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Fig. 1. (a) Schematic of the two-atom system, the atoms are
driven by a laser field with frequency wp at an angle 6p
with respect to the interatomic vector 712, detectors are
placed at positions R; and R2, detecting photons emit-
ted by the atoms at angles 6; and 62 relative to the
atomic axis; (b) presents the atomic energy level diagram,
displaying the transition frequencies w; and wz of atoms
1 and 2, spontaneous emission rates ;1 and 2, as well as

laser coupling strengths.
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Fig. 2. Energy level distribution of two atoms after diagon-

alization: (a) Non-identical atomic energy level distribution,
with coupling between symmetric and antisymmetric states;
(b) identical atomic energy level distribution, where the

laser drives only the symmetric state |s) .
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Fig. 4. Energy level population distribution of identical
atoms with A =0, Ap =0, r12 = 0.5\, 71 =~v2:(a) The

atomic energy level population as a function of (2 with

Population and coherence

laser incidence at 6y =m /2; (b) the change in atomic en-
ergy level population with the laser incidence angle 6 ,
for 2 =0.5v.
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(b) JRFREL AR R FEFERLEL v1 /2 MZETL, A =0

Fig. 5. Energy level population distribution for non-identical
2 =0.57,

r12 = 0.5\ : (a) The variation of atomic energy level popu-

atoms with 6y =n/2, wo =wr, and

lation with A, 1 =2 ; (b) the change in atomic energy
level population with the dissipative ratio v1/v2, A =0.

FET ok R R FAEHLIE (71 /72 ), BFSEH:
XA S A R AR . LA o) SR BT R (v—
m2)/2, |s) BFEHTERN (v + 712) /2, FEHELFE
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n/2, T2 =05\, AL =0, Xy =7, A2 isF]
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M4 B2z, TR0 EHIRS |s) &, %S
JEAH BREFE T 3, A2 FERL LL S 555, 1 |a) A9 AR
JRARE . NIL, YR FREBORHSE, A A FERK
FARE TR B B AL, R 4 S 0 I S A e 22
I BT P R FRERL2ZE AR R BT BL, M
KASBNFLSFERCK B IR A, X S EUR T
Z I ARSI AS G, S mskss 1 B RN

5 ZHRKKEKA LN

BRI — B T M RE A R, Be
JER T 2T 9P (R, R) RIKIERERI ALY

180°

Fl6  2FET g (R, R) BB 154, AL =0

WAEFRE. & 6(a) Hr, X/ SR 2 =
0.1y, JBFHEIEE rip = 0.5), 6L =n /2, IHHEDES
AN BT (AR B 5t B AR [R) HL R FE RO ], JR+ 1
F - 2 J&] Bl RPN A7 58 55 X5 A R o3 A &
AHFIEY, RGN — S REFRAUN A R L. X Fh e &
T o =0, f K& B (E %M A 6 A I 5% 0F
cos =2n+ 1, B A FAE 0 Fl o SCHR{EA e K
H. WA 4(a), ZE/DBHEERET v — 1, fiE
TP 5B AGTE |g) A5 E, TR H4R S5 BE ARG, —
BB GO (R) — 0, BT K BHgem s, M=
AR AN . 1 6(b) h, BE A R RS ORE
Q =05y, WET ¢@(R, R) TEHOGTE E (£148) Ml
AT AL (LR Ao, #E 3R S8R —
BT I0RN, e R SCHAE . SO AT A ST
(IELR), BOEHIRSN T |a) &, BEHT 1o = —n , BB
KKIRAEL AR 43 A 05 /2 cos 0 = 2n, 6~ n/2 Fl 3m/2.
SO6TRE B HG, SORHED B B R R R A

(a) O =m/2, 112 =051, 2=0.1v; (b) ALk 0L =n /2, KLk

Op=mn, rm2=05\, 2=05v;(c) OL=n /244, 6L=n/3 LK, 0L =2n /35, ria =05\, 2=05y;(d) 0 =n /24

2k, 0= EEL, 0 =n /3484 ria =X, 2=0.5y

Fig. 6. Distribution of the second-order correlation function ¢ (R, R) for identical atoms as a function of the detection angle
with Ap =0: (a) For L =n /2, ri2 = 0.5\, and 2 =0.1v; (b) for 6L = n /2 represented by the red line and 6. ==n by the
blue line, with r12 = 0.5\ and 2 = 0.5v; (c) for 6. = n /2 shown as the red line, O = /3 as the blue line, and 0 = 2n /3 as
the green line, with r12 = 0.5\ and 2 =0.5v; (d) for 6L =n /2 by the red solid line, 6 == by the blue dashed line, and

0L =m /3 as the green line, with r12 = X\ and 2 =0.5v.
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WO K |s) &, BIRAE O N OB R T R4
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TR OCIRAEL 1) £ 5370 B4 I 7 [ BE RO A S A1 3™
FE IR,

7] J5F Z G0 A OC ok A A R 2
R AT AR, 4 TR B R RS AFFER L
Y1 /v2 X BRSO BREAA A A i sZ e, [ T iR e
ria = 0.5), 2 =0.5y. B, HEKIEN ¢? (R, R)
fIEZm, & 7(a) PIRFAER v =12, 0L =n /2. H
£ A=075y, L A=—0.75y, WOLHET 24t
k. SEFE T, L ¢ (R, R) FIFEE R
W, BEBT b1 &~ 0.35m , EERAEFE R I FA o4 130.6°
R, HERKRBAE R SRR T 25 1A=
—0.75y if, JCIR{E I R IBAIE, 10 ~ —0.221 , JCHK
m%%z%@zﬁm K 7(b) WEBOCSRT 1 R, 5

Bl 7(a) FEBL, 23005 BRAT AT /N JE T 3L R
i, IR AR TH i v T J5E - RS A3 23R K ) — .

BN A = —0.757 B, 1o ~ —0.35n , &l 7(c)
T B O

TIRFH, wp = w . BEEOE AL

B 7 AEeRET ¢ (R, R) KIEEREHEMMAIME, r2 =05), 2 =057 (a) o=n/2, 1 =72, wp = w2, WL A =0.757,
L A=—0757;(Db) OL=n/2, y1 =72, wL=w1, K&K A=075y, L A=—-0757;(c) o=, y1 =72, wL =w1, &
LA=0T75y, 8% A=—-075y;(d) OL=n/2, A=0, v1 =2 42, 11 =272 #Z, 71 = 1072 5%

Fig. 7. Distribution of the second-order correlation value g<2)(R, R) for distinguishable atoms as a function of the detection angle

with r12 =0.5)\ and 2=0.5v: (a) 0L =n/2, vy1 = v2, wL = w2, the blue line corresponds to A = 0.75y and the green line
to A=-0.75y; (b) b=n/2, v1 =72, wL =w1, the blue line is for A =0.75y and the green line for A= —0.75v;
(¢) OoL=m , 1 =72, wL = w1, the blue line is for A =0.75y and the green line for A = —0.75v; (d) with 6L ==n /2 and

A =0, the red line is for v1 = =2, the blue line for v; = 2v2, and the green line for ;3 = 1072 .
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Abstract

In recent years, the radiative properties of atomic systems have been a hot topic in the research fields of
quantum optics and quantum information. With the continuous development of nanophotonics, quantum
antennas have become an important model for studying atomic radiation. In order to investigate these
phenomena in depth, we investigate a system composed of two two-level atoms, and study the two-photon
emission phenomenon of diatomic system under conditions of driving directional tunable laser field, interatomic
dipole-dipole interaction, and spontaneous emission coherence.

In this study, we diagonalize the atomic Hamiltonian to obtain the eigenvalues and entangled states of the
system (symmetric and asymmetric states of two atoms), and use the rotating wave approximation to rotate the
system into the laser frame. The evolution of the system is characterized mainly by the evolution of symmetric
and asymmetric state, as well as the evolution of coherent terms. In our studies it is found that for identical
atoms, certain laser directions and geometric configurations can exclusively drive the superradiant and
subradiant states of atoms, which can enhance the first-order interference effect of the atoms and markedly
increase the probability of two-photon emission in a specific detection direction. When the superradiant state of
the atom is solely driven, there will be no coupling between the superradiant state and subradiant state,
resulting in a correlation function angular distribution that is symmetric along the direction perpendicular to
atomic axis. Further adjusting the laser direction causes the atomic interference patterns to shift, and the
system will exhibit two-photon emission characteristics on one side or both sides.

For nonidentical atomic systems, due to detuning between the two atoms, the laser cannot drive the
superradiant state or subradiant state individually, and the influence of changing the laser direction on the
coupling strength diminishes with the increase of detuning between the atoms. When the laser is in resonance
with one of the atoms, due to the atomic interactions, the other atom can achieve the strongest coherent effect
without resonating with the laser. This research reveals that atomic detuning is crucial for the correlation values
and angular distribution of the correlation function. By adjusting the atomic detuning and laser direction, the
system can display highly directed one-sided two-photon emission characteristics. However, different dissipation
rates will lead the probability of two-photon emission to decrease. Our studies can achieve highly directional
two-photon emission on one side or both sides, which provides a theoretical basis for studying the two-photon

emission of nanoantennas.
Keywords: superradiance, subradiance, correlation function, nanoantenna.
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