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Äu>^aAß²Eâ, ÏL¦)�f��ÝÝ
�§Ú>^|�DÑÝ
�§, ïÄ
�1Å|Ú7Å|�
ÓÍÜ���oU?e�f0���1ÆA5, uy3A½ëêeU
�)��A��{�V1f�Y(�, 3
ùü�1f�YéA�ªÇ«�S��ÇÑþ!/�L 95%. ÏLUCÍÜ|�rÝÚªÇ, �±�B/N!ùü
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1 Ú ó

�C��c, -1p��f�Z�AÉ�
4
�'5. ù«�f�Z�A´�A^�Z>^|ò
��Ø�'��fU?ÍÜå5¦Ùu) Autler-
Towners 3�, lUC�f�1�m��p�^,
¦��f3áÂ!ÚÑ��X�A5þk¤Ø
Ó. -1p��f�Z®��éõ�Ôny�,
X>^aAß² (EIT) [1−4], 1�~ú [5−8], 1�
; [9−11] �. �CAc, �
�(¹/ö�1&Ò,
<�m©rù«�mþþ!��f�Z�AÿÐ
�±ÏCz��/, ?ýó
�«�#�1f
�Y(�, ¿|^ù«1f�Y(�¢y
·�
1�; [12−16]. �Zp�1f�Y�/¤�6u
7Å-1é�f�¬�±ÏN�. �DÚ1f¬N
��Y(���)¤5�Ò�½�', -1p�1
f�Y(��5�1Æ�N, ÏÉ�
2��'
5 [17−21]. |^ù«�Y(��B4f1&Ò [22],
�O�1´dÚm' [23], ù3ÏÕ�äþò¬k
��A^. �´ù
ïÄÑ´ïá3ü1f�Y
Ä:þ�, ùò����Ù¢SA^. �d, ïáV
�YÚõ�Y(�¤�Cc5IS	ïÄ�9:.

cÏó�¥, ·�3�3ý�aA�Z�XÚ¥ï
á
õ1f�Y(� [24,25]. duý�aA�ZA
�Ø�3u¢S��fXÚ, Ïd3ù�©Ù¥·
�ïÄ
XÛdÄåÆaA�ZïáV1f�Y
(�. TXÚ´d7Å|�1Å|�Ó°Ä�oU
?XÚ. nØO�uy, du7Åéü�V���
m±ÏN�, 3��:üýé¡/�)
ü���
Ç�L 95%�B�. ªÇ uB�S�1&Òò�
����, ØUÏL0�. ÏL©Û1ÅÚ7Åé
ù«>^p�1f�Y�K�uyÙ°ÝÚ �
��dü�ÍÜ|�rÝÚªÇû½. |^ù«1
Æ�N��V�Y(��Ó�öpü�1&Ò�
Ä�DÂL§, l3ÏÕ�ä¥¢yVÏ���
1´dÚm'.

2 V1f�Y��)Ú��

Xã 1 �·�¤ïÄ��Z|���oU?
e�fXÚ, n�ó4#N�1Æ�[ |1〉 � |3〉,
|3〉 � |4〉, |2〉 � |4〉 ©OdªÇ� ωp, ωc, ωs �f
1Å&ÿ|, r1Å|ÍÜ|!r7ÅÍÜ|°Ä,
-1|��[ªÇ���©O� ∆p = ωp − ω31,
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∆c = ωc − ω43, ∆s = ωs − ω42. &ÿ|�7Å|
÷ z ��DÂ, 1Å|R�u z ��DÂ.

ã 1 U?(�: Ωc ´r1Å|, Ωs ´r7Å|, Ωp ´f1Å
|, ∆c, ∆s, ∆p ©O´éA�|��AU?�[�ªÇ��

�
ïÄf&ÿ|�DÂ5Æ, 3�²;nØ

µee, �Ä>ó4Cq9^=ÅCq, ò�p�

^M�îþ�\$Ä�§
∂ρ

∂t
= − i

~
[HI , ρ] + Rρ

¥, �ÝÝ
�§|���:

ρ̇12 =iΩ∗
pρ32 − iΩsρ14

+ [i (∆p + ∆c − ∆s) − γ12] ρ12, (1)

ρ̇13 =iΩ∗
p (ρ33 − ρ11) + (i∆p − γ13) ρ13

− iΩcρ14, (2)

ρ̇14 =iΩ∗
pρ34 − iΩ∗

s ρ12 − iΩ∗
c ρ13

+ [i (∆p + ∆c) − γ14] ρ14, (3)

Ù¥, �âf|Cq^�, �½ ρ11 = 1, ρ22 =
ρ33 = ρ44 = ρ23 = ρ24 = ρ34 = 0.

ÏLþã�§|¦Ñ��¹e&ÿ|�4
zÇ�:

χp (z) =
N |d31|2

2ε0~

{
∆p − iγ13 +

|Ωc|2 [(∆p + ∆c − ∆s) − iγ12]
|Ωs|2 − [(∆p + ∆c) − iγ14] [(∆p + ∆c − ∆s) − iγ12]

}−1

, (4)

Ù¥ N ��f�Ý, d31 �U? |1〉 � |3〉 �m�
>ó4å, γij �U? |i〉 � |j〉 �m��Zµþ�
Ç, Ωc �1Å|�.'ªÇ, �Ä7Å|��{7
Å, =7Å�c����©þ�.'ªÇÓ� Ωs,
K7Å|.'ªÇ3DÂ�� z þ±Ï5Cz�:
Ω2

s0 (z) = 4Ω2
s cos2 (ksz), du7Å|��m±Ï

N�, &ÿ|3±Ï�Ý� a = λs/2(λs �7Å
|Å�) �±Ï�¥DÑ. duÉ�0��±ÏN
�, ¬31�Ùp�«>. π/a NC�)1f�
Y. O��Y(�Äk�O�DÂ��±Ï�Ý a

� 2 × 2 ü�DÑÝ
 M (ω)[20]. T±Ï0��²
£ØC5�ÏL�	1f����Ùââ (Bloch)
^�5`²,

 E+
p (z + a)

E−
p (z + a)

 =M (∆p)

 E+
p (z)

E−
p (z)


=

 e iκaE+
p (z)

e iκaE−
p (z)

 , (5)

ùp E+
p Ú E−

p ©O´&ÿ|�c1ÅÚ�1
Å (Ù.���) �>|rÝ, κ = κ′+iκ′′ ´EÙâ
âÅ¥, ´L�1f�Y(��þ. ��1fU�
(��±dû½�§ e2ika−Tr (M (ω)) e ika +1 =

0 (det M = 1) ��:

κa = ± cos−1

[
Tr (M(ω))

2

]
, (6)

�Ä�¬�þÝ� L = Na (N À 1), N �7Å
�±Ïê, o�DÑÝ
� M(N). M(N) �±Ï
L M(N) = M(ω)N �Ñ. dd�O��N�Y(
�Ð�����ÌÚß��Ì:

r (∆p) =
MK(12)

MK(22)

=
M12 sin(Nκa)

M22 sin(Nκa) − sin((N − 1)κa)
,

t (∆p) =
1

MK(22)

=
sin(κa)

M22 sin(Nκa) − sin((N − 1)κa)
,

(7)

@ o, � � Ç � R = |r(∆p)|2, ß � Ç � T =
|t(∆p)|2.

Ä u þ ã ú ª Ú � {, · � 3 e ¡ � Ñ 

[��ê��[(J. ã 2 �ÙââÅ¥ κ �
¢ Ü � J Ü � � ¹, � A ë ê �: � Z µ þ �
Ç γ12 = γ14 = 0.002 MHz, γ13 = 5.0 MHz; 1
Å | r Ý Ωc = 200 MHz; 7 Å | r Ý (Å J
r Ý) Ωs0 = 100 MHz; ∆c = ∆s = 0; � ¬ �
Ý L = 1.5 mm; �f�Ý N = 2 × 1012 cm−3.
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ã 2 �Y(�: (a) ÙââÅ¥¢Ü; (b) ÙââÅ¥JÜ

lã 2 �±uy, 3��:üý�é¡�ü�
ªÇ�S, ÙââÅ¥¢Ü κ′ = π/a, JÜ κ′′ 6= 0,
�âÙââ½n, 3ùüãé¡�ªÇ��p®²
/¤
éÐ�1fB�(�. �?�Úu�ü��
Y�/¤, ·��Ñ
��ÇÌ9ß�ÇÌ. Xã 3
¤«, 3ùü�A½�ªÇ�S, ß�Ç�", �
�Ç�L 95%, ù`²&ÿ|´ØUßL0��,
A������£5, ü�é¡��Y�éÐ�ï
á
. B��/¤�±ù�n): 31Å|Ú7Å
|ïá�ü� EIT I��S, 0��ò�ÇÉ�±
ÏN�, ¦�&ÿ13DÂL§¥¬²{õgÙ.
���; ØÓ�Ù.���©þ3�pU\�du
� �� 2π��ê�/¤��Z�, �ª��
&ÿ1�����ØU30�¥DÂ. ��5¿
�´, duB��¹3 EIT I��S, ¤±B�S

��f��áÂ��
éÐ³�, ùéup��Ç
�{B��/¤��'�.

e¡·�m©?ØXÛéV1fB�?1N
�.

ã 3 &ÿ|���ß��¹ (a) �Y��ÇÌ; (b) �
Yß�ÇÌëêÓã 2

ã 4 w«
�UC1Å|Ú7Å|�.'ª
Ç�, V1f�Y�1Ì(��Cz�¹. �
¢
yp��Ç�{�V1fB�, 7LÓ�O�½~
�ü|�.'ªÇ. Xã 4 ¤«, �Xü�ÍÜ|
�.'ªÇÅìü$, �Y��°ÅìCÄ, �´
������ÇvkCz, ü�B�� �Åì�
C��:, ¿©ª±��ªÇ�¥%é¡©Ù. V
1fB��N!A5�±ù�n): ��¡�Xü
�ÍÜ|�.'ªÇC�, ü� EIT I���°¬
ÅìC�, �´©ª�¹B��ªÇ��, l¦
������ÇØ¬ü$; ,��¡7Å.'ªÇ
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~��, 7ÅÅJÚÅ!�é'Ý¬ü$, =ÅJ
ÚÅ!�ò�Çé'Ýü$, ù¬¦B�CÄ. ù
�, ·��±ÏLN!ÍÜ|.'ªÇ5���Y
��°� �.

ã 4 & ÿ | � � � Ç 7 Å | Ú 1 Å | � . ' ª
Ç Ωs0 = 100 MHz, Ωc = 200 MHz (¢�); Ωs0 = 60 MHz,
Ωc = 150 MHz, (J�); Ωs0 = 30 MHz, Ωc = 100 MHz,
(:�). Ù{ëêÓã 2

þ¡ïÄ�Ñ´��ÍÜ��¹, =ü�ÍÜ
|���´". �e5·�?Ø7Å|�1Å|
���éV�Y(��K�. Xã 5(a) ¤«, Åì
O\7Å|���, �Y�é¡5Ñk»�, �ý
���ÇÑkü$, �ü$�ÌÝ¿Ø�, �Y�
°Ý�±ØC, �Y �u)7£. 1Å|���
ÅìO\� (ã 5(b)), ü��Y���ÇÚ°Ýv
kCz, ��Y �u)ù£. |^M»�nØ©
Û��, ��¬�� EIT I�� �u)£Ä, ?
¦�Y �u)
£Ä. duü��YE,3ü
� EIT I�S, ¤±�Y���ÇA�vkCz;
qdu7Å|�rÝvku)Cz, ¤±ü��Y
�°ÝØ¬u)Cz. nþ��ÏLUCÍÜ|�
��, �±£Äü�1f�Y� �.

ù�, ·��±ÏLnÜN!7ÅÚ1Å|�
��9.'ªÇ5���Y�°ÝÚ �, l�
�äkA½ª��1f�Y.

ù«>^p��Ä��N�V1f�Y(�,
�^u¢y²;½þfÏÕ�ä¥�VÏ��1
´dÚm'. �Ä�3¢SA^¥I�?n�õ�
1&Ò, ·��±?é/��õ�äk>^p�V
1f�Y(���f�¬. �´, ?é��J¬¦

1&Ò�DÑ�Ç�5�$, ÏdXÛ3���f
�¬¥Ó�¼��õ�>^p�1f�Yò´·
��5ïÄó��:.

ã 5 &ÿ|���Ç (a) 7Å|�� ∆s = 0 (¢�), 30 MHz
(J�), 60 MHz (:�); (b) 1Å|�� ∆c = 0 (¢�), 30 MHz
(J�), 60 MHz (:�). Ù{ëêÓã 2

3 ( Ø

|^£ã�füz��ÝÝ
�§Ú£ã>
^|31f¬N [26] ¥DÂ�DÑÝ
�§, ·�
©Û
1Å-1�7Å-1�Ó�^���oU
?�fXÚ��1ÆA5. (Juy, �X�m
 �d7Å!:C�7ÅÅJ, �fXÚ�V�d
��3���é, &ÿ|�áÂ¸dü�C¤n
� (ß²I�d��C¤ü�). Ó�, 0��áÂ
ÚÚÑXêdu�7ÅN�¥y±Ï5, ¦�&
ÿ|3DÂL§¥¬²{Ù.���, ±�uü�
A½ªÇ«�S�&ÿ1ØUÏL0�, =3ü�
I�S�)
�é1f�Y. 1f�Y�°ÝÚ 
���d1Å|Ú7Å|�rÝÚªÇû½.
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Abstract

By using the technique of electromagnetically induced transparency and solving density matrix equations for atoms and transfer

matrix equations of fields, we study the steady optical properties of a four-level system of cold atoms driven by a traveling-wave

field and a standing-wave field. It is found that a nearly perfect structure of double photonic band-gap can be generated with specific

parameters. In particular, the reflectivity inside each photonic band-gap is homogeneous over 95%. It is convenient to modulate the

positions and widths of both photonic band-gaps by changing intensities and frequencies of the driving fields. The double photonic

band-gaps can be used to achieve all-optical routing and switching and therefore may have applications in all-optical information

networks.
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