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Fig. 1. Energy level of two-atoms system excited by one laser.
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Fig. 2. Schematic of binary Rydberg energy with detuning:

(a) The energy of a pair of atoms with A >0 and

dU/dR > 0; (b) the energy of a pair of atoms with differ-

ent detuning and potentials!'?.
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(2) (®)

(c)

17.6 pm

Event probability/10~3  Event probability/10~3 Event probability/10~3 Event probability/10~3

K3 ZEESHEEARFAEE (a) HIERIRES

i (b) ZIRE IR (c) WL, 5

Fig. 3. Spatially ordered components of the many-body states®: (a) Directly imaging result; (b) accumulative result of many meas-

urements; (c) predicted result.

h2 = —Cq /RS, A1 1% Rydberg & I BT 42
Ry, = 4.9 um.. SchauB4§ B FI4T 770l Rydberg
JRF Bk B e B R RBOE Ao BRI
R T, AR5 2 AR 2 Rydberg Jii+
M Rydberg & 4 2] b [0 2%, 55 FH & 3 PER i 2e
FERAGIE SR AT B . SE5E 9 AR
FRIRW L Rydberg JiF, 7EHIR UG5, 10
Kl 3(a), =~ Rydberg JiL ¥ 15340 A 0L F 5534
B =ML R = s, DU Rydberg B9 43 1
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JF B 43 AR A R TR R a5 T LU B Ab T
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R AR B A FH T SO PHLIERLN. SE5 5 BTl 2 IR
D A5 2 Y 23 8] 4341 BT T &0, 15380 2 00 & 1

BER A (18] 3(b)), FARYE ZR G w il Mg -
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S WLEE A5 R — B XA SR T Rydberg
Ji e A LA P S 2 B AR

2.3 HEFSEHILIRS

— PREHR R GAE— IR AEHT
SITEW SR P AR A2l 2 W IE %8 Wik,
X—IEAERL LR, Hoh @ b e, (B2
MR R HREA — R TR, f#
SPEARARN VN Q R R, b N R R T
. HF Rydberg J& 7B BHAFRN, £ —RES
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oK BRI R > STRb SR T, 3k PR AN A BiE 22 ] 1 1 2
AILATE 3—20 pm Z 7254k, AREATLATAE] 0.5 pm.
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X E, BB T SR AR RSO G K R ) ] e
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HD, = —A(t) - %(1 +0.);+ ge—tz/fzaz,j. (12)
H N RS BIRFEL, op, 0. BURBFIELF, V),
5 5 M k4 Rydberg JEF B EAEFRE, A1)
TR R B, SRRk P PRIE, 7L
THOCHKM 9. — a8 T, Rydberg J&F
FIAHEAERERT LIS BV = —Co/RSHIIE . FEE
TR BT, T Dhis B — A8 s ik, #E4 N,
A(t), S, R HH ) = AR A, BUEF T —4
A5t WFIE RGP B T Rl AR R AR AR

2) HE TSR R I ok sk 18 R G 00% R
L RE =

THEANATZAE AR 55 R Y (variatio-
nal Monte Carlo, VMC) J7i% P4, DIsRIEA DT sR%L
S, H 3 AR S B — B L AN U pR
B, R YL EE R RER S RE R, HEE
YRR PREL A, BT RS, BTN RSR
fefm/ N TR RGLAE I, W2 X 2, 50
AN, ZRME P REE, R RSB IAE
/0N, X 7 (4 eRSUORN ZR ¢ g i e FE AR U R
BOFIES e

3) B R E LAY

TEAL TR F 2R RGN, TSR RIE Ik
2B B A7 [ X LA 21 D5 A —Fh BT R
2, P M E LB (density matrix renormali-
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(75 RE BN IR AR H = RS B . 7EALBEEU T Ising
BREAYAE LR ), B K R EE T R Ge A R AR
25 [ FE B fin, DMRG AT LA3E i 48 4 25 S8 4
i IR DL 4 A R A s T - LA AR i
P4 Lanczos 3%, F|FH R GG HRPEREARR i it ).

4) R M4

FEALFR 4 ] DL W R Gi0F, DMRG 3T
A EMAEARWHRTE, A —F AR i, A
PR T oK 2 R AR k. — 4k Tsing iR
TeANg, R R RS R ST BRI ECH

7 = Zexp (—; ZanonJrl)
n

{0}
=Y [T =™, (13)
{e} n
Horp Tr oK, MR 2 x 2 568, Tl
M;; = e 70i/T (14)

TE 5K B P25 v Te(MN) ] K 7R ANl 4(a)
B iEa. Horh 8 hRikE oy M. %508 4k Ising
B, SE R BB RN B, KR ATerorer =
e~ (orortoravtovoitoo)/T R YR 1 A AR A
Be o BT 5 o Al 4(c) s rYiE L.

FI P 5k o o 2% EE R AL, ) DLAS B T 4E Tsing
BRI A SR BB G &R, W 5 s, T
Ph e, Ho I ARIE R A8 BIS TS 5 =
0.5 x In(1 + v/2) ~ 0.44068679 )& 27,

Kl 4 (a) —4E Ising B2 BUC 45 R AR Y K47 9 25 R 5 (b) —
4 Tsing A% B2 43 PREL ) 5K 5 I0; (c) —4F Ising #5E B Tic 43 pRi
Hr o e 9 24 2 20

Fig. 4. (a) Tensor network form of the partition function for
1D Ising model; (b) tensor element for the partition func-
tion of 2D Ising model; (c) tensor network form of the par-
tition function for 2D Ising model2.
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Fig. 5. Relationship between the specific heat and the recip-
rocal of the temperature27,
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Z—, Wi p(A,B)=0, ¢@(0)=0; RZIFK,
g (0) = ORI A EFIRER A, UG B+
TE. P DT HOGFIR & LT IF8, ¢®@ (0)
FEI 2, DI B SO AR

KTIHF 2R 34, 7T LA Hong-Ou-
Mandel ¥ B132 %¢ & Il £ . Hong-Ou-Mandel
WRACETEF TS, &9 4m2Rbt L
FHIFD GRS — Ao i ae, SR AR, WA
SERB N ARAFA A 43#], LAZ T HAE A —ui K
B, PRUTTE 1 o 1 B ORI g, AT LA
& Hong-Ou-Mandel T35, X/~ AT ARG 56 P64~
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R, MY EEFHORT 90 5, ¢ (0) EUE
R/, 5 I SRS T, AT A 55 T,
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A e T L, L & Ok S 9 Rydberg T 5
ge, AT LASEIR T A A B IR (ER A
kA Rydberg J&F RAELIHOET I, TR

G R/NTEBR B R TR ZE AR X, [R]EPRE Y
FAE4% T Rydberg i T RAGE I FRICEANT, T
HRE T IREAR B RCRARAG. XA T R = A
HOLF e R A R — DR, ZAmE, 1E
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Fig. 6. Parameters of single-photon source: (a) g(® (0) as a
function of effective principle quantum number. Coincid-
ence count as a function of time decay is showed in the in-
set®; (b) normalized coincidence count as a function of
time decay using quantum dots??¥; (¢) normalized coincid-
ence count of Hong-Ou-Mandel interference as a function of
time decay with parallel and cross polarization respectively

using quantum dots/?sl,
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Fig. 7. Properties of quantum storage with different num-
ber of input photons N, [*": (a) Storage efficiency as a func-
tion of storage time; (b) storage efficiency as a function of

Rydberg states.
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Fig. 9. Scheme of imaging process and simulated resultsl®: (a) Scheme of single-atom imaging process; (b) absorption of probe light

without control light; (c) absorption of probe light with control light.
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Fig. 12. Quantum simulation in two dimensions®: (a) Collective Rabi oscillation with different number of atoms; (c) Rydberg frac-

tion of the systems with 20 atoms; (d) Rydberg fraction of the systems with 28 atoms.
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Fig. 13. Many-atom quantum simulation in one dimension!”: (a) Predicted results of evolution with different interaction; (b) experi-

mental results of evolution with different interaction; (c) ground-state probability as a function of system size; (d) number of states

with identical number of occurrences.
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Abstract

The interaction of many-body quantum system is a critical problem to be solved in the field of quantum
information science. Rydberg atoms have large dipole moment, enabling them to interact with others in a long
range, thereby offering us a powerful tool for studying many-body quantum physics. Meanwhile, atoms in the
ground state are stable, which makes it easy to manipulate them. Therefore, Rydberg-atom many-body system
is an ideal platform for studying the interaction of many-body quantum system. Studies of Rydberg-atom many-
body system may contribute to understanding the properties of many-body system and putting the interaction
of many-body quantum system into practical applications. In this review, we introduce some studies of
properties of interaction of Rydberg-atom many-body system, including the Rydberg excitation blockade, the
variation of Rabi frequencies of the many-body system and special spatial distribution of Rydberg atoms in a
many-body system. Firstly, the Rydberg excitation blockade, the most important property in the Rydberg-atom
many-body system, indicates that atoms’ excitation will be suppressed in a certain range around one Rydberg
excitation because the interaction between the Rydberg excitation and atoms leads the energy level to shift so
that atoms cannot be excited by the same pulse. Secondly, there is a collective Rabi frequency in the system,
which is proportional to the square of the number of atoms in the suppressed area. And additionally, because of
the Rydberg blockade effect, Rydberg excitations in the ensemble cannot be at casual positions but a regular
distribution is formed. Besides the studies of properties, several researches on the applications of interaction of
Rydberg-atom many-body system are introduced, including single-photon source, quantum storage, single-atom
imaging, quantum simulation, etc. These applications contribute to the development of quantum community
and quantum computing, which may bring us a quantum-technology time. Finally, we discuss the future
development of Rydberg-atom many-body system and its further applications. Further development includes the
development of many-body system with a larger number of atoms, the development of many-body system of
atoms with more than one electron, and some other specific subjects based on many-system, such as Rydberg
dimer and topological phase. Also some promising applications such as in studying optimization problem by

quantum annealing, may become true.
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