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Renormalization of the Coulomb interaction. 

= + + + RPA summation: 

J. González, F. G. and M. A. H. Vozmediano, Phys. Rev. B 59, R2474 (1999) 
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RG flow equation: 
( which can be analytically 
extended to g > 1) 

The coupling constant always flows to zero at low energies. 



Measurements of the effective mass 
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GRAPHENE’S SUPERLATIVES 
 

 Thinnest imaginable material 
 largest surface area (~2,700 m2 per gram) 
 strongest material ‘ever measured’ (theoretical limit) 
 stiffest known material (stiffer than diamond) 
 most stretchable crystal (up to 20% elastically) 
 record thermal conductivity (outperforming diamond) 
 highest current density at room T (106 times of copper) 
 completely impermeable (even He atoms cannot squeeze 
through) 
 highest intrinsic mobility (100 times more than in Si) 
 conducts electricity in the limit of no electrons 
 lightest charge carriers (zero rest mass) 
 longest mean free path at room T (micron range) 
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Recent experiments 



Theory I 

Flexural modes Electron-electron interaction 

At the neutrality point the conductivity 
increases as the temperature decreases 

See also: L. Fritz, J. Schmalian, M. 
Müller, and S. Sachdev, Phys. Rev. B 78, 
085416 (2008). 
V. Juricic, O. Vafek, and I. F. Herbut, 
Phys. Rev. B, 82, 235402 (2010). 



Theory II 
The pseudodiffusive regime 
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See also : 
 Pseudodiffisive transport in graphene, E. Prada, P. San Jose, 
B. Wunsch, F. G., Phys. Rev. B 75, 113407 (2007). 
 Transport through evanescent waves in graphene quantum 
dots, M. I. Katsnelson, F. G., Phys. Rev. B 79, 075417 (2008) 



Tunneling and interactions 
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 Semiclassical analysis 
 The excitations of the environment are 
treated as a set of independent bosons 
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Graphene as a dissipative environment 
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diffusive contribution,  
11 −− ≤≤ qLx

ballistic contribution,  

Fkq ≤≤−1

Results 

0 2 4 6 8 10 12 14
TK5

10

15

20

25
0

graphene 

metal 

 Lx=4µm 

Ly=1µm 

nM=1011 cm-2
 

l=60nm 
0.00 0.05 0.10 0.15 0.20 0.25

BmT2
4

6
8

10
12
14

0

T=1K 

magnetic field 

4 4 

0.2

0.4

0.6

0.8

1.0

T

p-n junction 

T=B=0 



GRAPHENE’S SUPERLATIVES 
 

 Thinnest imaginable material 
 largest surface area (~2,700 m2 per gram) 
 strongest material ‘ever measured’ (theoretical limit) 
 stiffest known material (stiffer than diamond) 
 most stretchable crystal (up to 20% elastically) 
 record thermal conductivity (outperforming diamond) 
 highest current density at room T (106 times of copper) 
 completely impermeable (even He atoms cannot squeeze 
through) 
 highest intrinsic mobility (100 times more than in Si) 
 conducts electricity in the limit of no electrons 
 lightest charge carriers (zero rest mass) 
 longest mean free path at room T (micron range) 



Bgraphene =22 eV Å-2 = 352 N/m 
Bdiamond x d=52.4 N/m 

T=300K 
L=1Km 

Why are there two dimensional crystals? 
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Thermal fluctuations: 



Elastic properties of graphene 

courtesy of M. M. Fogler 
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Experiments C. Gomez-Navarro, J. Gomez, G. 
Lopez-Polin, F. Perez-Murano 
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Out of plane fluctuations 
renormalize the in plane 

elastic constants 

2
221 hcuYcE 





 +≈



κ

















+
≈

221

log



κcuYc

TTF

2

22

2

2

2

1
κ

δ 



TY
u
FY −∝

∂
∂

=



Anharmonic effects:  
thermal expansion coefficient in 

graphene and graphite 

Arxiv:1304.6567 









−≈ 22

3

log
8 Y
kB



ρκ
κπ

α

graphite: crossover wavelength  

µλ 2

2
*

+
≈

dgqc

g≈30meV/Å² 
d≈ 3.3Å 
λ+2μ≈22eV/Å² 

1/qc
*≈5.5Å-1 



Vacancies and flexural modes 
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 Vacancies localize flexural 
modes 
 Long wavelength flexural 
modes do not contribute to 
the screening of the elastic 
constants 
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Elastic properties of graphene with defects 

 Flexural phonons 
modify the elastic 
properties 
 The value of the Young 
modulus depends on the 
experimental setup 
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The pseudodiffusive regime is highly sensitive to interactions 
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