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Fig. 1. Influence of the nonlinear photon term on the BS

model with the rotating wave approximation at resonance
A =0, where (a) U=0, (b) U=0.1, the red (blue) line

represents the energy level with even (odd) parity while the

solid (dashed) line represents the energy level of ng)

(ES)).
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Fig. 2. For the BS model with the rotating wave approxim-
ation at resonance A = 0, the influence of the nonlinear

photon term on the excited number (N).
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Fig. 3. For the BS model with the rotating wave approxim-
ation at resonance A = 0, the influence of the nonlinear
photon term on the nearest neighbor energy level difference
8Em, m=d, 0, 1, .-+, where (a) U=0, (b)U #0 and
the red (black) line represents U = 1(0.5) in panel (b).

AT DL B A RAF IE Ok R Al 15 12824,
XF—Agdlig, Gy (0) > 1, 1 G2 (0) < 1ATLIER
— MR AR BRSNS 23, 1Ak, Go (0)HL T LA
ok Aty i [R] s RSO AS 6 F . X F—A> Fock
Alny, G2(0)=1—1/n. HIL, X FHIEFE(),
G2 (0) = 0, RIAEIZE T, RAAE—ETF, HAHE
[F] s A g ORI 58], 30 3R 2 AR T JR e ol
BHZEZN. X T G2 (0) < 1, [R]EOLI 2 P A6
PIRE R LA /N, FRZ R G B SRR AL N . A Bl
MGy (0) > THF, 67 58 ] F— e R 00 2 L
2, BB TR, X THITA, G2 (0) = 1.
F B AEI(0) IR A T2, E%Z??E’\J:m
KHRPRECH 1, BRI G2 (0) = 1124,

WHE, LT RB A E RS L RHZE P20 {1
&, TSRS, B MG, (0) < 1/2, JEIEA
SR HOETF R S P B AIESE, 7E G2 (0) <
1/2 192 FAEE— D AEF M TR A B I,
G (0) < 1/2 ] IR FRHIER K E.

TS A AR MO I BS BRI RIS, 24

<V twU, EER EljS,Gz()zl 1M 24
> JwF +wlU, SN, BRI eR R

n2+n{<b( )) (Z )) }
[n—i— b 2}

CAMIE, Y Fn(U) - F,(U) <4(n+1)U+
%o, HAH [0S Jdﬁjt%i% FEA TR g, B A
VwZ+wiU , 18 Fy (U) — Fy (U) < 4U + 2w S 5L
X 8] Y gfgjlﬁéﬂfuﬁlﬁ G2 (0) =0, SN
W) = a5 le) @ |0y + b5 gy @ [1). HE Ry (U) -
Fo(U) > 4U + 2w H F> (U) — Fy (U) < 8U + 2wy )
BRWEE N, WSS [0)) =7l
1)+ 67 |g) @ |2), TERIE T8 FA Y, SOk
KT PR BRI S G (0) < 1/2. T ZEHAB S HIX
6], HEASAE O TAS [ HR A Y, I S R
KT 1/2. i, % T IR T BS R
WA, FEAHRIEN T, HOG FRL%E QR AEEA S
BOOK ] P PR 4 3 i LR M T IR e
BREIO B, BOUE 73X — 52, [ 4(a) 410 %
B RBHE U g, (975 4k, Hrh it % log (G2 (0))
(1. T o € IX 88 A O T BELIE (G2 (0) = 0)
IKIR. BAR, B U AR, X BBk Bk
%%ﬁi@%%%ﬁ%Awﬂiaﬁm@%@ﬁ.

A 6 X AL X R 2 G (0) B g, 5L T 4(D)
EP Ga (0) =0 B 5. MIE 4(b) AT LA H
UMK, Go(0) = 01T & B, M AR M
FIA I TFHTHLIE. BRI Ah, B A(b) s s
T #iit Go (0) = O &1 53— /\G2<><1/2a@
V-, R A O TR A [0 7)) A F
SRR U MR T3 K R A 3R g, 16
W, BHE— ST T AR T 00 R Tl TP 28
N

G2 (0) = (11)

A

N 1
HRWRAA0 I, 8By =wi— 5 +5U-

V(D0 +ag2, OB MIER IR (6) KBF
w~, HE EO)MIE X E K F A=
VIA+U @+ 1P +4g2 (n+ 1) 3 TR 524 19
BS B U = 0, FEZ 1Y J il 5 RE 1 B A JE AT g
P AR B, Fie A IR K
AZ

8g:(n+2)(n+1)’
ALK IR, X FR/ANG RS R A, n R K E BE
P, (10) Xrp A2T 0] DL Z WG A4, = RE

8-En =Wwf—Ggr — (12)

134203-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 13 (2022) 134203

U/wf

0 1 2 3 4 5
g, (units of wy)

1.0

0.6

G»(0)

0.4 r

0.2 r

0 1 2 3 x 5
gr (units of wy)

B4 RIS A =0, LM T I HEM L AL T BS 5
RIS B IR R B G2 (0) 52 (a) G2 (0) FHAEZR
PEEF UFIRBASREE g BB 1L, BUEAARRXT Ga (0) B EL
J5i log (G2 (0) M fH; (b) AR AELMEN TG RE UF
G2 (0) BB & 50 g 84k

Fig. 4. For the BS model with the rotating wave approxim-
ation at resonance A = 0, the influence of the nonlinear
photon term on the second-order -correlation function
G2 (0): (a) Variation of G2 (0) as a function of the nonlin-
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G2 (0) as a function of the coupling strength g; for differ-
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Abstract

The Buck-Sukumar (BS) model, with a nonlinear coupling between the atom and the light field, is well
defined only when its coupling strength is lower than a critical coupling. Its energy collapses at a critical
coupling and is unbounded beyond that value. In other words, the BS model is incomplete. We introduce a
simple and complete BS model by adding a nonlinear photon term into the initial BS model. Considering the
rotating wave approximation, this complete BS model conserves the excited number and the parity. By
expanding it in the subspace of the product state between the atom and the field, we solve the time-
independent Schrodinger equation to obtain the eigenenergy and eigenstate. Furthermore, we explore the
influence of the nonlinear photon term on the energy spectrum and the photon blockade effect for the complete
BS model by calculating the excited number and second-order correlation function.

Our study shows that, the nonlinear photon term not only eliminates the energy spectral collapse but also
makes it well-defined and complete in all the coupling regime. When at the resonance between the atomic and
the field frequency, the nonlinear photon term breaks the harmonicity of the energy spectrum and produces a
ladder of the excited number in the ground state. Because the larger nonlinear photon term inhibits the photon
transition from an energy level to the higher one, it produces the single-photon projection state in the larger
coupling region. Accordingly, we find that the nonlinear photon term promotes photon blockade by calculating
the second-order correlation function. When at the non-resonant region, the nonlinear photon term enlarges the
originally anharmonic energy ladder. For a complete BS model with the fixed nonlinear photon coupling
strength and the fixed detuning, the energy level for the positive detuning is lower than that with the negative
detuning, and more energy is required to overcome the absorption of a photon. Therefore, the positive detuning
promotes the photon blockade. For the negative detuning, the system is more likely to absorb a photon and

jump to a higher energy level, and therefore, suppresses the photon blockade.

Keywords: Buck-Sukumar model, second-order correlation function, photon blockade
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