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Abstract
Drift Tube Linac cavities for the new injector RILAC2 for RIKEN RI-Beam Factory have been designed, constructed,

and tested. The structure of the cavities was based on the quarter-wavelength resonator. A direct coupling scheme was
adopted for the RF amplifier to save the construction cost and space for the equipments. Detailed design of the caivty and
amplifier was required, because this coupling scheme changes the resonant frequency by about 300 kHz. Detailed design
scheme of the cavity and amplifier using 3D-electro magnetic (EM) calculations and the results of low- and high-power
tests will be described.�������
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Resonator DTL1 DTL2 DTL3
Frequency (MHz) 36.5 36.5 36.5
Duty (%) 100 100 100
Mass-to-charge ratio 7 7 7
Input energy (keV/u) 100 220 450
Output energy (keV/u) 220 450 680
Diameter (m) 0.8 1.1 1.3
Height (m) 1.320 1.429 1.890
Gap number 10 10 8
Gap length (mm) 20 50 65
Gap Voltage (kV) 110 210 260
Drift tube aperture (mm) 35 35 35
Peak surface field (MV/m) 8.9 12.3 13.7
Synchronous phase (◦) −25 −25 −25

Input power (100% Q: kW) 5.1 13.4 15.4
Power amp. (Maximum: kW) 25 40 40
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Cavity DTL1 DTL2 DTL3
Q0 (calc) 17500 23830 28800
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Rs (calc) [MΩ] 1.13 1.66 2.19
Rs (meas) [MΩ] 0.94 1.65 1.72
Rs (meas/calc) [MΩ] 83% 99% 79%
Dissipation Power [kW] 6.5 13.4 19.6
Frequency range (calc) [MHz] ±0.650 ±0.661 ±0.221
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% � h q�C9� f5�Hk\N�N'O 1 ¯ �F� %L � 5�C)� P ��I M�VyX C)�<�\ç"6y8t})~?5 200 V
nì]p N R V0X 6 H ; , IJ% � Ä�¯ # d\6Y8 PN

	%� É % �AOB ( Ó K ��� N Ã)Ä<Å5P�Q;R Ï;S)T � æVU�W�X��ZY�ý��[�\ X^] (Tyco Electronics MA4E1340-1068T) _�` Sa S?b R�ced$f?g [�\ XZ] f3h5i�j�f3k5j�l 70 V m)nb3o p�q�r�s q+t f
u�i�i�j?R�k�j _wv x b d'y
z;{ |g [�\ X}] R$~��'� bw�5� R������ o$��� g [�\ X�] R

�
8: DTL2 f p?q�r�s�q$t���� f�u'i o

~��)� b y�c+���^�����)R5��R?� a7�$��� ����c���� X]��"q�r _+` S a$�5� f'��  q�t i�j _ ��¡ z�¢?£7d?yR$¤ � ¥�¦ b�o � ��R;� a c§u5i _�¨�©«ª�¬­_�®5x b+¯° R n ��� o�� 9 z3±;��{ � z�c p5q3r�s;q3t i�²�l�³´
4 mm f�µ�¶ _ �
a�· |¸c3¹�º�f 5 mm R �5�­» z�¼|§½ �
a S?b�o d$f3¶5¾ ��� c3u5iVf�¿ À'l p�q3r�s q

�
9: µ�Á p?q�r�s�q$t f�Â5Ã o

t i�² �e� f+i�Ä�f+i�Å�u7½Vy ®�x ��Æ � oVÇ d m c�i²7f$µ _3È ¥�� c Ç f�¹'º­z;É�Ê _3Ë­Ì b ¶­z�Í�Î ���R�c3u5i _wÏVx b d?y/R m � ¦ � ��� o�Ð f3Ñ�Ò}y �a c�Ó a f p?q�r�s�q$t _ c CSM
�'� m�Ô'Õ f n b�Ö×�Ø�Ù Á p�q
r�s)q§t [11] z+Ú�Û � � o
� 10 z+Â�Ã�Ü�Ý_ ±?� o d$f p)q�r�s�q�t l�c�Þ­ß q�W)à+Æ � 1000 pF

�
10:
Ö�×'Ø�Ù Á p?q�r�s�q$t f�Â5Ã o

f�á ['âV_ c DTL2 c DTL3 f�ã)ä­l 2 å c DTL1 l 4å c3æ�ç'è�é (C1100) f�i�² m�êVë c à � z�c Ç f�i�²
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_$ì í;î q�r f�ï�ð�Ê5c · {�ñ$c
i�²�ò à x z {�|�ó ¡��a S b
(
�

11)
o�ô Î7õ?f�ö'÷øy �3a c �)� �ù� ï'ð

�
11:
Ö�×'Ø�Ù Á p?q�r�s�q$t f�ú�û ��o

Ê;R'³�ü5ý x ¦ S { � c ��� z�þVÿ�� b?p5q3r�s;q3t i²­f5³ ´ {7|��
c)i)²5ò à x f������­f5³ ´ _	� à ¥�§a n b3o'Ç f�

��l�c ���­» û ��� u7½ à
Æ �+i�Ä �� ï�ð�Ê _ ¢�� � c��? ���� s;q+t z;{ b u�i _�¨�© �� m?n b�o � �$c)á [5â f å���_ Ú�Û � b d;y3zV{�|¸cp5q3r�s;q3t i�j _���� � b d)y������ m'n b+o! !"$#z�cVd�f+Á�f p5q3r�s;q+t z�%!&?� b d)y m u�i('	)Vl*�+ � � oÐ f,'�)�l�c (2) DTL3 f t ���.- i,/ ( �)�­���?f
JEMA 0 [12] c 10 kVDC) ��c�132­½�4�i�5�f 8 A {�|687 ¾!9 m�:�; �wa 7 b z8��<�= ��> c r!? � � ���A@B,C3D �3aFEHG�a����­� �?� m;n b�o�t ���I-¸i,5$�
6 A J � ( ��  q3t i�j l 220 kV K � ) m l�i�/�l E
G¦ 7 ��c t �	�I-¸i35$��L ¥w¦ b z�£ Æ a K�M � lAL¥§¦ |¸c DTL3 f ¡3N :3;PO (

t ���I-¸i35­l 7.2 A K�
) z5l � Ø J » z EQG�ae�$�7� o d�f�'A)7f�¿VÀ _�Rb �5��c t �	�I-¸i3/7f�S3TPUFV7z \$W ?�XZY � t ft�? �,[ _�\�]­Ì c�i�/(� EQG bF^ f�_ C _ Ã�` � � oa�b f C�D l�c t �c�d- i�5,e�f8g��F��h�i _wv x b y

�
12:
r�? � � @ B�C�D O f�_ C o

Y�jck ���8g��Fl 7 a r�? � ��m�n�o�p � \ j z ¦ |�cÇ�Æ zAq 7 a r�? � � S�T o�p � \ j y ¦ b�o � � � cr3? � � �F@ B3C3D � �$ã)ä7z'l�c t ���I-�fAr?i35�$�!s à
Æ a 7 ¦ 7 f�z8��<	= �t> c r�? � � � C!D �ae��� � a 7 � o Ç fAu�Ä _ � 12 z�± � o � > i�5(efvg!�'z�w � 7Px�y�z �!{�| � ��}?c(S3T o�p � \ jz ¦ � a 7 b3o � � � c;d$f O c m�n�o�p l \ ��f ���

m?n |¸c�S�T o�pV��� 2.5µs ~ Æ a \ j z ¦ � a 7 � oà?� z �F�­_�� ���  !" c�i�5,e�f(g���f x�y�z ��{�|� b ¿;À�l��8� m'n b �$c Ç f x�y�z � r�?�X -�� r z{ |�S�T o!p í y j��F� | c r�? � � _ C!D à�� a 7 �d;y�� Ø � ��� o'� 13 z$c t ����-�i�/�f�U�V � _��� # z	�;� o i�58e�f$g�� o�p l�c r�? � � S�T o�p y

�
13:
t ����-�i�/�fAS�T$U�VZy o�p í y j§o

�$� g r - » _c��� à
Æ a 7 ������c Ç�Æ"� f o�p í yj � r�?FX -�� r �+a 7 �­y ®'x ��Æ b�o þ��^y �+a cÇ�Æ}�
2
a f o�p í y j _�� ��� � � o � ��c�i35PefPg��!��i�5 Y�jck ���8g �!� 4 à3Æ b	��� c · {$ñ�c

S3T o�p �V½�4 à�Æ7b��3� z��3�7z Y8j���j�� _��3�� c5i35Pe3fZg!�'f x�y�z _ ¦ b�� ¥ Ï�x b { � z �� o)Ç f  �" c�d$f�'	)�l *�+ � c ¡�N :�;;m � DTL3f t ��� - i�/Vl E
G�¦�¥ ¦ ��� o ��¡�c �5� �$u�i �� O z t ���I-¸i35P��¢3£3¤3¥V� b y i3/ � f�¦�§P�2�� 7 f m c s(j�t f�i,4F¨�©
ª�õ,«§c t ��� - i�5vª¤ � ��d'y
z � � o d�fP¬ # f�����c â t í ��f5É
ÊZª³ ´ 135 mm
�"�

160 mm z�Ú�Û � � o â q+t
­�j�® yj�p �?g j�X l 700 Ω
���

1100 Ω y�2�� ¥�¦ �$� o�à� z�c$¯ C � � U�VVz · Ì b�� � m ªc°!±�z >�� ��d)yz {V| c ¡�N :�;(O z t ��� - i�5
ª 6.7 A K � � m ¤¥ à	� � o

6 . RF ²d³I´.µ·¶·¸
2011 ¹ 6 º z�»3= Æ �8¼��F½ Y î q W$¾ f j�® [13] z· 7�¿ c DTL f RF W X�À ½?l�Á ¡ z C�D � � o DTL3f RF l$c�Â G õ�« O z r�? � � @ B m 2 U EQG �!��cÇ f�}7l�Á ¡ � ¿�Ã3Ä � b d y�� m ��� o$Å f �)� fi�/�� E
G b d)y+l ¦ � ��� o DTL2 l�c �(O�Æ z 1 UK � f M � m u�i8�$�"� b �$f�f�c
¯ C�Ç�È � � o 1 É
Æ f RF i�j5c · {�ñ$c�Ê�Ë�f�` ¡� �" ª � 14 z+±;� o
DTL J Â�f � ��g3£ 7�¿ �/ä3= � ¿ t�??q - � ¿ n b3o
RFQ c · {$ñ�c 2 Ì f ­ ��j �� !� (B2-REB, B7-REB)l DTL y � u�z 36.5 MHz m Ã�Ä � c ��Í)��j �� !�
(BUN) f ë 18.25 MHz z ¿ C3D à�� � o Ó,Î^y � ¿ ci5j5Ú C l

±0.03% c�Ê�Ë5Ú C l ±0.1% z�Ï � ��� o

7 . Ð ÑÒ3Ó�Ô�Õ�Ö ö�× × Ä Õ!Ø!Ù ×���f�Ú »�Û u�ccÜ ��Ý�Þu�z5l$c t ����-�i�/�f ��� z$ß�à84 7 ��¡;�
c � �$cxAy�z þ��
ªc»�� ¿�7 ��¡)� �?� � o d�d�z	á!â 7 � �� � o
ã�äæåèç
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�
14: RF i5jêéëÊ�Ë�f 1 É	Æ f�Ú C o
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