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Abstract 

� Since 2000, I have been researching a photocathode single-cell pillbox rf gun with my colleagues at SPring8, and to 

date have achieved a maximum field gradient of 190 MV/m with a chemical etching processed cavity. After rf- 

processing, the quantum efficiency of the copper cathode was 8.6�10-3 % at 156 MV/m. This indicates that chemical 

etching is considerably effective to improve the inner surface of cavities made of copper. To study the mechanism of rf 

breakdown phenomena in rf cavities, I developed an imaging spectrograph system. I also conducted spectral imaging 

for the light emissions from atoms in a vacuum that are excited by rf breakdown. This system makes possible to check 

the effect of chemical etching process on the cathode and cavity inner surface. For the last three years, I have been 

focusing on the development of a yearlong stable and 3-D shaped UV laser pulse for the rf gun. I developed an adaptive 

3-D shaping (both temporal (1D) and spatial (2D)) short pulse (80 fs~40 ps) UV-laser system as an ideal light source 

for yearlong stable generation of a low emittance electron beam. In its current form, the laser’s pulse-energy stability 

has been improved to 0.2~0.3% (rms; 10 pps, 0.4 TW in femtosecond operation, with day-by-day measurements) at the 

fundamental wavelength and 0.7~1.4% at the third-harmonic generation. The pulse-energy stability of a mode-locked 

femtosecond oscillator has been continuously held to 0.3% (p-p) for 4.5 months (1% for 10 months), 24 hours a day. 

Such improvement reflects an ability to stabilize the laser system in a humidity-controlled clean room. In addition, the 

ideal spatial and temporal profiles of a shot-by-shot single UV-laser pulse are essential to suppress emittance growth in 

an RF gun. We apply a deformable mirror that automatically shapes the spatial UV-laser profile with a feedback routine, 

based on a genetic algorithm, and a pulse stacker for temporal shaping at the same time. The 3-D shape of the laser 

pulse is spatially top-hat (flattop) and temporally a square stacked pulse. We apply the Q-scan method to evaluate the 

emittance of electron beam generated from a 3D-shaped laser pulse. Using a 3D-shaped laser pulse with a diameter of 

0.8 mm on the cathode and square pulse duration of 10 ps (rising time: <1 ps), we obtain a minimum horizontal 

normalized emittance of 1.4 � mm mrad with beam energy of 26 MeV, holding its net charge to a 0.4 nC/pulse. At a 

higher net charge of 1.0 nC/pulse, the minimum beam emittance is 2.0 � mm mrad with equivalent diameter and longer 

pulse duration of 20 ps (rising time: <1 ps). We have a plan to inject from our photoinjector system to NewSUBARU 

quasi-isochronous storage ring for the bunch circulation for some tens with keeping short bunch length. 

 

 

�����	
RF���������������������� �!" 

 
������ 

� �����	
#$���%&'	()*+,#$

-./���	
0�123&456789��,&

#$-./���:;��<	=>-?�@AB;C

D3EFGH�IJ�KL3&MNOPQR+��

<	=,45S���;T�U'	()*+�VW

>��	
X ���<	=VW,YZS�8[&

\��%'	(���]^S��_`>a�bcFU

d�8[efghijklKLmno;%'	(p+q=�

rs����&tMNOPQR+��<	=45�

8['	()*+uv�wx��y[zc8U'	

({����|Fz%&}~}���	R*	=

����������&������9��*�	

����In%�V���&��m��~�����~

�R��	*���& p'	Q��¡	
¢P�
                                                           
1
 http://www.luminex.co.jp�UHSp�	£� 

¤¥,¦F&w§¨��©ª«�¬��®¯� p

'	Q�°±��²%³´µª«?¬;©´¶·�¸k¸�&

q¹ºP�»¼ %�¹Pp½¹R¾¿ÀÁ;��´�

µª«?¬�,Â53&Ã©©ÄÅ²Á;�ÆÇ®¯�

ÈÉ3>8Ê8U�

� '	()*+�¶ËÌuv¤¥;%&ÍÎÏ¾�
�ÐÑ*,ÒÓ¨Ô*Õ�£=Ö�×�ØÇ���ÙÚ
uÛÜO¹	;&ÝÞßIEàá�²âã�äu3
8U'	(�å?¾��ÐÑ*%&-?æçÚ�m
T�F%)*++QP�	���Îè;&éuv�
äu38UßI;êëEàáuv'	(<	=,Æ
ì3zíî,B838U_�äu678'	(<	
=;4538��<	=�ïð�NOPQR+%&
�´³��ññ� ñgòó� �©´¶l� iôõ� �©� ¸ö�÷� Ã´©��ññ� ñgòó�
��´©�iôõ�Ã©�¸ö�;TÊ8UÁ8_7�øùú&û/
yü���ýþ�����*�#$��-.,ÇF
z&ýþ��ù38��NP�R�è���	0

�Îè;��©���ñ�ÂS�ÆÇ��:�ÆìÖÃ×&�

-130-



Proceedings of the4th Annual Meeting of Particle Accelerator Society of Japan 
and the 32nd Linear Accelerator Meeting in Japan (August 1-3, 2007, Wako Japan)

�â9�����d���â��è��ùÖ¶×E��&
-.|����	
	0��S�����>&I¬
�5B����T�_�%�GÁ;�EFU�
__;&efghijklKLmno;�tMNOPQR
+<	=45� !,"��#$�U#$����
�%���ÄÅ��%678Ö³×U&'>�(S�Ã©©©Å
Á;%)*$'	(�³+,�ÃÄÃ�iñ�;Æ�3&N
OPQR+%�µ��ññ�ñgòó,-�_�>E.Ê8U
Ã©©�Å&/h0eò'	({,1ï���3z23&d�
4���4ßIE¶+,�ÃÄ¶�iñ�'	(¾��ÐÑ
*�5Á67�_��EÊ8Ud723&'	(p
+q=�rs����'	()*+uv�wx��
y[zc8USE�H&6Ñ��'R£�Ô'Ñ,
ÇF8'	(ÍÎÏuv�äuÖµ×&ÙÚuO¹	,
ÇF867�þ8²��F'	()*+äup+q
=���Ö�×&'	(9{�rs���ÖÄ×&�ÑÔ9
R
��	
,íî�38³+,���:�iñ�{���Ö:×

E�&��{Ç'	(p+q=���Æ;,<=>
?zc8UÁ8����@	*�3z&ABCDü
���¶ËÌ<	=pO½'	pER�	
���Öl×

F&°GHIü���#$J�'	(J�KLMsp
+q=��E�&Ý�N�Kz��3zefghijklý
þT�F%þO��3zF�UÃ©©³Å2P&KLQ
R\,��3z<	=NS*T	,¶©�U��»�3
Ö�×ìv�VÊzF�U�

��	
���������������

2.1 KL-./W|����	
	0XW�8[��

�NP�R�Îè 

�YZ[A\]�^_Ö�©×.7&`ab�wxE�
�NP�R�Îè���,%[8U:©cR¾*�d
e��q+��Ëf���â9Îè��ù��g&
I��hi;jì�,kÊz��:�wxE	0>
Â5;c8U_�Îè%67�KYNP�R�Îè
��!3&al°mÖ��×38�;n� �op%Cp
q,r13zsc8FU_�	0utuv�wB.
7&Æx�yÇ38z²�NP�R�{;
� �
`%&|}å?�Ã©~�>�â��;�w���>�
��	°S�_�&NP�R��>©´¶��ñ2�;%
	0�²>TÁgÚ�3EF_�>�.Ê8UIÎ&
�	�NÚÀ��â9���efghijkl<	=¹ÑR
�*³¶�$/�#������.7&NP�R� �`	
0�%â�wL�������>u�67EF_�
>�67&2���=8�YZ[�\]Ö�©×���$&
��¨�	0>��67EF_�>â.Ê8U�
I¬�cR¾*��;��678wxhi;&��

�����	
�����������	������
���� !"�#$% &'()&*+��,-./01�2�34
56789:;<�=	>?���@+AB	CDEF
8�CG5H(IJ)KLM)NLI)OP�QR+�S+�
��
-.�R�¡pE�R��T T"�#$% &'()&*U+�	Q
;&�g%NP�R�38-.�|Fz&�R�¡
pE�R���¦�L� z¡Ë��38wB;T
�U�	��=V,-./01�	WXY8�ZE�

[�\]^+V_`9�%
a+����+ABO�\���bcdeV$##% I&% f�#%

gg&h+Oi�jk;lmnop�qrsP�tT% uvwNE
xy��@+z+{;|}~��V�+��5o��E
�qo�+jk;lmnop�q��!#%u�wN���Ey���
,-./01���UE>?������P�t �"
�#JT�������T% IN�mn�q����%u�wN����;�
+��
�c�;�T �%uL�*5����%

�

���

���

���

���

���

	� 
� ��� ��� ��� �	�

���� ������ �	�����
	
������ �

���� ����� ��	�
���
	
������ �

���� ������ �������
	
������ �

���� ������ �������
�
������ �

��	� ����� ��������
�
������ �

�
�� ����� ��������
�
������ �

���

������� ����� ��

�	� ������ �������
�
������ �

!
 �
"�
#
$
��
�
�
��
��
%
�
&
$
'�
�
�

 ()�$��*)�'+�,� +)�����������# ���+�������

CD�,-./01�2�345+:;<�=+67%

����� EP�xy��jk;lopmn�qrsO@+

U¡5+¢£/0��¤	¥���%

2.2 J,¢6EF-./W£]²��è���â9 

Må�&�R�¡pE�R�vt,uvS�8[&

��å�¤¥+â��L� z|_EÊ8U_�8

[�&¦§tW�â����¨©>��3zF��

�â9è�Ö¶×�,ÇF8UÃ©©ÃÅªå&«¬«�®¯°

ü�±��;&K�b�²³´µ¶ü>��:��

,·¸¹º�q	6�3zF8�;&û/ü�»�

«¬«��»M���rK3zF8U��â9è%&»

M���I��3z#$¼'	��½R�¾C�¿g

À=&d�â��è�Iú�3zýþ��678�

�;T�U�¾¹	;����ÁG�9�u�Â;

��²%.EgÃÄ&�´�´�Å¹,ÇFz�â9u

�;cEFUd_;-./W	0F�Æ¥+Ç�^

ÈS�ÌÉ�ÊË,&efghijkl�29<	=¹ÑR

��*³¶��*�µ�E��yÇ3zC7.�38U_�

wB.7,râ¾���ÌÍ>Î�iñ�Ïg°67&

â9ÐÑ�Ò[z5ÓS��VÊ8U�ÔÕ+Ö�

�*�-?>�CD38×��Må�ÐÑ;c�_

�>&_�Îè�aØ;T�U_���â9è%&

«¬«��2mÇe�¢R
�Ã�ñ�KLQ��YZ[A\]

�
��Ù�;��R�¡pE�R�Ç�	0ÌÉ

âãvt�Ú�,uvS�8[���678UKL

Q�YZ[A\],¦Ê8KLQ%&�
��KL

Q��$zÚâ2���R�EpE�R�å?;³µ�

��ñ�ÛßKL�:�ÜÂS�_�>;c8Ö�Ã×UÝ

-131-



Proceedings of the4th Annual Meeting of Particle Accelerator Society of Japan 
and the 32nd Linear Accelerator Meeting in Japan (August 1-3, 2007, Wako Japan)

Î��S�G��R�¡pE�R�>�Þ�ú7&

4[ÌÉÊ>ßàS�Uw Á;��ÌÉ%`&á

É&AÉ;T�>&�
�;%áÉ>&\]
�3

8��;%`>d7â7w��9�²>�.Ê8U�

�#�NP�R�
�38#$��-.�#$�R

�¡pE�R�Ç�¦�78��â9;%&Ùã9

����..�b��,äÇ;å_S_�%E.Ê

8U�R�¡pE�R� �²©åc8���|F

z%&ÄµÄ�iñ��æ0��òçñUg�òç¸èò��:³©�iñ��ôé����

�=�ê67&��-ë/�£]²>�ê678U�

ÝÎì�YZ[A\]
�38KLQ�¾¹	/�#$¼

'	��½R�ÁG�9�+Ö��*ÐÑÖ¶×

+Ö����¹=�>��-?<â38ÔÕ+Ö��*

���UÐÑ678å�<í�R�¡pE�R�å?%&

YÝ>¶©:å?�ÛßKL�:ì³Ã���ñ�;�ZÝ>Ä::�å

?�³µ���ñ�UYÝ;�ê678ÔÕ%�¶�µ�iñ��î���÷�

µ�µ�iñ���ôé���÷�µ:©�iñ��ôé���÷�µ:l�iñ��ôé���÷�³µ��iñ�

�î�����òió�ÄµÄ�iñ��æ0��òçñUg�òç¸èò�&ZÝ;%µ¶l�iñ�

�ô���÷�ÄµÄ�iñ��æ0��òçñUg�òç¸èò�÷�:³©�iñ��ôé����U�

������UV� !"#$�%&'(�

3.1  efghijkl�'	(9{ 

¦§�¨pO ©ª«�¬ P�,��®¯E°9±²�

�³ ´ µ¶·¸¹ºE»¼� �� ���½¾+¿ÀÁ

Â	2S\]��@+�S�{;|ÃÄ	ÅÆ89Ç�a

+,��®¯+�S+ÈÉÊ{;|ÃÄ��#% Ë&*O

±Ì�jk;lÊ{;|ÃÄ��#% g&*P�@¼�+ÀÍÎ

	Ï¹�\ÀÐ+±²��³ÑÒÓ��Ô{;|`�_Õ�

\Ö9aOO�&C×+°Ø�{;|ÙÚ	¾Û���%

_��QRc�ÐÑÔ�/h0eò�'	(��5%&

Ê9,ï���m;T�'	( p'	Q�ðgñ

3ò,óìl�´Ãµ�æôõe ¢R
� ¶Ã âò��&d

� �Ê9,»¼S��n»¼m�ðgñ3ò,

óì�©�æô�.75�U_�»¼m% Ãö�5.75

g&Òö>j4»¼m& ö>6*�)+»¼m;&

÷Î��»É��¹Pp½¹R¾øå )ùú '	(,

âû3zøå9{�3zF�Uj4»¼m;%»�

m/�üPý*+��*��g&�©�æô ;)*+þ

,-g°3z��»¼S�U_�'	()*+,Ë

�6*�)+»¼m;M�w�, ³ ���6 &¶©�

ñ��¸éçöU �Á;»¼S��G�EÊzF�U»¼6

78���	=�
)*+%& ö��Õu9�A

B,�Ç38 ¶ +��,45m�/æú���g ÃÄ¶�

iñ ��Õ�ÚÀ67�Uw �&�)*+,�

H�P
�2X �����3&�P
Ó�Ç�

��	¾3z)*+�r67�_��EÊzF8U�

C×ì«ÜKÝIÞJt%�� ���Ê{;|ÃÄ�ßàá*+â��<C%

CG+bcd+ãäP�å�æ;�����çVèé*	m

ê8�o�ë+ ìíî d�{��æ;P�ïðPñÊ�\]�]�%
%

3.3&�©��ñ��H,É3z� µ�¸öº²>Ì²

;&�Ý��93EFÌg �©�¸ö,Z�E.Ê8Ö³×U

Må�&�¡¹ÅRq	pER�FGIÊ��Õu

AB,�H�P
/;åS_���g&�'	(

)*+�ÍÎÏ�²âã�-?¾��ÐÑ*�>&

3Ä4ßIE&3.�°±��²>�Ê8MVWE

9{;TÊ8U_�'	(,ÇFzÆ�678N

OPQR+%&íîÍ�R��ññ�ñgòó�%Ý��FÍ
�Ê8�;T�UZMNOPQR+<	=,45S

��>'	(9{�T�_�%C7.;Tg&��

���	
Ç'	(9{�rs�����VW��

¨,�Ê8����>%ÁÊ8U�

3.2  '	(9{����±� 

wÒ� efghijkl '	(9{�íî�3z�[8

��²�hi,2���SU_77%&��®¯Ç

KLm�s 67���²E�,!"3z�[8U�

� '	(�)*+NS*T	���²�gñö�% ¶
+,; �·º²U�

� '	(�¬rs��²% �ÅU�
'	()*+� #$ �Ms�� QÑOR��

� 
º²�/æú ��Â

3.3

#PQ�gñö�% �©©$öº²U�

�'	(�¶ +,��üÑRq¡R�%&

��	
0; �©%ñ�¸k¸�

.7�Ó&'(ìÃ©�ñ�U�

  '	()*+uväu�±� 

#$ ���NOPQR+>»bS�)*¨+,,

-132-



Proceedings of the4th Annual Meeting of Particle Accelerator Society of Japan 
and the 32nd Linear Accelerator Meeting in Japan (August 1-3, 2007, Wako Japan)

2��þ-S�U_77>.F�ýùE7/&_7

7�þ01�2;34�NOPQR+>�Á�U��

R�5

�

Î�K

b�

6�#$ »bì�

7�-

K

L

*+,��	
0�8X�2S�9�*��38U�

)�-./012345� ����

4.2  

�& p'	Q�4��+É�E���,þ9S�U�

��

M×�& ö»¼m�úFz%2��ÉgU�

U

&

�'	(�m�úFz%&)Pp¼E��� �

��:Fz2��ê;,¦EÊ8U�

�Ê9��*�����

<k;c&'	(9���²

%

38R�|��Î�

,¾�S�8[&Ô�q¡¼E�¡	
¢P�¤¥

� �w

Ò�wB�3z&©´¶=�¸k¸��°±��²> ³´µ ª«

?

Ì7EFU��

ÎÏ�å?¾��ÐÑ*�÷Î>&þ8�¤¥;c

ÛÜO¹	;ÍÎ

Ï

�Òs�NOPQR+�»b�

'	(>��49���®���>g�<

L�:C>g���NOPQR+»bì�

-./��?C>gF�êë����»

�å?Ú����NOPQR+

#$ �@?;�KL���»b��

?�@AB���NOPQR+»bì�

¾��ÐÑ*�A=�;&�'BÑ
@?

;ÛC4�E�Õu-?�@AB���»b�
�

_��G�&'	()*+� ¶ ËÌuv>NOP

QR+»b,YZS�UDÊz&NOPQR+»b

,E��8[�%&'	()*+�wx�>FG;

T�U_�H��&¨©>Æì38�#���:

S�_��MNOPQR+��ÙA;T�U�

ÁI&'	(<	=�ÍÎÏ�9�²âã%ßI

Eàáuv>�J¨;T�UÁ8KÎÏ�3z%&

x-E�2æç,�e_���g&¢R�YL6 

�_�,MN�&'	()*+%r[���_��

38UABü�pO½'	pER�wB.7&e ¢

R
 #$ ��;% Ã©�¸ö��æç�3zO�©P�,

íî�'	()*+¼�38Uw§¨�&íî�S

�'	()*+ ¶ ËÌ-?uv,&Qr6 Ã©�¸ö&X

> ��ññº²�R²>ßIEàáS�3&_�äu)

'	(�4��+É 

ÁI'	( p'	Q;T�>&d���T�;

T�9	
�P�%\3��E��;T�UDÊz&

4��+É%��T�2���¢+,;T�U2�
�

R� p'	Q�9»�mr�9Ur�Ú

Î�øå9{�'	(w�12æ�Ú��
�

6� p'	Q.7�Ê9��2VÚ��

7�»¼møå9{�'	(w�12æ�Ú��
�

2>%&��,���3z5WXÚ�,E�&9

��*�	�����²�'	(YZ�[���,

>?��\;¾�S�]^;T�U�H`N9�É

�����]^>T�>&¥¹+E��_�49�

J>��S�_�;`,�a3&d7>'	(��

gbcccdeS��>T,;T�U_7,fg�

%&��	R*	=/,xC�K�3&_�4�9

�É��	0�h�J,[�S�Îè>ÙA;T� �

¾��ÐÑ*Á8%,0,äu3&)*++QP

�	;å?¾��ÐÑ*,äuS�Îè;T�U�

5.1 ÍÎÏ¾��ÐÑ*�äu

4.3 4��+É�E¤ 

ÁI&��~²|���²,xCÍ�<ú8[&

13Ä}~}����	R*	=,��38UÁ8&

'	(�m�*���/�iLâã��.7&d�

jk>àEÄE��G�*"38U'	(�l>;

çê�²> µµ·�OÃ·�&~²> Ã�~�O©´¶~�

�E��G�&ÉÅ Ã³ å?¤¥®¯3zF�U�

Î

� ��¨���E
� 1� p'	Q�~�A�R��	*�
� üPý*+��*|��'	(w��~�
A�R��	*�

� )ùú'	(m4�~�A�R��	*�
�

2>�)Pp¼E�����g& p'	Q�

9	
�P�% Ãµn?

Ã³ å?��;&�R¾'Pc	 �»¼�\,�

|Fz ©´¶=�gñö�&¶ +,; �´³=�gñö�2��d7â

7oHpF8�2����²% � å?��;&¶ +

,; ¶q�©=�gñö��U�

Ë�&4��+É�3zþ9

S���,��38UÔ�q¡¼¤¥��

<kS�_�,�ê38U�

*�� !"#$3+,-.����

6r;íî�38'	()*+>Æì;c8�3

z&d�'	(<	=, #$ ��������	


�123z�&�@âã>ßIEàáuv,ÙS�

�J¨E��<	=>s77��%

��	
0���At>ßI;T�<u%�F.

7;T�Ud_;&��<	=>�J¨Euv�E

��G�&'	(<	=�uv��¡	
¢P�¤

¥,¦G_��v zwx38U�

'	(<	=�ÍÎÏ�-?¾��ÐÑ*�&K

�Îè�3z!�8�%&ÙÚu

[1]

ÙÚuÛÜO¹	�y0�yU$zgñò{çU�hggzg��%&

|}�O¹	,âÏ3z�J¨�AÁ �_���

g~�E�0,�g°3&,0äu�,¦EG9�

É�;T�U_�ÙÚuÛÜO¹	��g�267

8'	(<	=,��9�J��g�����	


0���S�UÙÚuÛÜO¹	,�äS�x%&

�����	
>;íî�S��²âã>s77�

-133-



Proceedings of the4th Annual Meeting of Particle Accelerator Society of Japan 
and the 32nd Linear Accelerator Meeting in Japan (August 1-3, 2007, Wako Japan)

�G�&��9�J�äÇ.7 ôôy������	


�çªS�æ������'	(<	=,�c&

��678¾��ÐÑ*>íî��:Ä����ó

�Í,wb�S���G�&�Y�ä,ðgñSU

_�äup+q=�34Ý%&Ý7�Ég;T�U�

Còìó6ôõö÷Ò;	Ê]�øùú��±ûücýþo�

7��ô*/dÑ�%
�

efghijkl ;�Ç38ÙÚuÛÜO¹	�î«î��

a�V��?L&O¹	��*ó% µ��&��*�

¤¥�Y+qP¾> ÃµÄ&SE�H ÃµÄµ��À=L�

 >Ù�;T�U3.3&_7�\T���=�¤

¥���½	Ô,ï53EF�wx��WbEå?

,+S�U¨©�?L%&ÒÓ¨Ô*Õ�£=,�

Ç3z_�]^,��38Ud����½	Ô��

C

                                                          

%»M��'�����ü���������R

Q	�>�ª38Ud�wB&Ý���S�GE&

àu;ÝÞßIEâã�-?¾��ÐÑ*,�3þ

�wx�;Æì38U�

�ìó6ôõö÷Ò;E°9±Ò������ôAB���O¸

��P	;<bÓ;5
�7�\]9�*�

5.2  å?¾��ÐÑ*�äu 

þÈEå?¾��ÐÑ*�å?)*+,u�äu

�Îè�3z��'	()*+�+QP�	���é

u)*+äuÎ�Ö�¶×,�Ç38U�Ê9�nV.7

��3& ��P��7 Ã�¼�U)*++QP

�	�%&¼��F'	()*+~ó��d7â7

xªE��å?,��zjL53&¼�rF)*+

,ïg°S9�J;T�UÆx�%Ý ��G�,

 

U

2
 http://www.luminex.co.jp�)*++QP�	�P�� 

r�¯¡�¢9<	=�+¾�PQ;�567&,

r¡; ³µPXÕ¢9�678)*+'	(9,¢9

+¾�PQ�½	¼��g�¢95â�e�f¢9)

*+��âû3&j�+¾�PQ�_�?L%L5

Ç��z9U£,ú\zjL5S�9�J;T�U

_�_�,öóâ�\ðgñS�5�EÊzF�

¤�/ ¶ ö�?L% l ��)*+�âû3zå?,

I73z*þS�_��E�U_��cL5)*+

�¥¦>åcEF�G&Ý ��S�G�e�f¢9

�)*+,¿.�§$��>üÑR�;T�U�

�
C�ì�� {;|bcdÔd��j;+�·%

%

��%&Ý ��G�¨ Ã´µ�¸ö¼��'	()

*+, l �§$z�¹P�E Ã©�¸ö¼��'	(

)*+,ï�U_�?L���¨]^Â%ÎúT�U

wÒ� Ã´µ�¸ö¼�'	(�45Îè&|���

'	(�å?)*+uv���Îè;T�U�'%

w§¨�ùîÚ�m���;¾�38U '��¬S

��'	()*+�å?¾��ÐÑ*��%&+

��	��Å¹�å?â¾�>�Õ�ê3z©â

Ea�>EF8[&ª��«3FU¤�/&¬�

�����+��$Uö�òÃ©© ;�&¶©©�iñ2��,r

;�â¾�% l©©�$öº²;T�Ud_;'	()*

+uv��è�3z&�	=�
å?â¾�; l �

��©�)*+uv��?,Må���;c�Î

è

®

�

&l ��)*

+

,�¯3al°m�����38U3.3Á�Æì3z

FEF8[&ª0%#$���®�âDn�|Fz&

��<	=�NS*T	+Ö��*,��3&2�

�+°;�ö�)*+?,��3zF�U�

ÁI'	(�2æç,ªÝ¨���<	=�NS

*T	C>g>bcÄE� #$ æç�S�U_GS�

�&���å?£>d�NS*T	£�ÚÀ;c�

��3�Õu;%EF>�U<	=NS*T	%&�

�¢Ï�@�;±?8�_`�T�¾��ÐÑ¹

;��S��Ý²r1�U<	=NS*T	� #$ æ

ç]^�>â.ÊzF��;&<	=NS*T	.

7��¢R��)*+rF¢R�?>�í;c�U

)*++QP�	,�äS�?L%

� #$ æç£��)*+�§Eg,��3�Ý²r

1�&_�wB,���&�)*+?�å?£,)*

-134-



Proceedings of the4th Annual Meeting of Particle Accelerator Society of Japan 
and the 32nd Linear Accelerator Meeting in Japan (August 1-3, 2007, Wako Japan)

++QP�	�ö;&e �êS� f ¢9�9U£,

xC�6Ñ��Å	Q;³�äS�U 

_��G�å?¾��ÐÑ*,�ä &�#�Û

ÜO¹	;�ÍÎÏ�þ�wx�,L z¦F&à

áuv<	=�45�´:;Ò[z5Ó38Ö�µ×U�

C

*+¼,Ú

�8Æ�>;c�U67�&_�_�,µÇS7/&

N��

R

ð� ¶ NOPQR+

�


	0�:ì�µÄ���ñ�UÁ8&

ÝÞ�3Eàu'	(+üP�,��	
0>�Æ

PQR+��Í%&¶ NOPQR+

�

��

3 �â9è�â��è%&

·¸;��´�ôçUióUihi�
��Êz&ìv;Z�¹-,F+�S�º¬ù����
�

7.2

�»�wB�w

	=,4

5

Ó¨Ô*Õ�£=��:F8

¤

#$

����23zNOPQR+��38�_`&��

ïð�NOPQR+ Ã´©��ññ�
ñg

¿

�

�

��3

8

                                                          

�ìbcdd��j;	��GE�>�¼����;�+


�c�;d�<�c��+��G+d�<�c5P��+���

�V��Ð���	�]\  E!"��+o�7z5P

��VÐ#E$���%&E�>�¼9�*%
�

Á8&_�)*++QP�	,ÇF��&�ö�

f ¢9¼,6+�S�_�;ö½¨�)

��<	=¢R�/;¾(¨�6+�678

��P�E<	=Æ�>Ù��Eg&<	=��

�3z�0¿FÆ�>Ù��EÊ8U�

6789:;<2=.>?@ABCDE4�

äu678'	(<	=,�-.� #$ ����

23z4538��<	=�ï

úFz%&íî�À���Í>s77zF�Ua

� ��iô �<	=45�|Fz&�J��F'	()

*+uv>-?�@AB���NOPQR+»K,

E¤3zF�_�>�.�U�

Æ�wB�����3zïð�NOPQR+%d7â7&

'	()*+r> �©�¸ö�å� �´³��ññ�ñgòó�©´¶l�
iô�&�µ�¸ö�å; �´l��ññ�ñgòó�©´µÃ�iô�&Ã©�¸ö�
å% Ã´©��ññ�ñgòó���iô�;TÊ8U�
_77�I¬�Æ��x&'	()*+r> �µ�

¸ö 2��å%'	(�²,>?z��@�> ��iô

�Â3EF&SE�H�@�>E¤67z3ÁGì

Á>È778���	

ì3z� ) NO

�Í� �´µ +º²�Í;T�UìÈ&d77�T

,,�ÂÇ;T�U�

/�0���

efghijkl ;Ã>ÇÄ�EÊz¦EÊ8nâ� #$

����S�����%2��Ég;T�U�

7.1 -./W0|����	
	0
���

´:w����	
	0wb�:ì��©���ñÖÄ×�
Â3&d�	0vt,Åk3zF�U��At�ÃÆ
>Ç�l´Ä��©k¶·�`��	
õ,rìÃÄ¶�iñõ�
�	
	0�:ì�µÄ���ñ�;TÊ8U�
Á8&&'>�� 8�

e*ùô;�.78¢t��

	
��-./;�×�,uvS�ÈI�Îè�
3zÉÊ67zF�Ö�:×U�

'	({�rs��� 

}~}���	R*	=���'��m��~�

A¤¥E�&���jk,Ë[S�

§¨�rs�¬��®¯,Â538U�

_7��g&q¹ºP�Ì'	({,KLm�À

=ÍN;�ÆÇ®¯�ÈÉ3>8Ê8����U�

7.3 '	()*+¶ËÌuv�wx� 

ßIE�@âã,ÙS�àáv���<	=%&

�Õu-?�@AB���NOPQR+»K>àE

FUd_;'	()*+d��GE��<

;c��G�&ÍÎÏ¾��ÐÑ*%ßIEâã

�àu,&å?¾��ÐÑ*%éu)*+v,íî

�3z��,¦EF&ÝÞßI;êëEàáuv

'	(<	=,´:;Ò[zÆì38U�

ÍÎÏ¾��ÐÑ*�äu�úFz%&ÙÚuÛ

ÜO¹	,�Ç3&Ò

¥���½	Ô;�wx�¤¥,Æì38Uå?

¾��ÐÑ*�äu;%&�'	()*+,)*

++QP�	��g~ó�úEF;éu)*+,ï

�Îè,�Ç38U�

Æx�&Æì678àáuv'	(<	=,

iô �<	=45;&

òó ,Â53&-?�@AB���NOPQR+»

K%ÎÏ�E¤67zF�_�>�ê678U�

1�23�45�

2>��G�&�VW��<	=,���ÐÑS

�KLm�5+É�3zyÇÙ�E&ÆÇ¨���

'	({%&6r�-?8óÍíî,��Ô	3&

�GFÄ���`G�3zF�U67�&��²�

gÒF�Ó7���»�m,k8EF�ÐÑ¢�

'	(����rÔ��ÕÖ�¶×,Ö?z|g&&'>

¬#*��*ôÇ'	(9{�3z�Ù��,efghijkl�

�i×Ugiòç�#U¸zg× ¶�Á�[zT��;r1678FU

Á8&àá<	=;T�>�����	
;%

'	(+üP�>>qññ&)*+¼> �©�¸öº²;

Tg&Æx%Ô+Ö���.7àá�Ø�AB��

��Õu�-?�@AB,�ã;cEFU_7,¾

�S�8[� ¶ ËÌuv�3zN�¾�Ñ
�¹�

<	Ù	*��Ö�l×>Ú77zF�UÃ©©µ Å�e*ùô

*ô*e.7efghijkl ��GE'	(p+q=,

F�FG]FL� >Tg&d�x�N�¾�Ñ

 
3 http://www.spring8.or.jp/ja/support/download/publication/

report_series/publicfolder_view 

-135-



Proceedings of the4th Annual Meeting of Particle Accelerator Society of Japan 
and the 32nd Linear Accelerator Meeting in Japan (August 1-3, 2007, Wako Japan)


uväuÎèÖ��×�úFz�çÛ678Uªå&

e*ùô�ô´�*hñ{zgjÜ!��wxwB,&38ÝÞÖÃ©×

>T��;ßà�T�Î%r1678FU�

_�N�¾�Ñ
¯���<	=>�LXÕ®�

3zF�?L�3.5gù8EF�G�áGU\3

%��-./;�âL�KL67�����wx

E ¶ ËÌuv�Úu3z¦.E\7/E7EFUÁ

8ã��<	=�4å�ab��	
�ä;%ã�

Ñ�@���AB�!"3E\7/E7EFUd�

¾�¯�Iú�3z&��	
0>;àl�fòi�òåU�

uv.7°�3&¢R�/��@R²,ßI�<H

E>7þæ�-?�@AB,�Ç3zWX3zFÄ

çò

3®¯�p+q=��R)�

�

è

��ù#���238U

w

�Q	��)¹Å	Q��S�<	=��,op�

c�U_��G�efghijkl;%&¬#*�,Æì

S

o>��cÑ�/�éFzc8����ê�ëÞ

��;c8_�%ì®;TÊ8U_�

í�î

rator Meeting 

[3] H  214. 

. 

02, p.1819. 

[9] T. Taniuchi, et al., FEL’04, Trieste, 2004, p.431. 

rator 

[15]

007, in printing 

8]

trumentation, CERN, Geneva, 

9] ïìa�2006�249059; ðñò9, ó©nô 

hysics 

[21]

[23] ðñ·9,õöÆ,� Proc. of the 4th Annual Meeting of 

Particle Accelerator Society of Japan, Wako, Japan, 2007, to 

be published. 

[24] T. Matsubara, et al., AIP Conference Proc. 879, 2007, p.17. 

×Ug��òj9�*>÷¯67zF�ÖÃ�×UT�¨�%

�	=�
'	(�12;Ù��>&��Eab�

�	
;6�&ìv�øù�ó���At.7F+

�67��'	(�²;%��	
�de,úÄU

_7,¾�S��%&ab��	
�øù�ó,

�?&��At,>?E\7/E7EFUd_;&

&'%9{'	(,û¢9�3z'	(�?,ÙA�

ÇS�&Û0�¡	*
NOPQ	��,!¯3

8

�

��T8gX0S�ò�tü¢R�<	=�-�

��S�����,ý^þ�;¦G_�>;c�U�

67 

���KLm�·��FG����78�%&�

���KLm�·ù�¾,%�[�S��ø4Î�

�	±�|
;T�U_�?,|�g3z¥�3

>?8FU¨©>������E�®Ç;EÄ&ý

þ��,��3E>7��,�[778�%&

efghijkl KLmno����6�|
;T�UMn

ÖÃÃ×U_�1Î�%#$����yô����xÇ

;c&qúæô��ðgñ

�,Æì;c�UìÈ&'	(�\,;9�AB

��	�,.\���,��Ç;T�ÖÃ¶×UÁ�_�

%&��	
0�|\�É�º�����[z�

�ö½����GU�

C(ì)ük<�*dÔ+��HL,«�-ª��*./��01+

�S+»~2��� �����34�5/��6*`�

µô��7E./���;�»~ó8O��\]9�*%
�

Ý��T��G�#$����KLm%wÒ.7

efghijkl �Õ�KLm��2;c��G���67

zF�Uefghijkl ��cÑ�;�ü¢R�ò���

%&���ùb��¸¹º����D�� ��È

!3zF8�T"#ü>&$%�Êü,ÇÄ�S�

�2m��*	¾�&±3zÆþ678U_�å%&

5��.7���<	=,Ô��6q¡P��/J

�¬ôeNS*T	Ú�ÇKLQ,ÇFz¢R�YL3&

ÔÑ���'+��R�;T�ºU(e

[1

[1

B�3z&µ© Q	R�ü¢R�ò��5Ó3zF

�)Ã³*U#$��.7�tü¢R�<	=,�2S

�_�;&67E�tü¢R�ò�,� µ Å2/

���S�_�,í±3zF�U�

_��GEò�tü¢R�<	=,ÇF8�å?

â¾��29Æ�>Ù�;T��»�&�R��|

\��ËÁ;�9	ÅRQ=��R)�pER�Ð

��;

�+�Ç;

ëÞ�+%Mno����LM;�Þ ¶$¬* �

c,>7�;T`G_�,-�3zw��38FU�

89:; 

[1] H. Tomizawa, et al., FEL’05, Stanford, 2005, p.138. 

[2] H. Tomizawa, et al., Proc. 29th Linear Accele

in Japan, 2004, p.147. 

. Tomizawa, et al., Applied Surface Science, 2003, p.

96, p.137[4] T. Taniuchi, et al., FEL’96, Rome., Rome, 19

[5] H. Tomizawa, et al., EPAC2002, Paris, France, 20

[6] H. Tomizawa, et al., NIM A 557, 2006, p.117. 

[7] ø�õ�KLm�+É���.dù�� Û5R Å²

5B/0q (ý)�2Õ1�KL��(, p.A115. 

[8] A. Mizuno, et al., NIM A 528, 2004, p.387. 

[10] H. Tomizawa, et al., Proc. of the 28th Linear Accele

Meeting in Japan, 2003, p.132. 

[11] °m2ïìam2007�84245; ðñò9, b3·¸ 

[12] Y. Igarashi, et al., Proc. of the PAC2003, Portland, Oregon, 

2003, p.2838. 

[13] ðñò9, KLm�·4, Vol.3, No.3, 2006, p.251. 

[14] °m2ïìam2007�197232; ðñò9 

 H. Tomizawa, et al., Russian Journal of Quantum 

Electronics, 2

[16] H. Dewa, et al., FEL’06, Berlin, 2006, in press. 

[17] Polarized RF Gun meeting Note 11/7/05, SLAC, 2005. 

 I.M. Kapchinskij, V.V. Vladimirskij, Conference on High 

Energy Accelerators and Ins

1959, p.274. 

 °m2
[20] C. Limborg-Deprey and H. Tomizawa, Proc. of the P

and Applications of High Brightness Electron Beams, Erice, 

Italy, 2006, in press. 

 J. Luiten, et al., EPAC2004, Lucerne, Switzerland, 2002, 

p.725. 

[22] °m2ïìam2007�133183; ðñò9, õöÆ 

-136-



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


