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Fig. 1. (a) Schematic of spatial structure for the four-
atom system; (b) the energy structure of the two-level

atom.

i
A
@R [H,p] = Hp — pH% i & % i 41 T

N
MER, Lindblad 575 L(p) = 7Y <U§g> pold)

Op=—<[H,p]+ L(p). (2)

?ﬁﬁw_;mgﬂgﬁﬁmﬁ%%@ya@
ATV, SR 77 FEEN T T T T
O A 15 2 4055 B0 B T 4GSR, R
(2) AACHE, NIT A SRR, T R4 5
FHIARURAFIE DL R A 28,

R T R4, TR T A A LA
P, B 5 6500 250 7 0 58
GG VER. AT BT, o BR T
- AR L, 5 O AT B 40 T
T, 7D R 00 1 B
WL R AL S N RERT, T AR
R Hilbert 2 FIRGAERON 2V, FLE AL T
W T ks ) T LR TR T R 119, L
AT AL LR SRR AR DAY, B
O L5 A - BOR AT, 1 F 47 5
i 10720 T 2127 LR R ) 2,

3 BEREMmAMEME T HENEE

FEMST R R L5 N B 1 RV AS F7 1E B2 1 R B,
T 5 &R ZR AN R, WO O R oA A -1
W AH HAE G A 5 7 ) 7= AR ORG24 4 AE — 2.
TR T RS, JRFEOK R E I, &2 5
JUZE AR UK RE AR, e AT 20 il o B DR 1 VUK A
RCFHBMEME) P = Tr[pWo,,]» DR T
RMFE P, = Tr[pAPo,,0.,]s =R TF8OR MR
P = Tr[pAB g, 0,00 ) VLB VY R T30 R ME
Prrrr = Tr[p0 110y Oy 0], FoHH B L XU A0
SR FE MBI pP) = Trpeplp], pAP) =
Trep[p] M pABC) = Trplp], X B Tr[] AR
BN O MR, AT DA R G O R,
et - SR AR AR B 28 R8N, SRR 22 TR 1 IR B
i, BB ME Py = Py = Prrpr = 0.

LA Y 2 (concurrence) A 1% 1R 4F b B & 7 {4
A, T RE T 1X AN 58 SO TS ZReZ i+ 2 (7]
(10 2 2 P R 7 A B, s X 93,

C =max(0,\; — Ay — A3 — \g), 3)

034202-2


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

Y18 Z R  Acta Phys. Sin.

Vol. 67, No. 3 (2018) 034202

P

v/

v/

=10 0 10
Aly

Py
0.10
0.08
0.06
0.04
0.02
0

=10 0 10
Aly

|
3
~
iy
o
i

K2 FRSEEEBRME (a) Pr, (b) Prr, (¢) Prer M(d) Preer fERERIGTRIE A/ FEN -E A HAEH
V/Q R EG BB TR SR R U A S TR S IR T A/V =0, 1/2, 1, 5/4

Fig. 2. Steady-state Rydberg excitation probabilities (a) Pr, (b) Prr, (¢) Prrr, and (d) Prrrr as a function of
single-photon detuning A/~ and dipole-dipole interaction V' /2. The black solid, blue dashed, green dotted
and dash-dotted curves correspond to A/V =0, 1/2, 1, 5/4, respectively.
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Fig. 3. Steady-state concurrence C as a function of
single-photon detuning A/~ and dipole-dipole interac-
tion V/£2. Other parameters and four kinds of curves

are the same as in Fig. 2.
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Fig. 4. (a) Steady-state concurrence C and (b) Rydberg excitation probabilities as a function of dipole-dipole

interaction V /2. The black solid, blue dashed, green dotted and dash-dotted curves in (a) correspond to

A/V =0, 1/2, 1, 5/4, respectively.
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Abstract

Since the establishment of quantum mechanics, quantum entanglement has become one of the most important realms
in quantum physics. On the one hand, it reflects some of the most fascinating features, such as quantum coherence,
probability and non-locality and so on. On the other hand, it proves to be an indispensable resource of quantum
information processing and quantum computation, which is considered to greatly promote the development of human
science and technology. In the past decades, inspired by advances in quantum information theory and quantum physics,
people have been searching for suitable systems with great enthusiasm to prepare the robust and manipulable quantum
entanglement. Recently, Rydberg atoms have been considered to be a good candidate for many quantum information
and quantum computation tasks. Compared with general neutral atoms, Rydberg atoms with large principal quantum
number have several advantages in the quantum information and computation service. Firstly, they have finite lifetimes
much larger than general neutral atoms, which indicates that the long-time entanglement between Rydberg atoms can be
achieved. Secondly, due to the high-excitation level, Rydberg-excitation atoms have long-ranged dipole-dipole interaction
much stronger than ground state atoms. This strong atomic interaction leads to the so-called blockade effect: when one
atom is excited to Rydberg level, the excitation of the neighboring atoms will be strictly suppressed due to the energy
shift induced by the strong atomic interaction. On the contrast, if the energy shift is compensated for by the detuning
between the energy levels and the driven laser field, these atoms can be excited with higher probability simultaneously.
These effects imply that Rydberg atoms provide an excellent platform for investigating the quantum information and
quantum computation process, and many important achievements based on them have been achieved. Encouraged by
these researches on entanglement and Rydberg atoms, in this paper, we study the steady-state and transient dynamical
properties of two-body entanglement and the Rydberg-excitation properties in a dilute gas of Rydberg atoms, which can
be represented by a tetrahedrally arranged interacting four-atom model. By solving numerically the master equation
of four atoms involving Rydberg level, we investigate the higher-order Rydberg excitations and bipartite entanglement,
which is estimated by concurrence. Our results show that the bipartite entanglement can only achieve its maximal value in
the strongest dipole blockade regime rather than anti-blockade one (the high-order Rydberg excitations). Furthermore,
the physical essence of quantum entanglement is analyzed theoretically in relevant regimes. Our work can naturally
extend to more complicated atomic space structures, and might be treated as a good platform for fulfilling many

quantum information tasks by employing the quantum entanglement.
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