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Preparation of coherent states in Graphene resonators

Mozhgan, Vaseghi; Malek, Bagheri Harouni
Department of Physics,Faculty of Science, University of Isfahan, Isfahan 81746-73441

In this paper we introduce a theoretical scheme for the preparation of coherent state in graphene resonator. Graphene
resonator consists of a graphene sheet which provides mechanical vibrations. Therefore, the graphene resonator is known as a
nano-mechanical system. As an important feature of the graphene resonator, this system provides mechanical vibrations in
quantum regime. Accordingly, this system may be used for preparing quantum states. In the present contribution, the
preparation of the coherent states is investigated. We show that as a consequence of interaction with metallic gates and
control of this interaction, the coherent state can be prepared in the graphene resonators.

Keywords: Graphene resonators, Coherent states

vy
ASL g yiawd BB WWW.OPSILIT ol [ a5 cuwl jliel gl)ls a0 0 dlin )


http://www.opsi.ir/
http://www.opsi.ir/article-1-455-fa.html

[ Downloaded from www.opsi.ir on 2025-11-06 ]

(n+1)d
0 d 2d (j-Vd jd  (j+)d (n-1)d nd =L

9 S9de Lgl.mln);? Ja..oy 0dl Lg)\fAf)Lg U e QLo..*.:g) AR
oSy

w1y ol ol S olils)l ) p 1y
Olomy oS (o0 B 50 00l (5,108 ,L lows ) &9
6‘4.'4.5.? ey N aS ol QS’LO.A.MJ) ¢ odls 6)‘;@)1.3 oS pe
oals las (V) IS jo a5 wigSlea M LSS o> &
5 iz 5 sl oads 0als 18 T (55, gdi e
Sewd & dailyy Bk e gable ol ity

ol e

n+l n+l

1 . 1
T=2mY ¢ ,U=-k>(a,,-9,) .0
2 j=1 2 j=1

oy oo O () 5 plomm, lentS el K Ll s
2o Ong 9 Og)cwl sals (613550 lews; 59, ¢l
Ay (aee ol plown; lel 9o (g wiiwn

2 Soga Glews, o SO able ol g3lSY

295 o0 Jol>
1 n+1 ]
L=EZ(mq?—k(q,-,1—q,-)2) . ")
-1

£y 99 Ol alold ¢d a5 09l oL L n S
Ly dlie (lgfse 5 09d g0 SzsS (s oals (5,105
Qg de 40 g bylpd pl 0 285l o atugy

el 5 5 Dsse 4 gHISY sl

L @2y (20
L_ij((at) a)[axj)dx, (¥)

k
o Bz P ) bl o ol a):\/% <

lal P(Xt) 5 oot L e Gleww,
Doge a4 oS Sl adgl Sl ead IS0 plens,
iy 30 shilels ol s w5 L o ol
peot b olgse el o SO saille S <598
S50 5 |y Giiye gamio S Olils )| 358 il

ol am o STERHS amio gl oo )18 ()

Y

S S e oRadls A YAY oLo.io YO LYY

doddo

Sl 2,5 @l Sy Cualed @y 2oBlF 5l glaB s 318
99 38 Je (59058 LSl 4 ans )] plaie JlS Lo o
LS ey 05L& Sliios i o V] sl da
LS SSerSl elst 65y S ped Sl oad ploxl
odle sl oas ] (Sl plg> 4y soS Az gi g 009
olals)l 85 (Sl St sleop)lS
c S s 3 ] el Ceet] (sl 55 eole ol SilSe
ol Slals ) &l ol 5 SISl aee sl
95 ol ST 05 oo ool (oogilsS w3, )9 amio
ol 3l estlsS sl )5l ol lp Oleise
Al palp (S Jle Gy 4,5 oslinul
3,90 dilolw cpl o Kuog,d a)F a9 [F] caids
oS ool 5] Gas Lxiy] 4 [0] el 48,5 5 )
oS @old Gegen I (815 ST Sl sl L
) (B amio SLals)| (Sgtbeala lal jolaie (nl (sl
S S e Sleg gaille S (Seelns Jo S
00s) Sy 5l ey 1) samgs sallas @ )T i g
S sl 1 5 S b sl 53
ome 3 GHSY am SO0 eal (8L lews
amio Sy ln b ol g et e b |y stleala

O 50 e (S 50 (8IS

215 axmdo ol )l Jelola

Q) £, Sl 00 Jlosl QT 4 aS g5ldy awgs u~9‘)f
-*'Scs" ui’L”J)‘

Syl i o s Ky (89, Blae 31T amis 1) S
ous oolinul 31T amis oyl s oS a4 gl ol !

oW
oads (6,l08 L Hlowws, sailbole Sl Jo 5l 81,8
IF] oS o0 £


http://www.opsi.ir/article-1-455-fa.html

[ Downloaded from www.opsi.ir on 2025-11-06 ]

2

p 1 2.2
H,= E =+ —M , A
0 - (2M +2 a)qu) ( )

@ el BT amio Job £ g cesl M =0l as
- e iy ) 50 48 (s3gl g i Bl sl Slee S5

“)"’5'”’
b, =i Lt p +‘/Ma)"q
N\ 2Mhw, " 2n

by =—i : p+\/Mw"q
. 2Mhw, " 2n

ol (31,5 amio lilss| gond oaglsS Syiloola

Rty

Hy = Lo, (0,07 +2). o

Jolo Tl o Jlasl 5l a5 515 b 0815 (samio
Sodeale (S 0 (pl 1o WIS 0 RS ey 05 0
00l 0,23 il (65,5 4 s dzmas 4y uate 5L
SiAl alie Lob, JSb g aS e jlE, 5B

el Lo 1) o5 ity

gV (X,1)?

= nd 0°)
© 2, +o(X,1))

g _ 12 F
ity V(R,D) 5 £, =8854x10" P/ s
Gl P Syt Jolo s Ll 3 a5 e
o o aS cl b s 1 amio glrals

p9s saipe b Hy Sedale biws boojls 15 Jolas
5 eslial Loy (X 1) sbal b cws p
sy gl (V) salolas

1
HG = KO +ZKKqK +EZKKK'qKqK' ' (\ \)

- nV (X,t)° 7
K. =—2nV(X,t)° K . 1222217

4%
e l?
ol =2
T

Yo

St S e oKssls N YAY oLo..{O YO LYY

S SBE gam SO sable SO L bl
KIS amio Sl goaisS aog sHISY

L=2o[(’ —w{%"f +("i—;y”)2j)dxdy.

9]

Sz 0w W=J§ 50;(t) = p(X,t) a5

5 sl BLE gamio GletS clf K g b
)") Q)M U‘sl}f i UL""L’U)‘ @9‘27?3& ':~:‘~~""""

1 o oW
H, = I(an(x,t) +T|Vgo|2]dxdy, )

G ded golon &5 JB> TI(X,1) a5 el
nEy=2
9

ol ailoles 315 JE> T a5 05 0 iy yal

Syga g Sl P(KT) Glase

Qébf axbuo liles | do; a..x.g.;IgS

Fo Gasgerme S > 1, 0(X1) 5 TI(X, 1)

S oo La
M. t) = %22 p. (. (%) )
P(X,t) =D 0, ()p.(X). (V)

Lo slaansls (1) 5 P (1) G398 ooy 5o
Slr zse ol J> 5l (X)) s ply 5 axten
zoe sslae Jo b ol oo Cews 4 a0 90 sailel
Sype 4 mly ok onl (8T amie Sl
S aulee cws 4 @ (X)=sin(x X)sin(x,y)
(n,m)rz
l

YO gakl, Sedela jo (V) 5 (F) Glakaws ols
"o Jol ) Ojpar GBS amie DLl | Ggilels

[0]og

IA L NM=3 Y, ol K =(k,, k)=


http://www.opsi.ir/article-1-455-fa.html

[ Downloaded from www.opsi.ir on 2025-11-06 ]

wded S SU @ amas cdle 558 e Sles

30 B 050 wades Sl plpls ol delyr e
00} oz p O lalize dac b 815 axian sailele

Oy JaT b S lawgs el ly cnl a5 eo5d e

a =—iwd (t)e' )t . (%)

ool @ = =1 S()E' Joie =0 I3l &

=

w5y 0 OilS samie o olilsy) dlie ol e

Joe 5l esliinl b 288 13 ) 8590 (egileS

Sy Jlal o b pSean S e a5 moh
asls 13 OBl s o lawl jo 31,5 samin
95 orl Jhad dalss e egies Sl S 4 wil
o555 glacdl 551 ool (sl Wl oo ailals ]
Syge (ol Sy gailels SO)(R1S axio 55 2

0,5 )5 oolil

Sl Swlew

Coslae 5l 1y o5 S5 e alie ol i g
s n o gl oKy oSS Edlas

&=l

[1] J. Basu, J. K. Basu, and T. K. Bhattacharyya, "The
evolution of graphene-based electronic  devices,"
International Journal of Smart and Nano Materials 1, 201-

223 (2010).

[2] J .Atalaya, A. Isacsson, and J. M. Kinaret, "Continuum
elastic modeling of graphene resonators,” Nano letters 8,
4196-4200 (2008).

[3] V.Singh, S.J. Bosman, B. H. Schneider, Y. M. Blanter, A.
Castellanos-Gomez, and G. A. Steele, "Optomechanical
coupling between a graphene mechanical resonator and a
superconducting microwave cavity," arXiv preprint
arXiv:1403.5165 (2014).

[4] Y. Xu, S. Yan, Z. Jin, and Y. Wang, "Quantum-squeezing
effects of strained multilayer graphene NEMS," Nanoscale
research letters 6, 1-6 (2011).

[51 A. Voje, J. M. Kinaret, and A. lsacsson, “"Generating
macroscopic  superposition states in nanomechanical
graphene resonators,” Physical Review B 85, 205415

(2012).
[6] S. T. Thornton, and J. B. Marion, "Classical Dynamics of

Particles and Systems 5th edn (Belmont, CA:
Brooks/Cole)," (2004).

Y#

St S e oKssls N YAY oLo..{O YO LYY

155 ambuo 10 (woded cl> (590 w0
Ao [0 wgded I (6,9l epl B 4w ol o
Jolo a5 5 galele Setlole mslon e 815
sl sladlail b o] aiSpay 5 O3S gamio

5l conl O, le

H=H,+H,. ()

S oo B o able pl gl |y Lol oo SO SG
el o Sy gyl 53l,F dmio 45 oS e by g

\.\J]GA Cawd

p12 1 2.2 1 2
H =N+EMCO1Q1 +K1ql+EK11q1 ()

) d-‘)L’U SaS
P, —_g

X . .
0, = ——(ae™ +a‘e"),

J2

(a*e" —ae™),

| h
Srdole ‘;';\...Jpoz'\/MhCl) 5 Xg = M_ as
(0

298 o0 (ol 2) Dyge 4 (VT) ala,

H=rhoa'a+haoo (t)(ae™ +a’e"). (1Y)

S(t) = —V2N200) MO WL e, s
e ol a wb O) 5 V() =V,0()
DLl Sglols 4y Cond 398 Sgilola ¢ iaSom

wyls0 Cad 4y 55 Syg0 &y 1) amio

V, (t) = hoo (t)(@'e'Y*™ +ae M) . (va)

Sl el & lie bl ol sly Sley 5o Shes

—iV, (t)t/n —i(ca+c*a)t/n — eaa*—a*a

€ =€

atin o5 &5 len ol C=had (£)e'Y
Shos a4 ans ailabs ol slp Glog s Shos ol
Ol ol el Gegaes il wge a5 ol Slal>
SLeasl o) ab clls jo 81,8 gaman S,


http://www.opsi.ir/article-1-455-fa.html
http://www.tcpdf.org

