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Quantum Interference between Virtual and Real Photons of the Spontaneous
Emission in an Atom Embedded in Photonic Band Gap Structure

LIU Zheng-dong LIN Yu
{ Physics Department, Zhejiang University { Yuguan Campus), Hangzhou 310027)

Abstract The spontaneous emission is studied with non-rotating-wave approximation in a three-level atom embedded in a
photonic band gap scracture {PBGS). And the edge of the gap is not Jocated at the center of the two upper levels. Intense
quantum interference occura berween the virtual and real photons with a set of suitable parameters. ﬁnewlou]judﬁeldia

found in the spantaneous enissicn field, while the atom is partly trappad in the upper levels.
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Fig.1 A three-level atom in a photonic band gap structure
The two opper levels, | ;) and | 22}, are placed asymmetrically
from the band gap edge by 4; and A3, respectively

Kb, o) (o)) ERWHHTE L MG LA
BREF, RIHEN o, KFAHHBERE 21°

,d.- 3 m—b — —
=E?i—{2£ow,Vo] €’ udi'iq:diﬂ“d‘ -5

| az){az 1+ fw, | 6) (b |+ Zhwsaja, +

ai 1a) b1+ ga} 1ad (6 1)+ H.C.] (1)
H | e 1 b BERTBEEHIADMIT HRAR
B®(i=1,2), V, BB, 7, B EHL - RE
HEMAGER, ., RAAKBBHE " = =
B> @ap fu L ﬁ E.:

[we = @y | = Ay, A,(A) € 0, . SXM[4] 9HE
BN E, 3 B T 4 4 i BB 4 4F 3 e b 4z B M 7
FFH LSRR, X EY A, FETF ALK
TFRAEFRLE o WEBXREMNETRA
w =w + Ak - ko), A= wlki (2)
EHERATE D, RANMEEETER
A, =ik [Zg (™, 1 a) (b 1+

Iw.‘b - w‘l = A,

g, 1 a,) (b 1+

ey | ) b 1+

el 1 g (e 1)+ H.C.1 (3)
ﬁﬁ[ﬁ%%u#ﬁih?iﬁ/f*.tﬁﬁﬁ la,) M 1), X658
RTFREDFRANEEBENTEX

| e =AM () 1a) 100+ AP(2) 1a) 100 + 35, 18) 1 1), +

zz [a‘"(z) la;) | ads ¥ @B (e) L agd | ndy + bpaya 18 |+ 1),] (4)
HrRBEla) I n),H | az) | n), BREFLRNLTF ERBE | 2,) W) ay), KEFHE n T2 WBET: 1 &
ln+1), BREFLTFRE, EEH o + 10 BT, AV0), AP (0) 0,35 H 294(0), 255 (),
Bass,(0) = O BLEH | ¢(e)) BRALAE Schrodinger 58

w2 = Bl (5)
ERBE THHEE
SAP ) = T V() a"‘"’(‘) = Zgie b, (0)
E"u == gile ™ AW (1) +/2e ™2 (1) + e VAP (2) + /2 e (2)]

d_ail:;(t) =glvn+ llﬂ‘t'-""hbnl L) + Jneé ity Bpra(2)]

rals

n+l, l(t)

t2) (l) = g.[v n+ 19'(-?.‘ ﬁ)‘b.i-[l(t) + I-Ui(. '+.‘)‘b -1, h(‘)]
=-glfn+ le_'-("-l*"*ha?,).(t) + Jn + 2e ‘"‘"a{?z, (r) +

Jn+ 18_'.(-"3'--‘“(19:)*(:) + Jn+ 2¢'£('-;'+"}'af.232,.(t)] (6}

H31h B LM, TN R R R T

BIATBETHMDA 205, ) Mb,. . (FF,n

2 1)' Efﬂﬁﬂ]ﬂﬁ%ﬁ' ! ul) | 7!)5- | az) 1 ﬂ)iﬁ
1 8) | n + 1), BRE AT RBFBAPHERE



1188 MNER %: RTRTFRAEIRT Eﬁﬁﬂ‘&‘]ﬁﬁi‘ﬁ?i?—?# 993

E%E?ﬁﬁ&‘]ﬂ%ﬁﬁ gkoﬁﬁ k ﬂﬁku-g} #
FWR/D, & & T L, RS KE, X R RIS X B
HMRRETR. B4 BETFLBEHER LT
TR0 A R SF AT TR T U0 3 4 A B B it
B, BERX LR THY B FABHERRD,
Y » BB AMRR N REETE.,

3 BEATHEFTH

B HBECMBHETE, RINTUBBIE
FEMBRYERILE P(a,), Pla,) T P(5). 4
Y FREHREFLRE(0,) LB, BTHE
REHTHURETHBRALT AR B
O RE SR T AT A LR R R, Bk
X o WABREREEFEHASEFHHE
i, M AR TFRELTHERATHRS . M
MEWHME o H4.50,4, =0.1,4, =0.8x 1Y
BHE, B 2 BRi R PR 8BRS BILRERE
HREHZAFTRERGPH AR, XERBRELET
FaTHOHE" BhmEhRB N o5 LR
MEEHMEFHBIER, WHREELR 0.5, BRAE

¥W, FEEEMRME LN, RPREHRE ) .

as) SRJLE P(e,) WllIR T LR, HEHRT |
a,) i BBJLE P(a,) HIHERF TR ENHE gt
Kk 2.4 (TR, MBIWEERBI B, i
Pla;) o &8 8 E ¥ HE X8 0.48,P(a,) pob ]
0.16. R )5, X P & H LR ¥ R 3 L FF iG R , SRR
EWMAR 0.18 24, HFHEERBEERSIE
BB AE ARG BLERAN FHEREE
HMEENER AR TFERERES | o,) BAE
JLENTFEE - ERRETHWHRE 0.5 B 0%
Bl L, 3R R B RN LF ST W] TR T8
BMREL | q,) BEBELEDLE -EHER. X
RUTHENFEFEREAGPEHERT HER
B FTH BN REFSENYERBHNF
EMx2ERIT, '

A FREPXP=ZRREFHFROBRES RS
BREXTFHETTHIIEYN, AXNSLT, BETF
HETRERMERFERAHME, KERTLN
8, BTRELE— BN T HITRELN, &
i, EREHRGSVAREHT, RETLRRSE
XFABEERANHRTFE, XHATHENET
AWM EERAET LTI R FSEN.

HEREXEMEXTIRERBUIURLETFLEN
WA E.
0.7

Pla,)
Pia,)

o 10 20
I {4

B2 FFERSIELEAHLESE. P(2,) W Pla,) 38
HEFEAT LR | a,) M1 ) EEREESTHL
BLERHEBHE N 2, =1.0,w = 457,48, +4; =
0.9%,4, = 0.8x. MTHMEH: | 9(0) =

U201 2, +1 az))
Fig.2 Populstion evolutions of the two upper states of the
atom, which is initisted to | ¢(0)) = 1/+/Z (1 a,} +
t az) ), without using the RWA. P(a,) and P(a;)
are the populations in level | a;} and 1 @},
respectively. The system paremeters are: g, = 1.0, w,
=4.5r, A+ 4; =0.9x,4; = 0.8x
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