Joogoogoogno
—ERLOOOOOOO —

Study Report on the Future Light Source
at the Photon Factory
—Energy Recovery Linac and Science Case —

goooobooooobon

goooobboooooobbon
oooobd

(©High Energy Accelerator Research Organization






gooooboogogd

—ERLOOOOO0O0O —
U J March, 2003

ud
000D O0OKEKODOOOO
000000KEKOPFO

0 305-080100000D0000D0ODOO
ugboogooooobooboooo
OO000o0o0obooobOoO0OdDOdTel:029-864-56350
UboooooooooboOnDdnDdTel:029-864-52050

oooogo
O00000000O http://pfwww.kek.jp/0 O






gboooobobobobuobobobobooooboooboobobobOores20o0 2.5GevV
ooboobooomgebdescgeviooobooooooboooboooooobooooDo
OooooooouooDbboooooobboogeso~7o00nooonoDm 2300~27000000
gobboooboooobooboboooboobbobbooboboobboobooOoobog2s5aGev
Oob0d700PF-AROG6S5GeVUDO OO0 4000000000000O0ODOODOODODO
gboobobooboooooboobobgoooboobobobooobooooobobobon
goooooo

gog25Geviiboooooooo2a00bogobbooo200booboooboooooD
ooobobooobbOoooobbooooooobooooboboooooo0senmrad0O00O0OOO
gooboboobooboobobooboboboboobobobooooboooboobobobon
ubobooboobooboboobooboobboooboboooboboooboooobooooobboo
gboobgobooobobgo g ~20000000000000DODLDOODLOODODODOOD0
obooooobobooobobooooobooooboboooboooooboooooboboooooo
UobooboobbooboobOoboboOgnogPrF-ARO6G6S5GeVOUOODODODOODODODODOOS mADD
Uoboobobooboobobogn 2001~200200000000000000000000O0
ubobooboboobobooobooobobooboboobobooobooooboboobboo
Uo0obobobOobD 300mradd 00000000000 160 nmrad00 000 10~20 00
goooooooooooooooooooooogn

ooooooboooopPFOO 70000 0doobobboooooobooooooobon
199700199800 PFOOODOOOOOO4GevUODODODOOODODOOOOO200200000
gboooooooooooooooooooooooooooooooooooooogn

gbooooooooboboboooobobooboboooobooboboooooooon
uboboobbooobobooboboooboboobbooboboooboooboboobboo
gooogboobooobob pFOOOOOO0ODOODOOOODOOOODOODOODODODDO
ubooooboobooboooboobooboooboboobooob PpFO0O0OODOODOODO
gboogbobooboobboobuoobbooboobobooobooboooboooobon

. 0obobobobobobobooboboboboboboboboboobo

2. 0JboobogobooobobooboobobooboboboobobobobooboobboOobobo
goobobooooon

. 0bobbooboooobooboobooooooboooooboboboobDobobDoboDbo
gbobobobobobobooboboobo

goobobooboobooboboobobobobooboboboooobooboobobobon
gooooooooooooboboboobbbooboboooboooboooboooobDoooo

gooobomgoboboooobobobooboboboooooogbobooboobob
gboobobooboooooboboobobgoboboobobobobobooboobobobon



il 0

0000000 (Energy Recovery Linac, ERL)Y D0 000000000 0OOOODOOOOOOO
goobobooooooboboboooboobobobDboobOobDooDoobobobDobooo
000000000000 0000bOO0ODOO0DO0O0O00bOO0oOO0ODOOoDO0oDOO0ODOOoDOOonDOn
oooboooooooouoooooooooooooooooooogoo
oooooobooboooobDo0oboPFOODOODOODODOOO PFOODODOODDOODOOD
0000000000000 ooo0o0oo0o0o0oOoOo0ODOO0oODo0ooDoooOoooooooon

goboopooooboobooooooobooon
goooooog



Hi

010
1.1
1.2
1.3
1.4
L5

020
2.1

2.2

23

24

2.5

2.6

gbooobooo

U00000000000 .. s e
PEFODOODODOO0O0O0O0O0 ... s e
ERLOOOODOOOO ..o e
ERLOODODOOOO ... e e e e e
PFO0OODODOO0O0O0O0O0 ... e e

oooo
N 0 A

2.1.1
2.1.2
2.13
214
2.1.5

OO e
OOO0O0O0O00 .. 00
UbooooooooooooooooooonD oo oo oo
bobooooooooooooooooooon oo o o
I

I

221
222
223
224
225

OO e
XOOOOOOOO ... e e e
XO0OOOOO0OOOO ... e
gboboboobooboobooboobooboooooboooboobooboobo

oboooooooooooooooooooong oo e

U0O00DO000D0O00ODOD0O ..o

2.3.1
232
233
234

OO
OOD0O0O0 .. e
Uoooooooooooooooon oo oo s
I I P

OODO0O0 .. e

24.1
242
2423
244

OO e
gboboooboobooooboobooobobooooono oo
I I P
P

I P

2.5.1
252

P
UO0O0000 .. s

I N

2.6.1

OO

1ii

0 A\ A W= =



v

030

3.1

3.2

33

3.4

3.5

3.6

O
262 O0000000 ... . e e e e e e e e e 74
2,63 OO0 . . o e 81
264 00000000000 ... . e e e e e e e 83
oooono 85
ERLOOOOOOOOO ... 0 o e e e e e e e e e e e e 85
3.1 OO . e 85
312 000000000000 ... e e e e e e e e e 90
313 0000000000 . ... e e e e e e e e 104
314 000000 ... .0 e e e e e e e 104
OO000O00 . . .. e e e e e e e 114
321 Overview . . . .. e 114
322 00000 ... e e e e e e e 120
323 000000 RFOOOOO ... 0 e e e e e e e e e 123
324 00000000000 ... . e e e e e e e e 128
325 000000000 .. e e e e e e e e s s e 129
326 RFEFOOODO ... . . e e e e e s e e e e s e e 135
327 000000 ... e e e e e e e e e e e 136
328 0000000000 . ... e s e e e e e e 137
OO0 . . e e 141
331 OO0 .« .o e 141
332 NEAGaAsOODOO ... . e e e e e e 142
333 00000000000 ... . e e e e e e e 145
334 O0O00 .. .0 e e e e 146
OO0 . . e e e e 148
341 O0O0O0 .. e e e e e e e e e e e e 148
342 000000 ... .0 e e e e e e e e e 148
343 00000000 . ... 0 e e e e e e e e e e 150
344 0000000O0O0O0O0DO0O0O00O0O0O0O0 ... oo, 153
OO0 . . e e e e 154
351 O0O0O0 ..t e e e e e e e e e e 154
352 ERLOOOONO ... 0 o e e e e e e e e e e e e s e e 154
353 O0000 ... e e e e e e e 156
354 OO0 ..o e e e e e e 160
355 O0O00O0O0O0 ... e e e e e e e e e e s e 162
356 OO0 . .o 163
O00000O0 ... e e e e e e e e e e e e e e 167
36,1 O0O0O0O0OOOO0O ... e e e e e e e e e e e e e 167
362 0000000000 . ... e s e e e e e e 169
363 O0O0O0O0OOOOO .. .. e e e e e e e e e e e e e 169
3.64 O0O0O0OOOO ... 0 0o e e e e e s e e e e s e 170
365 O000000D0O00O0O00O0O0DO0O0O ... .. .. 173
36,6 OOOOOOOOO .. .. e e e e e e e e e e e e e 175
3,67 O0O0O0O0OOOOOO0O ... . e e e e e e e 176



37 OO0 e 177
371 O0000 ... e e e e e e e 177
372 0000000000000 ... .. e e e e e e oo 177
373 00000000000 ... . e e e e e e 178
374 000000000 ... e e e e e e e e 178

3.8 OOODO . . . o e e e e e e e e e e s e e e 182
38.1 O0000O0O0D0OOERLODOOONO ... .. et 182
382 0O0O0O0O0OOOOOO Standardization . . . . . . . . . . ... ... .. .. 183
383 000O0O0OO0OOOOODOOOO0OO0OOOOO0O0O .. ... ... ..., 185
384 0000000000000 . ... et e e e 186

39 OOO0O0O000O000000 . . v e e e e e e e e e e e s e e 190
301 O0O0O0O0 ... e e e e e s e e e e e e 190
392 000000 .. 0o e e e e e e s s e e e s 191
393 O00O0O0O0O0 .. 000 e e e e e e e e e e s e e 191

30 OOOODO ..o e e e e e e e e e e e e e e e 193
301 OOO0 .o e e e e s e e e e e e 193
3102 OO0O0O0OO .. .o e e e e e e s e e e s e 194
3103 OO0O0OOO . . . oo e e e e e e e e e e e e e 196
3104 OO0O0O0O0O0OOOODO0O .« . .00 000 e e e e e e e 197

31 DOOO0O0O00O00000 . .0 e e e e e e e e e e e e e e e 201
311 OO Lo e e e e 201
3112 000000 . .. .o e e e e e e e e e 202
3013 OOO0 .. e e e e e e e e e e s s e s e 204
3114 OO0O0O0OOODO .. 00 e e e e e e e e e e e s e e 204

Appendixes 207






10 0O0o0ooodd

11 ODOo0oboooboobgod

goooboooooboboooboboooboobooooboobobobooboobpoobLoOoD
goobobooboooboobobooboooooboooboboobooooooboboobobobLoo
goboobooobooboooboobobooooobooooboooooobooboobooDbo
gobooooboboooboooboobboobbobooobooobDoboboboobbooDoouDbL O
ooobobooboooboobobooboooooboooboboboboDooobobobobobLOoo
gogbooboooooboobooboooobooboobobobooboobooboobobobooon
ogoboobooboobooboooooboobbooboobooobooobboobDOobobDoDbo
gooboboobogobooboboobobobobooboboboboboobobobobon
gobooboooobooobooboooooobooboooboobooboooobooobooboo
oboobooooooobobobooobooboboooobooooobobobobDoboon
gobooobooooooobobooboooboooobooboooobooboooboobooDbo
goobobooboooooboboobobgoobooboobobobooboobooboobobobon
oooboboboooboboooobobobDoobobobobDooobobobobobLOoo
goobobobobooboboobobgoboboobobobobobooboobobobon
gboooopFOODOO0ODOOODOODODODOODOOOODODOODOODODODODLDODO
ooobooobmooooboobboobD XgbooboooooDoUOMADO Multiwavelength
Anomalous Dispersion0 000 0000000000000 O0O00O0O0OOOOOOvVUVODOO
goob200b000000000b00b00b000b00b0obOO0obDOobOOo0b0obOobOoDbLODn
ooobobooboooobobooboooobooboobobobooooobobobobDobDOon
gobogoobooboobooboooobobooboboooobooboobooboooOMADDO
UoboooooooooobooooboobobooboobobboobdUheroic D000
ooobobobooboobobooboobooooboooobooobooDooobobobobOobLOoo
gbooooooooooooooooooooooooooooogn

goboooooobobooboobooobboobobooboeoobooo nubboOobboOob0ODO
oboboobooobobooboooooboboooooboboboooooboobonooboon
gobooobobgooboboooboobobobgoooboboboboobooobooobobobon
ooobobooboooboobooobooooobooboboboooooboboobobobLOoo
oboobooooobobooboobobooobopoooobboobobobooobonoboon
goobobobobooboboobobgobobooboboboboboobobobobon
oboobobobooooboboooobooboboboooooobUoboboDoooOooo
oooooooooooon

gobobgooooobobgooooooobobobooobooobobooooobooon
ooboooboobooobobooboooboooobooboobboboobooboooobLo
oooboboboooboooboboobobooobobobooDooobobobobobLOoo
gboboooboobooboboooboobobobooboboboboboobobobobon



2 010 D0Doooooo

00bo00bO00o0obo0ooooooobo0ooooDo0ooooObOOo0obDooooboOooDboao
000000bO000dbOooOoobOo0ooobOooDbO0ObOOooDoobOooDOoooOooooooa
0o00Ood0obOo0o0obO00o0oooooDbOOo0DbO0o0o0ooOoO0o0ooOooooobooOoooDOoao
0000000 oOO0ooooobooobOooooooooobooooooooobooooooa
000000o0obooodobO0ooobOoo0oobOoooobooooOoooobooOooooa
0o00Oo0d0bO0o00obO00ooooodoOoo0oDbOO00oo0oOoO0o0oDooooobooOooooa
00bo000obOo0o0o0bO0O0oooooooOobOOo0ooDbOoooobOooooooooboOooDboOoao
0o00Oodo0bOo0o0obO0o0ooooooobOOo0DbO0o0oo0oOo0oooOooooobooOoooDooao
000000000000 00DO00D00bO0Do0o0o0oooDoDOooo0o00dnd nmradd OO
ooooboog wpsbO00O00OOO0O0OD0ODOODOOODOOOOODODOODODUOODOOODODO
0do0o000odbOdooooooOoooD00oooOOooDoooooOOoooooobOoooooona
00000000000 bOo0od0oooooobOOo0ooDooooDbOo0o0oooDoooobooooooa
00D0DO00000O000D0DOO000D0DOO000D0DOO0OOooOO 190000000 SASEO Self
Amplified Spontaneous Emission ] D0 D D000 XO FELOOOOUOOOOOLCLSODOO[2]0O
OO0 TESLAOOO[300000000000O000O00OO0SASEFELO0OO XOOOOOO4dd
00000000000 DbOOO0DO o00b00o0bOo0DOO0obO0oOobDOo0DbDOO 100%0 X0OOd
0o00Oo0d0bOo0o00b0o0oooooooDbOO0o0oooDo0oooOoOoooOooooobOoOooDoDOoao
00000000000 DO00oo0odD0DoOdDbO0O0DOO0 FELOOOOOoooooooaoooa
00bOo000bOo00o0bo00ooooo0oOoOOo0ooDbOOoooobOooooOoooobOoOooDoOoa
0do0o00d0oooodoobOO00o0oOoOo0o0oDbO00o0oDbOo0o0oooOooooobooooooa
0o0oO0obOooooooooo

00o0bOo0ooOoooobOOo0oDbO0oooooooDbOooooOoOoooDoDoOooboOoooo
00d000doOo0obOdoDOo0bOooOo0bOOoooooDo0obOoDo0obOOooOoooobOoooon
0do00O0d0o0obOo0odo0bOo000ooooooObO0o00ooOooooDbOooooobooooooa
00bOO0o0oOo0ooo0bO00o0ooo0oooOoO0o0ooDbOOoo0oobOooooOoooobOoOooDoOoao
0o00Oo0do0bOo0o0obOO00oooooooDbOo0o0ooDbO0o0o0oOoOoooOooooDobooOoooDOoao
00000000000 000000DO0ODOO0O0DOO00DO00D0O00D0O00nOag SLS (Swiss Light
Source) (4]0 0000000 0ODOOODOODOODOO0ODOODOOODOOODOOOODOO3s50000
O0O0D0O0O0OPFOODOOODOODODOOODDOOPRIISIODOODOOODOOODOOODODOO
000bO0ooOo0obOoooOobOOoo0oO0bO0oooobOOoobOoobOOOooOoOoOooOooDooooDa
00bOo00d0bO000b0bO0o00o0oooOoOOo0ooDbOoobObOOoOoo0DoOooOooDbOoOooDbOOoo
0oooobodgooa

0oo0bo0oOoooobOoOoooOoOoooOoOOo0obObO0o0oo0DbOoooobOoOooDOoOooo
000O0o00bO0o00obo0OoooOo0oooDbOOo0ooDbooooObOOooDoOooOoobOOoOooDOoa
000000000 Energy Recovery Linac, ERLOODOOD 00000 O0ODOOODOOOOODOODOD
0000O00oo0o0bOooOOooooobOO0b0obOoooo00bOobOOobOOobDoOooDooOobDOooa
00bo0d0o0ooobOo0obO0o0oooObOOo0ooOoOooobOOoOoooOooOoobOoOooDbOoo
0o0oOod0obOodobO00o0oooodoDoo0ooDbOO00oo0oOoOOoooOooooDoboDOoOoooDOoao
0000000000 OO0bOO00bO00bO0o0bOooDoOoOobOOoDo00obOOoobOOobOOooODbOoooOo
oMeVOOUOUOODODOODOOOOUOOOODOO Jefferson Laboratoryd JLABO OO O OO QO QOO
0000000000000 boDO0nOnO CornelldO [6]0 Brookhaven National Laboratory [7]0
U 0 O Daresbury Laboratory [§]0 0 000 Erlangen 00 9]0 000000 XOOXOOOOO
000OO00bOO0oOoboobooOoooboooooao



1.2. PFODODOODOODOODOO 3

1.2 PFO0ODOOO0OODOOOO0

PFO 200 00000000000000000000D0O000OOODOOOOSPring-80 X
0000000000000000000000000000000000000000000
00000000000000PFO20000000000000000000000000O00
0000000000000000000000000PFO SPring-8000000000000
0000000300000 000000000000000000000000000000O0
0000000000000000000000000000000000000000000
00000200000000000000000000PFO SPring-800000000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000 PFOODOOOOOODOOODOOODOOODOOOOOOODOOOOOn
000 300nmrad 00 36nmrad 0 000000000000 000000000O0O0O0O0OO
0000000000000000000000000000000000000000000
oo [10,11]0000000000000000O000D0O00O00O0O0O00D0O00O0000000
000000000000000000000000000000000PFOOOOOOOOO
00000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
00000000000000000000000000000000000 PFOOOO0OOO
O00000OPFOODOOODOOODOOODOOOODOOODOOOODOOI99000000000
000000000004GeVOOODOODOOODOODOOOODPF-IOOOOOPFOOODOOD
0D00000000000000000 [121000000000000000000 SPring-8 O
000000000000000000000000000 VuvVO X00O00OOooooooo
000000000 Diamond 00000000 Soleil 0000000000 ODOODOOODODO
0000000000000000000000000000000000000000000
0000000000 00PFODODOOOOODOODOODOOODOODOD2010000000000
000000000000000000000000000000000PFOOOOOOODOO
01.1000000000000000000000000000000000000000O0O0
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
000000 200000000000000000000000 ERLOOOOOOOOOOO
Oooo0oOooooooo
00000000000 11000 multi-pass 00 ERLOODOO0ODOOO0O0O0O0O0O0OOO PF
000000000000000000000000000000000000000000
0[13,140000000000000000000000000D0D0O0000 Multi-turn Accelerator
Recuperator Sourcc ] MARSOO OO OOO0OOOO0OO0OOOERLOOOOOOOOOOODOOOO
004GeVOOODOOOO0OOODOO0OODOOOOOOOOOODOOOOOOODOOOOOOOOD
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
O00O000ERLOOOOODOOO0OODOOOOODODOOOOOOODDOOOONOOOOOooonn
0000000000000000000000000000000000000000000
000002000000000000000000000000.1nmO00000O0O0OOO
0 1022 (ph/s/0.1%/mm?*/mrad®>) 00000000000 106 (ph/s/0.1%) 00000000000
0000 1ps00000000D0O0O0O0O00O0OODO/0000000000000O0O0O0OOO



4 010 D0Doooooo

OOboDo0oOboOo0o0DbOo 130000 single-pass0O 0 ERLOODDOOOOOODOOOOOOO
gbooooooboobooogboboboooobobobooooo0b0obOo0 ERLODOO
gooooooooooboooboboboobboobboboobboooboooboooobDobooo

_ <
Ring \\
E=4GeV
C ~400m
[~ 400 mA p MERL =2
e~15 nm*rad
e <> Undulator L=40~50m
I: ( {/- jze\ﬂf:QODO !‘VTOVOSHI'nr‘:U}
%Gumlniector - - " Dump 0
/s
1GeV SC-CW Linac P
L~80m o
I>1mA /4

[en~0.1 mm*mrad]
|oe~5 x 10°@4GeV]

N\,

R

Ol 0000ooboooooooob MARSODODODOOoooooooo

1.3 ERLOOOOOOOO

ERLOOOOO0OO0OO0O 1200000000000 000000D0ODO0O00O0bOODbOoDO
uoobobobg ppOobooooooboboboobbobobobooboob FOOO
gboobobobobobooboooobobgooooboobobooboooboobobobon
ooobobobooboobooobooboboboooboboboooooboboboDobLon
gobgoooooboboboobooog ppuooboooboooobobbobobogbobn
gooboboboboobobooboboboboobobobooooooboobobobon
oooboboobooooboboobobooobooboboboooobbobobobDobLOoo
gobogboobogoboboooboobobooooboobobobobomobooobooboon
gboboobobooboooobuoooobuoobobbobobbOeE=sSGeVOOODODO
omAOD0O00OD0OD000DO0O00O0DL0O0ODO0Ob00O0 SGVx100mA=SoOMW O OOOOODO
UO0D00E=SMeVOOUOODODOOOODOODOODOODOOOSMWOODOOOOODUOERL
gbooooooooooboboboobobobboooobob0 ERLOOO0ODOO0O0ODO
oooooo

gboogoboboooobooobooooooobooooboobooooobobobooboobob
gboooooboobobobo0oobg ERLOOD0ObOO00oogoooobobooooobooobn
oo00dno ERLOOOODOOOOOOODOOO0ODOOO0ODODO0bOO0ObO0bOobOobLbOOoLDO
gbooboboboboobboobobgoobooboobobobooooboboboboobon



1.3 ERLOOOO0OO0OO0 5

0O 1.2 ERLODOO0O

gboboboobooboboobooooobobuoobooboobobooboobOobobon
oooopoobobooboobobobobobooooboobo0 ERLObDOOOoooooooboooDo
ooobobobooboobobooboooobooboobobDooooooooDoobobobLOon
gbooooooobobobobobobobooooooobobobobooboobdn 1em
O30psU OO0 O0O00ODO0OO0O0OOERLOONO psec 0 OOODODO100fsecO OO0
gobobooooboobooboobobbdbo o100 b0O00OERLODOODOODOODODO
goobobooboooooboobobgobobooboobobooboboboooobobobon
O0000O0O0'OERLOOOOODOOOODODOOOOODOO

U00b0o0oo0b0obobO0O0oOn FELD Free Electron LaserD 00 00000 00D0OODO
Ub00boooobobobOob0obOobo SASEFELODUOD0DO0D0O0noooooooooooon
ooobooobooboboobobobobobobobDobDUObDERLODODOOOOOOODO
UOO00OO0OOO0OOOSASEFELO ERLOODOOO0OD0OOO0O0D0OO00D0

ERLOOOO00O000000000000000000000000b000000000D0
Uoo00bo0oobobbo0b000oU0bUOKEKODOOODOODOoOooDO TRISTAND 19860 0
gogboobooboobooboboooobobobooobobobooboboobooobobooon
goobobooboooooboboobobgoobooboooboboboooobobobobobon
00000 KEKBOOOOOODOOoDOoOOOoooOKEKODODODODOoooooooooooo
U0 TESLAODODOODOOOO0bOobobobooboboboboboboobo

ERLOOOOOOO0OO0ODODOOOODO00O00bO00bO00000b0311b0000000000
gobooboobobooboobobobooboob120b00booooboOoobobD 30ooboobooon
goboooobooboboooboboooobo iboboobooooboooboooboboboobooobobo
goooo

e JIDO0ODODOUODODODOD I5mmU000000000O00O0O0O0O0ODOO0ODOO
IA0XO00O000D000D000000000000 5GevOOO0O

e DD ODDOODLODDODOODLOODLODODDODOODLOODODLODDLODDOn
oboboobopooogo 25GevOboboobobobobobD ioMvimoooo
gboboboobobob secevOooooooooooooo

e JIDUODOODODOODLODOODLUDLODOLODLODOODODLOODODOD 5GeVO
gogoog

0000000000000 00000000000000000000000000000000000000
gooodoooo



6 010 D0Doooooo

e 000U DOODODOOODLDODOODLODOOUDLDODLOLOOOLOODO20MOOOODOO
gbosmOO0000000SmO0O100000000000000

e JO0JDOUOLDODDODLOOUDOODODLOLOODODOOLDODODOOLODODDOO
ooobobooog

U200 .\

279 m

u30

E=2.5-5.0 GeV
C=1253m

213 m

Beam Dump us
407m  Superconducting Linear Accelerator o Us

615m

013:0000b00o00o0on

U11I:ERLOOO0OO00O0
ooooooooon 25~50 GeV

ooooooo 10 MeV
00 1253 m
oooog 100 mA
ooooooooo 0.1 pm-rad
000000 (ms) 5x107°
good (rms) 1~0.1 ps
ooooO 13 GHz
oooog 10~20 MV/m

gooobobooboboooooobooboboobooboboooooboboboaobooon
oboboboooboooboobbooboboooooboboOo b i1ooMevODDO GeVOO ERLOODODO
gboooooooboobboobobobobooboooobobobobO0bOILABO 50 MeV
oobooobbouoboooooboobOog isMeVvOOUOODOOOOOOOO GevOO ERLODO
oobooooobooboooooooboobobboooboglooMevOd 300MeVOUODOOOO
vboobooooboooooooooobooooboooboob

14 ERLOOOOOOO

ERLOOOOO0O0OOOO0O00DOO0O0O00O00bO00Db00b00o0o0ob0ooo0ooobooboo



1.4. ERLOOOODOODO 7

1. 000obo0boooboobogobooboobboooobooobobooobOobobobOoono
gobobobooboboboobooo

2. 0JbooobogobobooobbooboooobobbooboboooboboboobobooboOobo
oboboboboboboooboboooboboooboboboooobooo

. gbobooboooobooboboooooobobobobooboobooo0bO 1InmObO
obobobobobobuoboboboboboboo

gboo3b00b0bobgbobobobobobobOobobOobo
e JUIDDOODLODOODDOODLUODDOODLOODDOODLDOOODOODLODOO
e IO DOODOODODOODDOODDLOODOODDOO

gboobooooooooooo0o0o0oERLOOO0OOOOOOOOO0OO0O0O0O0O0O0O0O0O0O0
gboogbooboobooobooboobbooboobobooboonooboooooonbobo
gobogobooooO0ObERLOOOO0OD0O0OO0DOOO00ODOO0DbOO0bOOOO0DOO0ODbO0n
gboobobooboboobboobobobobooboboboooboobooboboobooon
ubobooboboobobooobobooobboobbooobobooboooboboooobgoo
U0 XOoooooooobobOOoUOERLODODOOOODODOOO0ODO0DL XOoooooooo
gbooboboobooboooboboobobgobooboooboboboboboobobobobon
uboboobooboobobooobooooboboobboooboooboooboboobboo
goooooooooooobo
Xgbgoooooobooboooooboboobobooooobooboobooboooobobo
ubobooobobooxXxboobooooboboXbooooooooooXoooooooooooo
gboobobooboooooboobobgoobooboobobooboooooXoboobobooboo
gboboooooooooooooooooooooooooo00o00UERLOOOOOOO
uboboooooboobobboooboobobooooboboboooobobooboXxoooo
gboobobooboobooboboobobgoobooboobobobooooooboobobobon
gboobobooboobooboboobobgooboobooboboboooboooboobobobon
uboboobobooboboooboobooobboobboooboooboooboboobboo
gbooooooooooooooooooooooooooooooooogoo
gboobooooboooobbooobuoooboooboboobbooobobooobooooo
ooboooooboooboobooooobobooobobboooDoobDobob00ooDoD 100nm OO
Ubooboooooooooo00o00oUERLOOOOOOOOOOO0OO0O0O0O0O0O0O0O0O00
oooooboi1ionmiboooooooooooboobobobuobobooboooooooon
ooooobooboooobooboooobobooboboooboboooooobooooboboooobooo
goobobooboooooboboobobgobobooboboboboboobobobobon
pm~subym OO0 O 000000000 0ODO0ODO0O0O0O00O0ODO0ODO0ODOOOO0 1~200000
oboogboobooboobbo Xoboooooooooobooooo
00 ERLOODOO0OOO0OODOODOODOOOOODOOO0ObObODbOObOObOoObOODOD
uoboooboobooobbooobooobbooobbono ERLOg0nooooooboooonooo
ubooboboboboooboboboboooooobobobooboboooooboboboo
goobobobobooboboobobgobobooboboboboboobobobobon
uboobooooobobooboboobooboobobooboobboboobooboobooo
ubobooboboobobooobooboooboboobbooobooobooooboboobboo



8 010 D0Doooooo

gbobgbooobooboobobobgooobooboboboobooobobobobobon
gboboooooooooooooooooooooooooooogog

gobooboob ERLOODO0ODOOo0DOOobOoboobobobooobooobooooooobooon
gboobobooboooooboboobobgobobooboboboooobooboobobobon
gbooboboobogobooboboobobgoooboobobobooooooboobobobon
ubobooboboooboboooboboooboboobboooboooboooboboobboo
gboboooboobooooboboobooboobobo PrPACOODO0O0OODODOOD0
gbobobobooboboobooboonbboboooooooo

gbooopooboobobonooooboboboooobobooboooooboboooooDn
gooboboboobooboboobobobobooboboboboboobobobobon
uboogopooboooboobooboooboboobooRrRODOOO0ODOOOOODOOODODbDOO
oboboooobobooboooooooooboooobboooboboobboooboooobooo
goobobobgooboobooooobobobooboboboooobooboobobobon
gboooboooobobooboooboobbobooboobooboboboobobooboboo

goooogooboooopFOO00D0O0OO0O0ODOO0OODOOOOOOODOOOOOOOO0DOO0
U0 pFOO0O0DOOO0OO0OODOOOOOOODOOOODOOOOODODOOOOOODOODbDODO
gooboooo

1.5 PFO0ODOOO0ODODOOOO0

OO000COERLOOOOODPFOODOOOOODODOOOOOODOOOOODDOOOODO
ooobooooooooobbooobboooboOooboobooobDo0o0 ERLODODOOODOOOO
ocooboooboooooooobooboOo0ooboobooobobooooboboPFOODOOODOOO
oo0obOoO00obOoO00ooOoOoOopFOOO0OOOOOODOODOOODOOOODOOODOOO
ooo

ERLOOOOO0ODOOODOOO0OCOO0ODOOO0OOOO0O0ODOODOOOOOO0ODOOODOOOD
3000000000ERLOOOODOOODOOOO0OOOOOOOOOODOOODOOODODOOD
oooboooboooooooboooooboOoO0 ERLOODOOODOO0OODOO0OODOOO
ERLOOOOODOOOOODOOO0OOOOO0OO0OOCOOOERLOOOODOOODOOOODOOO
ooo0ooOo0o0ooo0o0ooobOooO0oOOobOOOo0O0oDbDOoO0PFOOODOOOODODODOOO
oobooooboobooooooobo

O0O0Db0b00DbO0ODbD0ODDO single-pass0 0 ERLODOOOOOOOOO O O multi-pass 0 ERL
OO0OERLODOOO0ODOOOODOOO0ODOOOO0ODOOOO0ODOOO0ODOOODOOOUODOOO
ocoooooboooobooooooboooboooooobDOooboooDoOobooboboobDbDobLobOO
Oo0oDoDOoobboOooDboo

gooo0ooo0ooobooOO0bOOoO0bOo0oDbDOo0oDO0O0oOO0O0obDOoOoOO0OoOoOobODUOoDO
cooooobbooboboooboobobooobooobOoobbOU0oOUUDOERLODOODOOO
oooboooooooOooooO0OooOo0oooOooOoOOobDOOoOobObOOoOO0oDbDbOUOobOoOoOoo
goooooodooOooboU0ooUobOoU0bOOoOoDOo0bDOoUoDOOoOooOoboboObooOobooo
cobooboboooobooboooboobobobOoboboobOobUoboobDobooDboDbo
Shring 800 00000000000 0O0O0OOOOOOOOOOOOO0nOOd

oboooobooooboobuobobobobooobooopPFOODODODLOOODOPE2S GeV
OO0 PFFARODOO0DOOODOOO0OOO0ODOOODOOOLODOOODOUODOOOOOODOOO
goooooOo0bOoOoooU0booobOoOoOoO0OoboOoUoOoobooOOobOoOooboUobDoOobooo



1.5.

PFOOO0OO0OOO0OODOO 9

goobobooboooooboboobobgoooboobobobobobooboobobobon
gbooooooooooooooooooobooboooboobooboobobgonDo

000000 0Db0KEKOPFD
OO0OD0OKEKDOOOOOooOo

goog

[1]
(2]
(3]
[4]
[5]
[6]
[7]
[8]

O O O O http://www-ssrl.slac.stanford.edu/sr_source.html [l O .
http://www-ssrl.slac.stanford.edu/LCLS/.

http://tesla.desy.de/.

http://sls.web.psi.ch/view.php/about/index.html.

OO0D00O0O0O0OO O Photon Factory News, 17(1) 20 (1999).
http://erl.chess.cornell.edu/.

http://nslsweb.nsls.bnl.gov/nsls/org/PERL/.

http://www.4gls.ac.uk/.
http://www.uni-erlangen.de/docs/FAU/fakultaet/natl/www.erlsyn.uni-erlangen.de/.
U O 0O 0 O Photon Factory News, 18(2) 17 (2000).

0 O O O O Photon Factory News, 19(3) 8 (2001).

OO0 1160 PFOODOODOOOOM®FOOODODO 19990 30 1100120).

gbobooobo™o 190 pFO0OO0DOOOOPFODOODO 20020 30 190020
O) p.51; http://pfwww.kek.jp/pf-sympo/19/contents.html.

0 O O O O Photon Factory News, 20(2) 7 (2002).






11

20 0O0O0OO

21 000O0OO0OO0OO0bOOobOOooOooon
211 OO
21.1.1 ERLOOOOO00C0O0O0000CO0O000C0O0O0000O0O000C

goobooooboooobbooobooobooobooobboobbooobooooo
goobobooboobooobobooboboboboobobobooooooboobobobon
ooobobuooobooobbooobooobboooobobooobooooboboooobooo
ubobooboboobobooobboooboboobboobobooobooooboboobboo
gooooo
uboboobboooobobooobooobboobboobobooobooooboboobboo
ubooooboobobboboobooboobooboobboboobooboooboooo

obooobobooobod -bo00+400

gboobobooboobooboboobobgooboobooboboboooobooboobobobon
ubooboboooboooboo+obobooboobbobooboboobooobooooooooo
uobooooboboobboobooooboboobboooboboobbooobooooooo
goooooooooboooobooboobooboboobogno

ooooooo+b wO-00*0 -000+00
ooooooo+boo0+0 0O -00*0O+000 -0O000+0D0

gboooboobooooo*-o+000*0 -0+000000000000000D0O0ODOO
gboooboobooboooboboobobgooboobooboboooooobobobobooboon
goboobooboobobooooboboooooooooobobooogoDoboboobooo
gbobgboobooboboooobobooobobooboboboobobobooboon
goobobooboobooboboobobobobooboboboboboobobobobon
oooon

gobogboogoooooboobobooboobooboobogoboooooobooobooDo
gobobood~0ogbobooboboobobobogobgbesobobooooboon
ooboobooboood ~OD0booooooobooooooboeooboonoonognDige2
oooboooboestooboobbodwoiobooooooooobbooobooooooDo
21000000000000O00OO00DbOO0DOODO0ODOOODOObOODOOODbOOODLOOn
oooboboobooooboooboobooooboooobooobooDooobobobobobLOoo
gboobgoboooboboooobgooobobooboboobobobbobobooobobobon
gboooobobobooboboobobobobgoooobooboboobooobooobobobon



12 g20 0000

gboobgboooboobobgooobgoobooboboboooooobobobooooboon
gboobobobooooboboboooobgooooboobobobooboobobooboon
uboboobooboooboboobobooobbooobboobboobboooboooooboo
goboooooobooomoobogboboooboboboobooboooob ~00DODLO
goboooooboobooobooboboooooboobooboooobooboobooboDbobo
ubobooboboooboooboooobbooobooobboobooooboboooobooo
gbooboboobooooobooooboboboobobobooooboobobobobon
ubobooboboooboboooboooobboobbooobobooboooobobooboboo
uboboobogbooboboobuooboboooboobooon
UPFOOODOODODODOO ERLOODODODOODODLO ~0O000DODOO0DODOODOO
oboooboooboobooboobob ~0000b000b00b0ob0b00obbO0Ob0OERLO
oobooooboobooobbooobbooobooobobooobboooboooobooo
gboobobooboobooboboobobgoobooboooboboboooboooboobobobon
oobooooboboobbobooobooobobooboobooobobboooboboooobooo
ubooopoboobooboboobooboobooboooboobooonb ERLO0ODDbOOo0ooDg
gboobobooboboboboobobgoboboobobobooooooboobobooboon
ubobooboboooboooboooobboobboobobooobooooboboobboo
gbobooboooboboobooboon

21.1.2 ERLOOUOOOOOOOOSASE-FELOOOOO30O0O0O00OOXOOOOOODOOO
gbobXooooooboobo Xoooooooooooooo

gbooooboooooooooooooooobooboobooooooooooooboDooboOoD
gobooobooboboooboobboobboooboobbo0o0obogbOUERLO SASE-FEL
ooobobooboooobobooboobooboobooboboboooDooobobobonoDoo
goobobooboooooboobobgoooboooboboboooobooboobobobon
gooboboobooboooboboobobgoobooboobobobooooooboobobobon
ooobobooboooobobooboobooboobooboboboooDooobobobonoDoo
gboooooooooooooooooon
U ERLO SASE-FELOOUOO0OO0OOO0OO0OO0O0O0OO0O0OD0OO0DOO0DOO0OO0O000oOooob0oboobn
ood21g0ooooboooobooooooobooooobooobooooboboooobobobo
U0000o00oo0ooo0ooo SASE-FELU0000000o0ooooooooooooooon
gbobgboboboobobgobooboboboboboboboobobooooobon SASE-FEL
gbooboooooboobooooboobobooooobobobooooobbobobooboon
goobobooboooooboobobgoooboooboboboooboooboobobobon
UboooooOgERLOOOO

2113 0OO0OO0OO0OO

goboXooooooboobooboooobooobooboobooobooobooooo
OO0D0OO00ODO0OALSOOODO Ultrafast X-ray Science Facility U D 0000000000000
Uob0ooobooboobobboboobobo0obOo0Ddwarm dense matter] 0 00 0O O
obobobooboooboobbooboobooobo oboobobooobooboobboboo



21. D00OO0O0OO0oo0OO0oOoOooooooon 13

Peak Brilliance at 8keV
(photons/s/O.]%/mmZ/mrz}

0.01 0.1 1 10 100 1000
Pulse Duration (ps)

o21:00000ogooooooogoogn

gobooobooboboooboooboobobobooboobobooboboboobooboboobon
ubobooboboobobooobobooobboobbooboboooboooboboobboo
U[poooboobobobgobobgobob pPFOODOOOODOODODODODODODOOD
ubobooboboooboooboooboboobbooobooobooobooboobboo
ubobooboboooboooboobooobboobboooboboobooobooboobboo
gooooo
ubobooboboobobooobooboooboboobboooboooboooooboboobboo
uboboobobooboboooboobooobboobbooobobooboooboboobboo
gobogobooogobobooboobobooboobobooooboboz212000000
uboobobooobboboboboobobooooboboboooboboboooobooboo
oobooboobobooboobobobooooboboooob23b00gboobobbooboobooon
goobobobobooboobobgoboboobobobobooboobobobobon
ooboooooooobooboooobobbooboobobbobob 2140000 ooDO
ubobooboobooboboooboobooobbooobooobobooboooobobooboboo
goooooooooooooooooooooooooooogo 22150000000
020020 100340000000 PFODOODODOOD PFOODODODODODOOODOOOOOO
obobooobobobooboooboob rjooobobobobooobooboobooDbobDOon
gobgooo210000000XAFSOO0O000O0O0O00DbO00O0O0O0bOo0oDoDbOoo0Dn
oobooooboboob poooboboooooooboboooooobob0ooDobDobDOooo
oboobooboboboboooooooboooo22000bobobobooonooboon
UM4oobobobogoboooobooooooboooobooboooooboboboooboobn
oooooooooo xMecboooooooooooooobobooobooboooouobooo
goooooobooobooobooooobooon

2114 0OUO0OOOODOODOOOOOOD

ogoobobobobobooooboboooboooobooo&ioboooobooooD
goobobooboobooboboobobgooboobooobobobooboobooboobobooboon



14 g20 0000

gooboboboboobooobooboboboobobobooooboooboobobobon
o000 kHzOOOOOODOOOOOOooooooooobooobooooo0Db 10kHzODOOODO
ooobobooboooooboboobobobobDoobobobooDooobobobobUobLOoo
000000000000000000000000 1.3GHzO010800/0000000000
000000000000 10kHzO010200/000000000 99.99%0000000000
oooooooboobooobooobooooboboooooboboboboobooboboboobobo
LBLOOODODODODOOO0O0O00000 LINACOUDOOOooooobo1okHzODODOOOO
U000 1nC/I0KkHzOOOOODOOOOODODOUOLINACOODUODODODODOOODOoooooo
0000050 fs010"00/000010"00/0M10kHz000000000000000 [5]0
UoobobobOo PFOOOOO ERLOODODOODOO0OOO0ODOOOODODODOODOODOOD
oooboboobooooobooboooooboobobooooooobobobobobLOoo
obooooooooooboboobobobob 1nCAOMHzOOOOOOOOOOOOOOO
gobbooooooobooboobodb 0kHzOODODOOoOooooooooooooooDo
ESRFOOOOOODOO 160000000000 GMHnUOOODOODOOOOO 1kHzOOO
ooooboobobooobooooboboooobooDb dlioMHzOOODODODODODODODO
booboooooooooooooooooooooooooooogn

goboo0bogDoKEKOPFD

googg
[1] http://xraysweb.Ibl.gov/esg/meetings/umfemto/prop11full.pdf.
[2] http://pfwww.kek.jp/pf-seminar/pf_futurel/index.html.
[3] http://staff.aist.go.jp/motoyasu.imamura/pfxafs/proposal.pdf.
[4] S. Techert, F. Schotte, and M. Wulff, Phys. Rev. Lett. 86 (2001) 2030.

[S] A. Zholents et al., http://erl.chess.cornell.edu/SRI2001_proceedings/ZholentsMadisonWS.pdf.



googodoobobobobgon 15

2.1.

gopoooooooogooogog
00000000001 0000M00000000SYA 000000M@suolo0orEOwey9l 000 00VA D000 000O (6
(ZHY 001 OOOZHYTOSJ00l Dwu s D00 0000000000000 000o0oooooooooooog (8
(DZHY T OsJool Dwu oS D0 0000000000000 00Do0oooooooooooog @
gooooog
0000000000000 00O00OooOoTroooooooes~ OooooooooooobooI> Jooooouoooouooogaviaao
D00000000O0ZH Ol OMILS~OsJ 00I~0sJwu 08, 0 0 0000000000000l oooooooooooooog 9
gooos 0000000000 OOOOo0I> D000 0DD0oOooooooavdooooooooo (s
D00000000OMMZHOI ODMLI~T0OSI00I~0s‘wu g, D000 0000000000000 oooooooooog &
goopooogooood
oosdos< OOO0O0O0O00OO0OO0O0OODOOOoOoOooosdI~ 0000000000000 0000000000ooooooooog
O000000000000MMZHN 08~ O8I 00I~0cOwu 08, 0 0 0000000000000 ooooooooooooooooog (¢
0J0000d0oooooOoOobOo0000000ooooooOobObOoO0000o0oooooDOg-01l> 00
00 DDDDDD\/OMOmMDDDDQZSND\/@MO.O@DDDmOmmHDDDDDDDDDDDDOOO,OOJDDMQ\MDDDDDDDDD
0000000000000 000000000o0MmOo0000oo0nIgaaN moo0oooooooooooooooooon @
O0000ODoow/ ol o000 00ooooooow/ ool DoODODOoOooooooooo ( 00
0ol 00001 oo
AT 0o 0000 oooooz| oo
s 00APwol 00 | DOBOOOOD N | A0 R | mor | grgeor | woo! S0 | pppoppoooooooooooo| OO
o/ 0000 d ooooo| oo
[ | (o1 Ooooooon L0T ~ S0 | 000s< A0 1 zmi01 | Giigoor | ST ~H00T | LS50 Qooooooooooooooo! oo
ooc~I N oo N sd[>DVA ooooo| oo
oIy © | gopoo noox 20T oo | 0008 ADEI> | ZHOL | e pon | 81> > | yppppooooooooooo| OO
8 008~s 000X | 0T~ ,01 mm 0005~ | Adpgr~ | B0 G DO sdr~spoor | SH90% mmmmmmmmmmmmmmmm m_um_u
[s1 | @ 0Do8~s 000X | 0T~ D01 ooos~ | Ao~ | mpn | GREDT S0 S| 0ooooooooooooooo
0 N oo 0000 N N 000000O0X 0000 000
© | pgpoonooo uooooo 201 oo | Yo | s> | zHot SIS sd1 sd1 0000000000000000] 000
¢ | ggooooo| ©ooooo| Lot~ ool W% | v | zwor | Doo sdi< noooooooooo | 28
o ] ~ oag 000S ~ oooo - N oooog oo
W\ @ | goppooo| oox opon| P70 | oo | ~oor | AYEIY | ZHOL | Tgng sdi sdi O0X00000000000000] 00
d
el | (€ | (T000T) DLI mmmm_umw\mmmmm 0T~ mm oo1~ | advzi~ | zwior | UG sdi~ Mm% Dmmxmmmmmmmmmmmm D_um__u
el | @ Emoomomﬂm& Dooofn rOT ™~ oo | oooor~ | ARG | 0o sdi~ 0000000 | g
0000 O oooo
0| O @v/a) oo oooQ oo
0000 oooo oo/ooo | 0O 0oo| ooo | oooo 0oooo
U1 Ul pooooo: 000000 ooo | oooo ooooo | B0 oo
Il 0000000000000 000000000000000000000004d 000000004d 12T 0




g20 0000

16

€9r (Le61) 01 DOODDOOODOI[S]

"80€SST (1002) +9d Ay "SAUJ ‘epewey] ‘W pue ‘g X ‘Yoi] W ‘TweeIny °f ‘910 "d S ‘ByeuL],

'S 1668 (L661) 0L W 'sAud "[ddy ‘TwIyeIq[-Go[eL, "V Pue “19JONS[PU] "D9qINOqIdQ 'V ‘UOPIR[[Ig N “Ioyed Y BIeH ‘L ‘®[19zIeD " ‘UoyeN
T *ondnoDd g W ISTeIN N $16 (9661) SOT "SAUJ "WAYD “[¢ 39 IPWUPNWYIS 'V D [ 1+61 (8861) 6§ WNNSUL 10§ Ay “Te 19 JySteH y [L]

"£961 (0007) LL WT

sAyq '1ddy ‘epIysox Y pue ‘eeudyeL ‘H ‘Opuoy] Y ‘vInwezeN ‘D Y ‘0yeS  ‘TezeX 'V ‘eYeuolH X ‘t91 (6661) L HT sAud ‘[ddy

‘ePIYSOA J PU® ‘OpUOy 'Y ‘eanteseN "D Y ‘ojownting X ‘YeuorH X ‘011 (0007) LL WT 'SAud 'ddy ‘opuoy] Y pue ‘einweyeN ‘D Y
‘BYRUONH 'k ‘€6£T (8661) €L N 'sAud [ddy ‘Twaunsy, ‘H pue ‘TueiyQ ‘W ‘0puoy] Y ‘einweeN "D Y ‘eYeuorry ‘A ‘ojowrng X ‘eprysox ‘W [9]

"TOYLS (2T00T) 88 "N AdY 'sAUJ [ 10 TeM] °S T6ST (6661) €01 € "WYD "SAUJ [ “[e 12 BIeyrysoy 'S [§]

"GTI (1007) 61 sweaq “Med JaseT ‘eyesa) A ‘einweyeN

"M ‘emeseny Y ‘oqmyyQ ‘L ‘IYsox " ‘oueiey "H ‘eiysoury] Y ‘056t (6661) 8¢ "SAUd [ddy ‘[ udf ‘eprysox ‘A ‘Opuoy "y ‘einweeN ‘D Y

‘ojowrtmyg "X ‘onouf ‘[, ‘d3ue], I, ‘eeuosty ‘A (111 (0007) +8 NOT ‘ASY "SAUJ ‘QUOd[E] ‘M ¥ “YIBM 'S [ 09T M " ‘aIowped v 'H ‘ukaydey

"D 'H ‘wmeqsyong ‘H ‘d ‘U0ssIe| ‘[ ‘Suey) “Z ‘UUBWISH 'V d B[[BSSIA ‘L ‘Uosuyof T °S ‘Fuey T ‘SIQUIPUIT ‘N 'V ‘06F (L661) 06€ IEN

‘TRUOIUY "V “ULMRIN “-"[ “I9ISIO “H “IdIYIneD) D-"[ MIQIPNY  ‘dIpuIen) J-'f ‘“Anoq[y "v-d ‘Uuewyos ) T ‘9ssnoy v ‘[yYdsty D ‘1€ (6661)
86¢ 2IyeN ‘Aueq d "D ‘UOS[IA ¥ "M T[BA D g “MbS "y [ ISYeY ' ‘SIOPIS M D TIO[[BARD 'Y ‘OND I, ‘ZUSWIL Y Yonuod-3soy D [¥]

9881 (8661) 6LT AINHIDS “Te 12 18D 178 (6661) 10 TANIVN

“Te 32 uewpyg "M e61 (8661) 08T ADNAIDS T8 32 4990 "H 0192 (2007) 8 A10100g [eorsAydorg “[e 10 8O 'L *8LTHI (L661) V'S0 10§

PRIV BN "001d “Te 319 B0 L ‘0€0T (1007) 98 N1 Ay "Ayd “Te 19 MAYIRL 'S ‘9¥61 (8661) 6L HONHIOS T 10 ueunod g L8071 (L661)
9¢ “Anstwayoorg “Te 19 SuL, IA-nsT, ‘$8¢ (1000) #1 DO DD 0D 000000000 DOO0TES (1002) v1v ‘HANIVN “Te 19 iyseAeqoy 1, [¢]

"T€8T (0007) §8 NI A9y "sAy{d “Te 10 ojowrysry 'S [¢]
"(€£002) 61-200T sSurpasdoid g [1]

0000000000000 0000000000001 000001 0000000000000 0O000o0oDoOoOg

010sdd 01 DOODODOOOODOesmdsuoioyd ol~ OOODO0D00D00O00O00ODO00OSF 00l DOAWQI OO0 00Qwr

00 OOOOODOOW/ o0I¢ O0DOO0D00OO0DZHNOI D0 0000000000000 0000Uoooooooooooooar
0000000000000 0000000000O000oooooooolor

ao



17

goobobobobobobob

2.1.

1601 (0661) 9 'way) [ddy
aImd ‘nearmod ‘g pue ‘NIY[IdS 1D ‘[PZ1N "T.L ‘PI0d "Dd ‘TILY ($661) €€ "WAYD "SIOUT ‘[[OMISIA [ PUB “IowIny, “[*[ ‘ovd "D ‘IYBZON "M
‘ap1o3] Y ‘uosuyof 'y’ d-g ‘Tnsnq (L 931090 ‘M I ‘TUBIYS] D ‘606 (0661) 6 "WAYD "S10u] ‘BYeUR], ‘L Pue ‘ exeue], "3 ‘epeisl, "L ‘epiys] ‘H [1]

Ooowiol JO000000000000wlose 00000000000 000 (€
000000000 mzyor Osjool owupos D 00 ooo o+
0000000000000000000000000000wW/ol O000000000000w/os 00000000000000 (€
000000000 mzyor Osjool Qwupos D 00 ooo o+
0000000000000000000000000000wWw 0] 0000000000000wd00l 000000000000 00 (a 00
noo | s/t | oo| S0 | aexgp |HWIL | SdorDD sdo¢ | DOODOUDDODOOOOO0OOD
(€ D0S) pooooo “~| oo «omﬁﬂmm_ S e $> | ~di | D0O0D000000000004HN | (ggg o)
ooo U B L e 0ooo sdog 00000000000000000 .
@ DO0Y| gpoooo| <OF 0o xﬂﬂmm L6 | A0 | grsioor sd¢> | i | poooooooooooooOoon 0oo
ol a 00001 SAvX | 0t~ | 00 |_o00s~ T | o] 0000 | 4 o] ¥ | 000000000000000000 | (0000)
00| sdvx 00| 0i~ | 00] 00i~ ~AAMSH SLLSJOO! ~10 | 000000000000SdvVX 000 SAVX
0000 000/0 0ooo (0D
0| O (@v/a) | ooo 0oo
0ooo| oooo 0ooo | oo ooo| o000 | oooo 00000 0000
O Ul pooooot 0000 000 | ood oooo | B0 0ooo
O0oo0oooooooooooooooobooobooooooooooooooooonOoee g




18 g20 0000

212 00OOO0OOOO0O0O
2121 0OO0OO0OO0OODOO

goboobooobooobooboobooboobooboobooboobooboobon
uboboobooboobobooobooboooboboobboooboooboooooboboooboo
gobooooobooooooooobobooobooboooobobooboooboooobobooboobo
ubobooboboooboboobpoboobbooobobooooboboobboooboboobboo
oo@22)0gboboooobooboobooboooobboooobooboobobboobooDo

g22:.00000000000000000000DOOOOODOOOOO

goobobooboooooboobobobobooboboboobooobobobobobon
ooobobobooboobobooboooooboooboboboooooobobobonobLoo
gboobgbooobobobgoboooobooooboobooobobobobooboooooboon
gooboboboboobooobooboboboobobobooooboobobobobon
ooobooboooooo
gobobgobooooobobgooooobooboboboobobobobooooooo
gboooooooooogoogbobobgobiesoboboboboboobooboboon
obooboooooboooboboobooboooboobobooooooboboboooboon
gbooobobooooobogobooooboboooooobobbooboobboboooboobobo
gooboboobooooobobobobobooboboboobooobobobobooboon
ooboooboooobbooobobooboooboooooobooboboboobboOobooDo
gboobobooboooooboobobgooobooboboobobobooboobobobon
goboooboobooobooboooboobooobooboboboobobooboooboooooDbo
ooooooboboobooboobooboboooooboobooboooDobobooD @ 23)4g

2122 OUO000OO0OOO0OOO0OOO0OOOOO0OOOOO0OO00000 X000

gobobgbobgobobogbobooooooooooooooooobobob xo)oo
goobobobobooboboooobobobooboboboboboobobobobon
OoOoO0ooonO ESREIDY)) DD ODOOODOODOOD TTF-CADUOOLOODOoooooooon
gooboboboboboboobobgooboobooboboboooobobobobobon
gboobgboowogbooooogoobooooboobobobooooboboobooooon
gooooooooooooobobobobooboboboooboooooobobobobobbooo
ccboooboooooboooobobooboboboboobobobobobob XOoooo
gobooooobobobogob RFOODDOOODOOOODOODOOODDOOODOOOOODODO



21. D00OO0O0OO0oo0OO0oOoOooooooon 19

i g |
b IR

Wil

- BT

HETRIR

Energy

(REY, fit)
WEkFF

r
EH#HEOMHEKES

DEFENK

Y

BT LT

U23:00000000000000000000000000000O0O00O0OO0OO00OO00OO0
oooooobobooooooboooboboboobooboobbobooon

0000000 OESRFOODOOODOODLOOOODLOODOObOOODOn2400psddonm
uboogoooooboooboog o
ERLOODOOO0OO0O0OO0ODOOO0DLOOOOO0OOO00bO0O000b0oobobooboobobonDbo
uboboobobooobooobooobbooobobooboboobboobooboobboo
uboboobboobbooboobooobooboobobooobboooboooboooobboo
gobgobooccbuogboobobooboboobo Xooboooooooooooobooo
oboogoooogoo
goobooooboooobboobboobobooobbooobobooobooboobobooooo
gboboooooooooooooooooooo00oU0ERLOODOODOOOOOOOOOOO
gboogoboobooboobbooboooo
gbooopoooooboboobbobobbobobobooooboboobooooooon
goboooboobooobooboooboooobooooboobboobobobooboboooboo
uboboobobooobobooobooooboboobboooboboobooooboboooboo
gboogboboooboobboobuoobboobooboboooboobooboboooboobon
gboobgooooobobobooboooboobobobooobboobobooooooon
uboboobobooboboooboooboboobbooobobooboooboboooobooo
uboboobobooboboooboboooboboobboooboooboooooboboobboo



20 g20 0000

Ub0o0o0ooo0o ERLOOOOOODOOD0OO0DOODOOD

2123 0O0O0OOOO

O) GeUOLUODODOLOOOO-ODODOODODODOO ALSO
Sil1)ODooooooOobh GeOUODUODODODODOD TiKeDOOOODOODODOO
gobogbobobobobobobolboboboboboboobbboboboobobbob
gob-0obooboobooooooooon

O) vo, obooboooooobooo-oboobogboobgbg ALSO
ooobobobobobobobuobobobobobcukeloooooooogoo
oooooooobobobooooabobobboooobogonoooDoboboboDbo
gboobobobobobobobob

O) TTF-cCAOU0O0O0O0oooooo0-0b0oboobooboOognd ESRE Beam Line ID09 U
googboobooooboobobooobobobooobooooooooboobooooDoo
o00000b0bobobobobboobbboobbooboboooboOon

@) oooooooooooooooooobobobobobOobOobd SPring-8, BLO2B20
gooboboboboobobobobobobooobbobobobobooboboboobobooog
gbooboboboboobobobobooobooobooboooboboboobbooooooo
gbobobobobobobobobobob

UbobobboomobboobodbKEKDPFO

goog

[1] S. Koshihara et al., J. Phys. Chem. B 103 (1999) 25921 S. Iwai et al., Phys. Rev. Lett. 88 (2002)
57402.

213 OO00O0O0OOO0OOOOOOOOOObOODbOD
2131 00O0OOOOO

gobogbooboboboobooobboooboooboooobobooboobooboobooboon
ubobooboboboboboboooooboobobobobobooooobooobobono
gboboobobooboboobboobbooobboobooobboobboooboobg o
gboobobooboobooboboobobgooboobooobobobobobooboobobobon
ooboobooobobooobbooobooobboooboooobooobobooooboo
ubobooboboooboboobooobobooobooobobooboooboboobboo
gboobooooooooooooooooooooooooooog
ubooobonoooboobooobobooboooboooobooooboobooobonboo
uboobobooooboboboboboooboboboboboooooboboboboooo
gbooboboobooboboboobobgoobooboooboboboobooobobobobobon
ubobooooooobobobooboobobobooboboobobobonoooobono
uoboooboboobobobooobooooboboobooboboooboooboboooboo



21. D00OO0O0OO0oo0OO0oOoOooooooon 21

gooboboobooboobboobobgooboobooboboboboboobobobobon
goobobooboobooboboobobgooboobooboboboooobobobobobon
ogooboboobooobooboboobooooobooobobobooooooboboobonoobDoo
goboobooboobooboobooboboboobobooobooboboboobobooDn
goooboboooooboboooobobgoobooboboobooooobooobobooboon
gobooboobooboobooboobooboboooobooobob oo obDbooo
gboooooooooooooooooooooooooooooooooooonog
ogboboooboobooboboobooobooooooobooboooobobooboooooooon
oooboboboobooboboobobooboobooobobobooooobobobobobLOoo
gooooooboooboboobooboooboooon

2132 OO000OO0OOOOODODOOODOOOOOODOOOOXOODOO0

000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
000000000000 24000000000000P =0.393707X\03:-0150000 pODO
O0GPa/O00000000GW/em?MANOODDDm@M¢t000000ns0 0000000
00000000000 2000080mOO0000000 100ps0000000 10 GW/em?
0000000000000026GPa0 0000000000000 O000OOOO0DOOOODN
0000000000000000000000000000000000000000000
oooooo

Laser irradiation

ablation

Shock .
compression

024 0000000000000

O000oDoOo0oooDOo0o0O Tesapphire OO0 000000 DOOOOODOOOO YAGOO
oobooooboobobooboobooboobobooobobooobobooobDboO yYAGUoOo
cooooboooobooooooooooooobooboooobooboobooDoobOboO
ocooooboboooboooooooob 0HzOODOODOODOOOOOODODODODOO
goooooodooOooo0ooUobOo0bOoOoDOo0oOo0UoDOOoOoOoOoboboObDoOobooo
cooooobooboooboooooobooobooboobOooboobbOoobooboboobDbDobLoboO
ocoooooooooboooooobbooobooobooooDoOoooboobboooDoO 10
keVOOOODODODODODODOO 10° photons/pulse 100000000



22 g20 0000

2133 0O0OOOOO

. doooooooooooooooonog
000000000 A1H000300ps0 00000000 800nmO0 1.4)em?0000
gboobobobobobobobobooobooobooboboooobobobooboobooooooo
ooob EBuobooo wpsbboboboboboboboboboooLOoOoO
gbod8kevO ODOODODOOODODOOlpsDOODOODODLDODODDOODODLOODO
gobooooooooooboooobooboooooD2s5beopsddooooOO
oooooboooboboboooooooooooobooooboboooooDobooo
gboobobobos3copsdbobgbobobobobobobobobobobob
00000 BraggeOUOODDOODOOOODOOOOOODOODOODODOOOOOOOODOODOO
gooooboooooboooboobooboboobooboobbooooboboobobo
gobobooboboboboboboboboboboboboboboboboob
1.05%0 00000000000 215GPa0 0 00000O00O0O0O0O0O0O0OOOO0O 94 km/s
gooboboboboboboboboboboboobboboboboboobobobooboboOoog
goboboboboboboboboboboboboboboob

13x10° =

12

1

10

©

Intensity (arb. units)

0 ps

17.8 17.9 1é0 18.1 18.2
Diffraction angle (6)

02500000000 Si0000000000000D0O

gooobooboooobooooobobooobooboobooobooooboooobobo
gooboboboboobobobobobobooobbboobobobooboboboobobooog
goboboobooboboboboboboboboboboboboboboboboboo

2. 000000 ccdsSocooooon
gcdSobgbo3crpabl0O0O0DO0oOonoOooOobOO0obOOobOO0ObO0DbDO0bOOobObODO
googoogoboooboobooooobogoboooooboooobooboooobobo
O1opsdbbobobooboobboooobooboobogboonD dibobobobbooo
000000 face-centered tetragonal J U 00 0000000000000 0O0O0D0OODOO
gooooogboobooobooooobogobooooobooooboboboooboobobo



21. D00OO0O0OO0oo0OO0oOoOooooooon 23

gboboboboboboboboboboboboboboboboooadSsoon
gbobobobobobooooooooboooooboooooon

gboobooooooooooooooooooooon

goog

(1] J00bgooooooooobooboas)yubg-oooooooboobobobobo
oo-

[2] R. Fabbro,et al., J. Appl. Phys. 68 (1990) 775.
[3] Y. Hironaka et al., Appl. Phys. Lett. 77 (2000) 1967.

[4] M. D. Knudson et al., Phys. Rev. B 59 (1999) 11704.

214 0O0000O0OOOOOOOOOODODOODODOO
2141 0O0OO0OO0OOOOO

gbobgobooooobobgooobooobooboboboooboboboobobooooboon
goooooooobobobooobogobobobobooooooboboboooooobon
oooboboobooobooboboobooooooooboboooooooboboobobobLoo
goobobooboobooboboooobobobooboboboboboobobobobon
gobooooboooboobobooobooboboobooobobooobobobobooooon
obobooobobooboboooooboboooboooomd0oboboobobOobDOon
UOERLOODOO0OO0OO0O0O0OO0ODOOOO0OO0O0DO0ODOOOO0O0O000bO0DbO00000 nmO0O0
gbooooooobobobobooooooboboooooooooXooooooboboo
goobobobooboobooobobooobobooobooobooDooobobobobobLOoo
ooog

2142 00O

oboob Xoooooooooooooooboooobooboboboboboboboboo
PEEMOUODOOO nmO0O0O00 XPS, XAS, XMCDUOOOODODOOOOOOOODOOO (O 2.6
UHOOoOODODERLODOOOOO0OOD0OO0DO00O00O000000D0 1~10kHzDODOODO
ooboooboooboobboobooboooooboo (pstho psooboobobo O
0000000 0Flux O 10 photons/s/0.1%bw 0 0 0200-1500eVO 0000000000000
gooooooooobooobooonog

2143 OO0OOOO

gbobobobobobobob Xobgbobooboboboboboboboboboo
gboobobobobobooboobobobooboboobobooboobobobobon



24

g20 0000

PEEM gooooooody
ﬁ Oooood-anon
o || et 0 O
Q\\\\% & |pxooooooooooo
\\\\% %\% 00000 <ps
_— OO00000<10nm
000
PFII ERLO 2.5005 GeV
synchronized
oooo i
7 D<: oooo) Femto-Second Laser

O2600000000000D0O0ODOOOOOO0ODOO

oobooooooooboooooon

. 0booboobooboobooboboobooboobbooboo

gboboooooobobobobobooooooooboboooooo 27000
gboboobooboooboobooboobooboobbooboobobooboooobobon
obobobooboboo onmUioooobooooooooboonoooooooonDg
gbooboboboboobobobooooboooboobooooboboboobobooooooo
gboboobooboooboobooboboobooobbooboooboobooobobon
gboboobooboooboobooboboobooobbooboooboobooobobon
gbooboboboboobobobooooboooboobooooboboboobobooooooo
gobooboooobooboobbo Xoooobooooobooooboobooooo
gboooboooobooboobooboboboobooboobobooboobooon
gobobooboo@2pgboboobobooboboobobobobobboboboob
gobooobobooobooboooboobooboboobboobooobooDn

.ooooobooboboobogoo

gooboboboboboboboboboboboobboboboboboobobobooboboOoog
gobooboboboboboboobooooboooboboboo@oo)yoooooooboo
ooooboobooooobobooooobooooobobboobobbooooobobo
obob0Xoooogoobooogobobooooobo@2o0)obobooobobn
gboobobobobooboboboboooboooboobooooboboboobbooooooo
ooobobobobgob @ 290)d

gobobobobmoboboboboboboob



21. D00OO0O0OO0oo0OO0oOoOooooooon

FERT VT T ORI
KIESY NI E

L)

X R AT
(Nature 314, 517 (1995))

o27.0000000000000
oobobooboobooobooo

KA v F U ITRFRFIIBT S
SERIEE T )L — (R & O BLH]

RO E T I G L AR

RHEED <
AA v FEB = RER

)0000o0oo0bo0oooooooo

oooo

ooo

oooo

2)00000000000000000000O0O

SN

pooooo pooooo

oooo

poooooooo

g0 000000000b00b0obuonDo

215 O000O0OO0OOOODOOOOOO

oooobboooobbbooooboobbuooooboboboooobobon

2151 0OOOOO

25

o228 0000000000000
gooobooobboooboboooon
gooogo

000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
000000000000000000000010%-10%wWem?0 000000000000
0000000000000000000000000000000000000000000
o010 wem?00000000000000000000OO0O0ODO0O0ODOOOO0O0O0O0
00000000000000000000000000000



26 g20 0000

gobooobooboooboooobooboooooobobooboooboobooooobbooobooDbo
gboobobooboooooboboobobgooboobooobobobooboooooboobobooboon
oobooboobooobooboooooooboboooooooooooobbooboooboOoo
oboooooooooooooooo o

Alignment Structural Coulamb H-ray Muclear
Deformation Explosion Emission Fusian

i ‘f‘} @"'OI * D_g?'@
%g { . \m o

i
1
ox
Huclear motion Cluster
Electron % *
V - ke el ectron
aadn & M=V atomic ion

y neutron
Dressed states Tunnel ionization Hot nano-plasma

] T T
1012 1015 1018
Laser Field Intensity { Wicm?)

Coulombic regime

g2l0:000oooboobooooooooooogoog

2152 OJOO0O0OOODOODOO

gobooboobobboboobomoboboobooboboobobooboon
uboboobooboooboboobooobboobobooobobooobooooboboobboo
gooboboobooooobobobobobooboboboboboobobobooon
uboboobobooobooobooboooboboobboobobooobooooboboobboo
uboboobobooobobooobooboooboboobbooboboooboooooboboobboo
goooobooooooooboboboomooooobooboboooboooooboboboobobo
ubooboooboboobobooobobooboobobobobooobooboobboooboobo
obobooooboboooboboooooboooboboooboboooboboobbonbo
gbooboboobooboooboboobobgoobooboooboboboooobobobobobon
ubooobomoobooobooboboobooboooboobooobooboobooono
ubobooboobooobomoobpoooboobooobooboboobooobooboon
gooooboobobobobobobobooooboooooboboOonoooooon
uboboobboomoboomuooboooooboooobooobobooboooobooboooboo
ubobooooboobooobbdooobooobbooobboooboooboboooboo
ooooooog

2153 ODO00O0OO0O0OOOOOOOODOOOOOOD

gooooobooboooboooooooooobooboobboobooboooobooboo
goobobooboooooboboobobobobooboboboboboobobobobOon
goboobooboobobobooobooooboobobooooboobooobobooboooboobo
oooboboobooooobobooooboobooboboboooobobobobobLOoo



21. D00OO0O0OO0oo0OO0oOoOooooooon 27

gooooooboooooooooooobooobobooooooooooooooooooooon

1. 0Ooooooooo
gobobobobobobobooboboobobobobobbobobboooobooooo
gbooobooboobobboobooooboboooobooboboooboooboooon
gboooboooooboobbooboobobooobobooobobooboobooobooboo
gboboboboboobobooobooooobooboobooobooboboboobooooooo
gbooooobobbobonooobobobobboboobooooboobooobooboo
gbooooooboobooboooboboboobooboboooboobooobooboo
gooboboboboboooobooooobooboobooooboboboobooooooo
gboboobobooboboobobobobboboobooooboobooobooboo
gboboobooooboobooobooooboobboobooboobobon

2. 00000000
gbobooboooooboobooobooobooboboobooboooboboobooooboon
gboboboboboobobooooooobb RooboDOoDOoDOobOOoDOobOOonDO
gobobooobooooboobuoobooboobobooboooooboobooaon
gbooboooobooboooboobooooboboboboooboboboobooooon
gobobobobobobobobobobobobobobob
gboboooboobooobooboobobooboooboboobooobooboooboobon
goooobooooobobobooooboboooooboboobooooobooboooon
gobobobobobobooooboooboooboooboobooboobobobooboooooooo
gbooobooobogoobooboooboobobobobooboobonooobooboobooboo
goooooo

gbooboboobo

HREREEN
[1] K. Yamanouchi, The next frontier. Science 295 (2002)1659.

[2] K. Hoshina, K. Yamanouchi, T. Ohshima, Y. Ose, H. Todokoro, Chem. Phys. Lett. 353(2002)27;
ibid, 353(2002)33.



28 g20 0000

22 JOOO0O0bbOOoOobbOoOoboboon
221 00O

goooobobobO ERLOOJ0OO0oobooobbbooooooboobooboooooooooooon
oobobooobboooobboooobobooobbooobbPFO00OD0ODOOOO ERLO
SPring-8 DUOOOOE=8keVOUD 230000

0 23:E=8keV0O00O0O0OPF-ERL O SPring-8 0 00O
0000 PF-ERLOOOO0O0O00O e, = €, =10 pmrad 0 0 0 0 30m-undulator 0 0 00000
00 MN=1.6cmdN=18750 3, = B, = 20 m Sm-undulator D OO0 O000000O0 Ay=1.6cmdN

=31203, =63, =5mUO0000000PF-ERLOOOOOOOOOO0OOOO0O0O0OO0OOO0O0
gooboobooooobo

PF-ERL undulator @ 5 GeV SPring-8 undulator @ 8 GeV

Beam current 100 mA 100 mA 100 mA 100 mA
Undulator length 30 m Sm 25m 5m
Source size horizontal 37.8 18.2 892 892
(pm) vertical 37.8 18.2 22.8 10.6
Source div. horizontal 4.1 9.8 37.4 38.4

(prad) vertical 4.1 9.8 4.3 10

Beam size @ 50 m horizontal 244 510 2761 2813
(pm) vertical 244 510 236 509

Average brilliance(ph/s/0.1%/mm?/mr?) 6.0x10% 7.6x10%2 2.2x10%! 5.0x10%°
% beam coherence 19 15 0.14 0.13

O0D0D0O0O0O0DOO00OPF-ERLOOOODOONOODOOODODODOONODDOOONODOOO
D00000000 SPing-8 0000000000000 00000O0D0O0E=4040keVO0
00000000000 2.110
D00000000000000000000000D0 Coherent flux 0 Total Flux 00 2.120 0
O0OE=8keVOOPF-ERLOOOOOOODOOO Coherent flux 0 1070 108 (ph/s/mm?/0.01%bw)
0 0 00 SPring-8 0 10130 10'%(ph/s/mm?/0.01%bw) 00 00000000000
O0O0D0DO0OOOERLOCOODODODOO0OO0O00000OODODOODOOO000000OOoooooo
OERLODDOOO0000000000OOOOODOODODOOO000000000ooooon
O0O0DO0ERLODOOO0O0O0DODOOO0OO0OOODOOOOODOOONODDDOOOOOODDOOg

uboboobooobooboobooboobboobobooobooboo

0000 0KEKO PFO




22, 000OO0O0OO0OOO0OOO0OOOOOOOODO

10°
107
g
= 2 CHESS ERT, 25m
(-é 10 Hi-Cohehlade
a0
g CHESS ERL 25
E 1 0-3 ...Hi..ﬂux;%sdc
c ~_
e
10™ oS
107
4 6 8 10 20 30 40 50
Photon Energy (keV)

0 2.11: PF-ERLO CHESS-ERLO SPring-8 D0 00O O00O0OO0OO0OOOOOOO

Coherent & Total Flux (ph/s/mm?0.01%bw/1:1-focus)

20

w1 1w® 1w 1w 10® 10?10
e :

TESLA

LCLS

Sp8 25m

Sp8 Sm ent Flux

CHESS ERL 25m
Hi-Coh. Mode

CHESS ERL 25m
Hi-Flux Mode

PF ERL 30m

PF ERL Sm

O0212: 1:10000000000000 Coherent flux 0 Total flux U E =8 keV



30 g20 0000

222 XOOOOOoOoOOoo

XOobobobobo Xgooogooogooooboobooooooooooooboobooo
gbobgbobob Xoooogoooboboooooogobobobo Xoooooooooobo
ooobooboooooooooo XgoooooboboobobooXxoooooooooooo
gooboboobooboooboboobobgooboobooobobobooooboboobobobon

ooo0oooooooo ; ;

ubobooboobooobooboobbooboooon

g¥ () =1+ \g“)(ﬂf 2.2)

0000000o0ooOo0o0o0ooooooooooooog S@,n)o

S(Q,7) = S(Q,0) x gM(Q,7) (2.3)

ubooooboobobobooboboooboooboog r. 00000000 OO0bO0b0O0OO

gD () =14 |cexp (—7/7)| (2.4)

ogboooooobbo r0bbo0ob0boobbDg D ’y=1/7'C|:|DDDDDDDDDDDg@)(T)
Or-r0000bdbobooooobooobobobobDooooboboboboDonDoboon
oooboboobooooboooboobobobooobobobooooobobobobobLOoo
goobobobgoobooboboobobobobooboboboboboobobobobon
oooooooooonodg

O0000b0bO0O0Bravers [1]000 FesAlDODODODODOODOODOOOOOOOOOOOO
goooooobgr>r.goboboooooogoooobgobobobooobT.00b0bo0obo
oooooooboboboobobor, goboboboooooobobT. 000 bOoooDobOoDbo
ooooooooooooogooooooooooooooboborr. obobooboooon
gboobobooboooooboboobobgoboboobobobooboooooboobobobon
Uobr=s0000000000000DLO0O0DO0ODOO0OO0DbOO0ODbDOODLDObOOOOODOn
gbooboboobooooobobobgoobooboobobobooooboboboboobon
goobobooboooooboobobgooboobooboboboobooobobobobobon
oooooooooooon

UO000OLwioD 2100000000000 0D00DO00DO0ODOODOOOODOOOODOOODOO
Oo0000QQUUO0000000030ms00 300sO000000000000ODODDOODOO
UO00O0O000OO00bO0O00ODO00OO00b LUUOoOoOo0obOoOOogbDoooDboOooo
gobogooboooboobooboobooobobobobooooobooobooboobooDbo
gbooboboogooobooboboboobobobobobooobobobobOon 210
oooboboboboobooooboooboobobobo SNOOobobuoooooooooo
gbooboobooooooooboooboooboobo
U0b00b00goooboobob0dYakhonD 3000000000000 0OUVAsO MyOO



22, 000OO0O0OO0OOO0OOO0OOOOOOOODO 31

bobgoobooboboboobgooloooobobobobooboboboobobOoDo
booboobobobobgoboooooooobooi1osbgbo 81ioooooboobobono
oooboboobooooboooboooooboobobobooooobobobobUobLOon
gooooooooooooooooooooboooooooooon
gbooooooooooooooooooobobobTad 400000000 DOOO0OOO
000 XOOOOOO0OO0O0OOBaTioOsOOOOODOOOO0OOO0OO0OO 2130 BaTiOs30O a/c00
gboobooooboboboboobobobobobobobT=12200J000 X0000OO
obooooobo~7psHO0b0000O0O0OD0ODODODOODOOODODODODbDODODbDODDOO
oboboboobooobooboooboboobobooobob0o0 ERLOODOOOOoDbonoooon
goooooooooooooooooooooooooooooooooooooogonoo

O 2.13: Speckle patterns measured by a single exposure of 7 ps with the TCE soft X-ray laser. (a)
The direct probing beam pattern; (b) diffraction patterns via the a/c domain region at room tempera-
ture 24°C; (c), (d), (e), (f), (g), and (h) correspond to the diffraction pattern from the same region on
the sample at temperature 106°C, 118°C, 119°C, 120°C, 121°C, and 130°C, respectively. The Curie
temperature of the sample is 122°C. The scattering took place along the horizontal direction ¢, since the
domain walls were set vertically. All these pictures are shown in a same scale for compariosn.
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O 2.36: (a). A two-dimensional crystal with 15x 15 unit cells. Unit cell dimensions: 5 nmx5 nm;
each unit cell contains 25 dummy atoms. Overall array size = 75 nmx75 nm. (b). Simulated continuous
(oversampled) diffraction pattern visible between Bragg peaks (logarithmic scale). Taken from the LCLS
report.
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O 2.37: Simulated diffraction images ((a )& (b)) and a structure of Rubisco protein solved by the over-
sampling method from the simulated diffraction data [3].

X-ray energy: 12 keV

Integrated X-ray intensity 3x10'2 0 (3.8x106 / AQ)

Detector 100 mm by 100mm (128 by 128 pixel)
Sample to detector distance: 100 mm

Resolution limit at the rim of the detector: 2.2 A
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Flux(ph/s/0.1%) 1.9%x10'6 3.1x101 9.0x10' 2.4x1015
Coherent flux (ph/s/0.1%) 3.6x101° 4.6x10M 1.3x10'3 3.0x10'2
% beam coherence 19 15 0.14 0.13
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Nb/Cu clad cavity hydro-formed in DESY,

CP180pum, Annealed 800°C and bake 140°C,
cold tested by P.Kneisel
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Type of accelerating structure Standing Wave
Accelerating mode TMO10, m-mode
Fundamental frequency 1300 MHz
Operation gradient 10-20 MV/m
Unloaded quality factor Qg 1.5 x 1010
Active length L 1.036 m
Cell-to-cell coupling k. 1.87%

Iris diameter 70 mm

(R/Q) 1036 Q

E,/Eqcc 2.0

H,/Eqce 42.6 Gauss/(MV/m)
Tuning range 4315 kHz
Af/AL 315 kHz/mm
eyt of input coupler 1 x 107

Cavity bandwidth at Q.. = 1 x 107 130 Hz (FWHM)

ooooo

Dynamical heat loss of the cavity at 10 MV/m 7.4W/cavity at 2K
OO0oDOooDOoOo0ooOouDO at20MV/m - 29.6W/cavity at 2K
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038 TESLAOODUOODOOOOODOOOODODOOOOO (R/Q)

Mode Frequency (R/Q)  Qeyt by 2 welded HOM couplers
[MHz] [Q/cm?] on asymmetric cavity [1.0 x 10°]

TE1111 1622.2 0.01 193
2 1622.3 0.01 366
3 1629.8 0.14 48
4 1629.9 0.14 77
5 1642.2 0.03 25
6 1642.3 0.03 37
7 1659.1 0.75 42
8 1660.3 0.75 22
9 1681.2 0.04 11

10 1682.2 0.04 23
11 1707.7 10 4.8
12 1707.8 10 5.5
13 1734.0 15.4 34
14 1734.3 15.4 4.5
15 1762.1 2.23 2.7
16 1762.2 2.23 32
17 1786.5 1.4 2.1
18 1789.4 1.4 2.8
T™110 1 1799.9 0.71 5.2
2 1800.9 0.71 4.2
3 1835.7 0.45 19.8
4 1837.0 0.45 18.9
5 1852.7 0.33 27.7
6 1853.2 0.33 20.9
7 1865.3 6.47 50.6
8 1865.5 6.47 26.5
9 1874.4 8.75 50.2
10 1874.8 8.75 51.1
11 1880.8 1.83 95.1
12 1881.2 1.83 85.5
13 1885.2 0.1 18.1
14 1885.4 0.1 75.2
15 1887.4 0.18 633
16 1887.8 0.18 251
17 1889.1 0.01 1800

18 1889.4 0.01 1500
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3076.7
3077.5
3077.6
3079.0
3079.1
3081.9
3082.1
3087.4
3087.7
3097.0
3097.2
31133
3113.5

0.11
0.11
0.01
0.01
0.02
0.02
0.14
0.14
0.92
0.92
1.27
1.27
0.16
0.16
0.02
0.02
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171
229
408
121
569
79.5
248
35
94.3
44.5
43.7
75.9
33
102
16.8
98.9

039:TESLAOOOOOO0OOOOOD0O0OO0O00O0O000 (R/Q)

Mode Frequency (R/Q)  Qest by 2 welded HOM couplers
[MHz] [Q/cm?] on asymmetric cavity [1.0 x 10°]

TMO11 1 2379.6 0.00 350.0
2 2384.4 0.17 72.4

3 2392.3 0.65 49.5

4 2402.0 0.65 84.0

5 2414.4 2.05 32.0

6 24271 2.93 29.1

7 2438.7 6.93 20.4

8 2448.4 67.04 274

9 24541 79.50 58.6
TMO012 1 3720.0 1.26 3.0
2 37689 0.07 5.1

3 3792.2 0.75 5.2

4 3811.7 1.43 3.9

5 38175 0.18 15.2

6 3829.2 2.33 11.3

7 3839.8 0.77 40.0

8 38453 22.04 240.0
goooo 9 3857.3 6.85 6.1
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Phase-12.5 GeV

Phase-II 5 GeV

Gradient
Dynamical loss/10 cavity

RF-Q cavity loss/modlue

Safety factor for )-value

Heat leaks at 2 K shield/module
Heat leaks at 4.5 K shield/module
Healt leaks at 80 K shield/module

Total heat load/module
(No RFQ)

Total heat load/module
(with RFQ)

Transfer loss 1km
00000 (25 modules)
0 No RFQO

O000ddg (25 modules)
0 With RFQO

10 MV/m

74 W x10=74 W at 2 K,
Qo = 1.5 x 10'°0

74 x3=222W (4.3K 0 0)
10Wat2K

30W 4.3K0O0)

1.3

18W@3KO0O)

20 W

180W x 1/18=10 W/modue
4.3K00)
222x1.3+18+20+10=336.6 W
43K00)

(222+30)x 1.3+18+20+10
=375.6 W

20 MV/m

29.6x10=296 W at 2 K,
Qo = 1.50 x 10'°0

296 x3=888W (4.3K 0 O0)
40W at2K

120W (43K 0 0O)

1.5

18W 4.3KO0)

20 W

180W x 1/18=10 W/modue
43Kk00)

888 x 1.5+18+20+10=1380 W
43K00)

(888+120)x 1.5+18+20+10
=1560 W

0.5x1000=500W O 45K 00 0O

0.3366 x25 +0.5 =8.915 kW
(43K00)

0.3756%25 +0.5 = 9.98 kW
(43K00)

1.38%25 + 0.5= 35 kW
@43K00)

1.56x25 +0.5 =39.5 kW
@43K00)
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Cost[MCHF] = 2.2[MCHF] - (cooling capacity[kW])*-6
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Bending Magnet Field Distribution
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Quadrupole Magnet Field Gradient Distribution
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Excitation Curve of Model Sextupole Magnet
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E=2.5-5.0 GeV
C=1253m
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Beam Dump us
407 m  superconducting Linear Accelerator U

RM2
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SRM1: SR monitor for U200.

SRM2: SR monitor at the last TBA cell of the right arc.

SRM3: SR monitor at the first TBA cell of the left arc.

SRM4: SR monitor at the last TBA cell of the left arc.
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