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�©±p-u��f�ïÄé�, dÄ�!-u�Úp-u�U?/¤�F.nU?XÚ, nØþ¦)�F.
nU?XÚ��ÝÝ
�§, ïÄ
p-u��f��Z�A, O�¼�&ÿ1�áÂÚÚÑ­�. ¿ïÄ
p-
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1 Ú ó

p-u��fAO´Ìþfê�u 20 ��f,
äk����f�»Ú>ó4Ý, äkér��
§�p�^±9é	\|�~¯a�A5. ¿�
p-u��fäk���Ë�Æ·Ú���µþ
�Ç [1].

dÄ�!-u�Úp-u�U?|¤�F.
nU?, �^uïÄTXÚ�þf�Z�A. >^
aAß²´þf�Z�A��«/ª, Harris �
| [2] 3þ­V 90 c�JÑ¿Äg3�f�í¥
¢y
 Lambda /nU?XÚ�>^aAß², �
�éõïÄ�|3ØÓa.�nU?XÚ¥ïÄ

þf�Z�A [3,4], X�ZÙØÐ¼. ¿*	�
dd�)�ú1�A±91óÀ��;y� [5−7].
Wang �| [8] 3��f�í¥*	�õV�y�,
±9��foU?XÚ¥�þf�Z�A [9] Úü
©fnU?XÚ�1fÚO [10]. Cc5, dp-u
��f/¤��F.nU?�fXÚ��Z�A
É�<��'5 [11,12], Adams �| [13] 3��f
�í¥*	�p-u��f|¤��F.nU?
XÚ�>^aAß²y�. dup-u��fé>
|é¯a, �Ìþfê�Ôg�¤�' [1], ¦�|
^ù�A:3TXÚ¥¼�é��>1�A [14].

�©±p-u��f�ïÄé�, dÄ�!-
u�Úp-u�U?/¤�F.nU?XÚ, nØ
þ¦)�F.nU?XÚ��ÝÝ
�§, ïÄ

p-u��f��Z�A, ¼�&ÿ1�áÂÚÚ
Ñ­�. ïÄ
p-u��fm�p�^±9	\
>|é�Z�A�K�.

2 �F.nU?XÚ� Hamiltonian þ
Ú�ÝÝ


�F.nU?XÚdÄ� |g〉, -u� |e〉 Ú
p-u� |r〉 |¤, ±��f�~: Ä�� 6S1/2

(F = 4), -u�� 6P3/2(F ′ = 5), p-u�� nS

(n �Ìþfê = 35—40). Xã 1(a) ¤«.
Ù Hamiltonian þL«�

H = H0 + HI + V, (1)

H0, HI Ú V ©O��f� Hamiltonian þ, 1��
f�p�^ Hamiltonian þ, ±9p-u��fm
��p�^½>|ép-u�U?��^.

H0 =~ω1 |1〉 〈1| + ~ω2 |2〉 〈2| + ~ω3 |3〉 〈3| , (2)

HI = − ~
2

(
Ωp e−iφ1 e−iωpt |1〉 〈2|

+ Ωc e−iφ2 e−iωct |2〉 〈3|
)

+ c.c., (3)
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ã 1 (a) �F.nU?«¿ã, 〈g|, 〈e| Ú 〈r| ©O�Ä�!-u�Úp-u�; (b) p-u�� Stark U?, ∆ L«
du>|�^�)�p-u��U?ª£

Ù¥, Ωp =
µ12ε

~
�&ÿ1� Rabi ªÇ, ε �f&

ÿ|��Ì, µ12 �éA��[ó4å, Ωc �rÄ
$1� Rabi ªÇ, ωc Ú ωp L« |2〉 → |3〉 (Ä$1
�^) Ú |1〉 → |2〉 (&ÿ1�^) U?�[�ªÇ.
�â�ÝÝ
�$Ä�§,

i~
d
dt

ρ̂ =[Ĥ, ρ̂] = Ĥρ̂ − ρ̂Ĥ, (4)

i~
d
dt

ρ̂ =
{

~ω1 |1〉 〈1| + ~ω2 |2〉 〈2| + ~ω3 |3〉 〈3|

+
[
− ~

2

(µ12ε

~
e−iωpt |1〉 〈2|

+ Ωc e−iφ e−iωct |2〉 〈3|)] + c.c. + V
}

ρ̂

− ρ̂{~ω1 |1〉 〈1| + ~ω2 |2〉 〈2| + ~ω3 |3〉 〈3|

+
[
− ~

2

(µ12ε

~
e−iωpt |1〉 〈2|

+ Ωc e−iφ e−iωct |2〉 〈3|)

+ c.c. + V
}

. (5)

ò (5) ª�¤Ý
�/ª, ¿�ÄþU�du
guË�¤�)�Ë�P~ Γ , 3Ø�Äp-u�
�fm�p�^�^�eòÝ
�z{���é
�Ý
�� [3,4]

ρ̇31 = − [γ31 − i(∆p + ∆c)]ρ13 −
i
2
Ωcρ21

+
i
2
Ωpρ32,

ρ̇21 = − (γ21 − i∆p)ρ21 +
i
2
Ωp(ρ22 − ρ11)

− i
2
Ωcρ31,

ρ̇32 = − (γ32 − i∆c)ρ32 +
i
2
Ωc(ρ33 − ρ22)

+
i
2
Ωpρ31,

(6)

Ù¥ γij = (Γi + Γj)/2 L«U? i � j �[�P~

�Ç, Γi �U? |i〉 �guË�P~Ç. du |1〉 �
Ä�, ¤± Γ1 = 0. ∆p = ωp − ω21, ∆c = ωc − ω32

�&ÿ1ÚÄ$1���þ. �§ (6) ��F.n
U?XÚ��ÝÝ
�§. )�§|¦Ñ ρ12, ��
�&ÿ1ÏL�F.nU?XÚ
Ø�Äp-u
��fm½	|�^�XÚ�1�.

3 �ÝÝ
�§�)Ú(J©Û

Äk�	�f3Ð©G���/, duÐ©�
vk1��f�^, ¤±b��f3Ð©G�?u
Ä�, 
���Ä0����4z, =

ρ11(0) ≈ 1, ρ22(0) = ρ33(0) ≈ 0. (7)

p-u��f�Æ·é� [15], �A��¦�þ?,
�-u��f�Æ·�'�n�êþ?, ÙguË
�é�, Ïd Γ3 �K�Cq�Ñ. ,	Ý
� ρ31

L«U? |1〉 Ú |3〉 �m��Z, 3f&ÿ1��¹
e, �±?�Ú�Ñ ρ23 ��^, 3ù
^�e, �
§ (6) ?�ÚL«�

ρ̇31 = − [−i(∆p + ∆c)]ρ13 −
i
2
Ωcρ21,

ρ̇21 = − (Γ2 − i∆p)ρ21 +
i
2
Ωp(ρ22 − ρ11)

− i
2
Ωcρ31,

ρ̇32 = − (Γ2 − i∆c)ρ32 +
i
2
Ωc(ρ33 − ρ22)

+
i
2
Ωpρ31.

(8)

Ý
� ρ21 L«�

ρ21 =

i
2
Ωp(ρ22 − ρ11)

γ21 − i∆p +
Ω2

c/4
γ31 − i(∆p + ∆c)
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≈−

i
2
Ωp

γ21 − i∆p +
Ω2

c/4
−i(∆p + ∆c)

. (9)

d&ÿ|�4zÇ�§

P =
1
2
ε0Ep[χ(ωp) e−iωpt + c.c.]

= − µ21Nρ21 e−iωpt + c.c., (10)

Ù¥ N ��fê�Ý, ��, 4zÇL«�

χ = χ1 + iχ2 =
2µ21N

ε0Ep
ρ21. (11)

4zÇ�¢ÜÚJÜL«�f0��ÚÑXêÚ
áÂXê. éu��f, Γ2 �� 5.2 MHz, Ø�Ä�
p�^�Ä$1���þ ∆c = 0, &ÿ1� Rabi
ªÇ� Ωp = 0.01 MHz. nØO���F.nU?
XÚ3Ø�Ä-u��fm�p�^^�e�á
ÂÚÚÑ­�Xã 2 ¤«.

ã 2 ��k&ÿ|��f�^�, =Ä$1
� Rabi ªÇ� Ωc = 0 MHz �áÂÚÚÑ­�.
áÂ­�, χ �JÜ, L«Ñ&ÿ1�[�þ!�
. (ã 2(a)); ã 2(b) �ÚÑ­�, χ �¢Ü.
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ã 2 Ä$1 Ωc = 0 MHz �, &ÿ1��~áÂ� (a)
ÚÚÑ­� (b)

�Ú\��(½�Ä$|�, &ÿ|�áÂÓ
+k²w�Cz, Xã 3(a) ¥çÚ¢�¤«�Ä$
| Rabi ªÇ� Ωc = 10 MHz ��áÂ. dã��,
&ÿ|áÂ��©�üÜ©, 3&ÿ1�� �Ù
áÂ~�, �)
��ß²I�, (=¤¢�>^a
Aß²�A), éA�ÚÑ­��¥%k��Çé�
�ÚÑ�A (ã 3(b) çÚ¢�), ù´1��f�Z
�p�^�(J.
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ã 3 Ä$1� Ωc = 10 MHz �, &ÿ1�áÂ (a) ÚÚ
Ñ­� (b) (3&ÿ1�� �Ñy
��ß²I�Úé
A�éÍ�ÚÑ, çÚ�¢�L« Ωc = 0 �(J, ùÚ�
J�L« Ωc = −3 MHz �(J)

éu�F.nU?XÚ¥�þU?´p-u
�U?��¹, ·�I��Äp-u��fm�
�p�^. éup-u��f, AO´Ìþfê�
u 20 �-u�, �f�»�, ó4åé�äkér
�ó4�p�^, Ó�p-u��fäké��
4zÇ, éN´É�	.X	>|�K�. ~X, 	
>|�±¦p-u��)©�ÚU?ª£ [16], X
ã 1(b) ¤«.

3	>|���^�e, >|éÄ�Ú-u
�U?�)�ª£é��±�ÑØO, �´p-
u�U? |r〉 K¬�)��� Stark ª£. éAu
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þ¡J���F.nU?XÚ��ÝÝ
, ù�
Ä$1�ªÇ�éu�fU?äk
�½���.
� ∆c = −3 MHz, =du>|�)� Stark ª£
� 3 MHz �O��áÂÚÚÑ­�Xã 3 ¥�J
�¤«. �vk>|½�p�^��¹�'�, >
^aAß²¸ÚÚÑ­�k�� £. ÚÑ­��
CzL«&ÿ1²L0��ò�Ç�Cz. ù«y
��´�«>1�A, ©z [14] ¥|^p-u��
f�>^aAß²y�ÿþ
��f�í³¥d
u>|��^�)�ò�Ç�Cz, ¼�
��f
�>1Xê�� 10−6 m/V2.

⇁V

↩V

D1

D2

PBS

PBS

M

M

ã 4 ÿþnU?XÚ>1Xê�«¿ã (D1 Ú D2 �&
ÿì, PBS � �©1cº, M ���º, V �	\��6
>
)

�âþ¡�nØO�, ·�JÑXe�¢��
Yÿþ�f�¬�ò�ÇÚ>1Xê. Xã 4 ¤«
�|^êâ - Q� (Mach-Zehnder) Z�¤ÿþ�
f�¬�«¿ã.

�	4Ä$1��ÿ�±ÿþ&ÿ1�áÂ,
�mÄ$1ÿþ�F.nU?XÚ��ZA5. �
m>
O\	>|, uÿ>|é�F.nU?XÚ
�K�Úÿþ�f�í�ò�Ç�Cz�¹.

4 ( Ø

�©ÏL¦)dp-u��f|¤��F.
nU?XÚ��ÝÝ
�§, ¼�
�F.nU?
XÚ�áÂÚÚÑ­�, �Ä$1�u"�, f&
ÿ1�éA��fU?���LyÑ���áÂ
A5, 
�Ä$1Ø�u"���fU?���,
f&ÿ13�� ��)��ß²I�, ù´dU
?m��Z�A�)�(J. ��3	>|�, f
&ÿ1�ß²I�ÚéA�ÚÑ¬u)ª£, l

�)ò�Ç�Cz, =�)>1�A, �©¿JÑ

�«^uÿþù«>1Xê��Y.
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Coherence effect of high excited state atoms∗
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Abstract

The ladder three-level system including ground state, excited state and high excited state is investigated by using the density

matrix equations. The coherence effect of ladder three-level system is analyzed, and absorption and dispersion curves of weak probe

laser are obtained. The effects of interaction between high excited atoms and external electric field on the coherence effect are also

investigated. The result shows that the interaction between high excited atoms or the external field can make the absorption curve and

the dispersion curve shifted.
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