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< � é � e � f Ú © f � ï Ä, X � e �

f - E [1], � e © f Ô n [2] Ú Bose-Einstein

condenstate(BEC)[3−5] �, Ó��r?
�e Ry-

dberg�f�ïÄ. Rydberg�f´�f¥���

	�>f�-u�Ìþfê n 4��p-u��

f. Ù�f�», >ó4ÝÚ-E�¡Ñé�, �

fÆ·Ú�p�^�m��. Rydberg�fU?m

��Ìþfê�á�¤�', ± n = 100 �~, U

?m�� ∆E ≈ 6.5 GHz, ?u�Åã, �±|^

�Å|N!�fm��p�^. ,	, Rydberg�

fäké��4zÇ, 4´É�	|�K� [6], �

±|^	\>|N!�f�U?, l��ö�

�fm�p�^�8�. Rydberg�fm�ró

4 - ó4�p�^Ú�§ van der Waals�p�^�

±�) blockade�A [7−11]. |^ù«�A�¢y

ü Rydberg�f�-u, ¦ Rydberg�f¤��ï

þfÜ6� [12,13] ¢yþf&E�;�¡��À0

�, Ïd Rydberg�f¤�<�ïÄ�9:.

IS	éõïÄ�|Ñ3 Rydberg�f��

§ van der Waals�p�^Úó4�p�^��¡

mÐ
�'�nØÚ¢�ïÄ. Gallgher�| [14,15]

|^�Å|EâN! Rb Rydberg�fm�ó4

�p�^. Raithel�| [16,17] 3nØÚ¢�þï

Ä
 Rb Rydberg�f�ó4�p�^Ú�§ van

der Waals�p�^, ¢��nØ���. Pillet �

| [11] 3 Cs Rydberg�f¥ïÄ
>|N�e�

ó4�p�^Úó4 blockade�A. Rydberg�f

m��§�p�^äkáÚ½ü½³�A5, ?

uáÚ³��f�páÚ, ��$Ä±�-E�

) Penning>l. Weidemüller�| [18] æ^¢�1

Ìÿþ Rb Rydberg�f&ÒÚdu�p�^�)

�gdlf&Ò, ïÄ
ÙÄåÆüzA�. ?�

Ú�ïÄL², =¦�f?uü½³��^�¬�

)�
gdlf&Ò, ©z [19] *	�?uü½³

� Rydberg�f3���ò´�mS¼�gdl

f�¢�(J, ¿|^çNË�nØé¢�(J�


)º. ·��| [20] |^V1f-u�e Cs �

f¼�
 40D �� Rydberg�f, *	�
gdl

f&Ò, ¿ïÄ
 Cs Rydberg�f3 40D �e�

ÄåÆüzA5.

�©Ì�ïÄ 70S �e Cs Rydberg�f�m

��p�^ÚÄåÆüz. ÏLüÚ-u�eÄ

��f/¤�e Rydberg�f, ¦^óÀ|>l�
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{&ÿlfÚ�f&Ò, UC-u1Ú>l>|ó

À�m�ò´�mÚ-u1óÀ°Ý, ïÄ 70S �

e Cs Rydberg�fm��p�^, ¿|^çNË�

����=£±9�p�^-E>lé¢�(J

�
)º.

2 ¢�C�

3IO�^1² (MOT) ¥|^-1e%ÚÐ

¼Eâ¼�§Ý��� 100µK ��e Cs �f,

Ù�fê�� 6.5×107(¦^���O�êi CCD,

ÏLF1&ÿ{ÿ�), ���� 0.7 mm,éA�

f�Ý�� 3.5×1010 cm−3, äN¢�C�ë�©

z [21]. ¢�¥|^V1f-u¼��e Rydberg

�f, Å�� 852 nm�e%1Ó�¢y1�Ú-

u, =��f 6S1/2(F = 4) → 6P3/2(F
′ = 5) ��

[, 1�Ú-u¦^ëY�N���N�ª-1

ì (TA-SHG110)¢y 6P3/2(F
′ = 5) → 70S ��

[. -1ìÑÑ�°�u 2 MHz, Å�3 508—

517 nm � � S ë Y � N. ¢ � ¥ ^ ÿ þ ° Ý

� 0.001 cm−1 � WSU-30. (ANGSTROM) Å�

OP¹1�Ú-u1�Å�. 1�Ú-u1²(

1N�ì (AOM) Úßºà��\��e�f�¥,

¿/¤��È�/�-u«, Ù-u���»�

� 145µm, ��õÇ� 53 mW.e�f��üýk

ü��å 15 mm�²1»4, 3»4þ�\pØó

À>|, ^±>l®/¤� Rydberg�f, ¿\�

�)�lf� u»4����Ï�� (MCP) &

ÿì, &ÿ�&Òx�«Åì��*	, ½öd�

È©²þì (Boxcar)?1êâ?n, ¿dO�ÅP

¹. êiò´óÀu)ì (DG535,SRS)����¢

���S.

3 ¢�(JÚ©Û

RydbergnS—nS �fém��§�p�^U

L«� [22]

Vss = −

C6

R6
−

C8

R8
−

C10

R10
, (1)

Ù¥ R ��fmå, C6, C8, C10 ´Ñ�Xê, �±

ÏL�6nØ¦�. éu nS—nS �fm��p�

^3�§��´ü½³.

¢�¥, N!1�Ú-u1�ªÇ, ¦-1Å

�N�� 6P → 70S �[�NC, |^þ,�m

� 3 µs ��·>|>l Rydberg�f, d MCP ÿ

þ Rydberg�f&ÒÚgdlf&Ò. ¢�¥Ä

kUC1�Ú-u1Ú>lóÀ|m�ò´�

m, �±Ù¦ëêØCïÄ Rydberg�f�üzÚ

ÄåÆL§. ã 1 �¢�ÿ�� 70S �ò´�m

� 1 µs(J�) Ú 10µs(¢�) �� TOF Ì, 3 5 µs

NCÑy�´gdlf&Ò. dã 1 ��, �ò´

�m� 1 µs �, ÿ��gdlf&Ò�~�f, �

ò´�mO\� 10µs �, lf&Ò²wOr, �

A� Rydberg�f&ÒÏÉ�³�~�.
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ã 2 70S Rydberg�f (J�) Úgdlf (¢�) �&ÒrÝ.

-u1óÀ°Ý� 1 µs, ò´�m� ∆t = 18 µs. ±1�Ú-

u1� 70S Rydberg�f���ªÇ��é 0 :

ò Boxcar��&Ò���©OP¹gdlf

&ÒÚ Rydberg�f&Ò, ïÄgdlf&Ò�

/¤ÅnÚüz. ã 2 ´ÿþ�-u1óÀ°Ý

´ 1 µs, ò´�m� 18 µs �éA�gdlf (¢
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�) Ú 70S Rydberg�f&Ò (:�) �lfÌ, ±

1�Ú-u1� 70S Rydberg�f���ªÇ��

é 0 :. dã 2 ��lf&Ò��°Ú 70S Ryd-

berg�f��°A���, �´1Ì�Øé¡, g

dlf&Ò����Ñy3 Rydberg�f�� 

��mý, =37��� �þgdlf�&Ò�

r, ù`² Rydberg�f����
ü½³þ, �

nØO� [22] ���.

��f?uáÚ³�, �f�páÚ, -E¿

�) Penning>l, *	�gdlf&Ò [18]. ?u

ü½³��fØA�)-E, ,¢�3���

ò´�mS�*	�
gdlf&Ò, �gdlf

&Ò��f&Ò¥%�'Ñy
²w�7£. ù

��(JÚ Amthor �< [19] 3 Rb Rydberg�f¥

*	�(Jaq. `²�f�,?uü½³, �d

uçNË�1fÚ Rydberg�f�p�^, ¦ nS

Rydberg�f�[�§NC�ó4�[éA� n′p

�,  ns+n′p �fé3�§��S/¤áÚ³, §

��é$Ä, -E¿�) Penning>l. qdu�f

Ð©?u�p�^ü½³, éAu�� �7��

� ��´-u Rydberg�fé�.

�
?�ÚïÄgdlf�üzA5, ·�3

¢�¥UCò´�m, ×£1�Ú-u1ªÇ, ©

OÿþØÓò´�m� Rydberg�fÚgdlf

Ì. élfÌ?1[Ü, ¼� Rydberg�f&ÒÚ

gdlf&Ò�ò´�m��6'X, = Rydberg

�f3ü½³e�üzL§, ¢�(JXã 3 ¤«.
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ã 3 70S Rydberg�f (��/) Úgdlf (�:) �ò

´�m�Cz

dã 3 ��gdlf&Òfm©é�, �Xò

´�m�O\gdlf&ÒÅìO\, m©�gd

lf&Ò´duçNË��^¦S��f�[��

��P�, SP�fé�áÚ³, ¦��páÚ-E¿

�) Penning>l. �Xò´�m�O\, çNË�

±9�fm��p�^, ¦�õ/S��f#©

Ù����ó4#N�P�, l��gdlf&

Ò�O\.

e¡O�lf�Ç, Ì��Ä��¡Ån.

1) ç N Ë � � � � � � ) � > l, Ù 1

>lÇ� [23]

Rbb
PI =

∫

∞

ωnl

σPI(n, l, ω)
ω2

π2c2( eω/(kT )
− 1)

dω, (2)

ùp� ωnl = 1/(2n∗) ´Ð©Uþ, k ´Å�[ù

~ê, c ´1�, é (2) ª?1È©, ��e¡�C

q(J:

Rbb
PI ≈ClT

(

14423

n∗7/3
+

10770l2

n∗11/3

)

× ln

(

1

1 − exp
(

−

157890

Tn∗2

)

)

s−1, (3)

Ù¥, Cl ´ Cs = Cp = 0.2, T ´�¸§Ý, 3·�

�¢�^�e, T = 300 K, d (3) ªO�� 70S �

�f�lf�Ç��� 98 s−1.
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2) çNË�����=£E¤��f�p

áÚ-E�)�lf, ù3c¡®²Ñ�J�,

çNË����=£Ç TBBR �±L«� [24]

TBBR =
1

n5
eff

2.14 × 1010

exp(315780/n3
effT ) − 1

(s−1), (4)

Ù¥ T ´�¸§Ý, neff ´k�Ìþfê. 3 70S

��¹eÙ�=£Ç²LO��� 4143 s−1, O�

Ñ5��=£Ç'çNË����>lÇ�ü�

êþ?, ¤±�)gdlf�Ì�Ån´çNË�
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����=£Úå�. çNË��� 70S ��f

#ÙØ����ó4�[��, ²�páÚ-E�

) Penning>l, ¤±¢�¥I����ò´�m

âU*	�gdlf&Ò.

��, ·�-ò´�m� 1 µs, Ù¦^�Úc

¡�¢���, UC-u1�óÀ°Ý, ïÄ 70S

Rydberg�f�-u1óÀ°Ý�m��6'X,

¢�(JXã 4 ¤«. dã��, �X-u1ó°

�O\, Rydberg�f&Òªu�Ú, =�)
-u

{l�A. ù´du Rydberg�fmäkér��

§�p�^, �-u1ó°���, k-u� Ryd-

berg�fdu�§�p�^¦¦�C��fU?

u)ª£, �^Ä�°-1?�Ú-u�, du-

u1�ªÇ��{�
�C�f�?�Ú-u,

= “-u{l�A”. |^ù«-u{l�A�±3

ÛÜ¢yü Rydberg�f�-u [25,26], ?¢y

��þfÜ6��ö� [27].

4 ( Ø

�©l¢�þïÄ
 70S �e Cs Rydberg�

f��p�^ÚÄåÆüzL§. ÏLUCò´�

mÿþgdlfÚ Rydberg�f&Ò�Czª³,

�[?Ø
 Rydberg�f3�§ van der Waals�

p�^e�)gdlf�Ån. ¿ÏLUC-u1

óÀ°Ý¼�
-u{l�A, ¿é¢�(J�


?Ø. Rydberg�fäkér��§�p�^, ¦�

��fU?u)ª£, �)-u{l�A. �§

áÚ�p�^�±/¤�e Rydberg©f. ¤±�

©�ïÄé?�ÚïÄ�e Rydberg�f��p

�^±�/¤©fäk�¿Â.
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38 S295

[23] Beterov I I, Tretyakov D B, Ryabtsev I I 2007Phys. Rev. A 77

015404

[24] Beterov I I, Ryabtsev I I, Tretyakov D B, Entin V M 2009Phys.

Rev. A 79 052504

[25] Urban E, Johnson T A, Henage T, Isenhower T, Yavuz D D,

Walker T G, Saffman M 2009Nature Physics 5 110
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Evolution of ultracold 70S Cs Rydberg atom∗
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Abstract

Ultracold 70S Cs Rydberg atoms are obtained by two-photon excitation in a magneto-optical trap, and detected by using the

state-selective pulse field ionization technique. The evolution of 70S Rydberg atoms is investigated by changing the delay time be-

tween excitation laser and ionization electric field and theexcitation duration. Blackbody radiation is taken into account to explain

experimental result. The experimental result is found to beconsistent with theoretical value.
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