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1 Ú ó

3L����õc, -1e%Ð¼¥5�f
Eâ�uÐ¦·�U
&¢Nõk��Ôny�,

'Xe�f¨ [1]!�fZ�¤ [2]!ÀÚ - OÏd
"và [3]!�f-1 [4] �. Ó�/, �e©fd
uÙE,�SÜ(�¦Ù3þfzÆ [5]!þfO
� [6]!ªÇIO [7]!©f1Æ [8] ��¡�d3A
^Úå
<�2��ïÄ,�.

�
�)�e©f, <�ég,/��ò-1
e%�f��{A^�©fe%þ. �´du©f
äkE,�õ­�=U?(�, vk��f@��
µ4�U?XÚ, Ïd^DÚ�-1e%�{éJ
¢y©f�e% [9], �k4�O�©f�±^-1
e%Ð¼��{?1ü§ [10]. Ïd, Nõk��e
%©f�Å��JÑ, Ì�©���e%Úm�e
%ü�a. ��e%Ì�k�ÀíNe%�{ [11]

Úd©�>|e%�{ [12], m�e%Ì�k¤¼
nâ��e%�{ [13] Ú15Üe%�{ [14]. Ù

¥, ��e%�{�e%�©f«a�õ, �´d
uÌ��é©f²Ä?1e%, 8cù«�{=U
��§Ýpu 1 mK �e©f. 3m�e%¥, ¤¼
nâ��e%�{´ÏL	\^|ò�fÚ©f
�U?N!��Ó�ê�¦-E¥�ü��f/
¤��æ­��©f. ù«�{I�¼��$��
f§Ý (µK þ?), /¤�p�ÄU?©fSÜå
P�f, Ïd4´l)��f. 15Ü�{´3�
åA½ªÇ1��^e, �é�p-E�Ä��f
��áÂ��1f, /¤,��=U?�-u�©
f, ,�ÏLguË�½É-Ë�, /¤­½�Ä
�©f. ÏLù«�{�)�©fäk�Çp, G
�­½, ¿�é�f�¬§Ý�¦$ (z µK þ?)

�A: [15]. �8, ¤k�w7á�fÑ·^u15
Ü�{���e©f [16−20].

éu�e©f�&ÿ, Ì�k±eA«&ÿÃ
ã: Ð¼�Ñ1ÌEâ [21]!��1ÌEâ [22]!�
1�m�ÌEâ [16]. Ð¼�Ñ1ÌEâ´ÏL&
ÿ15ÜL§¥�e�fF1rÝ�Cz5ÿþ
�e-u�©f1Ì�Eâ, &ÿ(¯Ý�$, �
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´É,Ñ1K�. ��1ÌEâ´ÏLé15ÜL
§¥-u�©f=£�Ù¦-u��guË��
)�A½ªÇ�F1?1&ÿ, l
�N15ÜL
§¥�)�-u�©f�&E, 3¢�¥I�¦^
p5U��ÏÈ1¡©l¤Iÿþ�A½ªÇ�
F1, ¿é�f�F1&Ò?1&ÿ. �1�m�
ÌEâ´ÏLé15ÜL§¥-u�©fguË
�/¤��eÄ�©f?1&ÿ, ¢�C�Ì��
)^u¦lf\��\�>|C�Ú^u&ÿl
f&Ò��Ï��&ÿì. §äk&ÿ(¯Ýp!
�µA��"!ØÉ,Ñ1K��A:. du�1
�m�ÌEâ��p(¯Ý, ²~^u&ÿ15Ü
/¤��eÄ�©f [23]. $�3vkA½�5Ü
1��¹e, ��±&ÿ��e©f�/¤ [16,24].

Ù�Ï3u^1²¥�Ð¼1Ú2"Ë1Jø

15Ü1��^. 3ë�©z [24] ¥, Caires �ÿ
þ
^1²¥���)� Rb2 ©f�Ç. 3ë�©
z [16] ¥, Fioretti ��J�
¦�3¢�L§¥u
y
3vkA½ªÇ�1��15Ü1��¹e
�±/¤ Cs2 �íÿ/¤©f��Ï´e%1Ú
2"Ë1��^, ,
, ¦�¿�éù�y�?1
[�/ïÄ��é�)�©fA5?1ïÄ.

�©¥, ·�*ÿ
3^1²¥duÐ¼1
Ú2"Ë1�15Ü
��/¤��eÄ� Cs2
©f, ¦^��Orõ1f>l��{ò�eÄ
� Cs2 ©f>l� Cs2+ ©flf, ,�^�1�
m�Ì?1&ÿ. ÏLïÄ�Ï��ó�>Ø!\
�>|rÝÚ\�>|±Y�mé�©flf&
ÒrÝ�K�, ¿æ^nØ�.é¢�(J?1[
Ü, ¼�
·Ü¢�^���`z¢�ëê, �?
�ÚïÄ�e©f�15Ü1ÌÚ1>l1ÌC
½
­��¢�Ä:.

2 ¢�C�

¢�C�Xã 1 ¤«, ^1²dné�pR
�! ����Ð¼-1å, ��2"Ë-1å
Ú��o4^||¤. Ð¼1Ú2"Ë1þd
�N�	nª��N-1ì (TOPTICA, DL100)

� ), Ù ; . ó � > 6 � � 200 mA, � � Ñ Ñ
õÇ� 160 mW, ;.�°� 1—2 MHz. Ð¼1
£½3ù��u Cs �f�°[�[ 6S1/2(F =

4) → 6P3/2(F ′ = 5) � 15 MHz � �, 1å�
»� 15 mm, zå1�õÇ�� 6 mW. 2"Ë1
£½3 Cs �f 6S1/2(F = 3) → 6P3/2(F ′ = 4)

� ° [ � [ � þ, 1 å � » � 10 mm, õ Ç �
� 5 mW. o 4 ^ | F Ý � � 12 Gauss/cm. ^
1²¥�µØr� 1 × 10−7 Pa, e�f��»
� 0.9 mm, Ð¼�fê� 2 × 107 �, ^�1�m
{ [25] ÿ�e�f�§Ý�� 170 µK. 15Ü/
¤�Ä� Cs2 ©fd�åóÀ/�-1>l, ^
u>lÄ��fÚ©f�óÀ/�-1 (Spectra

Physics, CBR-G-18EG) d Nd:YAG -1"Ë (Spec-

tra Physics, INDI-40-10-HG), ó�Å�� 710 nm, �
C Cs �f 6S1/2 → 6D3/2,5/2 ���[�. ¤^/
� Pyridine 2 3ù�Åã�=��Ç� 18%, óÀ
°Ý� 8 ns, óÀUþ� 1 mJ.

¢�¥¦^
ã 2 ¤«��S��5&ÿ
^1²¥�Ä��fÚ©f. êióÀò�u)
ì (SRS, DG535) ���¢�¥�¤k�S. �
ü

ã 1 ¢�C�ã (MCP ��Ï��, Boxcar ���²þ
ì, YAG �/�-1"Ë
, Dye laser �/�-1, DG535

�êióÀò�u)ì, PC �^u¢�êâæ8�>M)

ã 2 ¢��S��«¿ã, �S�­EªÇ� 10 Hz

(MOT � ^ 1 ², MCP � � Ï � �, BOXCAR � � �
²þì)
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$ Cs+ �flf&ÒrÝ, ·�ÏL��(1N
�ìÚ>1N�ìéÐ¼1Ú2"Ë1?1'ä.

100 µs �óÀ/�-1�^��fìþ, Ó�»�
Jø�pØ\�>|�^3�f©flfþ. 3\
�>|��^e, �)� Cs+ lfÚ Cs+2 lfd
u�þØÓ���Ï����m�Ø�Ó. d�Ï
��æ8�lf&Ò²���d«Åìw«, Ó�
d����²þì (Boxcar SRS-250) P¹.

3 ¢�(J9©Û

Ø
 MCP ���&ÿ5U	, K� MCP &ÿ
�Ç�Ï�Ì�k MCP �ó�>Ø!\�>|�
rÝ9±Y�m. Ïd, ·�éù
ëê?1
�
[ïÄ.

3.1 ���ÏÏÏ������óóó���>>>ØØØééélllfff&&&ÒÒÒ���KKK���

�Ï��lf&ÿìÌ�^u�1�m�Ì
Ú�glf�Ì��Ì¤¥, äk(�{ü!OÃ
p!�m�A¯Ú�m¤��A:. ØÓ�ó�>
Øé�Ï���&ÿ�Çké�K�, �Ï���
OÃXêdeªû½ [26]:

G =
(

AU

2a
√

U0

)4U0a2/U

, (1)

Ù¥ a = L/d ��Ï��+��+»�', A �û
½�gu�Xê�Ô�~ê, �� 0.2—0.25, U0 �
R�+9����g>f²þu�> , �� 1—

2 V, U ��Ï���ó�>Ø. ã 3 �\�>|r
Ý� 105 V/cm ±Y�m� 2.0 µs �, ØÓó�>
Øe�Ï��&ÿ��lf&ÒrÝ, ã¥Ø�
� 1200 gÿþ(J�IO��, ¢��æ^ (1) ª
é¢�(J�[Ü. �ã��Ï��&ÿ&Ò�
âÔ[[Ü, ã¥1��&Ò´ Cs+ �flf&
Ò, 1��&Ò´ Cs+2 ©flf&Ò, î�I�"
: �3 MOT -1'ä�, �flfÚ©flf
&ÒÑy��m©O3 5.88 Ú 8.24 µs, ÎÜnØ
O�� � [23], p�I´�Ï��&ÿ��>Ø
&Ò. &Ò´dâÔ[[Ü, [Ü�&ÒrÝ©O
´ 0.38 Ú 0.23 V, �p�° (FWHM) ©O´ 5.52

Ú 5.93 ns.

Xã¤«, ¢�êâ�nØ[Ü����. �
X�Ï��ó�>Ø�O�, Cs+ ��fÚ Cs+2 �

©flf&ÒÑ¥O�ª³, �´�X�Ï��ó
�>Ø�±YO�, lf&Ò�O�ª³3Åì~
�. ù´du�X�Ï��üàó�>Ø�O��
��Ï���>fOÃO�, l
éÑ\lf&Ò
k
�Ð����^, �)
���lf&Ò. �
´, lf&ÒrÝ¿Ø�±Ã�O�, �X�Ï�
�üàó�>Ø�O�, ¬�)g�Úy� [27,28],

=3�½ó�>Ø4�eÑÑ>6�ÝØ�Ñ\
>6�Ý�O�
O�. ¢�¤¦^��Ï��ü
à��>ØØ��L 2 kV, ÄK¬E¤��. 
�,

���ó�>Ø�¬~��Ï���ó�Æ· [29].

Ïd, ¢�¥3�ylf&Ò&D'��¹e, A
¦þü$ MCP �ó�>Ø. ·�ò�Ï��üà
ó�>Ø�½� 1.7 kV, QU�y'�p�&ÿ�
Ç, �U�y�Ï���¦^Æ·.

ã 3 �Ï��ó�>Øélf&ÒrÝ�K�, ¢��
æ^nØ�.é¢�(J�[Ü, �ã��Ï��&ÿ&
Ò�âÔ[[Ü

3.2 \\\���>>>|||rrrÝÝÝééélllfff&&&ÒÒÒ���KKK���

3óÀ/�1é©f?1>l��, I���
\�>|¦lf�1��Ï��
�&ÿ. ØÓ�
\�>|rÝélf&Ò�rÝk���K�. �
â�Ï���ó��n [30], �kv
Uþ��g
>f½lfñÂ�Ï��L¡�, Òk�½ê8�
>fl>4L¡u�Ñ5, =�g>f, Ùê8�
\�>f½lfUþk'. ·�¢�¥\����
�f©flf, Ù\��>4L¡�\��Ý h �
Ù\�Uþ W ¤�': h = α W = αEqd, ª¥ α

�Xê, E �\�>|rÝ, q �>Öþ, d �\�
>|må���. �Ï��SÜ�)��g>f�
ý�.¡$Ä�, du>fÑ�Ú(fÑ�
é¯
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��Uþ, ��ý�.¡�, Ù�{UþC²Øv
±�Ñ³^, Ï
ØUºÑ. �k3u�NL¡N
C-u�>f, �.¡$Ä��Uþ�Ñ��, â
�U�ÑL¡³^º\ý�, ¤��g>f. Ï~
>fºÑAÇ P �-u�ÝO\
�ê/P~,

= P = e−λh, ª¥ λ �P~~ê. b½lf3�§
��S-u��g>fê8??��, ê8P� n,

·�é�Az�A½�\�>fUþ�É->f
ê8ÚºÑAÇ�ÈÈ©Ò�±¼��Ï���
�gu�>fê8 N :

N =
∫

P · nhdh = − e−αλqdE

(
nαqd

λ
E − n

λ2

)
+

n

λ2
. (2)

ã 4 �3�Ï��ó�>Ø� 1.7 kV \�>
|±Y�m� 2.0 µs �, ØÓ�\�>|rÝe�
�©flf&ÒrÝ, ã¥Ø�� 5 gÿþ�IO
��, ¢��æ^ (2) ªé¢�(J�[Ü.

ã 4 \�>|rÝé©flf&ÒrÝ�K�, ¢��
æ^nØ�.é¢�(J�[Ü

dã�±w�¢�êâ�nØ[Ü����.

�X\�>|rÝ�O�, ©flf&Ò�rÝÅ
ìO�, �´�X\�>|rÝ�UYO�, ©f
lf&ÒrÝ�)�Úy�. 3ØÓ�\�>|r
Ýe���Ï���lfUþØÓ, 3�Ï��¥
-u��O>fêþ�ØÓ, l
��ØÓ�&Ò
OÃ. ,
, ���\�>|rÝ�¬�����
Ï���lfUþL�
¦Ï�S9á���g
>fu�A5ü$, ���Ï���OÃü$, ¤
±�X\�>|rÝ�±YO�, ©flf&Ò�
rÝ�)�Úy�. Ó�, ���\�>|rÝ¿

�X�á��1�m, ù�¬��ØÓlf���
Ï����mm�~�, l
ü$�Ï����m
©EÇ [27]. Ïd, 3À^�1�m�Ì��&ÿ
Ãã�¢�¥, I�À�Ü·�\�>|rÝ, Q
��yélf&Òk�Ð�&ÿ�Ç, q��Ä
�f©flf&Ò��m©EÇ, 3�y���
&ÒrÝÚv
��m©EÇ��¹eAÀ��
��\�>|rÝ5�y�Ï���Æ·, ¢�¥
� 100 V/cm �\�>|rÝ¼��©flf&D
'�±÷v¢�I�.

3.3 \\\���>>>|||±±±YYY���mmmééélllfff&&&ÒÒÒ���KKK���

Ó�/, \�>|±Y�m�¬é©flf&
Ò�)K�. ·�¦^âÔ[�.é¼��lf&
Ò?1[Ü±¼�©f&Ò� FWHM, ã 5(a) P
¹
3\�>|rÝ� 105 V/cm, �Ï��ó�>
Ø� 1.7 kV �, ØÓ\�>|±Y�me©flf
&Ò�rÝÚ�p�°�Cz, du\�>|±Y
�mé©flf&Ò�K�7,k��Z�, ·�
æ^��ª[Üé¢�êâ?1[Ü, ¼�ã 5(a)

¤«¢�. ã 5(b) �ØÓ\�>|±Y�me©f
lfê8�Cz, ¢��¢�êâ:�²þ�. ã
¥Ø�� 5 gÿþ�IO��.

ã 5 (a) \�>|±Y�mé©flf&Ò�K�, ã¥
¢��¢�êâ���ª[Ü; (b) \�>|±Y�mé©
flfê8�K�, ã¥¢��¢�êâ:�²þ�

Xã 5(a) ¤«, �X\�>|�^�m�O�,

Cs+2 &ÒrÝ¥ykO��~��ª³, 
 Cs+2
&Ò� FWHM %¥yk~��O��ª³; X

183301-4
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ã 5(b) ¤«, Cs+2 ©flfê8Ä��±ØC. ©
flf3\�>|�>|å�^ed^1²¥%
�1��Ï��, Ó�3�1L§¥©flfm�
3¥Õå, \�>|�>|åé©flf&Ò�K
�Ì�Ny3&ÒrÝþ, lfm¥Õåé©fl
f&Ò�K�Ì�Ny3&Ò� FWHM þ [31]. 3
UC\�>|±Y�m���L§¥, du�)�
©fê8!1>l�Ç!�Ï���&ÿ�ÇÑ
Ä��±ØC, ¤± Cs+2 ©flfê8�±ØC.

3\�>|�^�m�á�, ©flfmå��,

¥ÕåØ²w, >|ååÌ��^, �X\�>|
±Y�m�O�, ©flf3>|å�^e�ÝO
�, ���Ï���lfUþO�, l
¦�Ï�
�OÃC�, Ïd©flf&ÒC�, duÐ��
©flfê8ØC, ¤±©flf&Ò� FWHM

C�. �\�>|�±Y�m���, ©flfm
åC�, ¥Õå�^²w, �X\�>|±Y�m
�O�, 3¥Õå�ü½�^e, ©flf�m�
C�, Ïd©flf&Ò� FWHM C�, duÐ
��©flfê8ØC, ¤±©flf&Ò�r
ÝC�.

ØÓ�¢�I¦I�ÀJØÓ�¢�ëê, 3
·��¢�¥F"����rÝ��� Cs+2 ©f
lf&Ò, l
é�)©f�ÔnL§?1k�
�ïÄ, ¤±·�ÀJ t = 2.2 µs \�>|±Y�
m. �¢��XÚØ�Ì�5
u\�>|rÝ
�(½, >
>Ø�Ø­½, ±9lf&Ò�âÔ
[[Ü.

4 ( Ø

·�^�1�m�Ì��{, &ÿ
d^1²
¥�Ð¼1Ú2"Ë115Ü�^/¤��eÄ
��©f. ïÄ
K��1�m�Ì&ÿ�Ç�
¢�ëê, ¢�(J�nØ�.�[Ü��, ·�
uy: Äu>f�O�n��Ï��üà�ó�
>Ø�O�¬��lf&ÒrÝO�, �´�X
�Ï��ó�>Ø�±YO�¬Ñy�Ï��O
Ã�g�Úy�. �
�y'�p�&ÿ�Ç, Ó
��y�Ï���¦^Æ·, ·�À� 1.7 kV �
ó�>Ø; \�>|rÝ�O�¬��©flf
&ÒrÝ�O�, �X\�>|rÝ�±YO�
lf&Ò�rÝÑy�Úy�. ��y���lf
&ÒrÝÚ�Ð��m©EÇ±9����Ï�
�Æ·, ·�ÀJ� 100 V/cm �\�>|rÝ; \
�>|±Y�m�O�¬�� Cs+2 ©flf&Ò
�rÝÚ FWHM u)UC, �X\�>|±Y�
m�O�lf&Ò�rÝ¥ykO��~��ª
³, lf&Ò� FWHM éA/¥yk~��O�
�ª³, ©flf�ê8�±ØC. Ù�Ï5gu
\�>|�>|åÚ©flfm�¥Õå�nÜ
�^. du3\�>|rÝ� 105 V/cm �, ±Y�
m t = 2.2 µs &Ò�rÝ��, FWHM ��, Ïd
ÀJ t = 2.2 µs \�>|±Y�m. ¢�(JéA
^�1�m�Ì&ÿ�e©flf�nØÚ¢�
Jø�½�ë�d�.
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Abstract

We use time-of-flight mass spectroscopy to detect the ultracold ground state Cs2 molecules formed directly by a photoassociation

due to the trapping laser beams and repumping laser beam in a magneto-optical trap. We investigate the dependences of the Cs+2
intensity on operating voltage of micro-channel-plate, accelerating field intensity and duration time of the accelerating field. The

experimental results are consistent with theoretical fitting. We obtain the best optimal parameters suited to our experimental condition,

which is important for the future experiment on ultracold molecule photoassociation and photoionization spectroscopy.
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