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1 Úó

�>f�vÆ·ÿþ´�>fÌÆ�Ì�¢��

{��, 3ïÄá��*"��a.!ßÝÚ©Ù�

�¡äkÕA�^©Äu 22Na�>f�~5�>

f�vÆ·ÿþ, ±Uþ�1.28MeV�A�γ���

��må©&Ò!±Uþ�0.511MeV��vγ��

���mª�&Ò©�´, d���)��>f�

Uþ´ëY©Ù�, �Ì�8¥3pUà, �>f3

�¬¥�5\�Ý'��, ÏdÃ{A^uL¡!C

L¡±9��á���(�ïÄ©

ú�>f�vÆ·ÿþÌ�|^ú�>få6

�üÚ59UþëY�N�A:, ïÄ"�3á�

L¡½CL¡ØÓ�Ý�©Ù&E
[1]

©¼�ú�>

f�vÆ·ÿþ��må©&Ò��{Ì�kü«:

(1)|^ú�>f\���¬��)��g>f¼�

�må©&Ò
[2]

©du�g>f�UþÚ�Ý�©

Ñ5���m©EÇ�$, ����500ps (FWHM)

�m, 8c�Ð��350ps (FWHM)
[3]

; (2)|^åì

zXÚò��mëY©Ù�ú�>få6?1å

ìz, l¼��må©&Ò, Ù�m©EÇ��

135—250ps(FWHM)
[1, 4]

©

�®ú�>frå6XÚ|^�®�K>fé

EÅ (BEPC)>f��\�ì�)prÝÚp�Ý�

$UüÚ�>få6©8cú�>få6rÝ��

6×105/s!�>fUþ0—30keVëY�N, å6UÑ

�±1.8eV!å��uφ15. ýO�®�K>féEÅ

�Ïó§�¤�, �>få6rÝ���108/s
[5—7]

©

�XÚ±¢y�m©EÇÐu200ps��>f�

vÆ·ÿþ��O8I, æ^åìz�{¼�ú�>

f�vÆ·ÿþ��må©&Ò©

2 �n

åìzXÚdÍÅì!àåXÚüÜ©|¤, Ä

��n´µÄkÏLÍÅìò��mëY©Ù��>

få6Í¤äk�½�m°Ý��>fóÀå6; 3

�>fóÀå6$Ä´»þ���X�àåXÚ�E

�N�d¿, 3N�d¿Sk¶��!��mCz�

pª>|, �>fóÀå6²LN�d¿�É�pª

>|��ÝN��^, ²L�½�¤£ål�, /¤

�150ps(FWHM)�åì©
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2.1 ��ªÍÅì�n

ÍÅì�Ì��^´: ò��mëY©Ù�å6

Í¤3—8ns�óÀå6; üØóÀå6�m��>f,

JpÆ·Ì�&D'Ú©EÇ©

��ªÍÅìd3�7á�G>4|¤©>4a

�/> , ��ÍÅ&ÒéÍÅc��>f�)�Ý

N��^©>4b1\ÍÅ&Ò, �>4b�> p

u�>fUþ�, �>f����, �å3>4bÚ�

6z>4�m; �>4b�> $u�>fUþ�, �

>fÏLÍÅì©>4c�K> , ò�>fóÀå

6\�±÷vàåXÚ��¦
[4]

©ÍÅì�nXã1

¤«.

ã 1 ��ªÍÅì�n«¿ã

��ªÍÅìäkó�ªÇÃ��!é�>få

6�å��»Ã�¦!óÀå6��m°Ý�N!!

�>f|^Çp!�E�{ü�`:
[4]

©

ÍÅì��ÇÌ�dÍÅóÀ�Ó�'!7á�

�ÏLÇû½©�η �ÍÅóÀ�Ó�', x�7á�

��>fÏLÇ©ÍÅì��Ç�^eªL«:

ω =
∞

∑

n=1

x2n+1η(1+η)−n, (1)

e�x = 0.9!η = 0.23, �ω ≈ 0.4. �,, du>|9

^|�Øþ!5, Ù¢S�Ç'nØO���$.

2.2 àåXÚ�n

àåXÚdýàåì!àåìüÜ©|¤©àå

XÚÏL�E�X��N�d¿, é²L��>fó

Àå6?1�ÝN�, l��àå�8�©

�óÀå6¥% ���>f�ë��>f©½

Âë��>f��N�d¿¥% ������m"

:!ë��>fUþ�E0!¤£ål�S (lN�d

¿��¬�ål)!ë��>f²LS ål¤^��

m�T0©� t����àåd¿��>f²LN��

¼��Uþ�∆E(t), �¦T�>fÚë��>fÓ

����¬, 7L÷v'Xª
[8]

µ

∆E(t) = E0

[

(

1−
t

T0

)

−2

−1

]

, (2)

du |t|�T0, =

∆E(t)∼= 2E0

t

T0

= 2t

(

2E3
0

me

)1/2

S
. (3)

�â(3)ª��, Cqun�&Ò�ç¸Å÷v

(2)ª��¦, 3$ª�¹e, ���A^ç¸Å?1

àå
[9]

, 3pª�¹e�±|^�uÅ��5Ü©à

å©ò(3)ª¤«�ç¸Å?1Fá�?êÐm�

∆E(t) =
2

π
E0

∞
∑

n=1

(−1)n+1

n
sin(ntω)

(

−
T0

2
6 t 6

T0

2

)

,

(4)

¦^ü�ªÇ��uÅ�, t����N�d¿��

>f¤¼��N�Uþ�

∆E(t) = eVm sin(ωt) , (5)

ª¥Vm ��uÅ��Ì�©

¦^�uÅ&Ò?1àå�, Ì�|^�uÅ&

Ò��5Ü©��Cqn�N�&Ò, �5Ü©Ó�

�±Ï�25%—30%©3\�ì¦^�àåì¥, Ï

~^±45◦ ���5àå©eÏLÍÅìÍÅ��5ns

�óÀå6, @oýàåì�ó�ªÇ��ÑÀ3

A�MHz�m©àåìé²Lýàåì��m°Ý

�1—2ns�óÀå6?1N�, Ïdàåì�ó�ª

Ç�200MHz, Ï~^TM.�Å�EN�>|
[1, 4]

©

ýàåì´Äu�uÅàånØ�n>4ýàå

ì©ü>�>4�±ð½�·> , ¥m�>4\1

N�&Ò, ù�3>4d¿Ò¬�)N�>|. N�

>|é²Ld¿��>fóÀå6?1�ÝN�, �

nXã2¤«
[9—11]

.

ã 2 n>4ýàå�n«¿ã

�â�uÅàåì�n, d¿måLPB�^eª

L«
[11]

µ
(τ

4

)

v0 < LPB <

(

3τ

4

)

v0 , (6)

Ù¥ τ L«ýàå&Ò�±Ï!v0 L«�>f$Ä�

Ý©�>f²Lü�d¿�¼��N�Uþ�^eª

L«
[11]

µ

∆E = eVm sinωt2−eVm sinωt1 , (7)
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ª¥Vm L«ýàå>Ø���, t1, t2 ©O��>f

��11�Ú12�N�d¿���, � t1 − t2 = τ/2

�, �>f¼��N�Uþ��, 3�O¥�LPB =

(τ/2)v0©

�>fóÀå6²Lýàå�, �m°Ý��

1—2ns, I�¦^àåìéÙ?�ÚN�âU÷vÆ

·ÿþ�I�©

��Oæ^o©��Å�Ó¶��ì��àå

ì©3TM�ªeó��, �d¿�¥%��Î�I

X��:©àåìnNd¿?�"�>^|©þ�

Er, Ez, Bθ , L�ªXe

Ez(r,z, t) =
∑

m

Am I0(kmr)cos
(mπz

L

)

sin(ωt),

Er(r,z, t) =
∑

m

Am

mπ

kmL
I1(kmr)sin

(mπz

L

)

sin(ωt),

Bθ(r,z, t) =
∑

m

Am ω

kmc2
I1(kmr)cos

(mπz

L

)

cos(ωt),

k2
m =

(mπ

L

)2

−
(ω

c

)2

=
(mπ

L

)2

−

(

2π

λ

)

,

m = 1, 3, 5, · · · . (8)

Ù¥L�d¿°Ý���, Am´Fá�Xê, I0, I1 ©

O�"�!��?�Bessel¼ê©Ïd, �>f²L

d¿�¼��Uþ�d¿?>|��m©ÙÚ�m©

ÙÑk'X, �>f²Lpªd¿�¼��N�Uþ

�

∆E =−2MEmL =−

∫+L

−L

Emf(z)ej(ωz

v
+ϕ0)dz, (9)

Ù¥Em ´N�mYS÷�m©Ù���>|, f(z)

�N�mYS>|�©Ù¼ê, v ��>f��Ý, ω

�N�mY¥��|��ªÇ, ϕ0 ��>f?\N�

mY�pª|�� , M ´>f5ÍÜXê, �L|

©ÙÚ�>fÞ��mÚå�k�mY�^>Ø'n

�ë�>Øü$�§Ý, ��O¥M �L�ª�
[12]

M =

(

π

2

)

cosθ
(

π

2

)2

−θ2

, (10)

Ù¥ θ = ωL/v0, L«�6Þ�����, ω L«�

�Ý©

�>fóÀå6²LàåìN��, ¤£��¬

?/¤�150ps (FWHM)�åì, ?1ú�>f�v

Æ·ÿþ©

3�¬c��¤£+Ú\�>4, ¦�>fUþ

30.5—30keV��SëY�N©�â\�Uþ�Ø

Ó, UC¤£+�> ¦åì��m�: �ØC©

3 âfÄåÆ�[

�(½åìzXÚ�Ä�ó�ëê!ïÄå6

G�éåìz�J�K�Ú�e�Ú��OJø

�â, �ó�$^ISÏ^�âfÄåÆO�§S

Parmela
[13]

é�>f3åìzXÚ¥�$ÄL§?1


�[O�©

3åìzXÚ�O¥, Ä�ó�ëê�)àåì

�ó�ªÇfB!�>f3àåì¥�UþEB±9Í

ÅìÍÅ���óÀå6�Ð©óÀ�Ý�©3yk

å6^�e, |^Parmela§SéØÓfB, EB �¹e

�åìz�J©O?1O�, (JXã3¤«.

ã 3 |^Parmela§Séåìz�J��[

�Ä¢S\óÏ�, (½fB, EB ©O�150MHz,

330eV©3d^�e, óÀå6�Ð©óÀ�Ýéå

ìz�J�K�Xã4¤«, lã�±wÑÐ©óÀ

�Ý�áåìz�J�Ð; duÍÅì�ó�ªÇ´

ýàåìó�ªÇ�1/n, dúª(1)��, Ð©óÀ

�Ý�á, ÍÅ�Ç�$©nÜ�Ä±þü��¡,

À½Ð©óÀ�Ý�5ns©±�'ëê��Parmela

§S�Ð©ëêéåìz�J?1�[, ���m©

EÇ�150ps�åì, Xã5¤«.

ã 4 Ð©óÀ�Ýéåìz�J�K�

ã 5 åìz�[(J
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�(½�>få6UÑéåìz�J�K�, $

^Parmela§SéØÓUÑeåìz�J?1�[,

(JXã6¤«©lã�±wÑ, å6UÑ��åì

z�J��; �UÑ�u±1.0eV�, éåìz�J�

K���²w©

ã 6 å6UÑéåìz�J�K�

� [ ( J L ², ~ � Ð © ó À � Ý ! ü $ å

6 U Ñ k | u J p å ì z � J © À ½ fB, EB ©

O � 150MHz, 330eV � ^ � e, © E Ç ÷ v 150ps

(FWHM)�, å6UÑ���Ð©óÀ�Ý�'X

Xã7¤«©�±wÑ, ~�UÑ�±O�Ð©óÀ

�Ý, ?JpOê�Ç©

ã 7 å6UÑ���Ð©óÀ�Ý�'X

4 Ü��O

�âÄåÆ�[�(J, (½àåì!ýàå

ì Ú Í Å ì ó � ª Ç © O � 150MHz, 37.5MHz Ú

150/4nMHz(n = 1,2,3, · · ·), ±÷vØÓÆ·¤©�

ÿþ©ýàåìdü�Ó¶�Ù�¤, 	Ù�±�½

�·> , SÙ\N�>Ø, ü�d¿må�14.36cm.

àåìæ^o©��Å�Ó¶��ì, Ù¥¿°

´K�åìz�J�����(�ëê, ØÓd¿

°ÝéA�>|©ÙØÓ, ù'X�àåì�AÛ(

��O©ã8�$^ISÏ^�Superfish>^|O

�§S
[14]

éØÓd¿°Ý�¶�>|©Ù��[(

J©�±wÑ, d¿�Ä, >|©Ù�÷vé¡5�

¦, ÏdÀÌàåd¿¿°�1cm.

ã 8 ØÓd¿°ÝéA�>|©Ù

3�½ó�ªÇÚ¿°�^�e, �O�àåì

(�Xã9¤«, S+S»�φ30!S+	»φ36!	

+S»φ111!S+�468.8mm!Q���5100, $^

Superfish§S�[��n�>|©Ù, (JXã10

¤«©

ã 9 àåì(�«¿ã

ã 10 æ^Superfish§S�[�nN>|©Ù

�C�æ^SnN(�, åìzXÚ�N�\ý

�nS, �ý�9ý�©

5 (Ø

åìzXÚd��ªÍÅì!n>4ýàåì!

o©��Å���ì|¤©3�®ú�>frå6X

Ú�ykå6^�e, ÏLâfÄåÆ�[, (½à

åìó�ªÇ�150MHz!�>fUþ�330eV!Í

ÅìÍÅ¤�Ð©óÀå6�Ý�5ns©XÚó�3

þãëêe�±��150ps(FWHM)�åì©��ó

�ëê�¼��ú�>f�vÆ·ÿþEâ�¢yJ

ø
nØêâ.
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Abstract The design of a pulsing system for an intense slow positron beam is described in this paper. Slow positron

annihilation lifetime measurement is an important method to study the depth-dependent characteristics of the surface

and near surface. The start signal for slow positron lifetime measurement can be obtained from the pulsing system,

which consists of a reflection type chopper, a prebuncher and a buncher. On the basis of the simulation of dynamics

process by Parmela, the frequency of the buncher and the positron energy have been chosen to be 150MHz and 330eV

respectively. The designed time resolution of this system is about 150ps (FWHM).

Key words slow positron annihilation lifetime measurement, pulsing system, chopper, buncher, time resolution, energy

spread
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