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Á� �®ú�>frå6´|^�®�K>féEÅ>f��\�ì>f�q�)�prÝ$Uü

Ú�>få6. �
Jprå6�Å�|^�ÇÚ!�rå6^u#ï¢�Õ�NÁÅ�, �O
�

@Äu 22Na���ú�>få6C��\�rå6Ñ$�þ. 22Na��ú�>få6�\C�

Ì��) 22Na��9úzN!E×BUþÀJì!õ?·>\�+!^|Ñ$XÚ!ý�XÚ!p

Øý�ÚË��o���.

'�c ú�>få6 �>fúzì E×B UþÀJì õ?·>\�+

1 Úó

ú�>få6EâU
Ã�&ÿ/á�L¡�*

"���Ý©Ù&E, 3Ø©ÛEâÚá��ÆïÄ

¥kX2��A^. �®ú�>frå6XÚ|^�

®�K>féEÅ>f��\�ì>f�q5�)

prÝ$UüÚ�>få6, 8cú�>få6rÝ

®��106e+/sþ?, éEÅ�Ï (BEPC/)UE�¤

�, å6rÝ�±��108e+/sþ?
[1—4]

.

�
Jprå6�Å�|^�ÇÚ!�rå6

^u#ï¢�Õ (ú�>f�vÆ·Ìÿþ¢�Õ
[5]

,

�>f�v-u��>fUÌ¢�Õ�)�NÁÅ�,

�ó��O
�@Äu 22Na���ú�>få6

C��\�rå6Ñ$�þ. d	3\�ìÊÅu

?Ïm��±^ 22Na���)�ú�>få6?

1^r�¬ÿþó�. duÉ��rÝ���, ±

50mCi� 22Na�~, Ùú�>få6rÝ���k

103—105e+/sþ?.

�©XÚ/0�
 22Na��ú�>få6�

\C���O�n, éå6�^|O�!�>fÚ

úzì!ú�>fUþÀJìÚú�>f�\���


�[�Øã.

2 oN(�

22Na��ú�>få6�\C�Ì��)

22Na��9úzN!E×B UþÀJì!õ?·>

\�+!^|Ñ$XÚ!ý�XÚ!pØý�ÚË�

�o���. oN(�Xã1¤«.

�� 22NaPC�)�¯�>f�\úzN¥,

duúzNá�é�>fäkK�ºÑõ¼ê, 3ú

zNL¡�±u�ÑeVþ?�$U�>f, ÚÑú

�>f�»4�� �>Ø�200V. ù
ú�>f

·,3�þ�BLúzN�¯�>f¥, æ^E×B

Ó¶�Î¡.UþÀJìÀÑü�Uþ�ú�>f.

ú�>f�\��ª�õ?·>\�, \�>Øl

0—30kVëY�N. ú�>få�DÑæ^·^|�

ª, |^õ�HelmholtzÓ¶��5�)100Gs�¶

�þ!DÑ^|, ^|Øþ!Ý<10%. å6+��ý

�Ý��10−7Paþ?. �âË��oJþ�O�(

J, æ��Ë��o���yål��1m?�J

þ�þ�êÇ�u2.5µSv/h.
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ã 1 22Na��ú�>få6�\C�«¿ã

3 å6�^|O�

�âúªR = mV⊥/qB(V⊥ ��>f»��Ý©

þ, B �¶�þ!DÑ^|���), 3¶�DÑ^|

��^e, �>f�.#?Ä, �N$Ä��÷¶�

��c?.

3.1 õ��7�%��¶�^|

Xã2¤«, õ��7�%��S�»�R1, 	

�»�R2, ���Ý�L, æ^���5��φ1 ×φ2,

ü�*ê�L/φ1, z�ü �Ý*ê�n = 1/φ1, �

ê� (R2−R1)/φ2, ü �Ý�ê�1/φ2.

ã 2 õ��7�%��

�â.c–ix�½Æ, í�Ñ16Ú�+�^

|úª, ÏLU\��õ��7�%��¶�^|�

úª
[6]

:

B(z) =
µ0I

2ϕ1ϕ2

[

(z+L/2) ln
R2 +

√

(z+L/2)2+R2
2

R1 +
√

(z+L/2)2+R2
1

+

(L/2−z) ln
R2 +

√

(L/2−z)2+R2
2

R1 +
√

(L/2−z)2+R2
1

]

, (1)

ª¥z L«±�7��S¶�¥%O ��:�z ¶�

IX¥��I, µ0 �ý�^�Ç, I �ÏL���>6.

3.2 å6�^|O�(J

Xã1¤«, 22Na��ú�>få6��DÑ

?\�¬¿, rå6Elý¡?\yk�å6�. 3

^|O�¥ÏLN���� �Ú>6, 5�EI�

�þ!^|.

� â õ � � 7 � % � � ¶ � ^ | ú ª(1), 3

Mathematica4.0¥^¼ê'Xªòõ����)�

¶�þ^|U\å5��o�^|rÝB(z)�L�

ª, ¿xÑB(z)∼ z �'X�.

X ã 3 ¤ « � 22Na � �  ú � > f å 6 � �

^ | O � B(z) ∼ z  � ã, 22Na � �  ú � > f

å6��ã (0.046—3.3845m)^|Cz���97—

104.5Gauss, ^|Øþ!Ý<10%.

ã 3 22Na��å6��Ñ$^|©Ù

Xã4¤«�rå6ý¡�\^|O�B(z)∼ z

�ã, rå6ý¡�\ã (0—1.5235m)^|Cz�

��94—105Gauss, ^|Øþ!Ý<10%.

ã 4 rå6ý¡�\^|©Ù

4 �>fÚúzì

�Ù¦β+ PC�Ø��>f�', 22Na�P
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Ï�2.6c, ·Ü�Ï¢�. À^ 22Na���>f,

r��50mCi.

� �  22Na P C � ) � � > f U þ l 0 �

545keVëY©Ù, 3�N¥��§�A��Azµm,

ÏÃ{ïÄá��L¡Ú.¡. �
¼�Uþü�

�ú�>f, ��´|^,
á�é�>fäkK�

ºÑõ¼êA5ÑyL¡2u�ÑeVþ?�>f

�y�, ù
á�¡�úzN.

�>fúzìÏ~^¾Ê½¾�5�úzNá

�. æ^1¡¾ÊÚ3¡¾�U\�ß�ªAÛ(�

5¼��p�úz�Ç
[7, 8]

, úz�Ç��10−4 þ?,

�O�úzìAÛ(�Xã5¤«, úzN¦þ�C

��±Jpúz�Ç, ���úzN?uÓ�>

³, úzN�éu»4�?up>³, lúzNL¡

u�Ñ5�ú�>f3»4�áÚe�Â8.

ã 5 úzìAÛ(�

5 ú�>fUþÀJì

�� 22NaPC�)�Ü©Uþ�pBLúz

N��>f91.28MeV γ��Óú�>f�å·,

3lúzNÚÑ�å6¥. UþÀJìU
�ØUþ

�p��>fÚγ��, ¿�ÀJÑI�|^�ú�

>f.

ú�>fUþÀJ�ªÌ�k�+�UþÀJ

ì!E ×B UþÀJì!B×B UþÀJì�
[9, 10]

.

Ó¶�Î¡.UþÀJìÄu²1�.��E×B U

þÀJì��n, U?
²1�.��E×B UþÀ

Jì¥�å6�¡ÑyîÆC�":, 5U�Ð
[11]

,

Ïdæ^Ó¶�Î¡.UþÀJì�� 22Na��

�ú�>få6�\C��UþÀJ�Y.

5.1 ²1�.��E×B UþÀJì��n

Xã6¤«�²1�.��E×B UþÀJì�

�nã:

^|�÷z ���þ!^|B, þ!>|E ��

�B R�, �>fÐ©�Ýv0 ÷z ��²1\�, �±

)Ñ�>f�$Äúª:






























x =
mE

qB2

(

qB

m
t−sin

qB

m
t

)

y =
mE

qB2

(

1−cos
qB

m
t

)

z = v0t

, (2)

�>f�Ö�'q/m��u1, ��>f3��

>^|¥�$Ä�w�´÷x���½�¤£$Ä

(�Ývx = E/B)Úy �����.#?Ä±9z ��

!���$Ä�U\. �>f3²1�>|¥� 

=ålD�Ð©�>fUþeV0!²1�>4>Ø2V

9²1�>4�ÝL, måd�'X�

D = vxt =
E

B
•

L

v0

=
E

B
•

L
√

2eV0

m

, (3)

éu²1�>|, ª¥E = 2V/d.

lúª(3)¥�±wÑ3E, B, L, d�½�, ØÓ

Uþ��>f� =ålD Ø��, l¢y
Uþ

ÀJ�8�.

ã 6 ²1�.��E×B UþÀJì

5.2 Ó¶�Î¡.UþÀJìéå�ÆC�U?

ü�Uþ�ú�>få6?\²1�>|c�3

du>³�E¤å�ØÓ ��âf\�½~�L

§, ?\²1�>|�÷z ���Ýv0 Ø��E¤


3>|¥ =ålDØ��
[12], l¦å��)ÆC.

Ó¶�Î¡.UþÀJìSÜ�>|´Øþ!>|,

Xã7¤«, Ó¶�Î¡>4S��»�r1 , 	��»

�r2, ©O�−V Ú+V >³, �±)ÑÓ¶�Î�m

�>|úª:

E(r) =
C

r
, (4)

Ù ¥ C = 2V
/

ln
r2

r1

, > ³ � 0 ? � � l � » r0 =

√
r1r2.

�C	���>f?\Ó¶�>|c~�, >|

��; �CS���>f?\Ó¶�>|c\�, >

|��, �âúª(3), ���(J´ =ålD  �

��, l-�
>|>��A�K�.
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ã 7 Ó¶�Î¡.UþÀJì

CqA^úª(3)��Ó¶�Î¡.UþÀJì

� =ålúª, Xã7¤«, b��>flA1$Ä

�A2 =��Ý�θ0, lB1$Ä�B2 =��Ý

�θ0 +∆θ, A^úª(3), (4), �� =ål�'�

r0θ0

(r0 +∆r)(θ0 +∆θ)
=

E(r0)v(r0 +∆r)

E(r0 +∆r)v(r0)
, (5)

A^úª(4), B1�A1�>³��

∆V = C ln
r0 +∆r

r0

, 
v(r0 +∆r)

v(r0)
=

√

V0−∆V

V0

,

Ïdé(5)ªz{, ¿��?ê�?�Ðm��

1

1+
∆θ

θ0

= 1+

(

2−
C

2V0

)

∆r

r0

+

(

1−
3C

4V0

−
C2

8V 2
0

)(

∆r

r0

)2

, (6)

3∆r/r0, θ0 �½�, �V0 = C/4 = V/2ln(r2/r1)�,

úª(6)m>Ðmª¥�?��0, ØÓ ���>f

?\>|� =ål��Ý�∆θ ��, =å�ÆC

��. A^úª(3), (4)d�éulA1�A2$Ä��

>f, Ù =ålD ÷v

D =
E

Bz

•

L

v0

=
2V

Bz

√
r2r1 ln

r2

r1

•

L
√

eV
/

(

m ln
r2

r1

)

.

(7)

�Oæ^�ëê�: Ó¶�Î¡>4S��»

� r1=56mm, 	�»� r2=76.5mm, L=20cm, 3 

=ålD �½�3cm�, dúª(7)�±)Ñü�Ó

¶�Î>4�\�>³©O�±124V, �>fUþ

eV0=200eV.

6 ú�>f�\�

�
¢yú�>få6é�¬L¡��ºÝS"

�&E�Ý©Ù�ÿþ, å6UþA3�½��SU


ëY�N, éu��á�ó, 0—30keVUþ��

>få65\�Ý�µmþ?�m, ÷v
é�¬L

¡ïÄ��¦.

·>\��±æ^�?\�½öõ?\�. �?

\��ª�
��>|þ!, \�>4��éC, �

\�>Ø�p�, �3ý�ÂB��x, õ?\��

ªòpØ�FÝ©Ù, ü$
>4mý�ÂB��

x5.

æ^Xã8¤«�þ!|õ?·>\�+, \�

>4d1�S�»φ70, 	�»φ99���Ú5�S�

»φ20, 	�»φ99���²1ü�¤, >4må�

20mm, >4�m�pØ>{ (100MΩ), ©Ê?\�,

>4m>³��Ó, cà��pØ(0—30kV), �à

�/.

ã 8 õ?·>\�+

æ^lf1Æ�[^�SIMIONéã8¤«�õ

?\�>4(�e�>f�$Ä;,�
�[, (J

Xã9¤«, �>f�Ð©Uþ�200eV, å�Ð©�

»�φ12, \�>Ø�30kV, ¶��100Gaussþ!^

|, ¦+30kV�pØé�>fäkér�¬à�^,

�du�3100Gauss�^|�å, å6�UþuÑÝ

�. ²LpØ\��, å��»����kφ15.

ã 9 �>f�$Ä;,SIMION�[

7 �(

22Na���ú�>få6�\C�æ^


100Gs�¶�þ!^|�O, �púz�Ç�úzN

(�!å�ÆCé��å6��é��Ó¶�Î¡.

UþÀJì±9å6UþuÑÝ��õ?·>\��
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Design and Construction of the Plugged-in 22Na Based Slow

Positron Beam Facility *
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MA Chuang-Xin1 WEI Long1;1)
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Abstract The Beijing intense slow positron beam facility has restricted running time of the BEPC-LINAC designed

for BES and BSRF operation, We have therefore designed and constructed the plugged-in 22Na based slow positron

beam section in the Beijing intense slow positron beam line with which we can supply continuous slow positron beam

for debugging of newly-built positron annihilation measurement systems and saving running time of the Beijing intense

slow positron beam. The plugged-in 22Na based slow positron beam section includes positron source(22Na), positron

moderator, E ×B slow positron energy filter, multilevel electrostatic acceleration tube, radioprotection, magnetic

transport system and vacuum system, etc. The new slow positron beam line will be running on April, 2006.

Key words slow positron beam, positron moderator, E×B positron energy filter, multilevel electrostatic acceleration

tube
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