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Fig. 1. Scheme of EIT - based quantum memory of
squeezed thermal state of light: DOPA, degenerate
optical parametric amplifier; PBS1, 2, polarized beam

splitterl, 2; HD, homodyne detector system.
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optical fields; ac, control optical fields; A, detuning.

BT ) ) 2 e TR 5 59 538 R
S L PESSID

Hy = ihw' Afap ST —

o, a, NIRENE, SARERARE R4 14
HIET BRER. BT ac BI65RE KT R
ot ay, OB LB LMY, Ac RanERDE
BRI, K = Geggtm v/ Na/ A NRE 65 F 51 (1)
B BB AN LA HE L, gegs gem NIREHE
MG T B R 8 R & 258, A NIREDL
ANJE TS R

ihK' Acal S, (3)

ﬁﬁﬁﬁﬁm%@@zkmymﬂu%%%
S8 7 25 B B I 1) 5 3o 91, et R v e
iR, T LA BB T 7 2R AL T R 2 A
T AR

S©ut) — §cos |k Ac|r’ — épsin |8’ Ac|7’,
déom) = apcos |k Ac|T' + Ssin |k Ac|r’,  (4)

Forr, 7 o8 MR 3 M EAE ) R I EL 4
|k'Ac|T’ = m/2+ ki, kOEEEL, B AaE DR
FE T 2 1) 56365640, B SCu0) — —a al™) = G,
M |& Ac|T! # /2 + kT, JiFE (4) 0T LAVEAEIE T
FNT = cos |k Ac|t', R ZEN R = sin |’ Ac|T’
FOLE R BT SIEREDCHIE TN B A

GRS AT DL I &7 A7 AR R R R
Seut) — _ /may + /1 —nS,,
&l()out) = \/ﬁg + /1 = népy, (5)

i,y = sin | Ac|r NIERERCR, S, Flapy 5351
peped ilbegeun EIDNIaN Rl T

2.3 ETHBRHNKFREE

PREFERE TS B — N EEARMS, 7TRLH
%ﬁt%%ﬁﬁ%ﬁfiqjﬁﬁ%HU%Z§+7%$D*XEQ7%E/J
BTSN ESH. B p1 1 po 435 AT AR
FHOBABE ORI & 1A 0% BEEAT, ORIFLEE AT AR
E XN

F(p1,p2) = [Tr(v/p1p2/p1)]- (6)
HI A7 i BT IR EOC AR O A R 4, ENTIR AR
BT LRy 10

2
F(Plapz)

VATT T
T(AL+A) ], (7)

‘:F‘ Al, Azﬁj\ﬁUjjm, P2 E’]ﬂ]‘ﬁ%%ﬁﬁi, u =

X exp[—u

= aw:aazp (Z = 1,2); A= det(A1 +

v

7F: (det Ay — 1)(det Ag — 1).

T2 B AR A% Sy B A A ) 10 OR R 3 51
X T B A AR A DR ELRE, FRATTE & 18 5E 1) 21 4
fERNZE, I & T BnT LUK B 1 55 R IR
FE, BRI EA R, S RE AR FEFEH T ET
Ak I Rl R RS ORI BT B, T4 A LA
I AZAFAE R T A7

074201-3


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

) I % R Acta Phys. Sin.

Vol. 66, No. 7 (2017) 074201

3 BELERGAHM
3.1 ETEMREELRHNTL

B T ERS AT R A, AR R Z NSS
ERFAEAE BRI, T AN SRR B EESE
r AR coth(B/2) Fe[Fvese. B 3 #6AR T K40
ZE R B IS s, 2k 1. 28 11, 28 11
IR IR BN 1, 2, 3 dB. EE4E H A
K E T ARG, A R, A7
JE 45 B, T R I B I A A PR A 4570 AR
H, fE R 4G S E T A, R85 818
R, AR R 45 PR e T LA AR 9L P £ B 3
%, AT &1 A7 0iff SE 25 5 e, B 3 mT I, X 3+
ANFEI A REAR, PR BB 0 A BE 4 2 =3
TR,

0.9

Fienchmark

0.5

L . L . L . L

0 0.2 0.4 0.6 0.8 1.0
Squeezing parameter

3 (MTIR) & TR R AR AR A6

HIEAEZ R R

Fig. 3. (color online) The function of the fidelity

benchmarks of quantum memory on squeezing param-

eters of squeezed thermal state optical fields.
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Abstract

Quantum memory of light is not only the building block of constructing large-scale quantum computer, but also
the kernel component of quantum repeater for quantum networks, which makes long distance quantum communication
come true. Due to the inevitable optical losses, squeezed vacuum generated from optical parametric amplifier becomes
squeezed thermal state of light, which is no longer the minimum uncertainty state. Therefore quantum memory of
squeezed thermal state of optical field is the key step towards the implementation of quantum internet. Atomic ensemble
is one of ideal quantum memory media, as a result of high optical depth and good atomic coherence. Electromagnetically
induced transparency (EIT) is one of mature approaches to quantum state mapping between non-classical optical fields
and atomic spin waves. In atomic ensembles, the EIT can on-demand map quantum state between quadratures of light
and spin waves of atomic ensemble, i.e., controlled quantum memory. Here the condition of quantum memory for squeezed
thermal state of light is investigated according to the fidelity benchmark of quantum memory. The fidelity benchmark
of quantum memory is the maximum fidelity which can be reached by classical methods, and it is quantum memory if
the memory fidelity is higher than the fidelity benchmark of quantum memory. By numerically calculating the fidelity
benchmark of quantum memory for different kinds of squeezed thermal states of light and the dependence of memory
fidelity on the memory efficiency, we obtain the minimum memory efficiency which can realize quantum memory for
squeezed thermal state of light. The quantum memory can be easily obtained by increasing squeezing parameter r. The
thermal state fluctuation is sensitive to the realization of quantum memory. The required minimum memory efficiency
is lower, when smaller thermal state fluctuation is employed in experiment by reducing the optical losses in optical
parametric amplifier. On the other hand, quantum memory fidelity benchmark is high for small squeezing parameter
and large optical depth, which requires high memory efficiency. And atomic memory efficiency can be increased by
utilizing optical cavity to enhance the interaction between light and atom or atomic ensemble with high optical depth.
For example, the fidelity benchmark is 0.80, when squeezing parameter r is 0.35 and thermal state fluctuation is 2.38 dB.
Thus quantum memory can be realized if the memory efficiency is larger than 4.34%. Our work can provide the direct
reference for experimental design of continuous variable quantum memory, quantum repeater, and quantum computer

based on atomic ensembles.
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