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æ^V1f���{¿oÅ·ªÿþ
 Ar �ÀíØÚå� Ba �fp�Ë 6snd 1D2 Ì�X�-EÐ°Úª
£, O�
 n = 16—33 �-EÐ°�¡Úª£�¡. ��{´�«X1Æ�ÿþEâ, �æ^Ä�-1ì��±¼
�p�Ë���õÊV1Ì. �DÚ¢��{ÿþ��p�Ë�p�µþ�-EÐ°ØÓ, ��{�±ïÄ-EÚ
å�üU�mî�µþ�Ð°.
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1 Ú ó

�8��, <�é�ÀíNÚå��fÌ��
Ð°Úª£?1
�þ�ïÄ, ïÄ¤J3U©
Æ!�lfNÆ!�fÔnÆÚíN>fÆ�+
���
2��A^ [1−4]. ?up�Ë��>fÚ
�f¢�må�, �±{z-EnØ, Ïdéuw
7áÚwè7áp�Ë�1Ì�Ð°Úª£�ï
Äc�­� [5−8]. C�Ac5, -1e%ÚÐ¼ï
Ä���uÐ, ¦p�ËíN�Ì�Ð°ïÄ2g
¤�9:. p�Ë�fäk�ó4Ý
�Ú�Æ·,

�±�)���m��f�Z, Ïdéuþf&E
L§�ïÄäk­�¿Â [9]. dup�Ë���Æ
·, ÏLÿþp�Ë�uÑ�F15��ïÄp�
Ë�Ju¢y. y�¢�Eâ|^-1-u5�)
A½�p�Ë�, ��æ^>|>l!1>l½-
E>l��{¦p�Ë�f>l, ÏL&ÿ>f½
lf&Ò5ïÄp�Ë�.

3p©EÇ-11ÌÆ¥, õÅ·ª´�«^

åé2�1ÌÆEâ. du��54zÇ�N
0
����ªÇ, �«ÄuõÅ·ª���51ÌÆ
U
�«Ô�(��'�´L�ÄåÆ&E [10].

Cc5, ·�uÐ
õ«ØÓa.�õÅ·ªE
â, òÙA^uÔ�(��ïÄ. ~X, ·�JÑ�
a|.�{¿oÅ·ª (NFWM)[11,12] �±3ªÇ
+�ÿþÔ���¯p�µþ�m, ù«Eâ¥Ô
��¯L§��m©EÇØ2É-1óÀ°Ý�
��, ·�æ^óÀ°Ý� 5 ns �-1åÿþ�

 CS2 �N¥ 17 ps Ú 220 fs �µþL§; ïÄ

M»�fXÚ¥�V1f�� NFWM, uyÏL
\\ÍÜ13XÚ¥Ú\
þfZ�, §�±¤�
�«�#��õÊVp©E Aulter-Townes 1ÌÆ,

±ÿþü�p-u�m��[ó4Ý
� [13]; J
Ñ
�«� �Ý�p©E��õÅ·ª�#1
ÌÆ�{ [14], d�{�±ïÄ?¿�ê�·ª�
A, l
äk���ÊH5.

3õÅ·ªEâ¥, ��Or� NFWM äk
�m&Ò©EÇ`D!1´{üÚ�p�^NÈ
�gdÀJ�`:, ¿�� ��^��±3é°
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�ªÇ�� (102—103 Åê) S¢y. Ïd, ��O
r� NFWM 1ÌÆEâ²w`uÙ¦�oÅ·ª
1ÌÆ. ØÈc, ·�òV1f�� NFWM A^u
�fp-u��ïÄ, ÿþ
 Ba �f�p�ËÌ
�X� NFWM 1Ì [15]. �©òäk��¥m�
�V1f�� NFWM A^�fp�Ë���5-
EÐ°Úª£�ïÄ, ÿþ
 Ba �f� 6snd 1D2

(n = 16—33) Ì�X�-EÐ°�¡Úª£�¡.

�©æ^�V1f�� NFWM �{´�«X1Æ
��{, T�{1´{ü, uÿ�&Ò´�Z1, 

Ø´lf½>f&Ò. c�­��´, ØÓuy�
¢�Eâ¤ÿþ�p�Ë��p�µþÐ°, �E
â�±ïÄp�Ë�ÚÄ�m�î�µþ�-E
Ð°.

2 ¢ �

V1f�� NFWM �1´Xã 1(a) ¤«, 1
å 1 Ú1å 2 ©O±ªÇ ω1 Ú ω2 ��\���¬
þ, 1å 2′ ±ªÇ ω2 ÷�1å 2 ¤é�Y� θ �
��\�. 3Xã 1(b) ¤«�?énU?XÚ¥,

Ä� |0〉 Ú¥m� |1〉 �m, ¥m� |1〉 Ú-u� |2〉
�m���ªÇÚó4�[Ý
�©O� Ω1, Ω2

Ú µ1, µ2. |0〉 �Ú |2〉 �m��[�ó4B+. �\
�1å÷v^� ω1 ≈ Ω1, ω2 ≈ Ω2 �, 1å 1 Ú1
å 2 ©OÚå |0〉 → |1〉 Ú |1〉 → |2〉 ��[. ÏL
ù�V1f�[, 1å 1 Ú1å 2 a)Ñ |0〉 Ú |2〉
�m��Z. 3V1f�� NFWM ¥, 1å 2′ éù
�V1f�Z?1&ÿ, �ª�)
÷X�1å 2′

A�����DÂ�ªÇ� ω1 � NFWM &Ò1.

ã 1 V1f�� NFWM �nã (a) 1´ã; (b) U?(
�ã

3äN¢�¥, À� Ba �f�Ä� 6s2 1S0 �
� |0〉 �, 1�-u� 6s6p 1P1 ��¥m� |1〉, p
�Ë� 6snd 1D2 ��� |2〉, |¤?énU?XÚ.

3�½Ør� Ar í���ÀíN�^�e, ò7

á Ba �\�¬¬¥\9� 933.15 K, ¦Ù�)�
í. ¦^ Quanta-Ray ND-YAG -1ì��g�Å
Úng�Å5Ä$ü�/�-1ì, ©O�)ª
Ç� ω1 �1å 1 ÚªÇ� ω2 �1å 2, 2′. r1
å 1 �ÑÑÅ�N�� 6s2 1S0—6s6p 1P1 ��[
éA�Å� 553.5 nm NC. �
;�3 6s2 1S0—

6s6p 1P1 ����[Å�?�ráÂ, 1å 1 �Å
�l°(�� � N
 0.028 nm. 1å 2 Ú1
å 2′ �Ó��/�-1ì�)�1å²L�ß
��º�©¤�üå-1, ÑÑÅ��±3 418—

435 nm mëYN�, °Ä¥m� 6s6p 1P1 �p�Ë
� 6snd 1D2(n = 16—33) ��[. ¤k�\�1å
Ñ´R� ��� �1, �°� 0.007 nm, óÀ
°Ý 5 ns. 1å 2 Ú 2′ ± θ ≈ 0.5◦ �Y�39+¬
�¥Ü��, Ú1å 1 �å¬à¤�»��� 2.0

mm ��:. nå\�1� Ba �f�p�^, �)

ªÇ� ω1, ÷X�1å 2′ A�����DÂ�
R�� �1. ù� NFWM &Ò�1>�4+&
ÿ�, Ú\&Ò²þì boxcar ?1êâ²þ. ^O
�Å��Ú?ê�±UC/�-1ì�ÑÑÅ�
¿?1êâ?n.

ã 2 ØÓ Ar �ÀíØe� Ba �f 6s16d 1D2

�� NFWM Ì�

ã 2 �ØÓ Ar �ÀíØe� 6s16d 1D2 �
� NFWM 1 Ì. � ± u y, � X � À í Ø � O
\, NFWM Ì � Ñ y 
 Ð °, ¿ � � � ª Ç u
) 
 ù £. 3 p � À í Ø ^ � e, Ì � � � /
d-EÐ°û½, Ïd�±�ÑõÊV�A. ù
� V 1 f � � NFWM � & Ò r Ý � I(∆2) ∝

1
[∆1 + ∆2]2 + Γ ′2

20

, ª ¥ ∆1 = Ω1 − ω1, ∆2 =

Ω2 − ω2 L«�f�ó4�[ªÇÚ\�1ªÇm
���þ. Γ ′

20 = Γ20 + (δω1 + δω2)/2 ´ NFWM Ì
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���p�° (HWHM), Ù¥� δω1 Ú δω2 ´-1
å 1 Ú 2 ��°, Γ20 ´� |2〉 Ú� |0〉 m�î�µ

þ�Ç, �L�� Γ20 =
1
2
γ2 + γcol

20 , ùp γ2 Ú γcol
20

©O´U? 2 �guË�µþ�ÇÚ� |2〉—|0〉 m
-EÚå�µþ�Ç. ã 2 ¥��±w�, �X Ar

�ÀíØ�O\, NFWM &Ò¸�mým©�å/
¤��¥�¸, ù�¸´d Ar �fÚ Ba �f-E
Úå� Ba �f 6s6p 1P1 U?2©Ùy��)�.

ã 3 Ba �f� 6s2 1S0—6s16d 1D2 �[� NFWM Ì
��ØrCz'X (a) Γ ′

20 �ØrCz­�; (b) ¸�ª
£ ∆ν �Ør�Cz­�

b��p�ÀíØ�, Ì�� HWHM Γ ′
20 Ú

¸ � ª £ ∆ν Ñ � Ar � À í Ø � Ø r ¤ � 5
'X, = Γ ′

20 = Γ ′(0)
20 + ηrp Ú ∆ν = ηsp, ª¥

� ηr Ú ηs ©O�-EÐ°XêÚª£Xê. Γ ′
20

Ú ∆ν �ØrCz�'X­�Xã 3 ¤«. ÏL
éêâ?1��þ�[Ü (ã 3 ¥�¢�), �±
�� ηr = 0.123 MHz/Pa Ú ηs = −0.667 MHz/Pa.

K�ª£XêL²�V1f�[�, Ar �f-E
¦ Ba �f� 6s16d 1D2 ��Ä���u)
£Ä.

�©�ÿþ
ØÓ Ar �ÀíØe 6s2 1S0—

6snd 1D2 (n = 16—33) �[�V1f�� NFWM

1Ì. �XÌþfê n �O\, ���ü� 6snd

1D2 �m�m�C��5��, p�ÀíØe�
��5-Eé NFWM Ì��Ð°Úª£�K�
Ø��Ñ, Ïdéu 6s16d 1D2—6s25d 1D2 �, �
©æ^� Ar �ÀíØ� 10664—93310 Pa, 
�
ïÄ 6s26d 1D2—6s33d 1D2 ��, Ar �ÀíØ�
��´ 10664—53333 Pa. �
�Ø§Ýé-E
Ð°�ÇÚª£�Ç�K�, |^úª [3] σr =√
π3µkBT

8
ηr Ú σs =

√
π3µkBT

2
ηs, ò-EÐ°X

êÚª£Xê=��-EÐ°�¡ σr Úª£�
¡ σs, Ù¥ µ � Ba Ú Ar ��z�þ, kB ´À�
[ù~ê, T �9+¬S�ýé§Ý. L 1 �§
Ý 933.15 K �, ÿþ�� Ba �fp�Ë�X 6snd
1D2 (n = 16—33) � NFWM Ì�� ηr, ηs, σr Ú σs.

ù
êâ�N
 Ba Ú Ar �f�p�^³.

L 1 §Ý� 933.15 K �, ÿþ�� Ba �fp�Ë�
X 6snd 1D2 (n = 16—33) � NFWM Ì�� ηr Ú ηs, ±
9-EÐ°�¡ σr Úª£�¡ σs

n ηs/ MHz·Pa−1 σs/10−14 cm2 ηr/MHz·Pa−1 σr/10−13 cm2

16 0.123 6.23 −0.667 −6.75

17 0.0715 3.62 −0.598 −6.05

18 0.0743 3.76 −0.249 −2.52

19 0.107 5.42 −0.551 −5.58

20 0.0997 5.05 −0.739 −7.48

21 0.0993 5.03 −0.740 −7.49

22 0.0996 5.04 −0.657 −6.65
23 0.0841 4.26 −0.763 −7.72
24 0.114 5.77 −1.01 −10.2
25 0.0815 4.13 −1.03 −10.4
26 0.175 8.86 −1.04 −10.5
27 0.0528 2.67 −0.663 −6.71
28 0.139 7.04 −0.554 −5.61
29 0.109 5.52 −0.390 −3.95
30 0.124 6.28 −0.462 −4.68
31 0.0822 4.16 −0.639 −6.47
32 0.0819 4.15 −0.457 −4.63
33 0.0843 4.27 −0.592 −5.99

3 ( Ø

8cïÄp�Ë�-EÐ°Úª£��{, Ä
�þÑ´|^��DÂ�üå1\���¬þ5
¢y�õÊV�V1f-u, ¦�f�[�p�
Ë�, ��æ�>|>l�uÿlf��{¼�
�fp�Ë��1Ì. da�{ÿþ��Ì��°
�N
p�Ë��p�µþ�Ç, Ïdy�¢�E
âÿþ�Ì�-EÐ°´p�µþ��ÀíNâ
fê�Ý�Cz�¹. é'uDÚÿþEâ, �©
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æ^�V1f�� NFWM Eâäk±e`:. Ä
k, dEâ´X1Æ��{, uÿ�&Ò´äkû
Ð��5��Z1, äk1´{ü!(¯Ýp�`
:; Ùg, �æ^Ä�°�-1ì�, dEâ�±�
ØõÊV�A. ù´duXJ ω1 3 |0〉 � |1〉 �[
�õÊV�°S, @o�k,�A½�Ý��f�

±�-u
é&Ò�)�z; ��, c�­��´,

NFWM Ì���°´dî�µþ Γ20 Úå�, Ïd
�©�{�±ïÄ�ÀíN�-Eé |2〉 Ú |0〉 �
m��f�Z ρ20 �K�. V1f�� NFWM E
â�±¼�ü�U�m�ò�Z&E, ÏdAO·
^up�Ë�f3þf&EL§�¡�A5ïÄ.
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Abstract

We apply two-photon resonant nondegenerate four-wave mixing with a resonant intermediate state for observing the broadening

and the shifting of the barium Rydberg 6snd 1D2 series by collision with argon. The collision broadenings and the collision shifting

cross sections are measured for n = 16–33. This technique is a purely optical means, and can achieve Doppler-free resolution of

narrow spectral structures of Rydberg levels when the incident lasers have narrow bandwidths. Different from other experimental

methods of studying the pressure dependence of the longitudinal relaxation rate of Rydberg states, our method is to investigate the

pressure dependence of the transverse relaxation rate of the transition.
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