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Fig. 1. Schematic of a three-cavity system coupled to a gi-
ant atom, with both the atom and the b mode driven by

monochromatic light.
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Fig. 2. Energy-level diagram for single-photon blockade.
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Fig. 3. (a), (b) Logarithmic plots of the equal-time second-order correlation function g (0) versus detuning Ag/k for a, b mode;

(c), (d) logarithmic plots of the single-photon P; and two-photon P» occupation probabilities versus detuning Ag/k for a, b
mode. Red solid and blue dashed curves represent a and b modes, respectively. Parameters: 2/k = 0.1, v/k = 0.1, g/k = 25/\/3.
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.S ~ /

1Ce0,0,0 = €Cy,0,00 + AyCe0,0,0 + 9Cg,1,0,0 +9Cg,0,1,0 + 9Cg,0,0,1 + 2Ce01,0,
.S ~ /

101,00 =~ 9Ce0,0,0 + A,Cg.1,0,0 +€Ce 1,00 + £2Cy 1,10,

- ~ /

iCy.0,1.0 & 2C4.0,00 + 9Ce 0,00 + ACg0,1,0 + €Ce0,1,0 + V202Cg0.2,0,
- ~ /

iCg.0,01 ~ 9Ce.0,0,0 + A:Cg.0,0,1 +€Ce 0,01+ 2Cg0,11,
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iCe.1,0,0 & €C4,1,0,0 + (A + A Ce 1,00 + 9C,1.1.0 + 9Cq1,01 + V29Cy 20,0,

iCe 01,0 2 2Ce 000 +C501,0 + (A + A)Ce010 +9Ce 1,10+ 9C5.01.1 +V29Cy02.0,
iC&O,(Ll ~eCyo01 + (A + ADCe 001 +9Cg1,01 +9Cg01.1 + \/2610970,0,27

iCy,1,1,0 & 2C41,00 + 9Ce.1,0,0 + 9Ce.0,1,0 + A3Cy 1,10 + MCo110,

iCy,1,01 ~ 9Ce1,00 + 9Ce0,01 + ACy1.01 + AlCy 10,1,

iCy.0,1,1 ~ 2Cy001 + 9Ce0.1,0 + 9Ce001 + ACg0,1,1 + ACyo,1.1,

iCy 200~ V29Ce100 +2A:Cy 200,

iCy.02.0 = V202C, 010+ V29Ce 010+ 200Cy0.2.0,

iCy0.0.2 ~ V29Ce 001 +24.Cy 002 (14)
A LIS 2] 55 9K S O T HERIE -5 T Bk R A R AR U T -
g (g2 —eA)) 29202 + ge A — RAYA],

C = C = 5 C - )
PR A g - A T A (37 + A5 A

9% (92 — eA})?

Cg,2,00 =Cg0,02 =

V2 (20)* (392 — A 4y) [3g2 — Ay 4y — (4)°]

-M

097072,0 = 5 o7 (15)
V2(4)° (392 — 244) [392 — 244, — (4)°]
392 — ALA! 2
o2 (0) = g (0) % — Ob)Qw
(397 = 254, - (41)°]
2
9(2) (0) ~ (392 - ABAO M?
b ~ 27
(2022 + ge - 285 4)" [392 - A4, — (4))]
M = 4g* Q2% 4 463 A} — 46> QP AL AL + g2 (A])? — g* 2% (A})?
— 29eAG(AY)? + 27(AG)%(A4)7 — 202 2(A)° + 22 A (A (16)

1 (16) 2R, g2 (0) F g (0) AR IR
SR o R Q. I%E5 RS LIRS A RS AR ], ]
R T 55 3R SN0 T AR 25 k325 30 5 R0 8 7 351
()4 25, R[N BR S RN 5 5 g
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FAE M T BELFERN A0 2 T 3 M0 T BELZE R0 il
Ak MG TBHLFE RN, 75 g2 (0) P, 43 T4 — I
392 — ALAL = 0GR IR B MO FRLIE, 3 53R 7
AAF S RAT B 25 F 2 — 3. 72 62 (0) P, 4+ F
B0 M = 0B}, b IERIXOE TAERIEETE, R

\
R T ERAEMARF RDC TR N T RS
7 A i DG B2 5 AR H MG BHZE, AT RIAIH]
SRAR G IRl (9> {k,~}) VA St Ao HURH 28 2% 1
(Ao =/3g) TR EAE A AR F MU ZE 454

v3 ™3 (17)

T gte Ty

] 6 JE 77 T 24 % 55 i 2 B0 1 0B 28 2% 1
(Ao = V3g) B, S50 B I PR AL o' (0) XTI
BRI I 2/ 2 (975 4k, LI b R T R
BT 5 HE M 5 UK B8 1 e/ 2 (9254
Il 6(a) BT, a AR — I JCHE R of (0) ABEIK
RS H o/ Q25 Ak, BIF=AE T XS5 9K S o ek
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BT RLZE, S5 B B BR AL o7 (0) ~ 10765 IS LIGE IR AR R R T R
Fb SCHR [45] H B B F B ZE (93)(0) ~ 107597) 7 T TR A 3R S s AR R 0 T BT T RE RGO
o, TRRIT AL, AR, M g,0,0,0) BRiT 3 |g,0,2,0) —

—3.0
(a)
_32-
S _sa4 5
e DA
= =
(=] (=1
@ —36F &
L 2
738-
40l . . . . . . .
0 2 4 6 0 2 4 6
e/
(d) 15
3- 0
° 1.0F
S
g x 0.5
~ (=)
5 = of ol
g = 3.2 4.04 4.8
S} ES
>
O
IS
0577 1 1.5
1 0 1 1 1 1
6 0 2 4 6

K16 (a), (b) a, b i SF BT Z B SCHE o BBl 5 F SR B 3R BE ¢ 5 AR B 38 B Q 22 1b e/ Q B AEAL I (o) b I B F of R
ICg,0,1,0/% B e/02 17254K; (d) b ERUETF IR [Cyo,2,01° B e/ 02 17284k, Hoh Ag = v3g, HAbZSE 5 E 3 HH[H

Fig. 6. (a), (b) Logarithmic plots of equal-time second-order correlation g(2)(0) versus driving ratio /62 for a, b mode; (c) single-
photon occupation probabilities |Cg.0,1,0/2 versus driving ratio /£ for b mode; (d) two-photon occupation probabilities

|Cy.0,2,0/% versus driving ratio €/ for b mode. Parameters: Ag = v/3g and other parameters are the same as Fig. 3.

‘/ v 'y e NN O\ RN
19,0,2,0) |g,0,0,2) |g,2,0,0) |e,1,0,0) [e,0,0,1) le,0,1,0) |g,1,1,0) |g,1,0,1) |g,0,1,1)
D P

-

|9,1,0,0) |g,0,0,1) |g,0,1,0) [e,0,0,0)

19,0,0,0)

K7 RGEMNE |g,0,0,0) FIEA [g,0,2,0) H 25842, X UL AR 22 (8] (09 B T 35 AHTE 0] L™ A 5 0% - BHZE R0 . 5] Hh 8
SRR RGN TR W R T A MR 7 3k LR KR AE AN R B N R G IBOG TG i AR N Hi Sk B RN Y RS
B BASGF BT, ORIRRRAS 22 18] B9 BRIE B AR s 21 (8 %01 i Sk HE 28 27K 2 R G0 A IS 6T, A [EPIRES Z2 18] ) BRAE 42

Fig. 7. Quantum destructive interference between multiple transition pathways from state |g,0,0,0) to state |g,0,2,0) generates
unconventional photon blockade effect. In the diagram, the solid black line represents all possible quantum states of the system. The
black solid double-headed arrow denotes the photon absorption process under external driving. The blue double-headed arrows dot-
ted line indicate transition pathways between different states when the system contains a single photon. The red double-headed ar-

rows dotted line represent transition pathways between different states when the system contains two photons.
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Fig. 8. Logarithmic plot of the equal-time second-order cor-

(2)

relation function g¢,”/(0) versus the coupling strength ra-
tio £/ and coupling strength g/k for mode a, with

Ao = /3¢ and other parameters are the same as in Fig. 5.
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Fig. 9. (a), (b) Logarithmic plots of the equal-time second-

order correlation function g¢(®)(0) versus detuning Ag/k

for a, b mode, respectively. Parameters: g/x = 25/v/3,

e= ?Q and other parameters are the same as in Fig. 5.
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Abstract

The photon blockade effects in a system consisting of an artificial giant atom coupled with three cavities
are investigated. By solving the Schrodinger equation, we obtain the steady-state probability amplitudes of the
system and derive the analytical expressions for the equal-time second-order correlation function. Based on
these analytical expressions, the optimal conditions for achieving the photon blockade under different driving
conditions are derived in detail.

We first examine the energy spectra and transition pathways for the single-photon and two-photon
excitations in weakly driven cavity mode, and then investigate the statistical properties of photons. It is
demonstrated that the optimal conventional photon blockade can be achieved by selecting appropriate driving
detuning as characterized by the equal-time second-order correlation function of ¢ (0) ~ 107%*. Remarkably,
we observe that both cavities of the system exhibit robust photon blockade effects against the weak driving. It
is also found that with the increase of the coupling strength between the artificial giant atom and cavities, the
photon blockade phenomenon becomes more pronounced while maintaining its robustness to the weak driving.
Furthermore, we consider the case of simultaneously driving both the artificial giant atom and cavity modes.
The unique multi-point coupling characteristics of the artificial giant atom provide additional transition
pathways for photons, thereby allowing us to use the resulting quantum interference to further enhance photon
blockade. When the system satisfies the optimal parametric conditions for both the conventional and
unconventional photon blockade effects, one cavity exhibits exceptional photon blockade with ¢® (0) ~ 1076 .

This research greatly relaxes the stringent parameter requirements for the experimental realization of
single-photon sources and provides a theoretical support for improving their quality, which is crucial for
achieving high-performance single-photon sources.

Keywords: photon blockade, artificial giant atoms, destructive quantum interference
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