;(n) ¢z(n)¢£(n)}' 0
Loy #(E() A (E(0)

R 5 fonv( ){ A(E M) A (r J @

Let us find the matrices X,; and X, in tight-binding approximation. To do it, we substitute the expres-
sion (16) into matrices (20), (21) and calculate integrals entered in elements of these matrices, for example

KA A [ Ry —Rig
W (r ¢ (r,)dr, = _[V (r-r)dr, Y e b R ]1//{ (16 =R )Wy ({0}, -R, ). (22)
(2n) In s
Taking into account that the vector difference r, —r lays in i -th primitive cell: r, —r =r’°, we transform
(22) as

V(5 =1)g, (r) & (v))
:(27:§3NI ( ) ZDZEXp{[ ][Fi _IilA]}‘//;nl}<ri2D_élA')l//{nZ}<ri2D_IilA)

Iala

(23)

where i -th primitive cell is obtained from the base one by a rotation on an angle (2i+1)60%,i=1,2,3;
=R, —r . Letusaccount for nearest neighbors only in (23):

; exp{i[ K =a -8 f [V (122 )iy, (17 =8 ), (1) r®. (24)

Iam)

. 1
(6 =r)g,(r)é (r)dr, = 2

am)

As a basic set we choose .., orbitals of m-electrons: v, . =cy, (r£6)+cy, (r), ZZ c?=1;

i=1"1

Vi) = Vo, ( ) Energy of an electron is not changed with rotation on a Iattlce vector. Therefore, we can use the
symmetry of the problem for simulation simplification by choosinge.g., 8, and q,as &, ¢,.

4. Partially Broken Symmetry of Model N = 3

Substituting the expression (23) into the matrixes (20), (21) and choosing basic set with ¢, =c, :J/ J2 , we get
in the approximation (24):
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T (00) = \/5(1275)3 e_i(OKA_OkB)iZi:EXp{i [KL —0 ]é‘. }JdZIV (r2p ) dXo50Y,5

\/E'//pz (rzo )‘/’;Z,—si (rZD) Yo, (rZD )['//;Z (rzo )‘H//;Z,_ai (rzo )]

" W;z,—ai (rZD)|:‘//pZ,5i (rzo)""//pZ (rZD ):| [l/jpz,é‘i (rzo)""//pZ (rzo ):H:‘//;Z (rzo)""//gz,-ai (rZD):I/\/E

= \/E(Zn)s e‘i(ﬁkA—HkB)ii;exp{i[KiA —qi]gi}zr;\dB’

Zea(i0) =

(25)

7i(€kA7'9kB) 3 ] ol
x/§(2n)3e i;eXp{l[KA ] é"”dzfv(rzo)dxzodym

1 « « «
E[l//pz,ﬁi (rZD)+(//pZ (rZD)][WpZ (rZD)+l//pz,—§i (rZD )J Vo, -5 (rZD)|:l//pZ,§i (rZD)+l//pZ (rZD )J
X
W, ('ED)['//;Z (rZD)+l//;Z,—5i (rzo)] \/EWpZ (rzo)‘//;z,-si (rzo)
1 ~i(6,~0g ) S T nd

= e N By expii| Ky =g |-6; 1 Zg,.

\/5(27[)3 é p{ |: A q :| } BA
Here it was chosen the upper sign for = -orbital Y iny) and was introduced the following notion

n2

Wy, 6 (o) =¥, (p £6;). Secular equation with this basic orthogonal set {||)} has the form

(26)

méﬁmdw=;0MMXHam=mémmam- @)

Due to the fact that <i|\7F|i> o« V. and the wave function is defined up to a phase multiplier, then Equation
(27) is reduced to

E
o-fDA'pAB|Z>:_|Z>' (28)
VF
Let us rewrite Equation (28) in momentum representation as

E
izj:<7(p |qi>ZAB (é‘iqi )0'202;18 <5jqj )<qj |pAB|Zp> :<Zp |V_Fp|7(p> (29)

where @; +q; =0 owing to momentum conservation law. Then one can obtain oy inan explicit form

3
IR RN CR
O'EDA =2 (é}Qi )0'202;13 (5qu' ) = _Er;\dBO'ZD (znA(:B) k3:1 , . (30)
>[1+i(a-6)-(a:8,) +]
k=1
Substituting known expressions for eigenfunctions of hydrogen-like atom [47] and evaluating integrals, we
obtain rather lengthy (q) -dependent invertible matrices, for ¢ =0 they are pure numeric and up to a common
scalar prefactor read

0.062 0.54 0.42 -0.045
], BA( A):( ] (31)

Yal(Ky)=
e (K4) [0.045 0.42 -0.54 0.062
The most interesting thing is that eigenvalue problem (28) gives precisely the known dispersion laws

E(q) =+./q’ +q§ , that is problem is persistent up to |q|3 variations.
Now, we take into account higher order in |g| terms when evaluating X,;, 2, . Dependence of the Fermi
energy E. (n) on the surface carriers concentration n is the replacement of

E(Jal/|Ka]) = Ec (jal/|k:|) = Ec (|q|/\/ﬁ) sothat g} +q2 =mn =kZ . The Fermi energies E{ (n) and
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E,E (n) for electrons and holes, respectively, are represented in Figure 1. One can see that the hole and electron
bands are symmetric. Six mini-zones around points K, K’ of Brillouin zone are also observable in Figure 1.

5. Asymmetrical Charged Carriers at Large Fermion Density

Now, let us show that the spectrum E(q) corresponding to Equation (12) can deviate from the conic form at
large concentration n . According to Figure 1, for n~10" m™ the Fermi level is in the region with unbroken
symmetry of the Dirac cone. When n ~ 10" m™, the Fermi level enters the region with broken symmetry of
the Dirac cone. In this region, there is a Fermi energy curve E,e:(h) which has local hyperbolic points of a “sad-
dle” type. Fermi curves passing through or near these hyperbolic points are local maxima and minima. Since in
these points “trajectories” of quasi-particle motion (i.e., the configuration space of the system) are unstable, not
all holes (electrons) can reach the Dirac cone (replicas) and annihilate. We demonstrate E(q) surface sections
for few q, in Figure 2.

Figure 2(a) emphasizes that in the vicinity of Dirac point the cone is persistent due to symmetry (section
crosses original cone and its replicas simultaneously), at higher values of q, higher order corrections start to
contribute. An energy dispersion law for 2D graphene is linear near Dirac cone corner at =0 (see Figure
2(a)). When section crosses original cone only (Figure 2(b)), we find symmetrical section of the Dirac cone.

0.0

@

Figure 1. Fermi energy E. (n) curves at different carriers concentrations n for electrons (a) and holes (b).

E(g:=04y) qx 0.05,4y) E(g:=0.14)
| \/ |
! \'
L
o5 on s ots o0 s okl s n qy/lkAl o /‘165\0'0 okl
il /\ /
ol i
(@ (c)
Figure 2. The dependence E(qx,qy) for several different values of q,: (a) q,/|K,/=0; (b) q,/|K,|=0.05; (c)

q,/|K.|=0.1.
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Comparing Figure 2(c) with Figure 1 we can conclude that the section of Dirac cone and its replicas at
qx/|KA| =0.1 is placed in one of six mini-zones of the Brillouin zone. It leads to electron-hole asymmetry.
Such type of charged carrier asymmetry has been observed in [32] [33] as the resistivity dependence upon direct
current at positive and negative values of the gate voltage. We can compare an energy distance between “upper”
and “lower” Dirac cones with an energy distance between replicas in section given by the relation qx/|KA| =0.1.
In such a section the extremum takes place at qy/|KA| =0.05 (Figure 2(c)). The distance AE; between ex-
trema at qy/|KA| =0.05 is the distance between nearest upper and lower replicas. AE; = 0.02K,v., due to
rotation of Dirac cone in respect to replicasat q=0.

Thus, the six fold rotational symmetry of graphene energy surface near the Dirac point partially breaks, ex-
cept of Dirac cone’s corner, and, respectively the Dirac cone does not coincide with its replicas.

6. Electron-Hole Localization in the Model N = 3 at Low Carrier Concentration

The displacement of replicas points in the graphene Brillouin zone on respect to the primary Dirac cone points
occurs at a distance

|AqAB| :|qAB _qBA|' (32)

Since in the neighborhood of the Dirac cone’s corner g — 0, and (as was shown above) the cone persists
then, in accord with (32) in the graphene Brillouin zone all points of the Dirac cone replicas shift, except of their
corners. To understand what value of the rotation angle it could correspond to, we choose k o« 0.1K, and find
Ak, based on (32) and expressions (31) for Z,,%,; . The rotation angle arccos((w, -w, )/|w,||w,|) =1.57076
so it turns out to be a practically right angle n/2 where w, =%, k¥,L, w, =X_,k¥;:. The last means that
the rotation could be large enough for some points in momentum space.

Let us find localization regions of non-annihilated quasiparticles. Since momenta ¢, of holes are rotated
with respect to the electron momenta ¢, at angle /2, the hole Fermi curve E! is also rotated. Because of
the symmetry, the curve E;! is effectively rotated at angle /6, as shown in Figure 1. Adding E{ and the
corresponding to it a hole Fermi surface —E;, we find the surface S(n)= E; —E}, which demonstrates
charge density distribution at the Fermi level 4 — 0 at low charged carriers concentrations n<1 and is
shown in Figure 3. S(n) takes nonzero values outside of Dirac cone’s corner (non-zero values of the chemical
potential ).

By virtue of turn of the holes valence band (conduction band electrons) at =/6, the hole liquid is localized so
that the electron liquid from its valence band could flow into the vacancies of the hole valence band. Similarly,

. \t\%/ e

0.1 K

00f — e +h- 2y —-

=0.1

-02

¥

-0.2 -0.1 0.0 0.1 0.2

Figure 3. Scheme of localization in flavor model N =3.
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the hole liquid flows into the vacancies of the valence band electrons at some value 1z = +5,5 < 1. Since the an-
nihilation processes are absent, the hole and electron Fermi levels are notat 4 =0, and stabilized at some value
u=+5 and, respectively, the Fermi level is dynamic. Therefore, there is a dynamic overlapping of valence and
conduction bands, and, respectively, clear graphene turns out to be a metal. The neighborhood with # —0 isa
region where trapped quasiparticles could annihilate; therefore the charged carriers there, are practically absent.
This actually is the prohibition for charge carriers to be in the Dirac cone’s corner.

The formed dynamic equilibrium can be disturbed by injection of carriers sn from outside into a forbidden
neighborhood x — 0. Then, to restore the balance, the charge carriers will move into the forbidden region with
subsequent annihilation e+h — 2y and, consequently, having opposite sign free carriers appears in the re-
gions of localization. The energy J0E of the free carriers is equal to energy of both quanta: SE ~ 2hw,on.
Since Sn is small, the “sea” of free quasiparticles is a shallow one. According to Figure 3, due to hyperbolic
points, between basins of electrons and holes there are unstable regions, which leads to disintegration of the
large “see” into separate small “puddles”. Such “puddles” are experimentally observed at on <10" m™ [48].

7. Conclusion

The physical flavors approach N =3 to a quantum field description of graphene electronic properties has been
developed. It is based on the Dirac-Hartree-Fock self-consistent field approximation and assumption on antifer-
romagnetic ordering of graphene lattice. The approach is a generalization of the known model N =2 of mass-
less Dirac fermions in graphene. Its first advantage is that the model N =3 gives symmetric electron and hole
band structures, which differ from the band structure model N =2 only by a partial violation of the order of
|q|4 of the six-fold rotational symmetry of primary Dirac cone and its replicas. In the cone’s corner |q| —0
the Dirac cone is degenerated. The second advantage is the possibility to account for charged carriers asymmetry
stipulated by exchange interaction potential for different sublattices. The third flavor, given by transformations
.8, Zga, 0ives charged carriers asymmetry and is expressed in dynamical location of the Fermi level and dy-
namical localization of electrons and holes.
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