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31ó4²¥¢yü�¥5�f�§B9Ùö�3þf&E?n¥äk��A^. �d3¦^rà��ù
��-1/¤�1ó4²§Bü�¥5��f�, ÏL���m�£Ä�1ó4²l·��1ó4²þÐL, ¢y

ò·��1ó4²¥�ü�f± 94% �VÇ=£��£Ä�1ó4²¥, ¿òT�f£Ä��²¡þ�½� 
�. T¢�éu¢y1ó4²
�¥?¿ü��f�Å�±91ó4²¥�f	3gdÝ�ö��ïÄkXd3
�A^.

'�c: ü�f, 1ó4², �m=£

PACS: 37.10.Gh, 37.10.De, 37.10.Vz

1 Ú ó

Cc5, 3�*ó4²¥(½5�§Bü�¥
5��f�¢�����?Ð [1,2] íÄ
§B
u1ó4²¥�ü�¥5�f3þf&E?n�
¢�¥¯�/uÐ. X3§Bu1ó4²¥�Ä
��f�Ôn²�þ¢y
É��ü1f��
� [3], ±9É��ü1f���u��ü1f�
m�Å� [4]; ¥5�f�õþf M�ì [5]; ü�
f31¬��:þ�þf1r [6] �. Ø=Xd, <
��ò§Buó4²¥�ü�¥5�f-u�p
�Ë�f [7], ±¢yp�Ë�f�mr�ó4-ó
4�p�^, �X3ü�p�Ë�fNXþ*	�

 “p�Ë{l” y� [8], �Cq|^T�A¢y

V�f�m�É����þfÜ6� [9] Úp�
�Å���� [10] �. ���´, §B¥5�f
NX�'u¯õ¢yþf&E?n�ÿÀöX§
BlfNX [11]!�51ÆNX [12]!��Nþf
:NX [13,14]!���ÙÅÜ(NX [15] �äkÙ

ÕA�`³, X¥5�f��¸�ÍÜ4�, ��
�;�mÚ�Z�m���¦�þ?±þ [16], 
��±ÏL Mott ý��31¬�¥�1þ/Ð©
z [17−19] �. d±þÃõ�¢�?Ð9§Bu�*
²¥�ü�fäk�ÕA`³¦�§Bu�*²
¥�ü�f3þf&E?n¥Pk2,�A^c
µ, ¦�é�ù��1ó4²¥ü�f��m=£
�¢�ïÄ3^§Bü�fNX¢yþf&E?
n�¢�¥äk��A^.

3^ü�f¢yþf&E?n�nØÚ¢�
¥, �ÏL�p�^¢yü�f�Å�, X�f-
E���Å� [20] ½Äup�Ë{l�ü�fÅ
� [9], �¦�fmå���fUu)�p�^�
«�, ��þf'A��f��Ñ;�3��½
õ��ó4²
�¥, X1¬� [21]!�/1ó4
²
� [22], �N��Ñ
�¥,�²¥��f¿
£Ä���,���fu)�p�^�«�S, 8
c¿vkéÐ��{. ü�1ÆDÑ�|¤��
fçÀÅ (atom sorting machine)[23] �,Ul�½
§Ýþ)û¯K, ��f£Ä� �=�u1ÆD
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Ñ�¤3��mü^�þ, �¢�C�éE,, é
-1ªÇ91r����¦p, ��¦üé-
13�m����SpÝÜ, ¢�JÝ��. d
	 Beugnon � [24] ü«�l��1ó4²�,�
�1ó4²¥�f�=£K�é{ü, ��fU�
1ó4²¢y��£Ä, �I�ò�½�1ó4²
'äâU¢y��=£. 3ó4²NX¥, éJ¢
yé
�¥,�³²�'4ØK��
�¥Ù
¦³².

�)ûT¯K, ·�3^rà��ù��-1
/¤�1ó4²§Bü�¥5��f�Ä:þ, Ï
L,���m�£Ä�1ó4² (M ²) ��l·
��1ó4² (S ²) þÐL, l¢�þü«
e M
²³�v
, S ²¥��fò¬±� 94%�VÇ�
=£� M ²¥, Ó� M ²¥��f���£Ä�
�²¡þ�½� �. T¢��¢y1ó4²
�
¥�flÙ¥��²=£�,��²Jø
�1
��Y, éu¢y1ó4²
�¥?¿ü�f�Å
�±91ó4²¥�f	3gdÝ�ö��ïÄ
kXd3�A^.

2 ¢��n

���-1|�^u¥5�f¬é�fp�
Ñó4Ýl/¤�'u1r���1ó4³. 1
ó4³��Å³, �fÏd¬�§B3³��$:
þ. æ^²;��f�.í�, �ó41�ªÇ ω0

�éu�f��ªÇ ωa ���þ ∆ = ω0 − ωa ÷
v |∆| ¿ ωa �, 3^ÅCqe, �±��{z�ó
4³ÚÑ�Ç���L�ª [25]:

Udip (r) = −3πc2

2ω3
a

(
Γ

∆

)
I (r) , (1)

ΓSC =
3πc2

2π~ω3
a

(
Γ

∆

)2

I (r) , (2)

Ù ¥ c � 1 �, Γ � � � � � P ~ Ç, I (r) =
(2P/πω2

0) exp
(
−2r2/ω2

0

)
�ó413å�?�1

r©Ù, P �-1õÇ, r �»��I. é' (1) ª
Ú (2) ª, ��³²�Ý�'u1r��'u��
þ, Ñ�Ç�'u��þ�²�, Ïd¢�æ^
���-1±;�Ñ�é³²¥�fG��K�.
Ó�éuà��ù��-1, ∆ �K�, �:?1
r�r, Ïd³U�$, �f§Bu�:NC.

ã 1 §Ý� 70 µK ��f3³�� 0.7 mK �ó4²¥ �
�©Ù«¿ã

ã 2 ü²l��Ü�©mL§¥U\³²³��Cz ü²³�þ�pd�/ (å�þ� 2.0 µm), Ù¥/¤ S ²�ó4
11õÇ� 6.9 mW, /¤ M ²�ó411õÇ�� S ²� 1.5 �
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3æ^�ù��-1��ó41, ¿à���
:�å��»�u 4 µm �/¤�1ó4²¥, d
u-E{l (collisional blockade) ��^ [26], ü�
9õ��f3��1��^eØU½���, Ï
d�^Tó4²¢yü��f�§B. ó4²¥§
B�ü�f5u^1² (MOT), ÏdÙ§Ý�û
u^1²¥�f�§Ý©Ù, T©Ù�À�[ù©
Ù. dd�±�âü�f§Ý�©Ù�Ñ�f3ó
4²¥ ��©Ù, Xã 1 ¤«. �±w�3R�
u1¶�»�, ü�f�Ñ©Ù3³²�.Ü. d
�e^,��1ó4² (M ²) lT²þÐL, K�
f� �©Ù¬�ûuU\³²�Ý�Cz. eü
²³��Ó, K©m��f3ü²¥�VÇ��;
�� M ²�³����, lã 2 ¥�±w�, �ü
²©mål���, U\³²�4�� �u³�
�� M ², l¦Uþ$��f�áÚ� M ²¥;
e M ²³���, KU\³²��, 3ü²©m�
Uþ$uU\³��ü�f¯�Ò�õ, l�f
�=£� M ²¥�VÇ���C�. ù¦�·��
±^����� M ²l���f�ó4² (S ²)
¥ò§Bu S ²¥��f=£r, Ó�ØI�ò S
²'4.

3 ¢��Y9¢�ö�

Äu±þ�nØ½5©Û, ÄkI3 S ²¥¢
yü�f�§B. Xã 3 ¤«, S ²æ^�å 830 nm
�ù��-1lü�� 1n¥Ñ�, ²L�¥¡
ºO��, d�é�Üßº*å, ��^�ê�

�»�ßºrà�ý�nS, �:?å��»�
� 2.0 µm[27]. ò�:� MOT ¥%N!Ü�, Ï
LN! MOT �ëê=�N!�fC1�ó4²¥
��Ç, l3-E{l�A��^e¢y1ó4
²¥ü�f�§B. 3ü�f§B�ó4²¥�,
ÙF1��ê��»�ßºÂ8, ÷�´�£, Ï
LVÚ¡� 830 nm 1©m, ��ÍÜ�ü�� 
1n¥, ¿Ñ\�ü1fOêì (SPCM-AQRH-15-
FC), dü1fOêìò1f=z� TTL óÀ, ,
�æ^ LabVIEW §SP¹�½�mm� (X 20 ms
½ 40 ms) S� TTL óÀê8, /¤��mCz
�ó4²¥F1Oêêâ. ¢�¥, �â§B�
f�ó4²³��� 10 ��m��f§Ý�B
�¢yk�§B�¢�²�, Ó��Ä� 830 nm
ó41õÇk��¯K, 3 MOT ¥�f§Ý�
� 80 µK � [27], ·�À�/¤ S ²�ó411õ
Ç� 6.90 mW 5¢yü�f§B, �â (1) ª, Ùé
A�³²�Ý�� 0.7 mK.

3 S ²§Bü�f��, O\,�å 830 nm
ó415/¤ M ², Xã 3 ¥¤«, �3Ù1´¥
O\���Ø>>b (PZT, PI S315.10) ���� 
=��º, ÏL�� PZT �Ñ\>Ø����º
� =�Ý?�� M ²3�²¡þ?uØÓ�
 �. duT PZT ä���!:�Ú Z ²ÄN!
Uå, ÏLN!����Ú:��Ñ\>Ø=�¢
yò M ²£Ä��²¡þ��½ �. ,�^ 
�©åcºò ���p�R��üåó41Ü
å, ¿�ÏLN!O��¥¡ßº�1n�ål¦
�ùüå 830 nm ó41��éÐ���Ü. ¿3

ã 3 ¢�C�«¿ã
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F1Â81´þ, ¦^©åcºòÂ8�F1©�
ü´, ©OéO M ²Ú S ²� �, liÿü²
¥F1Oê�Cz.

du1ó4²Ð¼ü�f��ÅL§, �I�
é M ²� �?1Ä���, Ïd3¢�¥I�
ÏL�Sé�´-19 PZT ?1��, ��L§X
ã 4 ¤«. Ð©� M ²'4, �Ø� S ²Ü, ,�
�m MOT � S ²¥C1ü�f, �&ÿ� S ²¥
F1Oê�Lü�f�½K��, �±(½ S ²¥
§B
���f, d�'4 MOT, ,��m M ²,
¿3 80 ms Sò�\3�� PZT :�N!þ�Ñ
\>Ød 0 V �5/O� 9 V, Ù¥ M ²3 PZT Ñ
\>Ø� 5 V �m�� S ²Ü, �X�± PZT Ñ
\>Ø� 9 V ¿�± 80 ms ØC, 3ù 80 ms S�
m MOT �e%1Ú£"1±Â8ü²¥�F1&
Ò, du·��'%ü�f´Ä¤õ=£, Ïd�
� 80 ms ¥c 40 ms �ü²¥F1&Ò5�ä²¥
´Ä�3ü�f, ���B¢�*ÿ9�ã, P¹

=£L§� 280 ms S S ²Ú M ²¥F1Oê�

Cz. 3�S��, ò PZT Ñ\>ØE , ¿��
e�g�f�§B. 3���SL§¥F1Oê
�m�À� 40 ms, «Ouü�f§B� 20 ms
�Oêm�, ´ÑuT�SL§¥k�õ��ä
�2�1�?Ö�5� 0.5 ms �m�1�mþ
�ò´, JpOêm��m�±k�/~�ò
´�5F1Oê�Ø�, �S¥�Ü©�1�
mÀ� 40 ms ��ê�´��B§S�?�Ú
�1.

du§B�´ü��f, ����f3 S ²
Ú M ²¥=£��Ç, I�é,�1re� S ²
Ú M ²Eõgþã�S, ¿P¹e S ²Ú M ²
¥�f�3�gê, l��¤=£�Ç. 3o�
¢��mÚÿþ°Ý�Ä:þ, ÀJ
E 100 g
ÿþ. ,��± S ²1r� 6.90 mW ØC, ò/
¤ M ²�ó411õÇlyk¢�^�e�p
� 16.24 mW Åì~$� 4.24 mW, l���f
�=£�Ç� M ²1õÇü$=³�ü$Cz
�¢�êâ.

ã 4 ¢�¥��S���Y«¿ã

4 ¢�(J9©Û

ÏLþã�¢�ö�, 3¢�¥ÿ�� S ²¥
ü�fF1��&ÒXã 5(a) ¤«, lã¥�±©
EÑ�µ�.Ú²¥§Bü�f�F1Oê�ü
���. òùã�m�F1Oê±��ÚO��
ã, Xã 5(b) ¤«. l¥�±²(/©EÑ�L�
µ�.Ú²¥kü�f�F1Oê�ü�Ñt©
Ù¸, æ^Ñt©Ù[Ü�, �±��ü¸¸�©
O�z 20 ms 6 �Ú 37 �, ¿�±wÑü¸�©
.: uz 20 ms 17 �P� (17 �/20 ms) ?, �

�Ä�F1Oê3 17—20 �«m¥kõ�¯�,
Ó�éu¸�� 37 �Ñt©Ù5` 20 ±e�¯
�=Ó 0.17%, Ïd�~�F1Oê¥�feé¢
��K�, À�F1Oê 20 �/20 ms �ü�f�
�äK�, =�F1Oê�u 20 �/20 ms �, �±
(@ S ²¥§B
ü�f; ��, eOê�u½�
u 20 �/20 ms, K@� S ²¥vk�f.

3 S ²¤õ§Bü�f¿�½ü�f��ä
K��, �1ã 4 ¥��S5¼�ü�f3ü²
m�=£�Ç. d�duF1Oê��mm�C
� 40 ms, �½K�Jp� 40 �. ã 6 ´3 S ²1
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r� 6.90 mW  M ²1r� 7.24 mW �, ��¢
�¥ 35 g=£¯��ü²¥F1Oê�Cz. l
ã 6 �±w�, S ²¥F1Oêü$�Ó���
X M ²¥F1Oê�,p, �ü²�F1OêÓ
�ü$�¯�êKé�, ¿�X�f(¢l S ²¥

=£�
 M ², Ó�3=£L§¥�f���Ç
é�. T¢�^�e, �f�3 S ²¥�VÇ� (61
± 9.5) %, 3 M ²¥�VÇ� (33 ± 5.0) %, =£L
§¥�f���Ç��3 (6 ± 6.0) %, (J¥Ø�
�¼��O�ngÿþ(J�IO��.

ã 5 (a) S ²¥ü�f�F1��&Ò; (b) ü�fF1&Ò�ÚO��ã

dd��ó4²,�³�^�e�ü�f
= £ � Ç, , � ò / ¤ M ² � ó 4 1 1 õ Ç
l 16.24 mW Åì~$� 4.24 mW, Ó��±/
¤ S ²�ó411õÇ� 6.90 mW ØC, l��

�f=£�Ç3ØÓ�/¤ M ²�ó411õ
Çe�Cz, Xã 7 ¤«. lã 7 �±w�, �X M
²1r�O\=�A³��O\, M ²l S ²¥
Ðr�f�VÇ��,p¿���Ú, ÎÜ·��
c�½5©Û. �� M ²1õÇ�� 16.24 mW, =
�A�³��� S ²³� 2.35 ��, �f=£�
Ç�±�� (94 ± 1.7) %, d��fE3 S ²¥
�VÇ� (2.3 ± 0.6) %, �f��Ç� (3.7 ± 1.5)
%. Ó�¢�(J��w« 50%�=£�Ç¿v
ku)3/¤ M ²Ú S ²�1õÇ����ÿ,
´3/¤ M ²�1õÇ�� 7.8 mW �, ù´Ï
�3à�L§¥ M ²�å��»��u S ²å�
� 2.0 µm, E¤ M ²I����1õÇâU¦�
� S ²³���.

ã 6 ü�f3ü²m=£�F1&Ò

ã 7 �f3ó4²¥�VÇ9=£L§¥�f�¿�Ç�/
¤ M ²�ó411õÇ�Cz

3��¢�L§¥, M ²3 80 ms S� PZT �
�£Ä
� 16 µm, ²þ£Ä�Ý� 0.2 mm/s, M ²
³���, =£�Ç�p, �é M ²1r�¦�p.
lã 7 ¥�±uy, �/¤ M ²�1õÇ�� S ²
� 1.65 ��, Ù=£�Ç�þ,®�C²�, Ïd
éuØÓ�¢��¦, �±nÜ�Ä�ÇÚ1r�
Ï�±À��·Ü��. �3½5©Û¥, �±
w��f�§Ýéu=£�ÇÚ��Ç�k��
�K�, eæ^ �FÝe%��{éó4²¥�
f?1?�Úe%K¬3�Ó�³�^�eJp
=£�Ç¿ü$�f��Ç. d	, Äu�� M ²
£Ä� PZT ä�:�Ú���N!Uå, �±¯k
I½1ó4²
�, X�/1¬�¥��:éA�
:�Ú���>Ø�, lÏLÑ\ØÓ>Ø�5
¢y M ²3ØÓ�:m�£Ä, ?¢yü�f
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3ØÓ�:¥�=£. e�Ú¢�òý¢yù�
��¿ïÄ3=£L§¥�f�Z5�±�¯K.

5 ( Ø

nþ¤ã, ·�¦^rà��ù��-1/¤
�1ó4²¢y
ü���f�§B, ¿½5/©
Û
ü²l��Ü�©mL§¥�f3ü²m
=£��Ç�U\³²³��Cz, mÐ
1ó4
²¥ü�f=£�¢�ïÄ, ¢y
ò·�1ó4
²¥§B�ü�f±� 94%�VÇ=£��£Ä

1ó4²¥, ¿�ò�£Ä1ó4²¥�T�f£
Ä��²¡þ�½� �. 3�5�¢�¥, ù«
�f=£��{�±k�/¢y�f3�/1ó
4²
�¥��²¥�=£, �éu��1¬�
¥ü�f, ��ÏLæ^ê��»��!à���
�ó4² [28] ¢y�f3ØÓ�:m�=£. T�
{ò�¢y1ó4²
�¥?¿ü�f�Å�±
91ó4²¥�f	3gdÝ�ö��ïÄ�e
j¢�Ä:, �^¥5�f¢yþfO�ÅJøk
��Ï.
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Rev. Lett. 92 130403
[19] Spielman I B, Phillips W D, Porto J V 2007 Phys. Rev. Lett. 98

080404
[20] Mandel O, Greiner M, Widera A, Rom T, Hänsch T W, Bloch I
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Abstract

The preparation and manipulation of single neutral atoms in optical dipole traps have important applications in quantum simulation

and information. For this purpose, a single neutral atom, trapped in a static optical dipole trap which is formed by a strongly focused

red-detuned far-off-resonance laser, can be transferred to a movable optical dipole trap when the movable trap crosses the static trap

and the transfer efficiency can reach about 94%, meanwhile this transferred atom could be located at given position in the focal plane.

This experimental result has potential applications in realizing entanglement of two individual neutral atoms in an optical dipole trap

array.
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