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Abstract

REFER (Relativistic Electron Facility for Education and Research) is 150 MeV electron storage ring that belongs to 
Venture Business Laboratory. REFER was established in 1996 by the purpose of new light source development. 
Presently, REFER has only weak focusing magnets as lattice element. The beam extraction method of REFER uses 
energy loss by the absorber. The absorber makes beam loss to widen energy width and beam size, which brings about a 
problem not to be efficient of the beam extraction. Therefore, we thought about the beam extraction by a third order 
resonance. We need insert a focusing quadrupole magnet and sextupole magnets to induce a third order resonance. In 
the research, the strength of those magnets was determined. The appropriate insertion points of them were also 
determined. We then simulated the particle motion with Runge-Kutta method. As a result, the efficiency of the beam 
extraction was found to be improved greatly. 
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Beam energy  ¬ 150MeV 
Ring circumference  ¬ 13.712m 
Horizontal tune  ¬ 1.2536
Vertical tune  ¬ 1.2536
Momentum compaction factor ¬ 0.6866
RF frequency    699.52MHz 
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K value   ¬ ¬ ¬  5.95 
QF length   ¬ ¬ ¬  0.1m 
Horizontal tune  ¬ ¬ ¬  1.3327 
Vertical tune  ¬ ¬ ¬  1.1739 
Momentum compaction factor ¬ ¬ ¬  0.62 

¬

��ÍA�����

Horizontal tune�1/3��Ös�®WYv�L��
Ýú}��O=TV
)�6�å���W
2M!

N�½ß`N}��:gx×rbJL�<¯-1


v��½ß`N}��:���àá�lX�m
w

Im=TàoOuvv2i�ª«�BM1)BM2(�1F�
BM2)RF��@�2F���Ýú}��O=TV
W
)�rv2½ebS��_�¼�0Op�
Ýú�

�ð�e0��æ�c!}���þJÞ�?0�

1mm)?Yv��unstable fixed point@UFPF)þJÞ
 xª�35mm¡)�ËÌO6PV
W)�wx�`!
L½eè!Q�LO¼�PV
¸õ�§
2iW:�

UFP�JËOxª�17mm�sqr��ð�e0O
�1ª5.20��2ª7.61)p�v2}���60�Ig)
¬0.1m:§
2¸4��34àoOJq�O:Ðv
v)������ÎO½ß`N}���ào:»r

v¬�:§
2¬

¬ ¬¬

������
��

���

�	�

�

	�

��

��

�

��
�
�

������
��

��� �	� � 	� �� ��
���� ¬

�

�

	

�

�

��
�

�	�����	�
��������

��
��
�

¸.2¬  REFER�Twissebf!`¬

¸;4 ½ß`N}���ào:�½ebS��_¬

��Longitudinal Motion 
REFER��	
ãg�àá���é�LcèK�
ßO¸5�¹V2KJ�RSRL,-TU01
}
�M!N����`L_�0.54�mmømrad����
 !°�x�.0.1%:§
2W���� !ä»�
w
Þç!LÈÉOuørZ�5³:�Sb�æL
�Q�çè!Q�LOtuZYP2¬

�

�

	

�

�

��
�

�	�����	�

��������

��
��
�

�������
��

����

���	

����

����

����

����

���	

���

��	

���

���

���

���

��	

���

�
�
�
�

��������������	������	����
��

¸.3¬ QF=T�ðÁ�Twissebf!`

¸.5 ãg�àá���é�LcèK�ß

��Transverse Motion 
¬ Hamiltonian�ÀWYv�ÎgAÄOyYZ�c}
���w�a�ùS��m��õI�ËYZ��L
�ø��`hOyYZSb�æL�Q�çè!Q�
LOtuv2���Ó¹:�a�ùS���ä�}
���Üú}���Ýú}���Å�õI:§
�
æ�c!}���½ß`N}���ËYZ����
èL5®z)rZ600)rZ;x �tOÐv

W))rv2ä�}����	
ØUÙØ×�w

��� !Ø×�ËYZ��9�Ê«�ò�r�1
�§vx�%Ó��� !ß��tOuørv2¬

».0¬ QF=T�ðÁ�ebf!`

M!N�gx×rÊ��O#�V
v����
Ãt>1ZY
�ìþ!ú�w
M!Ngx×rO
¹V2RF�å´�ÖOï���Ê�0y
)�
xª�12mm�½Í��ìþ!ú�}����V
2�
�V
)��� !150MeV�}��%Ó�8.3MeV
���� !R_O�Wr�½J���O)
2�
�� !°�x�bL+¡ ��FI2Âï��Ü
8Í��wx¦Áä»15.8mrad�è¡_ ��FI
 ó°�x¬�WV2�ìþ!ú���rv}��
æ�c!}�� �63mm<x<�53mm¡�¯,1�
0.087rad�;x :�L��ÅJ�;x×01�½

-644-



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)

ß`N}�� 60mm<x<70mm¡:gx×01
2z
g����æ�c!}���6mm�½ß`N}��
�5mm�²OuZY
2¸6@aF�1000`!Lj�
1@�����Î�7�O»V2¸6@bF��ìþ!
ú�wuZgx×01v���`!LÖ�à_S�
bNO»V2¬
¬

¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
¬
��6�å��w
M!Ngx×r�Q�çè!
Q�Lª«O¹V2¸7@aF�1000`!Lj�<@�
����Î�7�OßR�Srv¬�:§
2½e

bS��_OÅ1v���A:�´²O±¼0y�
æ�c!}�� �45mm<x<�35mm¡:0.019rad:
;-1�½ß`N}�� 60mm<x<70mm¡:gx
×01ZY
�� ,
2W�)��æ�c!}�
��ào���ìþ!ú�ðÁwx�{1.0m�so
V
)Õqrv2�Ã�soð_:��àá���
�½ebS��_�Í»����X:;xOÐv

v�:§
2¸7@bF�6�å��wuZgx×01
v���`!LÖ�à_S�bNO»V2¬

�����
��

��

	�

�

�	�

���

���

�

��
�
�

�����
��

��	���	�������
����

¬ 	��

	��

���

���

��

�

 

�������������	���
�!�"

¬
¬
¬
¬
¬
¬
¬
¬
¸.7(b)¬ 6�å��wuZgx×01v���
`!LÖ�à_S�bN¬
¬

¸.6(a)¬ �ìþ!ú�w
1000`!Lj�1@�
����Î�7�2¤���V
���B�

x=�12mm��ìþ!ú���rv��2HÙ)
õ�æ�c!}��:;-1
³�j����

Ò�½ß`N}��:gx×01v��2

º� !�

gx×rÊ@�F �ìþ!ú¬ 6�å�¬

æ�c!}��¬ 5.8 52.4
½ß`N}��¬ 30.1 68.8
·°¬ 1.7 36.0
���`L_¬
@mmømradF¬

¬ ¬

H%g� C¡¬ 1.29�¬ 2.46�¬
�zg� ¨¡¬ 0.75�¬ 0.87�¬

��

��

�

�

 

�������������	���
�!�"

¬
¬
».3 �ìþ!ú)6�å��w
gx×r�23

Q�çè!Q�L�ª«,-�6�å��w

M!N�gx×rÊ�:30%��
W)�>,u
v2gx×01vM!N����`L_���ì
þ!ú�g�
0PmuZY
2W1��gx×r
Ê��Pm
��æ�c!}��:;-1
M!
NOßuZY
,-:§
2���6�å�:��
æ�c!}��:;-1
M!N� ó°�x�¼
�Yv�����`L_�¼�PmuZY
2 ó
°�x�¼�Pm
õ¢����� !ä»��	

Þç!LÈÉ�wuZ�½ebS��_�¼�0
�~m
,-:§
2iW:���}ðOyYv
e�´Î RFæ��¡OÐvZÛ!`SRL´²
O��V
W):�½ebS��_�¼�0��Y
OÊ�0y
W)��j�(ú:§
2¬

¸.6(b)¬ �ìþ!ú�wuZgx×01v��
�`!LÖ�à_S�bN¬

������
��

���

�	�

�

	�

��

��

�

��
�
�

�����
��

��	���	�������
����

W���KEK�789!"àÁ§DCX��	

¼"#��§DCX�Db�wxt>1ZY
2¬

¸.7(a)¬ 6�å��w
1000`!Lj�1@��
���Î�7�2B�TU���¤�����2

HÙ)õ�æ�c!}��:;-1
³�j��

��Ò�½ß`N}��:gx×01v��2

"#$%

[1] S.Y.Lee, “Accelerator Physics” Second Edition,1999. 
[2] EK¬ á, FG�a “àá��,WO£rv6�å�
�w
M!Ngx×r��V
�”

[3] º�¬ HG, IX�am±�8}���=ol�×r
R��	
}���klÉQ�çè!Q�Le¬

-645-




