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1 Úó

�XÓÚË�A^�uÐ, é1�Ý��¦

��5�p, Ù)û�{��Ò´ÄuFree Eleetron

Laser(FEL)�1o�1. põÇáÅ��gd>

f-1é>fårÝ!å6u�Ý!UÑÝ!å6

½5!�óÀÚ÷óÀ°Ý±9�óÀm�½5�

Ñk�~î���¦, �÷vù
�¦, �Å>fl

�@�´���Y��.

3I[211ó§�|±e, I[ÓÚË�¢�¿

®²mÐ
é�gu��Å>fl(MicroPulseGun

{¡MPG)�ï�ó�. ÏLé�gu��Å>fl

?1�[O�±9A5©Û, uydMPG�±��

�óÀ°Ý�3.5—10ps, ¸�6r(Peak Current)�

�êZA/cm2, UÑÝ�u0.1%�áóÀå6
[1]

.

MPG�U�)�>fóÀ°Ý3psþ?, ^D

Ú�ÿþ�{5¢yó°ÿþ®�©(J. 8cIS

þéps?>fåóÀ°Ý�ÿþl�nþ�8B�

üaµ�´|^ fs?�-1óÀ, �âPockels>1�

A�n¢y
[2, 3]

; �´±�éØ>fåÏL�«�ª

�)�Ë�1�©Ûé�5¼�óÀ°Ý
[4, 5]

. �´

ù
�{I��C���E,, s¤��, ØB�·

�æ^; ÏdJÑ�«ÿþ�{, F"U±��{ü

�¢���, ���²¤¢yéps?>fóÀ°Ý�

ÿþ.

2 ÿþ�n

ÄuMPG�U�)�>fóÀäkóÀ°Ý4

á (3.5—10ps)!Uþ©Ñ4� (
∆ε

ε
< 0.1%) �A5,

JÑ
eãÿþg´: ÏL,«�ª¦óÀ°ÝÚó

ÀUÑÝ�m�)éX, ,�ÏLÿþóÀUÑÝ5

m�/��óÀ°Ý��.

äN¢y: 4>fóÀ(§äkÐ©Uþ©Ñ4

��5�)ÏL����n, 3ØÓ��?\\�>|

�>fÉ��\�� ¬kØÓ��UþOÃØÓ,

lE¤óÀUÑ\�, Ó�3óÀUÑÝCz�>

fóÀ°Ý�m�3��'Xª. �âd'Xª, �

�ÏLUþ©ÛXÚÿÑóÀUÑÒ�±��>fó

À�°Ý.

2.1 Ñå

P: t′ ��?\n|�>f�e(t′), t′ ∈ [0,Te], Te

��óÀ°Ý; n�� l, nS>|3>f$Ä´»

þ�©Ù�Ez(z), z ∈ [−
l

2
,

l

2
]; \�>f²þ�Ý�

β0 · c, >f e(t′)3nN¥%�:É��\�� �

ϕ0(t
′), ω �n��ªÇ. >fe(t′)3ÏLnN��U

þOÃ�

∆w(t′) =−e

l

2∫

−
l

2

E(z)sin(ω

z∫

0

dz′

β(z′)c
+ϕ0(t

′))dz , (1)
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N�\�� ϕ0(t
′)¦∆w(

Te

2
) = 0, qTe 4�, w,

óÀ¥?¿>f3n¥UþCzé�, �óÀ��©

UÑ4� (< 0.1%), Ïd�Cq@�é>fóÀ¥?

¿>fe(t′)3n¥Ñkβ(z′)≡β0, (1)ª��¤

∆w(t′) =−esinϕ0(t
′)

l

2∫

−
l

2

E(z)cos(
ωz

β0c
)dz , (2)

Ù¥ sinϕ0(t
′)≈ϕ0(t

′) = ω(t′−
Te

2
), ª(2)��¤

∆w(t′) =−eω(t′−
Te

2
)

l

2∫

−
l

2

E(z)cos(
ωz

β0c
)dz , (3)

lª(3)wÑ: >fl\�|¥���Uþ�>f\�

�m t′ k'.

3ù«^�e, ��óÀÑÏL��n�u)�

UÑ∆w (½Äþ©Ñ
∆p

p
)�

∆w =







l

2∫

−
l

2

E(z)cos(
ωz

β0c
)dz






ωTe ∝Te ,

∆p

p
=

ε

ε2−ε2
0

∆w∝Te .

(4)

Xc¤ã, 3>f\�� ÷v,«'Xe, ó

À3ÏL��nN�²þUþÄ�ØC, �´óÀU

ÑkwÍCz, �Czþ�ó°k'. Ïd¡dL§

�“Ñå”, ¤^���n¡�“Ñån”(Debuncher),

ÏLÑån��óÀ¡�“ÑåóÀ”.

2.2 ÑåóÀUÑ�ÿþ

æ^^©Ûì5ÿþ“ÑåóÀ”�UÑÝ. óÀ

²�d¿lmÑån?\Uþ©ÛXÚ. ÑåóÀ3

Uþ©ÛXÚ¥�g²L: ��a�gd¤£ã!�

� =�Ý�θ �©Û�4c!��b�gd¤£ã,

���3F1qþ.

ÑåóÀ3Uþ©ÛXÚ¥�$Ä©Û: l\�

:(d¿?)�F1q�DÑÝ
�

M = MbMmagnetMa =









m11 m12 m13

m21 m22 m23

m31 m32 m33









, (5)

Ù¥

Ma =









1 a 0

0 1 0

0 0 1









,Mb =









1 b 0

0 1 0

0 0 1









,

->f3^|¥;��»�ρ,  =�θ, Kk>f3

^|¥�DÑÝ
Mmagnet �

Mmag-θ =











cosθ ρsinθ ρ(1−cosθ)

−
1

ρ
sinθ cosθ sinθ

0 0 1











, (6)

÷.�4c;

Mmag-β =











1 0 0
tanβ

ρ
1 0

0 0 1











·Mmag-θ











1 0 0
tanβ

ρ
1 0

0 0 1











, (7)

²1>�4c (β =
θ

2
).

�3qþ�óÀî�Ð°x�ÑåóÀUÑ÷

vµ

x = m11x0 +m12x
′

0 +m13

(

∆p

p

)

0

, (8)

Ù¥

[

x0,x
′

0,(
∆p

p
)0

]

�ÑåóÀ3d¿?Ð�.

3ª(8)¥, x′

0 ´Ø�ÿþ, Ïdm12 ��¦þ�

C"; (
∆p

p
)0 ´Te �¼ê, m13 ��A¦þ�. ©O

ò(6), (7)ª�\ª(5)¥�:























m11 = cosθ−
b

ρ
sinθ

m12 = (a+b)cosθ+
(ρ2−ab)

ρ
sinθ

m13 = ρ(1−cosθ)+bsinθ

, (9)



















m11 ≡ 1

m12 = a+b+ρsinθ

m13 = 2btan
θ

2
+ρ(1−cosθ)

, (10)

3ª(10)¥ðkm12 > 0, ØÎÜ�¦;3ª(9)¥�

¢ym12 = 0(~Xθ =
π

2
, ρ2−ab = 0). Ïd3ùpæ

^÷.�4c��©Û^c.

2.3 ÑåóÀ3F1qþ�î�©Ùx

�m12 = 0, dª(9))Ñm11, m13; òª(4), (9)�

\ª(8)¥�

x = m11x0 +m13

ε

ε2−ε2
0

[

l

2∫

−
l

2

E(z)cos

(

ωz

β0c

)

dz

]

ωT ,

(11)
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Te = (x−m11x0)

{

m13

ε

ε2−ε2
0

×

[

l

2∫

−
l

2

E(z)cos

(

ωz

β0c

)

dz

]

ω

}

−1

, (12)

dª(11), (12)��, ��ÿÑ>f3F1qþ�î�

©Ùx�, Ò�±�Ñ>fóÀ°ÝTe.

3 ÿþXÚ�ê�©Û

�¢�¿éMPG�cÏïÄL², �ÿ�>f

óÀ¬äkXe5U:

>fÄUw = 0.3MeV(ε = 0.811MeV)!Uþ©

Ñ�∆ε/ε = 0.1%!�óÀ°Ý�Te = 6ps!Eª

Ç�f0 = 2856MHz!÷óÀ°Ý�T1 = 2µs.

3Ø�Ä>Ö�m�AK��cJe, ÏLê�

�[��{�ï
ÿþXÚ�ê��.¿?1©Û.

3.1 Debunchern�.

��õê�Å\�n��, æ^�Î.��n,

±TM010 ��ó��ª, ªÇ�f0 = 2856MHz.

|^MAFIA�E�¬?1|.`z�O, ��

��·^�nN(�, §U
¦nS>|8¥©Ù3

>f$Ä´»þ, P>|3>f$Ä´»þ�©Ù¼

ê�E(z); Ó�ng�äk�p�Q�Ú�p�©´

{|. Tn�Ä�ëê�L1, ��(�±9|©Ù�

ã1.

L 1

f0/GHz Rs/MΩ Q Rs/Q

2855.378 2.012 8565 235

ã 1 DebunchernTM010 �2D|©Ùã

¢ S þ, 3 > f B � Debuncher n � L § ¥

β(z′) 6= β0, =î�þùª(2)¿Ø¤á. 3ùp, ®�

E(z), K�±|^ª(1)?1ê�O�°(/�Ñ>f

3B�Debunchern��UþOÃ:

d∆w(t′,z) =−eE(z)sin

(

ω

z∫

−
l

2

dz′

β(z′)c
+ϕ1(t

′)

)

dz .

(13)

é Ñ ÷ v ∆w(
Te

2
,
l

2
) = 0 � \ � �   ' X, � â

ª(13)?1ê�O�, ��°Ý�6ps�MPGóÀ

3d\�� 'XeBLDebunchern��Äþ©Ñ

∆p

p
�E0(nS��|r(MV/m))�'X(�L2).

L 2 Ñå�Äþ©Ñ�n||r

E0 28 29 30 31

∆p/p 5.31% 5.51% 5.71% 5.91%

E0 32 33 34 35

∆p/p 6.11% 6.31% 6.50% 6.70%

E0 36 37 38 39

∆p/p 6.90% 7.11% 7.31% 7.51%

ã 2 Ñå�Äþ©Ñ�n||r'X�

ã 3 ã2¥���Ç�n||r'X�

lã2Úã3�Ñ���±wÑ: �,3Te Ø

C�, ∆p/p ∼ E0 ¿Ø��÷v�5'X, �´3E0

CzØ��, �±@�∆p/pÚE0 �m÷v�5'X

∆p/p = keE0; �âc¡�©Û���, 3E0 ØC
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Te qé�(psþ?)�, ∆p/p�ó°Te �m��±^

�5'X∆p/p = ktTe 5L«.

©ÛL2�êâ�±��: 3nS>|�Ì�

E0 = 30(MV/m), óÀ°ÝTe 36psNC�k

kt = 9.516E−3(ps)−1 ,

3Te = 6ps, >|�ÌE0330MV/mNC�, k

ke = 1.906E−3(MV/m)−1 .

3.2 ©Û^c�.�ïá±9gd¤£ã��Ý

(½

1) ^|rÝ±9>f¥%;��»

Bρ =

√

w(w+2ε0)

300e
, (14)

ρ, B ü �m, T; w = 0.3MeV. �Ä��B^c\

ó!ÿþ�Ï�, (½���

B = 102×10−4T, ρ = 205.8mm.

2) gd�mã�Ýa, b9^|k� =�Ý

θ: �m12 = 0, d(9)��ØÓ θ e�m13(a,θ) ∼ a,

b(a,θ) ∼ a�(�ã4). ²L'�, uy�θ = 70◦ U

�Ð÷v`z^�:

m13 > 500, a, b > 160mm�ØU��. �a = 180

mm, b = 532.6mm�, k:

m11 =−2.09, m12 =−0.013, m13 = 636mm .

ã 4 70◦ �4^ce� b∼a,m13 ∼ a�

3.3 T
e

�O�±9Ø�©Û

3.3.1 óÀî�Ð°x��m°ÝTe

d3.1�?Ø(J, òª(11), (12)?��

x≈m11x0 +m13ktTe(mm) , (15)

Te ≈ (x−m11x0)/(m13kt) . (16)

3.3.2 Ø�©Û

3ÿþXÚ¥, Ì�ke�Ø½5:

(1) �ÅõÇ (∆p/p)Ø½, ÚåÑå��óÀ

Äþ©ÑCz:

∆(
∆p

p
)1 = ke∆E0 = ke

1

2
E0(

∆p

p
) . (17)

(2) nS>|� Ø½∆ϕ, �¬ÚåÑå�ó

ÀÄþ©Ñ�Cz: � Cz∆ϕ�±d∆Te =
∆ϕ

ω

��=��óÀ°ÝCz∆Te, kµ

∆(
∆p

p
)2 = kt∆Te = kt∆ϕ/ω . (18)

(3) ^c-y>6�Ø½∆I/I , Úå>f¥%

;�ρ�Cz:
∆ρ

ρ
=−

∆I

I
. (19)

(4) XÚØ�:

∆x =|∆m11|x0 + |∆m13|
∆p

p
+

m13

[

∆

(

∆p

p

)

1

+∆

(

∆p

p

)

2

]

, (20)

Ù¥

∆m11 =−
bsin(θ)

ρ

∆I

I
,

∆m13 =−ρ[1−cos(θ)]
∆I

I
.

3 y k ¢ � ^ � e, U 
 � y: ∆ϕ ∼ ±1◦,

∆p/p ∼ ±1%, ∆I/I ∼ ±1%; ò3.1!3.2�©Û(

J�\ª(20)kµ

∆x = 0.024x0 +1.35ktTe +6.07 , (21)

Ù¥kt = 9.516×10−3ps−1. ò(21)ª�\x =m11x0 +

m13ktTe±∆x(mm)¥(m11 =−2.09,m13 = 636), �

x = −2.09x0+6.052Te±6.052(4×10−3x0 +

2.13×10−3Te +1.003) . (22)

lª(22)wÑ, 3¤ï��.¥, ÿþXÚ���©

E��2ps; �Ø�Ì�dnS>|� Ø½Úå,

ÏdJpõÇ�� ½5´UõÿþXÚ5U�

'�.

4 (Ø

·�lÄ��n!ê��.þ?Ø
�ÿþ�{

��15!�&5. lþã©Û5w, ØI��õ²
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¤Ú?�[B�ÿþ¤ìÒ�¢yé�¦þ?>fó

À�Ý�ÿþ. �âþã�n, �O
Ñån, �4©

Û^c±9�'��, ¿|^®k�sÅã�ÅõÇ

mÐ?�Ú�ïÄ.
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A Method for Measurement of the Length of the Order of

Pico-second Electron Bunch*

WANG Rong1) PEI Yuan-Ji XIE Ai-Gen SUN Hong-Bing

(University of Science and Technology of China National Synchrotron Radiation Laboratory, Hefei 230029, China)

Abstract A new method is proposed for measurement of the length of pico-second electron bunch. For an electron

bunch from MPG(Micro Pulse Gun), a numerical model using computing codes such as MAFIA has been constructed.

And according to our own experimental condition, the model is discussed and its resolution is about 2ps. It is proved

that the method is feasible for the measurement of the length of pico-second electron bunch.

Key words length of electron bunch§order of pico-second, de-bunch, transmission matrix
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