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Fig. 1. (a) Schematic diagram of an ensemble of Rydberg atoms trapped in three magneto-optical traps but in the same blockade re-

gion; (b) energy structure of the two-level Rydberg atom, two Rydberg atoms interact mediated by vdW potential; (¢) energy struc-

ture of the superatoms: a superatom representing the ensemble can be divided into three smaller superatoms which are make up of

atoms in respective magneto-optical traps.
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Fig. 2. (a), (c) Dynamical evolution of excitation probability of Rydberg SAsP; (c), (d) Pearson's correlation coefficient Cj (and the
fidelity F = |¢ (t)) (W|? with the quantum state of the system |¢ (£)) and |W) = (|R1G2G3) + |G1R2G3) + |G1G2R3)) /V3,

see the green curve in Figure (d)). Top: n1 =n2 =6, ng =1 and bottom: n; = ny = ng = 6. Other parameters are Rabi fre-

quency (2 = 2 MHz , spontaneous emission rate I' = 0.002 MHz , and the single-photon detuning A = 0.
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Fig. 3. (a) Pearson's correlation coefficient Cp12; (b) maximal excitation probability of Rydberg SA Pj™*; (c) maximal concurrence
CT8* as a function of the number of atoms n1 (= n2) and the single-photon detuning A for a fixed number of atoms nz = 1. All

simulations are done after 2¢ = 10 evolution time. Relevant parameters are the same as in Fig. 2.

IF == === === =====
(b)
0.5} —Ch12
= = Cla3
g N Cpi3
—0.5}F
—1o0FT .
0 5 10
ot
LOF (WWW.
o
05} 0.8
’ — Chr12 4
= = Cha3 . 06}
S Cois E
0 3 LR
© )
0.4}
—05F = A=0 MHz
. 0.2} e A=10 MHz
¢ A =20 MHz
10 b e ot
—40 —20 0 20 40 10 20 30 40 50
A/MHz ni( =no)

B4 (a) PR TFIROEAESE PRI (b) BEORAR IR EL Cp I AL LR (o) BOR AR CTE R B Co/E BT il A 1 s K
(d) FKIF R LG CTex AR R IR FHCH ny B9 BREL [ (o) R (d) RIBEALES A 2t = 10. & (a), B (b) FIE () B EFECH A
ny =ng =6,n3 =1, ME (d) PEFEHE ns = 1. KSR 2

Fig. 4. (a) Dynamical evolution of excitation probability of Rydberg SAsP and (b) Pearson's correlation coefficient Cp;
(c) Pearson's correlation coefficient Cp as a function of the single-photon detuning A; (d) maximal concurrence C78* as a function
of the number of atoms ni (= n2). All simulations in Figrue (c)and (d) are done after (2t = 10 evolution time. The number of
atoms n1 =ng2 = 6,n3 =1 for Figure (a), Figurue (b) and Figure (c), and n3 =1 for Figure (d). Relevant parameters are the

same as in Fig. 2.
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Fig. 5. (a) Dynamical evolution of excitation probability of Rydberg SAsP and (b) Pearson's correlation coefficient Cp; (c) Pearson's

correlation coefficient Cp as a function of the single-photon detuning A; (d) maximal concurrence C38* as a function of the num-

ber of atoms ng (= n3). All simulations in Figure (c)and Figure (d) are done after 2¢ = 10 evolution time. The number of atoms

n1 =6, no = n3 = 3 for Fgiure (a), Figure (b) and Figure (c). Relevant parameters are the same as in Fig. 2.
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Abstract

Owing to the long lifetime of Rydberg atom, easy to operate and easy to control the interaction between
Rydberg atoms, Rydberg atom has attracted considerable attention in quantum information and quantum
optics fields. Specially, the anti-blockade effect, as a physical resource, can be used to implement various tasks
in quantum information processing. Based on the rigid dipole blockade, an ensemble of two-level Rydberg atoms
trapped in three magneto-optical traps can be regarded as a superatom. Based on the superatom model, the in-
phase and anti-phase dynamics of the three-body Rydberg superatoms are studied by adjusting the numbers of
atoms, and the W state and two kinds of maximal entangled states are generated simultaneously. Our work has
great potential applications in coherent manipulation and quantum information processing.The numerical
simulations are performed based on the superatom model and thereby the formidable obstacle that the Hilbert
space dimension grows exponentially with the particle number increasing can be completely removed. As a
result, the quantum control and quantum entanglement can be achieved from the single-quanta level to the

mesoscopic level.
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