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Äu��fÄ� 6S1/2 �ü��°[U? (F = 3 � F = 4) �-u� 6P3/2 ��°[U? (F ′ = 4) �¤� Λ

.nU?XÚ, æ^¿§e��¿�ÀíNÚ¿k©Ø� 266.6 Pa �Cí���ÀíN���fí¿éu�ZÙØ
Ð¼ (CPT) �ëê�6'X?1
¢�ïÄÚnØ©Û. Ì�ïÄ
 CPT &Ò��p�°ÚÌÝéuªÇ���
�fÄ� 6S1/2 ��°[©� (9.19263177 GHz) � �£½�ü-1å�õÇ!1r'�!1��»!^¶-�
���{^|±9´Ä¿�ÀíN�¢�ëê��6'X. 3`z�¢�ëê^�e¼�
� 340 Hz � CPT &Ò
�p�°.

'�c: �ZÙØÐ¼, ��f, �p�°, &ÒÌÝ

PACS: 32.70.Jz, 32.80.Pj, 32.80.Qk

1 Ú ó

�ZÙØÐ¼ (coherent population trapping, {
¡ CPT) ´�f��Z1|�p�^¤�)��
«þfZ�y�. 1976 c Alzetta �Äk3?�f
1Ä$¢�¥*	� CPT[1], 1998 c Vanier �K
JÑò CPT A^u�f¨Eâ¥ [2]. du CPT �
f¨´8cl�nþù���¢y�.z��f
¨, Ïd�É'5. CPT �f¨�½§ÝþQäk
�fªIp°Ý�A: (8c3¢�¿¥ CPT �
f¨3 1 h S�ªÇ½Ý�� 10−11 þ? [3]), q
äkNÈ�!õÑ$�`:, �5(Ü�\óE
â�"��XÃL����^Ü�>³ø> [4,5],
Ïd CPT �f¨3�§ÏÕXÚ½�!ÏÕ�ä
ÓÚ!ÉìC��B�z��¡äkp<�A^
cµ [6,7].

CPT �f¨�'�¯K´XÛØÄ CPT &Ò
��p�°, ùéJp CPT �f¨�ªÇ½Ýk
X�¿Â. £ã�f¨½Ý�Ônþ σ(τ) �

L«� [8]

σ(τ) ∼ 1
SNR

∆υ

υ0

√
N

1√
τ
, (1)

þª¥ υ0 ��fÌ��¥%ªÇ, ∆υ �Ì���
p�°, SNR �Ì�&D', N ��>^|�^�
�fê, τ �ÿþ�m. �fÌ��¥%ªÇ υ0 �
p, Ì���p�° ∆υ �Ä, �f¨�ªÇ½
Ý�Ð. 8c CPT �p�°®²�±��zâ[
þ?$��Ä�Y². ,	&D' SNR �p, �1
| (½�Å|) �^��fê N �õ, ÿþ�m τ

��, �f¨�ªÇ½Ý�Ò�Ð. Ïd, 3¢�
þ, éu��f CPT ëê�6'X±9XÛ?1`
z�¯K�ïÄ, ò¬é CPT �f¨ªÇ½Ý�
?�ÚJpäk�¿Â.

·�Äu��fÄ� 6S1/2 �ü��°[U
? (F = 3 � F = 4) �-u� 6P3/2 ��°[U
? (F ′ = 4) �¤� Λ .nU?XÚ, ¿©|^©á
¢�XÚU?¿UC¢�ëê�`³ (AO´�±
?¿N!üå�Z11r'~), æ^¿§e��¿
�ÀíNÚ¿k©Ø� 266.6 Pa �Cí���À
íN���fí¿, é CPT &Ò�p�°ÚÌÝ�
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 ��Z-1å�õÇ!1r'�!1��»!
^|±9´Ä¿�ÀíN�¢�ëê��6'X
?1
¢�ïÄÚnØ©Û. ÏL©Ûù
Ï�é
u CPT &Ò�p�°ÚÌÝ�K�, �`z�'ë
þ, ?�ÚJp CPT �f¨�ªÇ½ÝJøkÃ
�/�.

2 ¢�C�Úü�ª�-1å� �
£½9�y

w7á�f CPT ´æ^� £½�ªÇ�
�u¤æ^�w7á�fÄ��°[©��ü�
Z-1ò Λ .nU?�f���Ä�ü�°[
U?��ZU\V�, ù
�f�Ð¼3�ZU
\V�þ, òØáÂ1f, Ly�ÙF1Ì¥k�
kb���V�, ½ß�Ì¥k��kb���
ß�¸ [9].

·�3¢�¥æ^��f�Ä. CPT �Y.
¢�C�Xã 1(a) ¤«. ó��fÀ^ 133Cs �
f, æ^¿k©Ø� 266.6 Pa �Cí���Àí
N���fí¿, �Ý� 75 mm, �»� 25 mm.
¢�¥�^�
��Ó�º��vk�ÀíN
���fí¿. ¢�¥æ^g�� 852 nm 1»
*Ðn��N-1ì (extended-cavity diode laser,
{P� ECDL) ��Ì-1ì, ;.�ÑÑõÇ
Ú�°©O� 60 mW Ú� 500 kHz (50 ms). æ
^ 9 mm -/µC� Fabry-Perot ªü� GaAlAs �
�N-1 (JDSU 5411-G1) ���Ä-1ì (I¡
õÇ� 100 mW), ¿ÏL Bias-T (Picosecond Pulse
Labs 5547) ��é�Ä-1ì>6?1 9.192 GHz
��ªN�. ;.���? (½K�?) N�>�
�Ó�Ä-1ìoõÇ�� 2%�m, �ÏL¥¡
�� Fabry-Perot ×£Z�¤ (CFP) ÿþ. ÏLN
!�Ä-1ì>6, ¦�Ä-1ì���?N�
>��Ì-1ì5\£½ [10]. �Ì-1ì�£
½3 F = 3 � F ′ = 4 ��°[�[��, ë�
ã 1(b), du�Ä-1ì���?N�>��Ì-
1ì5\£½, ¤±�Ä-1ì�Ì¸�Ðó�
3 F = 4 � F ′ = 4 ��°[�[�, d��Ä-
1ì�Ì¸�Ì-1ì�ªÇ�� 9.193 GHz. �

�yùüå1�m� ��(�£½, ·�?1

ûªÿþ. æ^(1ª£ìéÌ-1ì�ÑÑ
1å?1
 +100 MHz �ª£ (�x3¢�C�ã
¥), ±Bu*	¿¦�ûª&Ò3ªÇþ��ª

N�&Ò�±�Ù/«©m5. ª£��Ì-1ì
ÑÑ1å��Ä-1ì�ÑÑ1åÜå�²�ã
ü�� 1nDÑ, ��?\¯�1>�4+&ÿ,
¿æ^�ªªÌ©Û¤ (Agilent E4405B) *	. ÿ
��;.ûª&ÒXã 2(a) ¤«, duÌ-1ì�
ÑÑ1å�(1ª£ìª£
 +100 MHz, �Ä
-1ì¤\��ªN�&Ò� 9.193 GHz, ¤±û
ª&Ò�¸�?u 9.293 GHz, �Ä-1ì�Ì¸
�Ì-1ì�m�;.�é�°�� 1.02 Hz, y
²üö�m� �®�£½ [10]. �d·�Ò¢y

����f CPT �¤I��üå� £½�ª
Ç��u��fÄ��°[©� (9.19263177 GHz)
�ü�Z1å. 8c©z¥���3 CPT ¢�
¥���ª� (� GHz) �� £½�ü�Z-1
��{Ï~k±e�Y: 1) ��éR�n¡u�
-1ì (VCSEL) �>6��ªN�, ¢�¥æ^
Ù ± 1 ��ªN�>�¤© [7,11]; 2) ÏLpª�(
1ª£ì (AOM) ò\�üª-1?1ª£ [12,13],
½öæ^ AOM �p�û�1å�"?1å [14];
3) æ^°�>fÆ�"�´ò�ª��ü�-1
ìÏLûª&Ò£½ � [15,16]; ½ö 4) æ^1Æ
5\£½�{£½Ì-1ì��Ä-1ìm� 
�ÑÑ�ª�-1å [17−19]. �©¤æ^�1Æ5
\£½��{�±þJ���{þÑkØÓ.

, � | ^ & Ò u ) ì S Ü × £ � õ U
± 9.19263177 GHz �¥%ªÇ, �½Ü·�×£
��é�Ä-1ì�N�ªÇ?1×£ (æ^
¿k�ÀíN���fí¿�, du¿k©Ø
� 2 Torr �Cí���ÀíN���fí¿E
¤ CPT &Ò� +2.5 kHz �ª£, ¢�¥K±¥%
ªÇ 9.19263427 GHz ?1×ª). ^"�ºé-1
å*å�, æ^ λ/4 Å¡ò� �1C�� �1,
1>&ÿì&ÿß�1&Ò.

ã 2(b) ��üå²þ1rþ� 5 µW/cm2(1
õÇ 10 µW, ü{ÿþ1��» 1/e2 � 7.92 mm)
�, BL¿k�ÀíN���fí¿�ß�1Ì,
�±é²w/w� CPT ��ß�¸, �âÔ[�
. [20], Ù�p�°�� 340 Hz, l2gy²

�©üå1ûÐ� ��Z5. ù«�{'¦
^ AOM Ú°�>fÆ�"�´��{¢�þö
�{ü, �,���¦^R�nL¡u�-1ì
(VCSEL) �ü���>�¼��Z1��{�E
,�
, �Ù`:´�±�B/?¿UC¢�ëê,
cÙ´üå ��Z1��é1r'~, ��ïÄ
�ZÙÛÐ¼�ëê�6'XMEûÐ�^�.
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ã 1 (a) ¢�C�«¿ã: ECDL, 1»*Ðn��N-1ì; IO, 1�lì; Cs-SAS, ��f�ÚáÂ1ÌC�; BS, ©å¡;
PBS,  �©1cº; λ/2, �©��Å¡; λ/4, o©��Å¡; s, s  �; p, p  �; CFP, ¥¡�� Fabry-Perot ×£Z�¤; PZT, Ø
>>b; PD, 1>&ÿì; µ metal, p^�ÇÜ7á����^¶-Ù; Solenoid coil, Ú�+; Beam dump, 1åÂ8ì; Cs cell, �
¿�ÀíN���fí¿, ½ö¿k©Ø� 266.6 Pa �Cí���ÀíN���fí¿; (b) �'���f�°[�U?9U?
m� (=�«¿ã, U?m�Ø¤'~)

ã 2 �Z5�y (a) ûª&Ò, ¥%ªÇ� 9.293 GHz (æ^(1ª£ìéÌ-1ìÑÑ-1ª£
 +100 MHz), ªÌ©Û
¤ (Agilent E4405B) �×£��� 100 Hz, ©E�° (RBW) ÚÀª�° (VBW) þ�� 1 Hz; (b) CPT ��ß�&Ò (64 g²
þ), ²þ1rþ� 5 µW/cm2 �ü\�1åBL�u� 1 nT ^¶-�¸e�¿k©Ø� 266.6 Pa �Cí���ÀíN���
fí¿, ¥%ªÇ� 9.19263427 GHz, CPT &Ò�p�°�� 340 Hz

3 ¢�(J�?Ø

ÄunU?�fXÚ� CPT nØ, CPT &Ò�
�p�° ∆υ ÚÌÝ S �L«� [2,10]

∆υ =
1
π

(
γ +

ω2
1R + ω2

2R

2Γ ∗

)
, (2)

S ∝ ω2
1Rω2

2R

Γ ∗ · 1

γ +
ω2

1R + ω2
2R

2Γ ∗

, (3)

Ù¥ ω1R Ú ω2R ´üå1�.'�ªÇ (É1r�
��K�), Γ ∗ ´¿k�ÀíN���f-u��
guË�P~Ç (ÉguË�Ú�f��ÀíN�
p-EK�), γ ´�fÄ�ü��°[�m�µþ
Ç (É�f��ÀíN�p-EÚg^��K�).
��rÝ S �ûu�ZU\V���fÙØê.

3.1 \�1rÝ

²ßº*å�\�11��»� 7.92 mm,
B L � u ^ ¶ - Ù S � Ì Ä � § � ¿ k © Ø
� 266.6 Pa �Cí���ÀíN���fí¿.
3�±üå ��Z1õÇ' 1 : 1, 1���ØC
�cJe, Ó�O\üå1�õÇ, ¢�(JXã 3
¤«. �X\�1õÇ (1r) �O\, CPT ���
ß�¸�p�° ∆υ Ú�Ì S þO\ [9,15,18,21]. ò
.'�ªÇ ωR = 2π · Γ ∗

√
I/2Is �\ (2), (3) ª,

¿ I1 = I2 = I �

∆υ =
1
π

(
γ +

2π2Γ ∗I

Is

)
, (4)

S ∝ 4π4Γ ∗3I2

I2
s

· 1

γ +
2π2Γ ∗I

Is

. (5)
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�±wÑ-u��guË�P~Ç Γ ∗, �Ú1
r Is þ�~ê, �k\�1r I ´Cþ, ¿��X
1r I �O\�p�° ∆υ �5\°, �Ì S O�.
Ïd, I��â¢S�¹nÜ�Äé�p�°Ú�
Ì��¦ÀJÜ·�\�1r.

dã 3(b) �±wÑ, nØþ	í�1r� 0
(=.'ªÇ� 0 �), ¿k�ÀíN���fí¿
CPT &Ò�p�°�� 300 Hz, Kd (2) ª�¿
k©Ø� 266.6 Pa �Cí���ÀíN���

fí¿¥��fÄ�ü��°[�m�µþÇ
γ � 940 Hz, Ù¥��f D2 ��Ú1r Is ��
1.12 mW/cm2, -u��guË�P~Ç Γ ∗ ��
2π×5.2 MHz. Ó���{, ·�����vk¿
�ÀíN���fí¿¥��fÄ�ü��°
[�m�µþÇ γ ∼ 58.4 kHz. w,�ÀíNé
u��fÄ�ü��°[�m�µþÇ γ �K�
é�. Ì��Ï·�ò3�© 3.4 !�[?Ø�À
íNÜ©.

ã 3 3�±üå ��Z�-1åõÇ'� 1 : 1 ��¹e, ��fí¿ (�Ý 75 mm) �u� 1 nT ^¶-�¸e, CPT ��
ß�¸�ÌÝ (a), (c) Ú�p�° (b), (d) �1r�Cz�¹; (e), (f) ��p�°��Ì'�Cz�¹, '���L« CPT &Ò
�p�°�Ä, �Ì��; (a), (b), (e) �æ^¿k©Ø� 266.6 Pa �Cí���ÀíN���fí¿���/; (c), (d), (f) �
æ^vk¿�ÀíN���fí¿���/; ã (b) Ú (d) ¥�Ø�m�æ^âÔ[�.[Ü CPT &Ò�p�°��ÚOØ
� (Ø���, ±�uØ�m®ìv3L«¢�êâ��%�¬Ú��¥); ã (b) Ú (d) ¥����é¢�êâ¤���5[
Ü; ã (a), (c), (e), (f) é¢�êâ:�
{ü��ë�
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ã 4 3�±üå ��Z�-1åoõÇÚ1���ØC��¹e, vk¿�ÀíN���fí¿�u�{^|�� 1 nT
�^¶-ÙS, UCÌ-1ì�l-1ì�õÇ�'~, CPT ��ß�¸�ÌÝCz (a) Ú�p�°Cz (b), ±9�p�°�
Ì'�Cz (c); ã (b) ¥�Ø�m�æ^âÔ[�.[Ü CPT &Ò�p�°��ÚOØ� (Ø���, ±�uØ�m®Ä�ì
v3L«¢�êâ��¬¥); ã (a), (b), (c) é¢�êâ:�
{ü��ë�

3.2 �é1r'~

\�1BL�u^¶-ÙS��§vk�À
íN���fí¿, 1��»E,�� 7.9 mm. 3
�±üå\� ��Z1oõÇØC��¹eU
CÌ-1ì�l-1ì�1r'~, ¢�(JX
ã 4 ¤«. 31r'� 1:1 NC�p�°�Ä, �Ì
��, �p�°�Ì'��, �X ML/SL �'~O
�, CPT ��ß�¸�p�° ∆υ O\, �Ì S ~
�. ò.'ªÇ ωR = 2π ·Γ ∗

√
I/2Is �\ (2) Ú (3)

ª�

∆υ =
1
π

(
γ +

π2Γ ∗(I1 + I2)
Is

)
, (6)

S ∝ 4π4Γ ∗3(I1I2)
I2
s

· 1

γ +
π2Γ ∗(I1 + I2)

Is

, (7)

�±wÑ�k\�1r I ´Cþ, I1 + I2 �½��,
� I1 = I2, I1I2 ����, K�Ì S ��, =üå
11r�����Ì��. �p�° ∆υ 31r�
�Ø���¹eATvkCz, ��üå11r�
�é��, r1�1Ä$¦�Ü©�fÑÙØ�,

���°[Ä�þ [10], ¦�ü�Ä��fÙØê
îØþ, ��
 (2), (3) ªí�� [2] @��f3
üÄ��ÙØêÄ��Ó�b�, Ïd (2), (3) ªØ
2·^. lÔnþw, üÄ��fêÙØ�îØ
þ¦�üÄ���Z5~�, �p�°C°, Ó�
~�
ë� CPT ��fê, ¦?u�ZU\V��
�fê~�, lü$�Ì.

nþ¤ã, üå11r'� 1 : 1 �, CPT �Ì
��, üå11r'3 1 : 1 NC�, CPT �p�
°�Ä. Ïd, 3¢SA^¥AT¦þ¦�üå�
Z1�1r'�±3 1 : 1 NC, l¼��Z��
p�°Úé'Ý.

3.3 1���

¦^��1<��\�11���, �±ü 
¡ÈS�1r��ØC, ,�BL�u^¶-Ù
S��§vk�ÀíN���fí¿. UC��
1<��» (��uUC\�1��»), Ù¦¢�
^�ØC, (JXã 5 ¤«. �X\�1å1��
O� (�Ñ�»û��A), CPT ��ß�¸�p�
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° ∆υ ~�, �Ì S O�. �Ï´3ü ¡È1r
ØC��¹e, O�1�, ¦��Z1�p�^�
�fOõ, �Ò´O\
?u�ZU\V���
fê, ~�
Ø3�ZU\V���fê, Ó�~
�
Ø3�ZU\V���f�?3�ZU\V
���f-E�)�ò�Z, ¦µþÇ γ ~�, Ï
d CPT �p�°CÄ, �ÌC�, �p�°�Ì'
~�, &D'Jp. Ïd, AT3�U��¹ (�Ä
��fí¿�º�) e¦þO�1��¡È½´O
\�1�p�^��fê, l¼��Ä��p�
°Ú�Ð�&D'.

3.4 �ÀíN

·�����å1ügBLXÀ��fí
¿ (vk�ÀíN) �, �±&ÿ���f�õÊV
áÂÌ, éu¿k�ÀíN���fí¿, �þ
��fÚ�ÀíN©f�m�Ã5K-E¦��
éu1�DÂ��þ?u·�G����fê~

�, ��Ì��Ì²w~�, äk�½�Ý��f
êOõ, áÂÌÌ�O°, ¥%ªÇ¤£, ¿��X
¿\�ÀíNØr�O\C���²w [22].

éu CPT ó, 3XÀ��fí¿¥, CPT �
���p�°Ì�dÞ��m¤û½, �¿\Ü·
þ��ÀíN�, �±�Ì�ØduÞ��mÚå
�Ð°. ÀJÜ·��ÀíN, �±¦�Ä��Z
53-E 107 gE,�3 [23]. ¢�þÏ~ÀJ Ne,
N2, Ar �ý5íN���ÀíN [22]. ã 6(a) Ú (b)
©O�üå\��Z1õÇþ� 50 µW, 1��
»�� 7.9 mm �, BL�u^¶-ÙS��§v
k�ÀíN���fí¿Ú¿k©Ø� 266.6 Pa
�Cí���ÀíN���fí¿� CPT ��ß
�¸�¹. �±wÑ, Ø¿�ÀíN¤����p
�°��u¿k�ÀíN��p�°. lã 3(b)
Ú (c) �é'¥K�±wÑ, 3ØÓ�\�1re,
þ´¿k�ÀíN� CPT �p�°Ä. �Ï´31
r�f��¹e, CPT �p�°Ì�dÄ�ü��
°[�m�µþÇ γ û½ [2].

ã 5 üå ��Z1å�²þ1rþ�� 10 µW/cm2 �, vk¿�ÀíN���fí¿�u�{^|�� 1 nT �^¶-Ù
S, UC\�11���, CPT ��ß�¸�ÌÝCz (a) Ú�p�°Cz (b), ±9�p�°�Ì'�Cz (c); ã (b) ¥Ø�m
�æ^âÔ[�.[Ü CPT &Ò�p�°��ÚOØ�; ã (a), (b), (c) é¢�êâ:�
{ü��ë�
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éu���� l �»� a ��Î/w7á�f
í¿¥, e¤¿�ÀíN ('XCí) �©Ø� P ,
Kw7á�fÄ�ü��°[�m�µþÇγ[2] �

γ =
{

(2.4/a)2 + (π/l)2
}

D0 (P0/P )

+ L0νrbggσ2bg (P/P0) + γ2se, (8)

Ù¥ D0 �w7á�f�*Ñ~ê, P0 ��íØ
r, L0 �â��A~ê, νrbg �w7á�f��À
íN��é�Ç, σ2bg �w57á�f��ÀíN
�-E��¡È, γ2se �duw7á�fg^��
�)��ZµþÇ. Ù¥õ�ª�1�� (�3�
ÀíNp�*Ñ±9ÚNì9�-E) 3�Àí
NØr�$��ÿåÌ��^ [24]; ��ÀíNØ
r�p��ÿ1���1�� (��fÚ�ÀíN
�-E) �'Ò�±�Ñ
, Ny3 (8) ª¥, �À
íNØr P O�, 1�� P0/P ~�, 1�� P/P0

Ú νrbg ¬O�; �§Ý�p� (éu��f 50 ◦C
±þ) 1n� (g^��-E) ÓÌ�. �Ò´`é
uµþÇ γ, 3¿\�ÀíN���, Ì�d��f
�*Ñ�Ý±9��fÚNì9�-Eû½, =O
\¿\�ÀíNþ�±~���f�*Ñ�ÝÚ
�Nì9�-E, ~� γ; ��ÀíN¿\þ�L

A½�Ý�, ��fÚ�ÀíN©f�m�-E¤
�
ÌÏ, d�XJUY¿\�ÀíN, γ òO�;
§Ý�p�, w7á�fg^��µþ γ2se KÓ
âÌ�, �X§Ý,p, ��f²þ�é�ÝO�,
γ2se O�, γ O�.

éu·�¿k©Ø� 266.6 Pa �Cí���
ÀíN���fí¿��/, ~§e γ Ì�´d1
��û½, �ÀíN~�
Þ��mÚå�Ð°,
=��f��ÀíN�-E, ~�
��f�*Ñ
�Ç9��f�í�9�-E, ¦���fÄ�ü
��°[�m�µþÇ γ eü, Ä��Z�mO�,
Ó�-u�P~Ç Γ ∗ �¬O\, Ïd CPT �p�
°~�.

¦ + ¿ \ � ½ þ � � À í N � ± k � ~
� CPT �p�°, �Ó�%�5
 CPT ��ß
�¸¥%ªÇ�¤£ [23], ¥%ªÇ�¤£ò¬
é CPT �f¨�O(5�¤%�. ÏdÏ~¿\
�½'~�äk��ª£Xê��ÀíN (Ar-Ne
½ CH4-N2), �±3ØÄ�p�°�Ó�, ���
Ý/;�ª£, ,	Ü·'~��ÀíN��±~
� CPT ªÇéu§Ý�¯a5 [25], lk�/J
p CPT �f¨�O(5Ú�Ï½5 [22].

ã 6 \�11��»�� 7.9 mm, üå�Z1õÇþ� 50 µW, BL�u� 1 nT ^¶-�¸e� Cs �fí¿ (�Ý 75 mm)
�;.� CPT ��ß�Ì (a) vk¿�ÀíN� Cs �fí¿, ¥%ªÇ� 9.19263177 GHz; (b) ¿k©Ø� 266.6 Pa �Cí
���ÀíN���fí¿, ¥%ªÇ� 9.19263427 GHz. ùp� CPT �p�°Ñ°uã 2(b) ¥�(J, Ï�d�1rÑr�

, �âã 3(b), CPT &Ò�p�°�1rO\Ð°

3.5 ^ |

du¢�¿^|�¸'�E,, 	.^|��
�1DÂ��Y�Ø(½, �k¶-K	.^|�
Z6, ·�âU
�Ù/w�^|éu CPT ��ß
�¸�K�. Ïd·�ò���u=k� 1 nT �
{^|�^¶-�¸¥, ¿3p� (1�DÂ��)
\þ!^|, *	 CPT &Ò�p�°Ú�Ì�p�
^|Cz��¹. Xã 7 ¤«, ���Xp�^|

�O\, CPT �p�°C°, �Ì¥eüª³, �p
�°�Ì'¥þ,ª³. Ì�´Ï�p�^|�O
\, ��
dp�^|Úå� Zeeman fU?ª£
O�, = Zeeman ��fU?�[�)�Ì�\°
O\, CPT �p�°Ð°. �UY\�^|��½
rÝ��ÿòU
«©Ñ Zeeman fU?���ß
�¸ [15,26].

ã 8(a) ´·�3�{^|�� 1 nT �^¶
-ÙSp�^|O\�� 7 µT �¤���Ô¸

233201-7
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©�(J, �©z [15] üå�Z1Ñ� σ− �n
ØýóÎÜ�éÐ; ��>�¸Ú�m>�¸�
� 12×∆ν = 284.7 kHz, �nØO��� 294 kHz
�C; ¥m 0-0 ��ß�¸�p�°� 18.9 kHz, 
Ø\p�^|� CPT ���p�° 31.1 kHz. �
ÏXã 8(b) ¤«, 3p�^|�3��¹e CPT
��&Ò©��Ô� Λ .��&Ò,  u¥m
 ���^|Ã'� 0-0 ��Ú�m�n��

^|��k' (p�^|Úå� Zeeman fU?
ª£ ∆ν = gFµBB/h, éu��fÄ� F = 3,
∆ν = −0.35 MHz/G, F = 4, ∆ν = 0.35 MHz/G) �
��&Ò [27]. 3�p�^| (X/^|) ½^|�
f (^¶-) �^�eùÔ���&ÒU\/¤�
� CPT ��ß�¸, ¦��p�°O\, �p�^
|ÅìO��, CPT �p�° ∆ν O\, Ô¸©�
ÅÚwy.

ã 7 üå ��Z1å�²þ1rþ� 50 µW/cm2 �, vk¿�ÀíN� Cs �fí¿�u�{^|�� 1 nT �^¶-Ù
S, UCp�^|��, CPT ��ß�¸�ÌÝCz�¹ (a) Ú�p�°Cz�¹ (b) ±9�p�°�Ì'�Cz�¹; (c) ã¥
�:�¢�êâ, Ø�m�æ^âÔ[�.[Ü CPT &Ò�p�°��ÚOØ� (Ø���, ±�uØ�m®Ä�ìv3L«
¢�êâ��¬Ú��¥); ã (a), (b), (c) é¢�êâ:�
{ü��ë�

ã 8 (a) üå ��Z1å�²þ1rþ� 100 µW/cm2, vk¿�ÀíN���fí¿�u�{^|�� 1 nT �^¶-
ÙS, ^¶-ÙSÚ�+\� 7 µT �p�^|�¤���ß��; mþ�Si��ã��Ó1re�\p�^|�;.
� CPT ��ß�&Ò; (b) �"^|�¸¥ σ−-σ− � �|Ü� ��Z1å�^u��f�°[U? Zeeman ���«
¿ã

233201-8
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4 ( Ø

·�éK���f CPT &Ò�p�° ∆υ Ú
&ÒÌÝ S ��'ëê?1
¢�ïÄÚ�n©
Û. �±wÑüå\� ��Z1�õÇ��, �
p�°�Ä!ÌÝ��; �Z1�é1r'��
1 : 1 ��p�°�Ä!�Ì��; O���f�p

�^�1�¡È�±k�ØÄ�p�°ÚJp�
Ì9&D'; Ó�é��fí¿¿\Ü·©Ø��
ÀíN (ùp�Cí) ±9ûÐ�^¶-Ñ¬k|
u CPT &Ò�p�°�?�ÚØÄ. éù
�6'
X�XÚïÄéuJp CPT �f¨�ªÇ½5
Ú CPT ^rO�(¯Ý�äk�½�ë�¿Â.
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Investigation of experimental parameters of coherent
population trapping with cesium vapor cell∗
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( State Key Laboratory of Quantum Optics and Quantum Optics Devices (Shanxi University) and Institute of Opto-Electronics,

Shanxi University, Taiyuan 030006, China )

( Received 13 March 2012; revised manuscript received 26 June 2012 )

Abstract
According to the Λ-type three-level system consisting of cesium 6S1/2 (F = 3 and F = 4) long-lived ground states and 6P3/2

(F ′ = 4) excited state, we experimentally investigate and theoretically analyze the parameters of coherent population trapping (CPT)
spectra in a cesium atomic vapor cell with or without neon as buffer gas. The CPT of the full width at half maximum (FWHM), the
signal amplitude as a function of optical intensity of the two phased-locked laser beams with a frequency difference of 9.19263177 GHz
(the hyperfine splitting in the cesium ground state 6S1/2), relative intensity ratio, beam spot size, residual magnetic field of the magnetic
shielding, and the influence of with and without the cesium vapor cell containing neon as buffer gas are investigated experimentally.
With the optimized parameters, we obtain the CPT signal FWHM to be as narrow as ∼ 340 Hz.

Keywords: coherent population trapping, cesium atom, FWHM, signal amplitude
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