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Details of the model
Htb = −χ

∑
σ=↑,↓

∑
<XY>

(
a+
σX aσY + a+

σY aσX
)

Z =
∫

DψDψ̄DA0 exp
(
− 1

2
∫

d4x(∂i A0)2 −
∫

d3xψ̄f
(
γ0(∂0 − igA0)− γi∂i

)
ψf

)

Instantaneous, coulomb interaction

Effective charge g2 = 4πα
v

2
ε0+1

( ε0 substrate dielectric permitivity )

Strongly interacting theory! ( v ∼ 1
300 ,

g2

4π |ε0=1 ∼ 2 )

Details of Monte-Carlo simulation (Buividovich et. al., Phys.Rev. B86 (2012) 045107 )

Noncompact (3 + 1)-dimensional Abelian lattice gauge field

(2 + 1)-dimensional staggered lattice fermions
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Insulator-semiconductor phase transion

Weak coupling region (ε0 > 5)

Interaction between fermions is weak! g2
4π < 0.7

Particles spectrum: massless fermions

Strong coupling region (ε0 < 3)

Interaction between fermions is strong! g2
4π > 1

Particles spectrum: “π meson ” ( mπ = 0,Qπ = 0 ), heavy fermions
(Y. Araki, Annals Phys. 326 (2011) 1408-1424 )
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Measurement of the interaction potential between static charges

〈P(0)P+(~r)〉 ∼ exp(−β · V (~r)), β = 1
T

Fitting procedure: V (~r) = 1
εR

Vc(~r) + C

Vc(~r) = π
L3s a

2α
ε0+1

∑
~p

1∑
µ sin2(pµa/2)

e i(~p·~r)

lima→0 Vc(r)→ 2α
ε0+1

1
r

εR = εR(ε0,T )
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To exclude the effects of compact QED one should take the limit
δt → 0,T = 1

δt·Lt
= const

The limit δt → 0
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The limit of massless fermions mf → 0
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Volume dependence
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Renormalized coupling αR at temperature T = 0.23 eV

αR
α0

= 1
1−D00Π00

At one loop αR
α0

= 1
1+π2

α0
vF

Good agreement with one loop results!
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The temperature dependence: ε0 = const, εR = εR(T )

The larger the temperature the worse fit by the Coulomb potential

The most strong temperature dependence of the εR is in the region of phase transition
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Debye screening:

n±(r) = n exp
(
∓ eϕ(r)

T

)
δ(z) , n±(r) three-dimensional density, n two-dimensional density

Charge density ρ(r) = Qδ3(~r) + e(n+ − n−) ' eδ3(r)− 2e2n ϕT δ(z)

Maxwell equation ∆ϕ(r) = −4πρ, −∆ϕ(r) + 8πne2
T ϕ(r)δ(z) = 4πQδ3(~r)

Solution

ϕ(r) =
Q

r

∫ ∞
0

dξ
e−(mDr)ξ

(1 + ξ2)3/2
ξ,

mD

T
=

4πe2n

T
=

2π2

3

e2

v2
F
,

ϕ(r) =


Q
r , (rmD )� 1

Q
r

1
(mDr)2

, (rmD )� 1.
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Temperature dependence of the εR

The temperature dependence is extracted from εR and put to mD
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Debye mass
mD ∼ αR

n
T ( The usage of the αR instead of α0 is important )

Ratio r = mDe2
TαR

∼ n
T 2

For weakly interacting two-dimensional plasma r = 2π2
3

e2
v2F
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Sharp insulator-semimetal phase transition at ε0 ∼ 4 and low T

In the weak coupling regime (ε > 4) n 6= 0, Mf = 0, excitations form two-dimensional plasma

The difference in r can be attributed to renormalization of the vF
In the strong coupling regime (ε < 4) n ∼ 0, the interaction potential is Coulomb, Mf 6= 0

At larger temperatures the transition becomes milder
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Conclusion
The dielectric permitivity of graphene has been calculated in
the region ε0 ∈ (1, 10), T ∈ (0.2, 1.5) eV
The dielectric permitivity in the week coupling region can be
decribed by one loop result
The interaction potential of static charges in graphene is
Debye screening potential
In the weak coupling region the excitations form
two-dimentional plasma
Debye screening radius ∼ 1/mD is small
(1/(mDa) ∼ 20 at room temperature)
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THANK YOU
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