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Lagrangian of the model

Lagrangian of Gross-Neveu modeI looks like

L = sy Dyths + (zpsws) + guBstv vs, (1)

os = £1,
g is Lande factor, upg is Bohr magneton.

%. Devided by N so as to work in t'"Hooft limit N — ooc.
Outherwise, without N in denominator, we should consider
GN = const, G — 0.

D,, is covariant derivative : D, = 0,, — ieA,

Ao =0, A1 =0, A = const
Zeeman term can be written as

g =2 = ospugH*y 0° = g H Ay — pg H2H
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Represantation of spinors

1 belongs to reducible represantation of SO(2,1).
In (24+1)-dimensional space-time 5 matrices are

50 = o3, 51 = joq, 52 = ioy (2)
v = (20 ) ®

with two two-component spinors 11, 1.
Reducible representation is defined the following way

VW = diag(¥", —5")

We can define two matrices 7° analogs of (341) dimensional
space-time

0, |/ 0, —I/
3 _ ) 0.1.2 3 )
7—(,’0), '7—77'77—1(, 0), (4)
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Symmetry

If there is no mass term in the Lagrangian then it is invariant under
chiral symmetry

V=YY (5)

Actually we could define another symmetry that could be broken by
mass term and is analog of chiral symmetry in 4-dimentional
space-time

Y — 72 (6)

We call the first symmetry chiral symmetry.
It is occured that this symmetry can be dynamicaly broken and
fermion can aquire mass
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__ 2mnXd41
T

This condition is satisfied if a(x) =

Transformation for Ay is

2men
Adi1 = Ads1 = —— (9)

In general this constant cannot be gauged away

If magnetic field is zero on surface of the cylinder but magnetic flux
is nonzero. In this case there is no Zeeman interaction with spins of
electrons .

we will get that system interact with vector potential and not with
strenght tensor of magnetic field So we call corresponding phase
Aharonov-Bohm phase.
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Boundary conditions

We impose the boundary contition

Y(x + L) = T (x) (10)

a =0 -periodic boundary condition

o= % -anti-periodic boundary condition






Boundary condition for graphene is a little more complicated, it is
different for different Dirac points

Uk (x + L) = i (x)e*™(?75) (11)

l/JK/(X + L) = 'lpK/(X)ezﬂ-i(qur%)

AK YAKI(R)V/3
wBK 1 00 ()(n . wEKei(%)V/?y
Y= WBK' - elR)nto) — /dzpep wEK'e—i(g)um

AK’ n=-0o0 X
2,/) wﬁKe I(R)l//3



Equvalent action

2(a.m) = N [1dldvl e (i [ (£ -+ 70+ ) o).
St 00l = [ dxtitao, - o - Jeo?) (13

Perform Hubbard-Stratonovich transformation

Z(in) = / DI(x)] D[ (x)]SP] = (14)

N / D[J}(X)] D[¢(X)] D[U(X)]e"s[lzﬂﬁ,a]

Auxiliary Lagrangian has the form

- o - N
L(Pv,0]) = iy 0 — ovtp — 520" (15)

Euler-Lagrange equation for scalar field is

o= —%&w (16)



2079 = [ DDl ()] exp (f [ e+ an)

/dxﬁw—i-/dxvﬂn—{-/dan)
N:J=O(N).
Integrate over fermion fields we obtain

1 1
Z[n, 7, J] = / D[o(x)] exp <iN/dX <_2G02 —itrinD — NﬁD_117> +
+/dan>
1

(o) = —iGtr +J 4 i, (19)

1
iv0 — o



Generating functional of connected Green functions are

W) = (5,9, J) = N’ / [d][dY] exp(i / (L+ip-+am+oJ) d3X),



Definition of classical average fields are

o(x) = 5i(WX) — (o) +o </i/> (20)
R R (21)
700 = 505 = =D (22)

having performed Legandre transformation effective action could be
derived

o d.ol = Wini - [dn- [qo- [o1= (@)



M, v, 0] = /dx (1/77“@@ — o) — %02 — iNtrIn(iv0 — cr)> (24)

o _ . ot __ o _
Taking the sources to null we get vev of the v, 1), o fields satisfying
condition of extremum of efectivef potential

iy (25)

or or or
_ = —_— = _ = 2
For fermions we get Dirac equation
V0 — ot = 0 (27)

Suppose in oreder to maintain Lorentz invariance that



Effective potential

We obtain the effective action of field

N
o] = /dx <_2G"2 — iNtr In(iv0 — 0)> (28)
Defining effective potential as
r r
Vg = — = ——
T Tdx TV
N 1
Vog = ~—=0% 4 i= NtrIn(ind — o) (29)

- 26 TV



Verr = 2G ,BLZ Z X (30)

S nN=—0o0

[d 2\
T
></27I:|n P§+<L) (n+¢+a)’ +pf+0°

—00

el?H
82

o=

magnetic flux



To consider theory at finite temperature and density we need to
substitute integration to summation over Matsubara frequencies

2 1 _ dp -~
p—>g</+2>—lu, —0 B_Z (31)

Eff potential at finite temperature is

Vefr = ZG ﬁLZZ Z X (32)

| n=—o0




There is a very usefull formula, using it we can separate
contribution of compactification

2
Z In(1 b—) = (33)

s a2+ a2
i (In((n+ @) + a% + b?) — In((n + a)? + a°)) = (34)

o) b2

a
—o0o
1 — 2cos(2ma)e 2mVaHb? 4 gdmVaith?

In
1 — 2cos(2ma)e2mVa 4 e=4nVa




Effective potential could be obtained in the relatively short form

N o3 o209

Ver =23~

)+ Vur + (35)

AN S &= o
+ﬁz Z ;K1(La/n) cos(2man)

n=1/=—oc0

where is used the notation

A= \/(?(H;)—m)uw

K.(x) modified Bessel function of the second kind



Contribution due to finite temperature and chemical potential is
given by

N
o ,30'+ﬁ . —Bo—
Vr = — B3L/3( “)+—W—B3L/3(—e Bo=Biy 4 (36)

_ No No
B0+ (—e—Bo—Buy _
ey Li(—e ")+ —rﬁzLQ(—e fr=biy = (37)

where polilogarithm was used which is defined

Li(z i (38)



We need renormalization of the coupling constant

1 1 A p 1 1

- - _ = =4+ = 39
gn) G R (39)
Running of the coupling
1 1 1
— = + — (0 — po)- 40
s)  alp) w21 o



Veff = VL + VO + VHT (41)

1 i .
V, = 2Re(mLi3(e_L"+2”’¢) n %Lig(e_“’”’”‘b)) (42)
3 0'20'

3\2

(e} 0
(? T) (43)

Z/ 91 (In(1 4 eBEnPI) +In(1+ &) (44)

npy



N 0'3 0’20'0 2N —Lo+27a 2N Lo—27ia
Ver = 7 (3 =5 )t thle ) F g (e )
(46)
2N 2N
LZL’ (efLa'+27rla)+_’_ L;‘L’ (echr 27Tla)

ﬁL Z /dpl 146~ B\/m—&-ﬂu))
s

Z Z )’"%Kl(ﬁanm)e'g“m

a'n>,u m=1

n/ﬂ >0 > ()T K(Bom)e T

n=—00 m=1

where A, = /(3F)2(n+ a)? + 02



Full magnetization is given by

OVefr gliB n OVerr el®
ou 2 0¢ 8m2

dp1 sh(Bus)
"= Z/ (eh Bus)+ch(ﬂEnp1)> (48)

o1\ 2
Enplz\/P%+(L> (n+ a)? + o2

Magnetization is given by

m=—(

) (47)

where

m = uB(nl — n2)



Represantation of spinors
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Puc.: T-u phase diagram for L=1.2L
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Puc.: Dependence of Zeeman magnetization on magnetic field
T=1T.(dashed line), T=2 T, (solid line), T=3 T.(dotted line)



Puc.: magnetic susceptibility on flux T = 3/2T, (solid line), T =5/4T,
(dashed line). T = T, (dotted line)



Puc.: Aharonov-Bohm magnetization on flux L >> L.,8 >> [,
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Puc.: AB magnetization on magnetic flux L = 0,5L., 8 = 30,
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Puc.: T-u phase diagram for L=1.2L
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H=33 dmu=0

Puc.: L -T phase diagram for H=33
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Puc.: L -T phase diagram for H=115
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Puc.: L -T phase diagram for H=135
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Puc.: L -T phase diagram for H=0
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Puc.: L -T phase diagram for H=0, oo =

1

2

10

=
o

NoWw R N 0 W



H=130 dmu=0

Puc.: L -T phase diagram for H=130, a =
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Puc.: L -T phase diagram for H=330, a =
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Summary

Gross-Neveu model with one compactified spatial dimension (i.e., a
cylinder) under the infl uence of the magnetic feld parallel to the
axis of the cylinder with consideration for the fnite temperature and
chemical potential.

Two Zeeman interaction with spins of the electrons and AB phase
due to flux through cylinder can be accounted for in (2+1)

We hope this result can shed light on carbon nanotubes under
influence of external magnetic field



Summary

Thanks for the attention



