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é��f (87Rb) �ð¥�{.1^=!1Æ �g^=±9�ö�U\^=�A?1
nØÚ¢�ïÄ. é
n«�¹e^=y�ïá
{ük��nØ�.. ¢�¥r��f��ug1�O�^¶-nS, ±¶-/^|
�K�. ¢�ÀJ 87Rb F = 2 → F ′ = 3 U? D2 �[�¿æ^"õÊV1Ì¢�(��ØõÊVÐ°é¢�1Ì
�K�. ¢�¥©O*ÿ�
n«^=y�, ¢�(J�nØ�[(J�~ÎÜ.

'�c: {.1^=, 1Æ �g^=, ^¶-, "õÊVEâ

PACS: 42.65.−k, 78.20.Ls, 71.35.Cc

1 Ú ó

1811 c Arago uy�� 1ÏLÃ�¬N�,

 �¡¬u) =. 1846 c Faraday uy
aq�
y�, �� �1ÏL�u^|�0��,  �¡
Ó�u)
^= [1], 3�½�^|��S,  �¡
�^=�Ý�X^|�OrO�. 1898 c¿�
|ÔnÆ[ Macaluso Ú Corbino uy3�f��
�áÂ�NCù«^=U
��\r, ù«y��
¡���{.1^=½ Macaluso-Corbino �^ [2].

3Ã^|�¸¥, �\�� �1��fu)��
�p�^�,  �1� �¡u)^=, ù«�^
�¡�1 �g^=. ù«�AÄg3©f�N
¥uy [3], ´d3�NÚ�N¥����AÚå
� [3], 3�f�í¥´d1Ä$Ú ac-Stack �A
Úå [4−8]. 1 �g^=�'u{.1^=´é
�f�, ,�^|�3�,  �g^=U\�{
.1^=¥. {.1^=Ú1 �g^=3þf

O�Úþf&E¥kX���^, ´Cc5�ï
Ä9:. {.1^=�A�^uJp1�lì�
ß1Ç [9]!�1m'A^ [10]!��N-1ì�
ª [11] ±9`z^åO(¯Ý [12].  �g^=J
ø
�«&ÿ0�¥����A�{ü�{ [7], Ù
�^u�f0�¥�1f�1f�p�^Ú1f
và��ïÄ [13]. Ó�3e�f¥|^1 �g
^=�±¢y1|�ý�Ø  [5,6,14−16].

{.1^=Ú1 �g^=��)Å�´Ø
Ó�. �å²;��ZüÚ� �1�©)��^
� 1 (σL) Úm^� 1 (σR). éuz�«üÚ
� �1, Ù�!m^� 1�� Ú�Ì'X´
(½�. ��3	\^|�, dulù�A¦��
fU?u)©�lÚåé�!m^� 1�ò
�ÇØÓ. �Ø�3	\^|�, eüÚý� �
1��fu)���p�^, ©)��!m^� 
1ÍÜØÓ�{¿lùU?. Ø����!m^�
 1�Ìò¦�{¿U?�f�ÙØêØÓ, ��
�fé�!m^� 1�ò�ÇØ��.
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{.1^=Ú1 �g^=3¢�ÚnØþ
Ñk�þ�ïÄ, �ù
ïÄ�¢�y�ÚnØ�
[��E,. ���'�©Ì�kn:ØÓ: 1�,

·�©Oé{.1^=Ú1 �g^=?1
Õ
á�¢�ïÄ, ¿3dÄ:þïÄ
üö����
y�, ¿ïá
�¢�(J�ÎÜ�nØ�.; 1
�, ·�ò 87Rb ��u^¶-nS, ±¶-/^|
é1 �g^=�K�; 1n, æ^���ÚáÂ
�{, �ØõÊVÐ°�K�, ¿�duÄ$1�
1Ä$�^¦&Ò1é�fÙÛ�K��±�Ñ.

,	, du 87Rb � D2 (F = 2 → F ′ = 3) �[��
Ù¦�[�ªÇ�O��, U�ØÙ¦�[�é¢
��K�, ¤±¢�¥·�ÀJd�[Ì�. �©
¥, ·�Äkïá
{ü�nØ�., ©Oé{.
1^=!1 �g^=±9ü«^=U\^=?
1
©Û, ¿�Ñ
nØ�[(J; Ùg, �O¢�
�Y, én«�¹e^=?1¢��y, ¿��

ùn«^=�¹�¢�(J; ��, ·��¢�(
JÚnØ(J�~ÎÜ, `²·�ïá�nØ�.
´�±é{.1^=!1 �^=±9ü«^=
�U\^=?1)º�.

2 nØ�.

2.1 {{{...111^̂̂===

·�ÀJ{ü� V .nU?�f�[�., X
ã 1 ¤«. þU? 1 Ú 3 ©OéA F ′ = 3 �lù
U?�ü�fU?, eU? 2 éA F = 2 ���
lùfU?. ã 1 ¥o�ÞL«ÍÜlùU?�[
�� �Ä$1©þ, ΩL Ú ΩR ©OéAÍÜ�
�^Úm^ �1. [�ÞL«ÍÜlùU?��
 �&ÿ1©þ, ÙéA��^Úm^ �©þ�
�. ü�þU?� mF ′ = −1 Ú mF ′ = +1 ©OÏ
L�^� 1 σL Úm^� 1 σR ÍÜÓ�eU
?� mF. ���¥��fÉ�÷¶� z �^| Bz

�, �fU?Ò¬u)lùU?©�, Ù©��°
� gFµ0Bz (gF �K�Ïf, µ0 �À�^f), l
¦��fé�^� 1Úm^� 1�ò�Çu
)Cz. �åüÚ1\���f�¿Ñ��, �^
� �Úm^� �üÜ©�� �u)UC, Ú
å1^=.

·�Äk^�åÄ$1?1�fÙØê�Ð
���. dÄ$1Úå��fÙØê^�Ç�©�

§5£ã [17]:

ρ̇− = ΩL(ρ − ρ−) − Γ

2
ρ−,

ρ̇+ = ΩR(ρ − ρ+) − Γ

2
ρ+,

ρ̇ = ΩL(ρ− − ρ) + ΩR(ρ+ − ρ)

+
Γ

2
(ρ+ + ρ−),

(1)

ª¥ ΩL, ΩR ©O´�!m� �1�.'ªÇ;

ρ, ρ+ Ú ρ− ©O´�fU? mF = 0, mF ′ = ±1
�ÙØê; Γ ´�fþU?�g,�°. �©�
§| (1) �Ð©G��� ρ− = ρ+ = 0, ρ = 1.0.

du3¢�¥Ä$1� �Ý´ÏLUC1´
þ�o©��Å¡5¢y�, ¤±�!m^� 
�1�.'ªÇ ΩL, ΩR d ΩL ∝ cos2(45◦ − θ),
ΩR ∝ sin2(45◦ − θ) (½, Ù¥ θ ´o©��Å¡
�^=�Ý.

1

2

3

mF =0

mF '=-1

mF '=-1

mF '=+1

mF '=+1

mF =0

ΩL

ΩL ΩR

1

2

3

(a)

(b)

ã 1 V .nU?(� (a) Ä$1´� �1 (ΩL 6= 0,
ΩR = 0); (b) Ä$1´� �1 (ΩL = ΩR)

Ä$1\���f�¿�, ��f�ðéf&
ÿ1 (� �1) �ò�Ç n(ω) òu)Cz. �!
m� �1�ò�Ç nL(ω), nR(ω) d (2) ªû½:

nL(ω) =1 +
(ρ− − ρ)e2

2mε0ω0
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× 1
2(ω − ω0 − gFµ0Bz/~) + iΓ

,

nR(ω) =1 +
(ρ+ − ρ)e2

2mε0ω0

× 1
2(ω − ω0 + gFµ0Bz/~) + iΓ

, (2)

ª¥, e ´ü >Ö�>þ, m ´ü >Ö��þ,

ε0 ´0>~ê, ω0 ´��¥%ªÇ, ω ´ �1�
ªÇ, Bz ´	\¶�^|�^arÝ. &ÿ1\�
��f�¿Ñ��, &ÿ1©)¤��!m^� 
�1�� �X (3) ª:

Φ =
ω`

c
· Re(nR(ω) − nL(ω)), (3)

ª¥, ` ´&ÿ1BL��f�¿��Ý, c ´1
3�f�¿�DÂ�Ý, O��Cq��ý��
Ý (3 × 108 m/s). &ÿ1�^=�Ý�1ªÇ��
�þ ∆ = ω − ω0 �'X�deªL«:

ϕ = Φ/2

=K ·
[
(∆ · P1 + G · P2) ·

(
∆2 − G2 − Γ 2

4

)2

+ ∆ · P1 ·
Γ 2

4

]
×

[(
∆2 − G2 − Γ 2

4

)2

+ Γ 2 · ∆2

]−1

, (4)

ª¥, K = ω`e2/8mcε0ω0, P1 = ρ+ − ρ−, P2 =
ρ+ + ρ− − 2ρ, G = gFµ0Bz/~.

^� �1��rÄ$1�, üþU?��f
ÙØê��, = ρ+ = ρ−, ù�Ò�Ø
duÙØ
êØÓÚå�0�ò�ÇCz, ^=Ò�X{�{
.1^=. (4) ªÒ{z� (5) ª:

ϕ = K ·
G · P2 ·

(
∆2 − G2 − Γ 2

4

)2

(
∆2 − G2 − Γ 2

4

)2

+ Γ 2 · ∆2

. (5)

du�fU?�©��°� gFµ0Bz , ©Û�
�^aArÝ��, ^=�Ýò��. ã 2 ´nØ
�[ØÓ^aArÝe���Cz�^=�Ý.

dã 2 ¥���y^aArÝ Bz ��, ^=�
Ý ϕ ��; 3?¿��^aArÝe, ��/G

¤ “M” ..
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ϕ
/
ra

d

ã 2 {.1^=nØ�[ã

2.2 111   ���ggg^̂̂===

�fí¿¤3«�Ø�3^|�, ØÓ ��
Ä$1¦�üþU? mF ′ = ±1 �ÙØêu)C
z, Úå�fíé�!m^� �1�ò�ÇØÓ,

¦�ùüÜ©�� �u)Cz, l��1^=,

=1 �g^=. �fíé�!m^� 1�ò�
Ç nL(ω), nR(ω) deªL«:

nL(ω) = 1 +
e2

2mε0ω0
· ρ− − ρ

2(ω − ω0) + iΓ
,

nR(ω) = 1 +
e2

2mε0ω0
· ρ+ − ρ

2(ω − ω0) + iΓ
.

(6)

 �g^=��Ý�deªL«:

ϕ = K · (ρ+ − ρ−) ·
∆

(
∆2 − Γ 2

4

)
+ ∆

Γ 2

2(
∆2 − Γ 2

4

)2

+ Γ 2∆2

. (7)

∆/GHz

ϕ
/
ra
d
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)
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ã 3 1 �g^=nØ�[ã

ã 3 ¤«� �g^=�Ý ϕ �o©��Å
¡=Ä� θ �Cz�[ã. θ = 0◦ �, Ä$1��
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 �1, d�üþU? mF ′ = ±1 ��fÙØê�
�, Ïd^=�Ý ϕ = 0. �X θ �O�, Ä$1C
�ý� �1, üþU? mF ′ = ±1 ��fÙØê
Ø��,  �^=�Ý ϕ ��O�. � ϕ = 45◦ �,

Ä$1�� �1, d� ��Ý ϕ ����.

2.3 UUU\\\^̂̂===

÷�fí¿�¶�\�!r^| Bz , UCÄ
$1� �Ý, ^=�{.1^=Ú1 �g^=
�U\^=. =-üþU?��fÙØêØ��,

= ρ+ 6= ρ−, d�£ã��´U\�nØ�., Ù
�[(J�d (4) ª�Ñ. �Ä$1�� �1�
^=�{.1^=; �Ä$1�� �1�U\^
=����, Xã 4 ¤«.
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ã 4 {.1^=Ú1 �g^=U\^=nØ�[ã

3 ¢��Y

¢�(�Xã 5 ¤«. æ^	nª��N-
1ì, -1�¥%Å�� 780 nm, ù�Å��

´ 87Rb � D2 �[� (F = 2 → F ′ = 3) ���
Å�. 1ål-1ìÑ��²L 50/50 ©åì©¤
üå. ß�1å��ë�1?1 87Rb �ÚáÂ¢
�, ¢�uÿ-1ì�ªÇ; ��1å��¢�1
?1·��ÌN¢�. ùÜ©1å�1�� �©
åì (PBS) ©¤p�R��üåÑÑ1, Ù¥ �
�Y²¡²1�ÑÑ1å½Â� P 1å, �Y²
¡R��ÑÑ1å¡� S 1å. P 1å!S 1å©
O^�&ÿ1 (probe) ÚÄ$1 (pump). ¢��, ·
�ÏLN!�u1�� PBS c��Å¡¼�Ü·
�1r', = Iprobe/Ipump = 0.01. 3Ä$1?\�
��c�1´þ����o©��Å¡, ÏL^=
o©��Å¡��Ý (Å¡�¯¶�éuY²¶�
Y�) 5N!Ä$1� �Ý. ���ug1�O
�^¶-nS5¶-/^|Ú�¸¥�,Ñ^|.

^¶-n�O�n�, ¦���«���{^|�
rÝü� 2 mG ±e. ·�¦^�ü����Ý©
O� 100 mm (ë�¢�)!50 mm (ÌN¢�). ¿§
e, ��S��fê�Ý�� 3 × 1012 cm−3.

õÊVÐ°´*ÿ�f�°[1Ì�Ì�æ
N, Ïd¢�æ^�ÚáÂEâ [18]. Ä$1å!&
ÿ1ål�����Ó�\����¥, ü1å±
�Y�U\3�å. Ï��Ý��, Ò�¼���
�"�Ç�f«�. 3"�Ç�f«�, õÊVÐ
°U
��³�. 3���¥%«�, Ä$1å!
&ÿ1å��»©O�� 3 Ú 1 mm. ¢�¥·�
^"�&ÿC�5ÿþ �²¡�^=�Ý. "�
&ÿC�´d���Å¡Ú�� PBS |¤�, l�
�Ñ��&ÿ1å�TC�©)¤p�R��ü
Ü©¿©O�Y²ÚR�&ÿì Dx, Dy ¤�Â. ÷
���¶�\!r^| (Bz 6= 0), o©��Å¡�
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ã 5 ¢�(�ã D1, Dx Ú Dy �1>&ÿì; BS �©åì; PBS � �©åì; QWP �o©��Å¡; HWP ��Å¡
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^=�Ý θ = 0◦, =Ä$1�� �1, ¥y�´
{.1^=, Xã 6 ¤«. ã 6 P¹
ØÓ^aA
rÝ Bz e�^=y�, lã¥·��±wÑ^=
�Ý ϕ �X^aArÝ Bz O�O�; 3,�^
aArÝe, ��/G¥y “M” ., �nØ�[
�ÎÜ.
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ã 6 {.1^=¢�(Jã

∆/GHz

ϕ
/
ra
d

θ/(O
)

0
10

20
30

40
50

-0.4
-0.2

0
0.2

0.4
-0.10

-0.05

0

0.05

0.10

ã 7 1 �g^=¢�(Jã

� Bz = 0 �, ^=�1 �g^=. Ä$1
��3UC
��f��U?�ÙØê, ¦��!
m� �1aÉ��ò�Çu)
Cz. �� �

�&ÿ1\����Ñ��, �!m� �1��
 �u)
UC, lÚå
1^=y�. �XÄ
$1´þ�o©��Å¡�^=�Ý θ �Cz, Ä
$1� �Ýòu)UC, 1^=��Ý ϕ �3U
C. Xã 7 ¤«, 3 θ �����±Ï (0◦—45◦) S,

�nØ�[�ÎÜ.

3���¶�\�½rÝ�^| (Bz 6= 0), Ó
�UCÄ$1� �Ý, ·���
{.1^=�
1 �g^=�U\^=. ã 8 ¤«�3�½�^
| Bz e, U\^=�Ý ϕ �o©��Å¡�Ý θ

�Czã�. lã 8 �±wÑ, θ = 0◦ (Ä$1��
 �1) �, ^=´{.1^=. ã��Czª³�
nØ�[�ÎÜ.
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ã 8 {.1^=Ú1 �g^=U\^=¢�(Jã

4 ( Ø

·�é{.1^=!1 �g^=±9ü«
^=�U\^=©Oïá
nØ�., ¿�?1

¢��y. é'nØ(JÚ¢�(J, üöÎÜ�
éÐ, ù`²·�ïá�nØ�.U
)º{.1
^=!1 �g^=±9ü«^=�U\^=�
A. {.1^=Ú1 �g^=31>��Ú1Ì
©Û�¡kX��A^cµ.
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Optical polarization rotation in a rubidium vapor∗
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Abstract

We theoretically and experimentally study the effects of Faraday rotation, optical polarization of self-rotation, and their overlap-

ping rotation. In our theoretical simulation, we set up a simple and effective theoretical model for the three kinds of rotations. In our

experiment, the atomic vapor is placed in a magnetic shielding cavity to shield the earth magnetic field. Doppler-free spectrum config-

uration is used and the F = 2 → F ′ = 3 transition of 87Rb D2 line is chosen. We observe the three kinds of rotations, separately.

Experimental results and theoretical simulations are in good agreement.

Keywords: Faraday rotation effect, optical polarization of self-rotation, Doppler-free spectrum, magnetic shielding
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