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Abstract: In order to achieve non-classical correlations between two atoms, the quantum correlation and
entanglement between two atoms in an atomic ensemble were studied using the mapping technique of quantum
states in the electromagnetic induced transparency ( EIT) mechanism. The results show that quantum correla-
tions and entanglements characterized by measurement-induced disturbance ( MID) and concurrence can be
adiabatic generated, but the evolution of the two is completely different as the average number of photons in-
creases. Whether the signal field is an odd or even coherent state, an increase in the average number of pho-
tons is beneficial for the generation of quantum correlations. For the odd coherent state probe field, quantum
entanglement gradually decreases with the increase of photon number; For even coherent state probe fields,
there is an increasing and then declining process in quantum entanglement. Quantum entanglement and corre-
lation are weakened as the number of atoms in the ensemble increases due to an increase in atom decoherence.
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Fig. 2 Adiabatic generation of quantum correlation MID and quantum entanglement C
when an odd coherent state is used as a signal field

4.2 BHETEESH

BRI T BAE NS, FIH EIT HUERE BB REF R, X T— 1M a (a =0.20),
Bl s s BE N, ORI RN 1 2 48 R AR RE S e e b AR 1, 155 015 8 i R 21 R
TREERT, EF ORI EARA R T HRKE, | MR TR RA, B FHUMEER TR
W, XAl g 3a 5K 2a Hih, BN FENZEFET, BB E R & OCH A2 28 #8E
e, HENT—MERNa (o« =0.72), HEFLWEL LN, ZHNEMEBEHRE/N, M5B
#oeke, “HILPFEAM4ES, WE 3b iR,

[FIFE, N T REIEE B o X OCHR AR 21 230 R s, i 1 {5 B % A% o8 SEm — 2 B o 1A
e FR, WK 3c B, BE 3c v, & FRB AR T 2R A A A TSRS E, &%
IR 2 JE RS2 N O FFLRIZW N, 7oA T — 2t . sl gnyd i, BEita
N, M ek BHEANEIRELS, BT ORI TERE o MBS INmIBE N, i g W LDy T A e g
TN 5 PG DN RS AL T 0 YRR, BEE o YR, IR TR N T R R o

Ha‘eji
BN o
0.004 0 _.--10.004 0 0.030 0.030 0.14 0.14
000351 yp - 00035 0025t — MID 710025 0.12f —MIp 0.12
0.0030f ... . 0.003 0 s 0
¢ 0.020 ¢ & 0020 010 € e
0.002 5 ; 0.002 5
. A L2008 0.08
= s o= oy
=0.002 0 F 0.002 0% Z0.015 00157 = 0.06°
0.001 5 0.0015 010 0010 .04 Do
0.001 0 L 0.001 0 /
0.000 5 P 0.000 5 0.005 0.005 0.02 R L W 0.02
0= 0 0 0 0= 0
0 02 04 06 081012 14 1.6 002040608 1012 14 1.6 0 05 10 15 20 25 30
0 [4 o
a)a=0.20 b)a=0.72 OMID.C 5 a X FHR

B3 BETSEAMBESHTEFREMD MEFUE CHBHREN
Fig. 3 Adiabatic generation of quantum correlation MID and quantum entanglement C
when an even coherent state is used as a signal field

4.3 RERFIMEMEFXESNENSN

N T REEE B R LR N TN N R 1 SCHRMI i 1 2 A1 SR RO RZ I, 0 T R S 06 18
ARSCE XA B S8, T T ORI A R o AIRBIOCR . I BE N = 15 < a’a > +20 Fl
N =40 < a’a > R0, HEAR LR, Tged 8 T8 M T85, RENRET BT, 4
YO, UNIE] 4a FOK 4b R EYPIZE SEER BT R . X T2 GEAT B AR, Al 4a F
P 4b H g P2 B LR LU R |

http : /xuebaobangong. jmu. edu. cn/zkb



514 O, R WEMTESESYS R TR gE =95 -

0.14r — N L0114  0.14f -
MID(V=15<a"a>+20) —— MID(N=15<a"a>+20) Oit4
i C(]\:1§<a*a>j—20) == = C(N=15<a'a>+20)
0.12f ~MID(N=40<a'a>+20) 0.12  0.12f —— MID(N=40<a'a>+20) 0.12
= 7 7 C(N=40<d'a>+20) == = C(N=40<a'a>+20)
0.10 J0.10  o0.10 0.10
0.08 10.08 0.08 0.08
=) o 8 3
S =
0.06 [~ 1006 "~ 0.06 0.06
0.04 i 1004 0.04 0.04
0.02 a - s “ 10.02 0.02 0.02
SR
e e - - () S i 3 "
0 0 0
0 0.5 1.0 L. 2.0 25 3.0 0 0.5 1.0 1.5 2.0 25 3.0
(63 o
a) AT DECTERRS

B4 HFBRETESESHTREARFAIEINIEFXEMD MEFHUE CHEIN
Fig. 4 The influence of the number of atoms in the ensemble on the quantum correlation MID and
quantum entanglement C when an even and odd coherent state is used as a signal field

4 #ig

EIT H AR ST S5 7 10 e 25 U S BT 3R 45, o I TG BE MA 4 OBF 58 R R, EIT R
AEMS AR R A R RIS 2 4 (55 1022 B80T R 4026 B I T 561 A 72 4 ) i R
[, R EIT R, a5 e il DUE R R B T A MU B, MR T R 450 45 Fh k2 i
BRSBTS

[ &% 3k )

[1]EINSTEIN A,PODOLSKY B, ROSEN N. Can quantum-mechanical description of physical reality be considered complete?
[J].Phys Rev,1935,47.777-781.
[2]SCHRODINGER E. Die gegenwartige situation in der Quantenmechanik[ J]. Naturwissenschaften,1935,23.807-812.
[3]BENNETT C H,BRASSARD G. Teleporting an unkown quantum state via dual classic and EPR channels[ J]. Phys Rev Lett,
1993,70.1895-1898.
[4]KARLSSON A,BOURENNANE M. Quantum teleportation using three-particle entanglement[ J]. Phys Rev A,1998,58 :4394-
4400.
[5]ZHOU J D,ZHANG Y D,HOU G. Teleportation scheme of S-level quantum pure states by two-level Einstein-Podolsky-Rosen
states[ J ]. Phys Rev A,2001,64 :12301-12304.
[6 JOLLIVIER H,ZUREK W H. Quantumdiscord ; a measure of the quantumness of correlations[ J]. Phys Rev Lett,2002,88:
17901-17904.
[7]MADHOK V,DATTA A. Quantum discord as a resource in quantum communication[ J]. International Journal of Modern
Physics B,2013,27(1) :1345041.
[8]DATTA A,SHAJJ A,CAVES C M. Quantum discord and the power of one oubit[ J]. Phys Rev Lett,2008 ,100:50502-50506.
[9]LANYON B P,BARBIERI M, ALMEIDA M P, et al. Experimental quantum computing without entanglement[ J]. Phys Rev
Lett,2008,101:200501.
[10]LUO S L. Using measurement-induced disturbance to characterize correlations as classical or quantum[ J]. Phys Rev A,
2008,77:022301.
[11]YUAN H,WEI L F. Correlation dynamics of two-parameter qubit-qutrit states under decoherence[ J]. Chin Phys B,2013,
22.050303.
[12]LI L, YANG G H. Quantum correlations in a two-qubit anisotropic Heisenberg XYZ chain with uniform magnetic field[ J].
Chin Phys B,2014,23.070306.

http : /xuebaobangong. jmu. edu. cn/zkb



96 - R EM (HRBERRD 529 %

[13]CURIC D,RICHARDSON M C, THKKADATH G S, et al. Experimental investigation of measurement induced disturbance
and time symmetry in quantum physics[ J]. Phys Rev A,2018,97.042128.

[14]XIE C M,WU F Y,ZHANG Z J,et al. Increasing quantum correlations based on measurement-induced disturbance via a
swapping procedure with two-qubit mixed states[ J]. Entropy,2021,23,:1606-1617.

[15]WANG Y Z,ZHOU F Y,YANG L L,et al. Using measurement induced disturbance to characterize correlations of multipar-
tite non-classical states[ J ]. International Journal of Quantum Information,2022,20(4) :2250006.

[16 ]CHRUSCINSKI D D, MATSUOKA T. Quantumconditional probability and measurement induced disturbance of quantum
channels[ J ]. Report on Mathematical Physics,2020,86;115-128.

[17]YE B L,LIU Y M,LIU X S, et al. Quantum correlations in a family of bipartite qubit-qutrit separable states[ J]. Chin Rev
Lett,2013,30.020302.

[18 ]WANG J C,JING J L,FAN H. Quantum discord and measurement-induced disturbance in the background of dilaton black
holes [ J]. Phys Rev D,2014,90.:025032.

[19]SCULLY M O. From lasers and masers to phaseonium and phasers[ J . Phys Rep,1992,219.191-201.

[20 |HARRIS S E. Induced transparency| J ]. Phys Today,1997,50:36-42.

[21]HARRIS S E,FIELD J E,KASAPI A. Dispersive properties of electromagnetically induced transparency[ J]. Phys Rev A,
1992 ,46:29-32

[22]MILLER J L. Atomic force microscopy probes fractional differences in chemical bond order [ J]. Phys Today,2012,65 ;14-
20.

[23]BAUR S,TIARKS D,REMPE G,DURR S. Single-photon switch based on rydberg blockade [ J]. Phys Rev Lett,2014,112:
073901.

[24]GORNIACZYK H,TRESP C,BIENIAS P, et al. Electrically tuned Férster resonance enhances single photon nonlinearity me-
diated by Rydberg[ J]. Nat Communication,2016,7 ;12480-12486.

[25]ZHAO Z,GU Z,AKO R T,et al. Coherently controllable terahertz plasmon-induced transparency using a coupled Fano-
Lorentzian metasurface S[J]. Opt Express,2020,28:15573-15586.

[26 ]HAU L. V,HARRIS S E,DUTTON Z, et al. Light speed reduction to 17 metres per second in an ultracold atomic gas[J].
Nature ,1999,397 .594-598.

[27]LIU C,DUTTON Z,BEHROOZI C H,et al. Observation of coherent optical information storage in an atomic medium using
halted light pulses[ J]. Nature,2001,409 :490-493.

[28 JHAM B S,SHAHRIAR M S,KIM M K, et al. Frequency-selective time-domain optical data storage by electromagnetically in-
duced transparency in a rare-earth-doped solid[ J]. Opt Lett,1997,22.1849-1851.

[29]HAM B S,HEMMER P R. Coherence switching in a four-level system;quantum switching[ J]. Phys Rev Lett,2000,84 .
4080-4084.

[30]GONG Z R,WANG X G,SUN C P. Adiabatic creation of atomic squeezing in dark states versus decoherences[ J]. Phys Rev
A,2010,82;12112-12123.

[31]LUKIN M D,YELIN S F,FLEISCHHAUER M. Entanglement of atomic ensembles by trapping correlated photon states[ J].
Phys Rev Lett,2000,84 :4232-4235.

[32]FLEISCHHAUER M, LUKIN M D. Dark-state polaritons in electromagnetically induced transparency [ J]. Phys Rev Lett,
2000,84 :5094-5098.

(REHE DEf XXHER HiRE)

http : /xuebaobangong. jmu. edu. cn/zkb



