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Abstract

Recently, in the literature, it was shown that the logarithmic renormalization of the Fermi velocity in a 
plane graphene sheet (which, in turn, is related to the Coulombian static potential associated to electrons 
in the sheet) is inhibited by the presence of a single parallel conducting plate. In the present paper, we 
investigate the situation of a suspended graphene sheet in a cavity formed by two conducting plates parallel 
to the sheet. The effect of a cavity on the interaction between electrons in the graphene is not merely 
the addition of the effects of each plate individually. From this, one can expect that the inhibition of the 
renormalization of the Fermi velocity generated by a cavity is not a mere addition of the inhibition induced 
by each single plate. In other words, the simple addition of the result for the inhibition of the renormalization 
of the Fermi velocity found in the literature for a single plate could not be used to predict the exact behavior 
of the inhibition for the graphene between two plates. Here, we show that, in fact, this is what happens 
and calculate how the presence of a cavity formed by two conducting plates parallel to the suspended 
graphene sheet amplifies, in a non-additive manner, the inhibition of the logarithmic renormalization of 

* Corresponding author at: Faculdade de Física, Universidade Federal do Pará, 66075-110 Belém, Brazil.
E-mail addresses: wagner.pires@ufopa.edu.br (W.P. Pires), jdanilo@ufpa.br (J.D.L. Silva), alessandrabg@ufpa.br

(A.N. Braga), vansergi@ufpa.br (V.S. Alves), danilo@ufpa.br (D.T. Alves), marino@if.ufrj.br (E.C. Marino).

https://doi.org/10.1016/j.nuclphysb.2018.05.010
0550-3213/© 2018 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

http://www.sciencedirect.com
https://doi.org/10.1016/j.nuclphysb.2018.05.010
http://www.elsevier.com/locate/nuclphysb
mailto:wagner.pires@ufopa.edu.br
mailto:jdanilo@ufpa.br
mailto:alessandrabg@ufpa.br
mailto:vansergi@ufpa.br
mailto:danilo@ufpa.br
mailto:marino@if.ufrj.br
https://doi.org/10.1016/j.nuclphysb.2018.05.010
http://creativecommons.org/licenses/by/4.0/


JID:NUPHB AID:14352 /FLA [m1+; v1.283; Prn:17/05/2018; 13:06] P.2 (1-11)

2 W.P. Pires et al. / Nuclear Physics B ••• (••••) •••–•••

1 1

2 2

3 3

4 4

5 5

6 6

7 7

8 8

9 9

10 10

11 11

12 12

13 13

14 14

15 15

16 16

17 17

18 18

19 19

20 20

21 21

22 22

23 23

24 24

25 25

26 26

27 27

28 28

29 29

30 30

31 31

32 32

33 33

34 34

35 35

36 36

37 37

38 38

39 39

40 40

41 41

42 42

43 43

44 44

45 45

46 46

47 47

the Fermi velocity. In the limits of a single plate and no plates, our formulas recover those found in the 
literature.
© 2018 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

In 1993, Marino [1] proposed an effective and complete description in 2 + 1 dimensions for 
electronic systems moving on a plane, but interacting as particles in 3 + 1 dimensions,

LPQED = 1

2

FμνF
μν

(−�)1/2 +LD + jμAμ − ξ

2
Aμ

∂μ∂ν

(−�)1/2 Aν, (1)

where � is the d’Alembertian operator, LD stands for the Dirac’s Lagrangian while the last term 
corresponds to the gauge fixing term. The model given by Eq. (1), denominated pseudo-quantum 
electrodynamics (PQED), was recently used in the description of several graphene properties 
[2–7].

From Eq. (1), one obtains the free photon propagator in Euclidean space,

�(0)
μν (k) = 1

2
√

k2

[
δμν −

(
1 − 1

ξ

)
kμkν

k2

]
, (2)

where kμ = (k0, k) and k = (k1, k2). In the nonretarded regime, considering the Feynman gauge 
(ξ = 1), it becomes

�(0)
μν (k0 = 0, |k|) = 1

2|k|δ0μδ0ν, (3)

which leads to the Coulombian potential for static charges (instead of the peculiar logarithmic 
one from QED in 2 + 1 dimensions),

V (|r|) = e

4π

1

|r| . (4)

In this regime, the electron self-energy in a graphene sheet was calculated in Ref. [8] (see also 
Refs. [9–12]), and the result in one-loop order is

�0(p) = −e2(p · γ )

16π
ln

	

|p| , (5)

where e is the nonrenormalized coupling constant, γ μ = (γ 0, γ ) stands for the Dirac matrices, 
and 	 is an ultraviolet cutoff introduced in the momentum integrals. From Eq. (5), the renormal-
ized Fermi velocity vR

F (|p|) with external momentum p reads [8]

vR
F (|p|) = vF

(
1 + αF

4
ln

	

|p|
)

, (6)

where αF = e2/(4πvF ) is the graphene fine structure constant. Experimental results [13] are in 
good agreement with the theoretical prediction shown in Eq. (6).

The understanding of interaction effects between electrons in graphene is important from 
theoretical and experimental points of view, since the Fermi velocity is renormalized by these 
interactions, and it is connected with some transport properties of graphene. For instance, the 
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