
��������������������������������				



������������ERL����������������

��� �1

���	
�����������	
��

�611-0011��������� 1-1

                                                            
1 E-mail: tsuyoshi.suwada@kek.jp

��������

 !�"#$%&'��()*+,-./01
2-./3456���789:;89<=>?
$@A%&'$BC(-./0DE'F4GH3
4IJK=)*L�M$BCNOPQRS98RT>
KUVWL�M�����XY-./$Z�[\
]^�_NOPQR=%&`aXYbc$dA$e
)*L�M$�fgh.^7i.jk(lmnoN
pWq�>rstu���012-vwgx3
4567K=%&'F$@A(lmno7<Ty
zN{|}=?7U�~��N(
�$0J�
��3�fgh.^��i.jk4� ��=7
��|}9<=>���(���%&'F789
���}9<=�����J��-vwgx$%&
'F789$��B4��K=7�N���$�
�N��=� $ n4¡¢K=>

������������������������

 !��$%&'��(£¤¥¦�¥§¨©
$ª$4G«=7¬®��N¯=>rs	
°
±(²�³´#µ$¶U|·¸²¹´º
�«9»¼N	
#µ½¾½S9<=>1947 ¿
General ElectricÀ$ 70MeV)*Á.xÂÃÂ.�|
$%&'½���Ä«9ÅÆ�}Ç>1960 ¿�NE
P������)*Á.xÂÃÂ.$� ½ÈR=
7ÉÊËN<VÌ=Í%&'Î´Ï½Ð¸8Ç7
ÑV}9<=>Ò$eKEK-PF N�Ó�}=OT
N  Ô Õ � � $ % & ' F 4 Ö 9   ! 
ESRF/APS/SPring-8 NO=Ô×��$��$Ø;-
./½ÙÚ©�Û=?7(IÜ$?7�Û=>
KEK-PF ªÕ®¿$ÝÞ4ß����%&'F$
¦�Nà�9��½ÈRS9<=>���'F78
9(á[gx^âãäå�æ.^Êç�_
è�^kéêëº$è[ì�hN�<9 ��4
íîï�ð�=ª$�U�}�U|U<>?}4�
 K=sñ789 !-vwgx456���
7K=§¨½òó�Nôõ�}9<=>Ò$ö�(
÷ %&'4øùæú�R�rûNüýK=÷þ)
*æ���0SASE-XFEL3�SLAC$ LCLSDESY
$ TESLA/TTF ½ !��©�Û=>ªTö�$s
ñ()*L�M$�����4J�K=��4Z
������J��-vwgx0Energy Recovery
Linac, ERL3�Û=>��(� X t��N�<9
	�xâã½e�N
��<$�âã'4��K

=?7½��
�$���0Ô���3'F7<
V}9<=>8�8U½|SASE-XFEL ('$
âã½�PNª�K�=Ç«'´�$%&t��
��÷�$��7<SÇ��½��NUP?$'
4:;K=	
��XY°±Ò$ª$½�V}9<
=>rsERL(l�âãN�<9(SASE-XFEL
N
�É ã$âã4ªWRÇÔ×��'FN

�=7 2 �0	�xâã�( 2-3 �3 ã¯J=7
��|}9<=>?$æú�$âã�(Ô×��
$�!�ñ4"�#$?7½��<VÌ= 3.5 �
�0SASE-XFEL 4Ô���7K=7Ò$©ç�U
��N%&K=3789$B'4ª�7ÑV}9<
=>12�(e�$ ERL 4(P¯)Ò$~�
4*+N,-8:.XY/.4¯)Çe� N
à�Ç014R7«=?7NK=>2eN34�§
¨©$���$ ERL4¡¢K=?7NK=>

��������ERL��������
+,-./4:;K='F$:.()*L�M
456JIJ�7=?7NOP%&'8$9:í
î4�«9<=?7NÛ=>rs-vwgxNO
}�)*L�M(;<$�����NR���K
}�=:;�}=?7U�>9?|}=>@öNA
KOTN-vwgx�|B&8Ç��)*L�M
4öã$¶IJ�7=Y-vwgxECNDE�
7Fã()*L�M4G%HNI79`��7
ÇeJ.KN>9=^L�M4��=>

Accelerated e-

Decelerated e-

500 ~ 600 m

Acceleration scheme

180deg

φ

@öM�����J��-vwgx$NO~�@

0?$@(ÉÊN Cornell/ERL§¨[1]�ªÛ=3



?$^L�MNO}�)*P�|QR89)
*L�M4�SK}�IJ"N(ÛÇ�ª)*
½+,�}9<=no7UP56$DE'F4�
&8'4(B7�+,-./7Éº$�!½��
7U=>rs-vwgxN(��7`�K=)
*L�M½TUNV!K=?7NUPWXY�(
��)*NO= RF èZ�$[\`�)*NO=
RF èZ�$J�½QR�N�V}~��N(
÷N�N������]$�m½(|}=?7NU
=>?$��4�����J�7<T>?$^L�
M()*$�����4J�K=?7NOP�í
îB4^ZK=7Ñ�=>ERL $wê_w÷`(
1965 ¿ä����´$ M.Tigner ½-vw�ä[
êJ�8$a;789�b8Ç?7NÈR=[2]> 
!�(?$^L�M(JLAB$ ERL-based IR FEL
;$c[êi����045MeV/5mA3[3]789a
;�}99.98%1¯$�����J�î4de89
<=>�<J�î4� K=N(fg�N�Ih
�i$�«9j�<klmWX4fn7K=>?$
OTNERL $� N(klm-vwgx½56�
��7U=>?$OTNERL NO=7)*L�
M÷�(öJ ã$IJNOP>9?|}=½?
}4QR�NE&K=?7NOP+,-./7É 
ã$l�)o4Ý$?7½���������
[\$pU<Öq�U���7U=>2�$:.(
�âã)*PNOPr�fgh.^XY��i.j
$)*L�M�|$%&'4:;��=?7NÛ=>
12NERL $sK=:.4tu8v|}=%&'
$wx4R7«=>

(1) r�fgh.^)*PNOP�âã¥�äå�
æ.^'F½0~��N3��7U=>

(2) i.jyO½z{U$�i.jk4��0|
(k�3L�Mun4}�0|(~lN3�
�=>

(3) è�^�_42� CW R�
��÷þN9��
�=>

(4) )o�$Êç`a½�<$��Nr<$%&'
½v|}=>

(5) �����J�NOP£¤ä^Ã42��N�
��=?7½B�=>

(6) CW ���$
�N�<9klm���(�
lm���N
��������½�<$�
ä.èxÃU'F0~1/53NK=?7½��=>

�g$?7U½|ÉÊN���$��½V!K
=½ERL$� ��789�����K=>

��������ERL������������

3.1  � ��

ERL $2�$��(6 GeV x[^$klm
CW-ERL ½F$7?��$©NV!8U<?7�Û
=>�rJlabºNO=6 10MeVx[^$ FEL; c
[êi����789�����J�~�$��½

U�}9<=N��U<>GeV x[^$ ERL 4�
 8OT7K=7Ò$��$5�(����Û=>
12N���$��4R7«=½��789(
ERL $^L�MN�V|·��N� 4nK=��
�Û=>

✜✤✢ r�fgh.^)*P$� 
k��r�fgh.^ ✜�✤µ�✢)*P½fn�
Û=>Wç)�$� ��s¡0✹✳ ¤❍ ✱✰¨ ✱✰
$@A(�)©ª½fn3«¬�c�0®m
` ¤❍ ¯°3�Bóæ���æ���±K\
]x^XY^²gÃun$2³ª½��7U=>

✜✥✢ �)oE&"$� 
✱✰ )*P$@A(E&"�)*L�M4i.
jªK=fn½Û=>Wç)�NO=�fgh.
^ü�$� �)óEó«gK[�µ©½��
7U=>

✜✦✢ klmWX$� 
klmWX(·$§¨N�<9ª ✻✲✺»✮ $WX
4½�N89<=½?$WX(-vw�ä[
êJ�;N� �}Çª$�Û=>✰✾ £¤N¿
T%)À<B$��(�!½fn�Û=>��
i.jNO=íî�U ✵ÂÃ Ä�¥`a$sñ½Å
Æ89<U<>��)©$�)�ªN¿TÇÈ�
Á^\M$2³ª>

✜✧✢ Êtu���N��=L�MËÀ<B
Ì¥Ísà$Î��x@NO=L�MËÀ<B$
� ^L�M4ÅÆK=fn½Û=>IJ)o$
¯��4ÏÐQ«98RT>

✜Ñ✢ w�x"$�§
�fgh.^Òª$� sñ>i.j©Ó$sñ
✰✺✹ NO=�fgh.^Òª$� U·½���
Û=>

✜✩✢ L�MÂ^
L�MÕÂ�ueN¿TL�MÂ^$ì«vëM
$Ö-½fn>%&t×Ø$Å.�|✤✣ÚÑ  ã
N(���=fn½Û=>

3.2  �!���$�b

���	
���(?}|$� ��4��K
=Ç«$�!���$¦�4�b89<=>ÓöN
 !�b�}9<=�!���$ÊUL�Mè[ì
�h7Ò$Û¡@0@Õ34AK>

Óö KEK-ERL�!���$L�Mè[ì�h

Energy [MeV] 100-300
Current [mA] 100
Bunch charge [pC] 77
Rep. rate [GHz] Max 1.3@CW
Transverse εn  [µm] <1
Energy spread ~10-4

Bunch length [ps]
in Linac/after compression

2/0.1

No. of SC cavity unit 10 (1.3GHz 9-cell)
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Univ.Operation/

Undulator length hi-flux/
25m

hi-coh./
25m

5m 2m 150m 15m

E [GeV] 5.3 3-7 2.5-3.1 5.4 0.6 3.5
Iav [mA] 100 10 200 40µA

1nC/10kHz
1 100 100 10

ε εx y/   [nm] 0.15 0.015 0.04-0.1 4/0.08 0.003 <1 0.3 0.03

Bunch length [ps] 0.3 0.3 0.1-0.4 0.05 <1 0.05-5 2 0.1
Flux av.
[p/s/0.1%bw]

1.5x1016 1.5x1015 ~1022

Brightness av.
[p/s/0.1%bw/mm2/mr2]

1.3x1022 5.2x1022 1021~1022 1.3x1022 3x1023 ~1019 1.3x1022

Brightness pk.
[p/s/0.1%bw/mm2/mr2]

3.0x1025 1.2x1026 3x1026 ~1022

Source size [µm] 103 24.5 10
Source div. [µrad] 9.1 6.2 1
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