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Gross-Neveu model

1d Gross-Neveu model
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Gross-Neveu model

Gross-Neveu Model

(1 + 1)D toy model for QCD
D. J. Gross and A. Neveu PRD 10, 3235 (1974)

H = −Ψ(x)iγ1∂xΨ(x)− g2

2N

(
ΨΨ
)2

g2 > 0

IR relevant

UV vanishing

Spontaneus breaking
of (discrete) chiral symmetry

Asymptotic freedom

dynamical
mass generation

The Gross-Neveu model on the lattice

H = −Ψ(x)i
γ1

2a
Ψ(x+ a)− g2

2N

(
ΨΨ
)2

+mΨ(x)Ψ(x) +HW

Where HW is the Wilson term

HW = Ψ(x)
r

2a
(Ψ(x)−Ψ(x+ a) +H.c.)

Critical line mc(g
2)? Topological invariant (Berry's phase)?
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Gross-Neveu model

Non-interacting limit of the GNW model

Wilson lattice discretization to avoid doublers!

hk =

(
m+

1− cos(ka)

a

)
γ0 − sin(ka)

a
γ5

J. Kogut, L. Susskind PRD 11, 395 (1975)

K. Wilson, New Phenomena in Subnuclear Physics

H. B. Nielsen, M. Ninomiya Nuc. Phys B (1981)

is essentially a Creutz-Ladder

hCLk =

(
∆ε

2
+ 2t sin(ka)

)
γ0 − 2t cos(ka)γ5

ma = ∆ε
4t

g2 = Vv
2t

(N = 1)

it

-it
g

By diagonalization ε±(k) = ± 1
a

√(
ma+ 1− cos ka

)2
+ sin2 ka

Berry Connection

An(k) =
1

2

(1 +ma) cos ka− 1

1 + (1 +ma)2 − 2(1 +ma) cos ka

Zak's Phase

ϕZak =
1

2
Nπ (sgn(m̃π)− sgn(m̃0))
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Gross-Neveu model

Phase diagram
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Pseudoscalar Condensate

Π0 = 〈ψ̄iγ5ψ〉 = − 2
a
〈T yi 〉

Susceptibility

χ = ∂σ0
∂m

with σ0 = 〈ψ̄iγ0ψ〉

Cold-atom Online Conference Emanuele Tirrito 5 / 7



Gross-Neveu model

Gross-Neveu Model in 2 + 1 dimension

(2 + 1)D toy model for QCD H = −Ψ(x)
(
iγ1∂x + γ2∂y

)
Ψ(x)− g2

2N

(
ΨΨ
)2

Wilson-type lattice �elds theories

H = a1a2

∑
x

∑2
j=1

(
−Ψ(x)

(
iγj

2aj
+

rj
2aj

)
Ψ(x+ ajej)+

+Ψ(x)
(
m
4

+
rj

2aj

)
Ψ(x) +H.c.

)
− g2

2N

(
Ψ(x)Ψ(x)

)2

Non interacting regime ⇒
hk(m) = σx sin(k1) + σy sin(k2) + (m+ 2− cos(k1a1)− cos(k2a2))σz

Chern number

Nch = N
2

∑
nd(−1)nd,1+nd,2sign(mnd)

Conductivity

σxy = e2

2π

∑
nNCh,n
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Gross-Neveu model

Gross-Neveu Model in 2 + 1 dimension

Gap equations
∂SE
∂σ

= 0 ∂SE
∂Π1

= 0 ∂SE
∂Π2

= 0

Condensates

σ = 〈Ψ(x)Ψ(x)〉 Π1 ∝ 〈Ψ(x)γ1Ψ(x)〉
Π2 ∝ 〈Ψ(x)γ2Ψ(x)〉
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Strong Interactions Compass Model

Heff =
∑(

Jxτ
x
xτ

x
x+a2e2 + Jyτ

y
xτ

y
x+a1e1

− hτzx
)
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