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Fig. 1. Schematic diagram of nitrogen-vacancy cen-
ter in diamond coupled to cavity field and mechanical

resonator.
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Fig. 2. The time evolution of the quadrature squeezing

of the phonon field AX5 and coherence. The parame-

ters are g =1, 01 = /3, G =0.1.
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EG=005fMG =01, HihSH 5K 24 F. H
5 A LE B, £RIA NV G 5HUR 788 4 55
5 7S T3 5 2 R 4R TR T A X IR 7 i T DA
45 K. R E A P A iR S 46 R0 R 4R AT R 4
NIA NV .0 5 HURR 7T # A2 E K, EXH
F Xo K T % 3 (0 i BBk OK, 75 1 3% 05 2 1R 4
Wl JE B R, AU IR 7 07 22 P 4 JE 28 R 1 .
B & RIA NV &0 5HUR 7RG Rk IA
G = gspsGmao/h I A, SE5 ] DU 5 13
BERE G SEBLE NI NV 0 S5 PR 758 &5
[z, AT S MR 707 22 IR 4 HE 20 LR %
HOEEEE

FIBFEHOS R T RGN, 25

dp

e i[Hs, p] + r(2bpb™ — btTbp — pb™h)

+7(25-pS4 — S4S—p— pSS-),

Ky 43 50 R s 1 S IR R NV 80 B R 55 3 ik
ROE ARG TR, Feal T REMFER
Py P A NV 0 B [ RCHR S0 HUBRIR 577 22 1K
i sem, B R 2 A SRR £ R . 2 3
k=v=0,k=7=0001H%r =~ =0.005. XJLL
R SR A M LT UG 2 BR ARG G
ANV 0 R R S AE RO, BT 1775 BE AR HL
AR, P39 75 7 s A W PR R BN T 4 )
KB, UMk T~ 75 72 s 4 45 28 SRR 1 R B g
I8 5 PSR ) Ak 8 O, el R R R e (R

NZH Kk = = 0.005) KIL, 75 T35 7 2 15456 5080
TH O, FEBUBIR T 46 R0

0.57F —— G=0.05 0.502

,
h ‘
.
2> 0.500
56 | ‘ [ \_/ i
0.56 S " "
7 . )
/ ,
.

\ \
10.498 ]
'

'

24 26 /|
)

AX,

0 5 1.0 1.5 2.0 2.5 30
t

K5 7873575 22 R4 5 A Xo BER AL (SELeA

LRI G = 0.05 F1 G = 0.1, Lt S5 5K 2 #1[F)

Fig. 5. The time evolution of the quadrature squeez-

ing of the phonon field AXs. The solid line and the

dashed line correspond to G = 0.05, G = 0.1, respec-

tively. The other parameters are the same as Fig. 2.

AXo

0 5 10 15 20 25 30

K6 7513977 2 K40 B T A X B (] (510 (SE4& .
M MEL S MRk = =0, kK = v = 0.001
Kk =~y = 0.005, S 5K 2 )

Fig. 6. The time evolution of the quadrature squeez-
ing of the phonon field AX53. The solid line, dashed
line and dotted-dashed line correspond to k = v = 0,
Kk =y = 0.001 and k = v = 0.005, respectively. The

other parameters are the same as Fig. 2.

X B B 25 H 1% 07 RAE SRS B SEEL A AT
PR SCHR (21, 22] M RDGEEECRAE R A P S2 I 7 N
BNV 0 () 408K 4 KA N 2% Neukirch 45 127)
TESESG FSeBl T NS NV LK ENIAE R
FH 72 A H R0 2 DAL A, SR [24) ) AR AL AR 52 AR S5
5 B SEEL T oK A EUA R A AR DL R O
BE M. McCutcheon Al Loncar 2% # i A1 43

040302-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 F W)

Acta Phys. Sin.

Vol. 67, No. 4 (2018) 040302

T 7 NV L JJAE G i AU ool BRI R T Ar
BHHRESKILNV (e 5 5 58 & T %, B 5 3
Bk [26] SE56 ESCIL 1A NV B0 567 54
PRI B E MRS &, SCHR [27) B JE T I RESUR A 4%
5 0 B ok LR RS A S UAR 7 AR S o L
20 i R Gy b &7 ORI, R AL NV il R i
JBCE — Mg, T RARE AR AR SR B FE R B8 s
NV e LT B e 5 98K e NI PR3 AR &, 42 il
WA I T P LAAR 77 (8 M SE PG RIA NV 00 5 LI
IRT HORE 5 5 B/ IR . AL, ARSI TR &
WA NV il RIS & I AN UMER T R G0 s 1
W5 22 R 46 R G R 2 S DL AT AT .

4 % #®

AT FIHERIA NV GO EEE T L
LD B 2 1) A AH T B T DA B 7% 5 5 el e A A
HWER T BREN S RIS NV €0 [F] i A8 4 i 3 AL
PR T RGP T3 2 R 46 3 15 R, SN
NUBRHR T (AR PRI B 1 75 13 05 22 IR 4 1 4 22
Bl WHE T &R NV GO PI SNV @l 551
PRAIR - H8 G SR BE X S T3 7 25 IR 4 B e, 25 SRk
P RO I\ 3R Gt 2 0T DA 46 TR 48 B ) 4
W BRI 7 T3 R AR 2, F BB i NV .04
2 UL K785 B 0T DA S B MU IR 7 5 22 IR 46 E
20 MR B %, T ZEEE IR At T — iR
T3 ZE RGN T A R R B R R TS
AL H DL KR I SR A B ) R
R FH A 5

JEOHT K 258 AR ST FE e B BRI 7T 03 5 B 3 1
FEARSTE O R SR BE A 28 1R A S ).

SE

[1] Carr D W, Evoy S, Sekaric L, Craighead H G, Parpia J
M 1999 Appl. Phys. Lett. 75 920

[2] Blick R H, Roukes M L, Wegscheider W, Bichler M 1998
Phys. B: Condensed Matter 249 784

[3] Caves C M, Thorne K S, Drever R W P, Sandberg V D,
Zimmermann M 1980 Rev. Mod. Phys. 52 341

(4]

(5]

[10]

(1]

(12]

13]

[14]

24]

[25]

[26]

27]

040302-7

Sekaric L, Parpia J M, Craighead H G, Feygelson T,
Houston B H, Butler J E 2002 Appl. Phys. Lett. 81 4455
Xiang Z L, Ashhab S, You J Q, Nori F 2013 Rev. Mod.
Phys. 85 623

Doherty M W, Manson N B, Delaney P, Jelezko F,
Wrachtrup J, Hollenberg L. C L 2013 Phys. Rep. 528
1

Yin Z, Li T, Zhang X, Duan L M 2013 Phys. Rev. A 88
033614

Zhao N, Yin Z Q 2014 Phys. Rev. A 90 042118

Dolde F, Fedder H, Doherty M W, Nobauer T, Rempp
F, Balasubramanian G 2011 Nat. Phys. 7 459

Toyli D M, de las Casas C F, Christle D J, Dobrovitski
V V, Awschalom D D 2013 Proc. Natl. Acad. Sci. USA
110 8417

Kolkowitz S, Jayich A C, Unterreithmeier Q P, Bennett
S D, Rabl P, Harris J G, Lukin M D 2012 Science 335
1603

Ovartchaiyapong P, Lee K W, Myers B A, Jayich A C
2011 Nat. Commun. 5 4429

Li P B, Xiang Z L, Rabl P, Nori F 2016 Phys. Rev. Lett.
117 015502

Muschik C A, Moulieras S, Bachtold A, Koppens F H,
Lewenstein M, Chang D E 2014 Phys. Rev. Lett. 112
223601

LiuBY, Cui W, Dai HY, Chen X, Zhang M 2017 Chin.
Phys. B 26 090303

Liu BY, Dai HY, Chen X, Zhang M 2015 Eur. Phys.
J. D 69 104

Rabl P, Cappellaro P, Dutt M V G, Jiang L, Maze J R,
Lukin M D 2009 Phys. Rev. B 79 041302

Liu Y X, Sun C P, Nori F 2006 Phys. Rev. A 74 052321
Walls D F, Milburn G J, Garrison J C 1994 Quantum
Optics (Berlin: Springer-Verlag) pp297-303

Yu C S, Song H S 2009 Phys. Rev. A 80 022324
Horowitz V R, Aleman B J, Christle D J, Cleland A N,
Awschalom D D 2012 Proc. Natl. Acad. Sci. USA 109
13493

Geiselmann M, Juan M L, Renger J, Say J M, Brown
L J, de Abajo F J, Koppens F, Quidant R 2013 Nat.
Nanotechnol. 8 175

Neukirch L P, Gieseler J, Quidant R, Novotny L, Nick
V A 2013 Opt. Lett. 38 2976

Gieseler J, Deutsch B M, Quidant R, Novotny L 2012
Phys. Rev. Lett. 109 103603

Mccutcheon M W, Loncar M 2008 Opt. Ezpress 16
19136

Englund D, Shields B, Rivoire K, Hatami F, Vuckovié J,
Park H, Lukin M D 2010 Nano Lett. 10 3922

Restrepo J, Favero I, Ciuti C 2017 Phys. Rev. A 95
023832

Mamin H J, Poggio M, Degen C L, Rugar D 2007 Nat.
Nanotechnol. 2 301


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1063/1.124554
https://doi.org/10.1016/S0921-4526(98)00314-7
https://doi.org/10.1016/S0921-4526(98)00314-7
http://dx.doi.org/10.1103/RevModPhys.52.341
http://dx.doi.org/10.1063/1.1526941
http://dx.doi.org/10.1103/RevModPhys.85.623
http://dx.doi.org/10.1103/RevModPhys.85.623
http://dx.doi.org/10.1016/j.physrep.2013.02.001
http://dx.doi.org/10.1016/j.physrep.2013.02.001
http://dx.doi.org/10.1103/PhysRevA.88.033614
http://dx.doi.org/10.1103/PhysRevA.88.033614
http://dx.doi.org/10.1103/PhysRevA.90.042118
http://dx.doi.org/10.1038/nphys1969
http://dx.doi.org/10.1073/pnas.1306825110
http://dx.doi.org/10.1073/pnas.1306825110
http://dx.doi.org/10.1126/science.1216821
http://dx.doi.org/10.1126/science.1216821
http://dx.doi.org/10.1038/ncomms5429
http://dx.doi.org/10.1103/PhysRevLett.117.015502
http://dx.doi.org/10.1103/PhysRevLett.117.015502
http://dx.doi.org/10.1103/PhysRevLett.112.223601
http://dx.doi.org/10.1103/PhysRevLett.112.223601
http://dx.doi.org/10.1088/1674-1056/26/9/090303
http://dx.doi.org/10.1088/1674-1056/26/9/090303
http://dx.doi.org/10.1140/epjd/e2015-60056-1
http://dx.doi.org/10.1140/epjd/e2015-60056-1
https://doi.org/10.1103/PhysRevB.79.041302
http://dx.doi.org/10.1103/PhysRevA.74.052321
http://dx.doi.org/10.1103/PhysRevA.80.022324
http://dx.doi.org/10.1073/pnas.1211311109
http://dx.doi.org/10.1073/pnas.1211311109
http://dx.doi.org/10.1038/nnano.2012.259
http://dx.doi.org/10.1038/nnano.2012.259
http://dx.doi.org/10.1364/OL.38.002976
http://dx.doi.org/10.1103/PhysRevLett.109.103603
http://dx.doi.org/10.1103/PhysRevLett.109.103603
http://dx.doi.org/10.1364/OE.16.019136
http://dx.doi.org/10.1364/OE.16.019136
http://dx.doi.org/10.1021/nl101662v
http://dx.doi.org/10.1103/PhysRevA.95.023832
http://dx.doi.org/10.1103/PhysRevA.95.023832
http://dx.doi.org/10.1038/nnano.2007.105
http://dx.doi.org/10.1038/nnano.2007.105

32 % R Acta Phys. Sin. Vol. 67, No. 4 (2018) 040302

Quadrature squeezing of the system consisting of
nitrogen-vacancy centers in diamond coupled to cavity
field and mechanical resonator”

Liao Qing-Hong"?' Ye Yang" Li Hong-Zhen® Zhou Nan-Run?

1) (Department of Electronic Information Engineering, Nanchang University, Nanchang 330031, China)
2) (State Key Laboratory of Low-Dimensional Quantum Physics, Department of Physics, Tsinghua Universtiy,

Beijing 100084, China)
3) (Department of Applied Physics, Xi’an Jiaotong University, Xi’an 710049, China)

( Received 4 October 2017; revised manuscript received 10 November 2017 )

Abstract

With the great improvement of nanotechnology, it is now possible to fabricate mechanical resonator with dimension
on a micro and even nanometer scale. Because of its high vibration frequency, quality factor, very small mass, and low
intrinsic dissipation, nanomechanical resonator has important applications in the field of high-precision displacement
detection, force detection, mass measurement, and accurate quantum computation. Mechanical resonator is also a
promising candidate for observing quantum effects in macroscopic objects. By coupling nanomechanical resonator to other
solid-state system such as optical cavity, microwave cavity, nitrogen-vacancy center (NV center) and superconducting
qubits, researchers have successfully cooled the mechanical resonator to its quantum ground state, which paves the way
for observing nonclassical states in resonator such as superposition state and Fock state. On the other hand, the nitrogen-
vacancy center in diamond has attracted more and more attention because of its advantages of long coherence time at
room temperature, the ability to implement initialization and readout, and microwave control. Moreover, these NV
centers can be used to detect weak magnetic field and electric field at room temperature. By using both laser field and
microwave field, one can implement the manipulation, storage, and readout of the quantum information. In addition,
because NV centers couple to both optical field and microwave field, they can also be used as a quantum interface
between optical system and solid-state system. This provides a promising platform to study novel quantum phenomena
based on NV centers separated by long distances. The nitrogen-vacancy center in diamond coupled to nanomechanical
resonator can be used in precision measurement and quantum information processing, which has become a hot research
topic. In this paper, we study the dynamics of quadrature squeezing of the phonon field in the system consisting of
nitrogen-vacancy centers in diamond coupled to both cavity field and mechanical resonator. The effects of initial state
of nitrogen-vacancy center and the coupling strength between nitrogen-vacancy center and mechanical resonator on the
quadrature squeezing of the phonon field are analyzed. It is shown that the phonon field squeezed state with longtime and

high-degree can be generated. The physical reason is that the mechanical resonator has the largest coherence. Moreover,

* Project supported by National Natural Science Foundation of China (Grant No. 61368002), the Foundation for Distinguished
Young Scientists of Jiangxi Province, China (Grant No. 20162BCB23009), the Natural Science Foundation of Jiangxi
Province, China (Grant No. 20161BAB202046), the Research Foundation of the Education Department of Jiangxi Province,
China (Grant No. GJJ13051), the Open Project Program of Chinese Academy of Sciences Key Laboratory of Quantum
Information, China (Grant No. KQI201704), and Open Research Fund Program of the State Key Laboratory of Low-
Dimensional Quantum Physics, China (Grant No. KF201711).

1 Corresponding author. E-mail: nculqgh@163.com

040302-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

32 % R Acta Phys. Sin. Vol. 67, No. 4 (2018) 040302

the non-classical property of quadrature squeezing of mechanical resonator can be achieved by manipulating the initial
state of nitrogen-vacancy center and magnetic field gradient. The proposal may provide a theoretical way to control and
manipulate the quadrature squeezing of the phonon field. The results obtained here may have great significance and

applications in the field of quantum information processing and precision measurement.

Keywords: quadrature squeezing, nitrogen-vacancy center, mechanical resonator
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