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Abstract The photon correlation properties of coherently driven atoms strongly coupled with a single-mode cavity and
the influence of collective effect on the mean photon number and photon correlation properties in asymmetric coupling are
studied in this paper. Under weak pump field excitation, the driven atom can realize the single photon blockade effect, and
the overflow photons from the cavity follow the sub-Poisson statistics, showing the anti-bunching state. Additionally, the
distance between two atoms affects the dressed energy level. When the couping phase difference of two atoms is greater
than 90°, the asymmetric coupling results in strong photon excitation at the central frequency. Due to the resonance effect,
the intra-cavity photons exhibit strong bunching behavior. As the intensity of the driving field increases, the number of
photons at both sides of the edge gradually rises and the two-photon excitation becomes dominant, which can realize the
two-photon blockade, namely that photons appear in pairs. The present system provides a good platform for studying

quantum optical phenomena due to collective effects.
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Fig. 1 Schematic diagrams of physical model and energy level structure. (a) Schematic diagram of single mode cavity coupled with two-

level atom; (b) system level structure used for implementation of photon blockade effect
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Fig. 2 Mean photon number and photon correlation function varying with normalized detuning A/« and coupling strength g/« between

atom and cavity. (a) Mean photon number; (b) two-photon correlation function g*'(0)

R RB EEMAA MOl B, XU fE A
26T R IC Ik s A m  HURE R 2 (1) #EAT B R

fift, JOUE X T RS TR AT O . A IEL 3 i e HORR
B0 g = 10s, BUE 5 72 P OE 7 B 9 8CH 15

N=40,F 3% H T FEDETRORL) IOET —Fr 2k

(@ 0.010 100
L
[] ]
" n 110
P e 1l g
3 0.005 - — — mean photon @%
number 101
82(0)
; —-=g®(0)=1
il 7R 40.01
0 = / 1 Vi o s 4 1 b ~
-20 -10 0 10 20
Ak

PR B g™ (0) (S L) BT —fb 2k il & Ak 1 22 1k %
R.HMSHSK2—80. KA R E K%
TUE5E . X T EM (W p=0. 1), 508 & I N

T HEEEA= +gﬁL7ﬁﬂﬁ/\ L& 3(a) |, [A] s Ap
DI 1) 5 PH ZE L 4 [ g <1, ¥REWILM
(b) 10

0.2}

__________________ 1
5 S
S 01 8
820 o0
| —-— g2(0)=1 40.1
! \ / \
/ \ 7 \
=7 s *=_ Joo1
-20 -10 0 10 20
Alk

K3 BB mg g™ (0)MF BT EH— bR A/ kX R (a) p/k=0.1;(b) n/k=1.0
Fig. 3 Two-photon correlation function g'*’(0) and mean photon number as functions of normalized detuning A/k. (a) p/k = 0. 1;
b)p/k=1.0

2126008-3



% 42% 21 #1/2022 £ 11 B/RFZFR

SR 0 /= 1. 0, % BLIE 9 F 30K IS A7 7 4 40
SRR FA=+gMA=+g/V2[E 3(b)]. %M
Wi, TER A= ght, Bou TS 39, 2806 T
BELZE B0 4, oF B 19 — B SCTE BR B/ T 1. 8T, 75 A =
T g/ V2 Kb B B R R XU T35 4R BT, B
[0) ]2, 2)BRIT A EF O FHEMRS WL, —Hx
BERBOR T 1,006 T 2R IORE
3 WEF I QED & 4t a9t 1 L BE

Ttk

P2 F 8 W R T 1 QED 2 45 P 1O 7 e 4
P, BSR4 Ca) TR . FEWERE DR, R T
I 96 F 19 [l v % W T LR b H =
RAN[ S+ SP ]+ A (a'a)o ST I 6 T B9 A
AR AT L E R N H =0 > gla’SY+

i=1,2

aS@}, Ho, g = gocos(2rz,/A.) J 5 7 B A % 1 #
OB EE A BRI Y o R DGR R T A B Bh A]
@ yl

12,+)

®)
2,0)
V6gh
= 12,-)
D¢ l @y, ﬂ,+>

PLE R Hy =g > [SY+ S0 I I i) 5 0 7T

i=1,2
KL Wl Liouvillian % £ % =R Bl L,0=

y > [2800SY — S0USYp — pSYSY]. Ny T B 4F i 45

NI ERALE] R HEE AR gg>\‘€e>$ﬂ\i>=<‘eg>i
lge))/V2 fE o K R O% K B M D=
[SU£SPYV2 |5 R G v R B H, =
Veuy(Dl+D.) M H=H. +H , ¥ #  H =
hgi(al)i—ﬁ—dl)i)/ﬁ, gi:g()(licosqﬁz), ¢, =
2nA2/ A, Az W R T 2 (B TR B . S R S R
ER AR O, B /= 0. 1, B AR 1 A A
ﬁ%%%ﬁgi&f‘,ﬂﬂgl:gz:go,ﬁtﬁj‘,ﬁX¢%7§‘*>—%
RO mMG . HEABERL T, W THRMEL £)
X I 9 A AE A B hewe = V2 goh, BUE TR 48] 2, +)
Xt 7 (9 A 1 K 2hae &= V6 goh[ B 4(b) ],

LV |es
| g> Y
© 12,+)
c
[2,0)
2,0 ) g7V 3(1+cos’p)
= 12,-)
ch o 1,4)
11,0)
gTL\/WSZq)Z
- |17_>
“

wc L
J—— 0)

P4 BRI 5 AR S F R B IR (a) BRI 5 P T RB R TR LI R 5 (b) (o) WIS T- 15 s R 45 500 B AH [ 5 S TR 1 0 1)
e Ol

Fig. 4 Schematic diagrams of physical model and energy level structures. (a) Schematic diagram of single mode cavity coupled with

two two-level atom; (b)(c) system energy level structures for same coupling strength and different coupling strength between two

atoms and cavity, respectively
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