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|
Graphene

E = vr[p|

Effects: quantum Hall effect, Klein paradox, Casimir effect
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Problem

Is suspended graphene conductor or insulator ?
Can graphene conduct electric current ?
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. m/k=05 —v—
Experiments: Suspended el mi
graphene is a conductor! 03
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R. Nair et.al., Science 320, 1308 (2008) 0}& e : g
A. Mayorov et. al., Nano Lett.12, 4629 (2012) 1 2 3 4 5 6 7 8 9 10
E
P. Buividovich et. al., Phys. Rev. B 86, 245117 (2012)
Goal: Carry out direct Monte-Carlo simulations of graphene conductivity
taking into account Coulomb interaction screening
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Model: free Hamiltonian

Free charges in graphene can be described by tight biding Hamiltonian

Ao = —r Y (3l o3y + 3 53xs)
(x.y),s
where é:r(,s, ay.s— operators of creation and annihilation electron in point x
with spin s, with anticommutators {é;f, é}} ={3,3}=0, {ﬁj-r, aj} = 0j

Vacuum
e 3 0)=0, 3l 0)=0
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Model: free Hamiltonian

Free charges in graphene can be described by tight biding Hamiltonian
A= —r ) (3l 53y + 3] 3xs)
(x.y),s
where é;s, ay.s— operators of creation and annihilation electron in point x
with spin s, with anticommutators {é;f, é}} ={3,3}=0, {ﬁj-r, aj} = 0j

Vacuum R B A
ax,t 0) =0, el 0)=0
Operators of creation and annihilation quasiparticles
electron hole
3 =81, 4x[|0)=0 bl =+a,,, b0)=0

So we can rewrite Hyp,

Ay = —k Z (ala, + BI[A)), +c.c.)
xw)
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Model: Interaction Hamiltonian

Charge interaction

~ 1 A
He = 5 Adx nyqy7 ax = aj(ax - )T< x5 Qx ’0> =0
X’y
- Vea Vo .
_ g Screening of o - electrons
""-.‘X_ Voo, Vo1, Vo2, Vos
10, Y T.0. Wehling et al., Phys. Rev. Lett. 106,
= Voo "
m_ A . 236805 (2011)
§ Vor \\i
Lf- - ...'--4.. VW Vua - . .
Vg | g Screening of dielectric
C e e permittivity €
Non-compact gauge field = . .y
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Model: Partition function
Z =Ty e_ﬂ(th+HC) B <eé(’:’tb+’:’C)>Nt T —

/Dqﬁ e75[¢x,t]|detM[¢x,t”2
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Model: Partition function
Z =Ty e_ﬂ(th+HC) B (eé(’:’tb'i":’(:))lvt T —

/qu e75[¢x,t]|detM[¢x,t”2

Action of Hubbard-Stratonovich fields

4]
S[pxel = > Z Dxt Vi byt

X,y,t
Fermionic Matrix
> (W My ety ) =
X,y,t,t
Ne—1
Z [Z w:72t(¢x,2t - wx72t+1) — 0K Z (¢i,2t¢y,2t+l + w;72th,2t+1)
t=0 X (x,y)

Y Uroe1(Pe2ers — € 0P 0e40) £ IM D UL ety 2e4 ]
X X
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Model: Current-current correlator

&pe: B
G(T)—Z VL ;ub(nx) Je (0,y)) =

28péc- ) _1 . _1
2% NT(ReT M=o, M=1(7,0

Y b,c
ZJb(X) Z (aXJT by + biu bbY)
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Model: Current-current correlator

=Y 3 e NNy (7,x) e (0,9)) =

3v3a2LxLy 55
o 28& S (ReTr (jrsM (0, 7)jr.c M~ (7,0)) )
3v3a2L,L, 4= ’ ’

ZJb(X) Z (axlT by + biu bbY)

Free Case

28,8, K2
)=y kK y e
b 3\632L><Ly L %.do. 0 Q(q07 k)Q(p07 k)

1405

el'que*fPOT

(e™(& %) (po, k)v(qo, k) + e~ +%) (po, k) 3(qo, k)

iK(&—=8) 5o, K)3(qo, k) — e~ ™K&~ a(po, K)a(do, k)

—e
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Free case: Current-current correlator

G(t) 18%x20 T=0.5 eV m=0eV

analitic +
free —

0.1
G L
& 0.01
0.001

Denis Boyda (FEFU,ITEP)

Graphene conductivity

LATTICE 2015

9/ 14



Finite volume effects: Current-current correlator

G(r) T=0.5 eV m=0eV
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Conductivity: calculation scheme

Green-Kubo relation

0.3 T T T T T
T dw 2w cosh (w(r—5)) 028 ¢ : 1
G(r)= [ o= — o(w) o2t ]

27 sinh (3%)
0 . his | 0.24 | : 1
We can not get o (w) from this ! < oz2| |
But! Ni’: 02t ]
We can evaluate conductivity using RCALES 1
average conductivity 0.16 | . j
T d 2w 0.14 ¢ f
w .
5:N71/770(W)

i 0.12 ]

27 sinh (%) -
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= G (B/2) m
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Conductivity: dependence on epsilon
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Conclusions

@ Dependence of conductivity on epsilon was calculated

@ It has been shown that transition between conductive and insulator
phases shifts into unphysical region of epsilon so that suspended
graphene is a conductor

o Calculated conductivity agreeds with experiment

@ It has ben shown that screening effects of o - electrons plays
important role
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Thank you for attention

Thank you for attention!

Denis Boyda (FEFU,ITEP) Graphene conductivity LATTICE 2015 14 / 14



