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On behalf of all the staffs contributed to 
HHG-seeded EUV-FEL (SCSS) and improvements of SACLA 

2XWOLQH
• 6WDWXV�RI�6$&/$�)DFLOLW\
• 6;5�6HHGLQJ DW�6&66�7HVW�$FFHOHUDWRU

– 2YHUYLHZ�	�+LVWRU\
– ,PSURYHPHQWV�DQG�5HFHQW�5HVXOWV
– )XWXUH�3HUVSHFWLYH

• +;5�6HOI�6HHGLQJ�2SWLRQ�DW�6$&/$
– 'HVLJQ�6WXG\
– &XUUHQW�6WDWXV

• 6XPPDU\
�



+LVWRU\�RI�6$&/$����
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• 6&66��63ULQJ���&RPSDFW�6$6(�6RXUFH��SURMHFW�
ODXQFKHG�LQ�����
6&66�7HVW�$FFHOHUDWRU������0H9����QP�
• &LYLO�FRQVWUXFWLRQ�VWDUWHG�LQ������
• $FKLHYHG��VW ODVLQJ�LQ�����
• $FKLHYHG�VDWXUDWLRQ�LQ�����
6$&/$��;)(/�)DFLOLW\����*H9�����QP�
• &LYLO�FRQVWUXFWLRQ�VWDUWHG�LQ�����
• ,QVWDOODWLRQ�RI�DFFHOHUDWRU�FRPSRQHQWV�VWDUWHG�
LQ�����

63ULQJ���$QJVWURP�&RPSDFW�IUHH�HOHFWURQ�/$VHU

2YHUYLHZ�RI�WKH�63ULQJ���5HVHDUFK�&RPSOH[

+LVWRU\�RI�6$&/$����

666)(/����������'HF������

6$&/$�&RPPLVVLRQLQJ�������
• %HDP�WXQLQJ�VWDUWHG�RQ���WK )HE�
• )LUVW�VSRQWDQHRXV�OLJKW�RQ���VW 0DUFK
• )LUVW�ODVLQJ�RQ��WK -XQH�������#����QP�
6$&/$�,PSURYHPHQWV������f�����
• )XUWKHU�EHDP�WXQLQJ��HPLWWDQFH��SHDN�
FXUUHQW��HIIHFWLYH�FKDUJH�

• )L[DWLRQ�RI�VHYHUDO�DFF��FRPSRQHQWV�
– 3XOVH�HQHUJ\�������P-#����QP�
– 6WDELOLW\��������

,PDJH�RI�WKH�6$6(�DQG�VSRQWDQHRXV�UDGLDWLRQ



2YHUYLHZ�RI�6$&/$�)DFLOLW\
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,QMHFWRU�
'&�SXOVHG�WKHUPLRQLF�
JXQ�	�YHORFLW\�EXQFKLQJ

&�EDQG�DFFHOHUDWRU�

,Q�YDFXXP�XQGXODWRUV

6WDWXV�RI�6$&/$�)DFLOLW\����
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6WDWXV�RI�6$&/$�)DFLOLW\����
• 6WDELOLW\�RI�6$6(�%HDP

– 3XOVH�HQHUJ\�IOXFWXDWLRQ������
– 3RLQWLQJ�VWDELOLW\�������RI� [�� \
– (QHUJ\��ZDYHOHQJWK��VWDELOLW\�������
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!"#$%#&%' ()*+ ,'-./-0#12'3
'HVLJQ $FKLHYHG

3KRWRQ�
HQHUJ\�	�
,QWHQVLW\�

����NH9
VXE�
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�f��NH9 �!���X-�SOV�������f���
�f���NH9 �!���X-�SOV����f���
��f���NH9 �!���X-�SOV�
���NH9௨ୖ �f��X-�SOV����������

3HDN�SRZHU� !���*: f����*:
3XOVH�
GXUDWLRQ �f���IV f����IV "

5HS�UDWH ���+] ���+]
!""
#

پ� 1RWH�WKDW��WKH�LQWULQVLF�6$6(�IOXFWXDWLRQ�LV̴ق��������



2XWOLQH
• 6WDWXV�RI�6$&/$�)DFLOLW\
• 6;5�6HHGLQJ DW�6&66�7HVW�$FFHOHUDWRU

– 2YHUYLHZ�	�+LVWRU\
– ,PSURYHPHQWV�DQG�5HFHQW�5HVXOWV
– )XWXUH�3HUVSHFWLYH

• +;5�6HOI�6HHGLQJ�2SWLRQ�DW�6$&/$
– 'HVLJQ�6WXG\
– &XUUHQW�6WDWXV

• 6XPPDU\
�

6HHGLQJ�DW�6&66�7HVW�$FFHOHUDWRU
• 6&66�7HVW�$FFHOHUDWRU

– &RQVWUXFWHG�DQG�RSHUDWHG�WR�GHPRQVWUDWH�
WKH�FRQFHSW�RI�6$&/$�����0H9����QP�

– -XVW�LQ�IURQW�RI�WKH�XQGXODWRU�VHFWLRQ��D�
FKLFDQH�KDV�EHHQ�LQVWDOOHG�WR�LQMHFW�D�
ODVHU�EHDP�IRU�VHHGLQJ�H[SHULPHQWV
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+LVWRU\�RI�6HHGLQJ�([SHULPHQWV
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6HHGLQJ�UHVXOWV�DW����QP LQ���������

��QP��Q-�++*#8QGXODWRU
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([SHULPHQWDO�VHWXS��++*�DQG�LQMHFWLRQ
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2SWLPL]DWLRQ�RI�WHPSRUDO�DQG�VSDWLDO�RYHUODS
EHWZHHQ�H�EXQFK�DQG�GULYLQJ�++�ODVHU�SXOVH

1RY���������

7HPSRUDO�2YHUODS 6SDWLDO�2YHUODS

• 0&3���3KRVSKRU�6FUHHQ���&&'
• %HIRUH�DQG�DIWHU��VW XQGXODWRU

275��2SWLFDO�WUDQVLWLRQ�UDGLDWLRQ�

,PSURYHPHQW�RI�+LW�5DWH��f���������
• %XQFK�OHQJWK�VWUHWFKHG�����⒒����SVHF�
• $UULYDO�WLPH�PRQLWRU�E\�PHDQV�RI�(2�
VDPSOLQJ�LPSOHPHQWHG
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,PSURYHPHQW�RI�+LW�5DWH��f���������

��QP��Q-�++*#8QGXODWRU
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3ULQFLSOH�RI�(26��(OHFWUR�RSWLF�6DPSOLQJ�
Pockel’s effect (ZnTe)

Z(110)

(001)

p
p

By detecting this phase 
shift  we will know the 
electrical field

• Spectral decoding

• Temporal decoding

• Spatial decoding

EO material

Laser pulse Laser pulse

Electron bunch

polarizer

Electric field
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6HHGHG�)(/�3HUIRUPDQFHV�����������
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6SHFWUD
6HHGHG�YV��6$6(�)(/

7KH�VSHFWUDO�EDQGZLGWK�
�):+0��ZDV������QP�

6HHGHG�)(/�3HUIRUPDQFHV�����������
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6HHGHG�)(/�3HUIRUPDQFHV�����������
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7KH�FRUUHODWLRQ�GDWD�SORW�EHWZHHQ�WKH�QRUPDOL]HG�
LQWHQVLW\�DQG�FHQWUDO�ZDYHOHQJWK�IRU�������VKRW�GDWD

7KH�VWDQGDUG�GHYLDWLRQ�RI�WKH�FHQWUDO�ZDYHOHQJWK�
RI�6$6(��EOXH��DQG�WKH�VHHGHG�SXOVH��UHG��
ZHUH������QP�DQG�������QP��UHVSHFWLYHO\��

6HHGHG�)(/�3HUIRUPDQFHV�����������
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6HHG�/DVHU�2II (OHFWURQ�JXQ�2II

6HHGHG�)(/�/RQJ�7HUP�6WDELOLW\

)HHGEDFN�2II



7KH�6HFRQG�KDUPRQLF�JHQHUDWLRQ�RI������QP

1RY���������

6+*�RI���WK ++*�������QP���RII�D[LV�HPLVVLRQ�

(QHUJ\�FRQWUDVW�WR�6$6(�)(/�!����

)XWXUH�3HUVSHFWLYH

• 6&66�WHVW�DFFHOHUDWRU�LV�JRLQJ�WR�EH�
GHFRPPLVVLRQHG�LQ�-XQH�����

• $FFHOHUDWRU�FRPSRQHQWV�PRYLQJ�WR�
%/�#6$&/$��6&66��
– 'HGLFDWHG�EHDPOLQH�WR�(98�	�6;5�UHJLRQV
– 6WDUW�ZLWK�����0H9�	���f���QP��WR�EH�
H[WHQGHG�WR�����*H9�	���QP

• 6HHGLQJ�PHWKRG�XQGHU�H[SORUDWLRQ��VHOI�
VHHG��++*��+*+*����
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,QLWLDO�0DFKLQH�/D\RXW�RI�ŶŦŶŶŎ
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:H�KDYH�HQRXJK�
VSDFH�KHUH��

� � �� ���P

*XQ %XQFKHU

6�$FF� %&

&�$FF�
���0H9
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6$&/$�%HDPOLQH

BL3
XFEL

BL1
1) Broadband (SX) BL
2) Single ID
3) Spontaneous radiation
in the entrance of optics hutch

1) Soft X-ray FEL (100 ~ 1000 eV)
2) Seeded FEL
+ independent accelerator



2XWOLQH
• 6WDWXV�RI�6$&/$�)DFLOLW\
• 6;5�6HHGLQJ DW�6&66�7HVW�$FFHOHUDWRU

– 2YHUYLHZ�	�+LVWRU\
– ,PSURYHPHQWV�DQG�5HFHQW�5HVXOWV
– )XWXUH�3HUVSHFWLYH

• +;5�6HOI�6HHGLQJ�2SWLRQ�DW�6$&/$
– 'HVLJQ�6WXG\
– &XUUHQW�6WDWXV

• 6XPPDU\
��

6HHGLQJ�2SWLRQ�DW�6$&/$
• 8SJUDGH�SURJUDP�DW�6$&/$�IRU�+;5�
VHHGLQJ�LQ�SURJUHVV

• 6XFFHVVIXO�GHPRQVWUDWLRQ�RI�WKH�VHOI�
VHHGLQJ�VFKHPH�DW�/&/6�XUJHV�XV�WR�
JR�DKHDG�ZLWK�WKH�VDPH��"��VFKHPH

• 1XPHULFDO�VWXG\�WR�RSWLPL]H�WKH�VHOI�
VHHGLQJ�FRQILJXUDWLRQ�ILQLVKHG�
�SUHOLPLQDU\�
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6$&/$ %HDPOLQH

BL3 BL1

Self Seeding

0RQRFKURPDWRU

Diamond Single Crystal (0.1mm)

SASE

'LIIUDFWHG�/LJKW

7UDQVPLWWHG /LJKW�

1XPHULFDO�7HFKQLTXH�IRU�2SWLPL]DWLRQ
• ,QWURGXFWLRQ�RI�n0RGH�(QHUJ\|�DV�D�
ILJXUH�RI�PHULW�IRU�VHHGHG�)(/

• 1XPHULFDO�RSHUDWLRQ�IRU�VPRRWKLQJ�WKH�
VSLN\�6$6(�VSHFWUXP�
– 6LPXODWH�WKH�DYHUDJHG�VHHG�SRZHU�DIWHU�
WKH�PRQRFKURPDWRU

– $SSO\�/3)�RQ�WKH�FRPSOH[�DPSOLWXGH�RI�
UDGLDWLRQ ZLWK�WKH�SKDVH�NHSW�XQFKDQJHG
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���WHPSRUDO�PRGHV�
�SXOVH�HQHUJ\�



1XPHULFDO�6PRRWKLQJ�([DPSOH
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&RXUWHV\�RI�
7��7DQDND

:KDW�WR�2SWLPL]H"
• 0RQRFKURPDWRU FRQILJXUDWLRQ

– &��������WUDQVPLVVLRQ��DV�LQ�/&/6�
– &��������UHIOHFWLRQ
– 6L��������UHIOHFWLRQ

• 3RVLWLRQ�RI�66�FKLFDQH��WR�EH�UHSODFHG�
ZLWK�DQ�XQGXODWRU�

• 8QGXODWRU�WDSHU�DQG�H[WUD�XQGXODWRUV�
WR�EH�DGGHG
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6HJPHQW�IRU�&KLFDQH�,QVHUWLRQ
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&XUUHQW�6WDWXV�WRZDUG�6HOI�6HHGLQJ

• ����6HJPHQW�KDV�EHHQ�PRYHG�WR�����
WR�LQVWDOO�WKH�VHOI�VHHG�XQLW

• )RXU�GLSROH�PDJQHWV�KDYH�EHHQ�
PRYHG�WR�����WR�FUHDWH�D�FKLFDQH

• 0RQRFKURPDWRU GHVLJQ�XQGHU�SURJUHVV
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Simulation (4+10)
q1=23pC, t1=2.4fsec
q2=130pC, t2=70fsec

6XJJHVW�WKH�H[LVWHQFH�RI�DQ�XOWLPDWHO\�
VKRUW�SXOVH�GRPDLQ"�&URVV�FKHFN�ZLWK�
VSHFWUDO�PHDVXUHPHQW�KDV�WR�EH�PDGH�

2XWOLQH
• 6WDWXV�RI�6$&/$�)DFLOLW\
• 6;5�6HHGLQJ DW�6&66�7HVW�$FFHOHUDWRU

– 2YHUYLHZ�	�+LVWRU\
– ,PSURYHPHQWV�DQG�5HFHQW�5HVXOWV
– )XWXUH�3HUVSHFWLYH

• +;5�6HOI�6HHGLQJ�2SWLRQ�DW�6$&/$
– 'HVLJQ�6WXG\
– &XUUHQW�6WDWXV

• 6XPPDU\
��



6XPPDU\
• ,Q�6$&/$��WZR�VHHGLQJ�RSWLRQV�KDYH�
EHHQ�H[SORUHG�LQWHQVLYHO\��
– (89�DQG�6;5�UHJLRQ��++*�6HHGLQJ
– +;5�UHJLRQ��6HOI�VHHGLQJ

• 5HFHQW�5	'�WR�LPSURYH�WKH�KLW�UDWH�DW�
WKH�6&66�WHVW�DFFHOHUDWRU�KDV�SURYHQ�
WKH�FDSDELOLW\�RI�++*�VHHGLQJ

• &RPPLVVLRQLQJ�IRU�+;5�VHOI�VHHGLQJ�LV�
VFKHGXOHG�QH[W�6HSWHPEHU��DIWHU�
LQVWDOODWLRQ�RI�WKH�PRQRFKURPDWRU
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