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SACLA |LCLS EURO-XFEL | PAL-XFEL | PSI-XFEL
(%18) (%18)
XD I KT R F —(keV) 14.5 9.5 24.8 12.4 12
B DR RKTRILFE—(GeV) 8.2 14.5 1§75 10 5.8
BT DO REET(KA) >3~4 3~5 5 2~4 1.5~2.7
B — L VL AlE (fs rms) <30 10 ~ 300 10 ~ 100 < 60 13
Peak Brightness @ 10keV 2x10E33 | 8x10E32 5x10E33 1x10E33 3x10E32
(Photon/s/mm"2/
mrad”2/0.1% bandwidth)
Pulse Energy/Pulse 0.omJ@ | 2.1 mJ @ 2.2mJ 1.8 mJ 0.06 mJ
10keV 9.5keV | (&3 @124 (GxEh) @ GxEh) @
keV 12.4 keV 12.4 keV
Pulse repetition (Hz) 60 120 10 60 100
(Shots/pulse, Sh/p) 1 sh/s 1 sh/p 2700 sh/p 1 sh/p 1 sh/p
K Value 152 his B3 H6~2.1 0.85
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Springer Tracts in Modern Physics
Volume 258 2014

Free-Electron Lasers in the Ultraviolet
and X-Ray Regime, 2" Ed,

Physical Principles, Experimental
Results, Technical Realization
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=H1E 5 D (Soft) XFEL D RE (RR &)

LCLS-II (NGLS) | MaRIE (LANL)
XD RTFRLF —(keV) 1.24 41.3
B DK TFR/LF —(GeV) 24 12
A DS L EI(KA) 0.6 3.4
- — L LA (fs rms) 1~ 300 <30
Peak Brightness @ 10keV 8x10E32 5x10E33

(Photon/s/mm”2/mrad”2/0.1%
bandwidth)

Pulse Energy/Pulse 0.1mJ @9.5keV | 0.3 mJ @ 12.4 keV
Pulse repetition (Hz) LRI 120 ?

K Value 1.4 0.86
2 BEE (LAUR) X ALK

BTA41—TA

"BIRIILX—XEFE(?2)~DiEM




NGLS (LCLS-ID)D il

Cathode RF
Gun BC 1 BC 2 Undulator Multi-Beamlines

CW SC RF CW SC RF Cavities
Injector
i 1 ~ 300 fs
I T
L AR R
B —LDONFEE Experiment Hatches

CW V=T 7 TILEADE — LT A ZERE),
FDI-ODREREELILAHDITE I THD,
7Znn, BBECWI =T v /a2 95,



SACLADHIR L5 EEAL

A—H—RBROBHREOT-HIC

® SACLADHEEE BLIR

® XiRlL —H —DH AL R ZEME. 2L ANE
L—Y—DiEREEZR LT 5-ODORBORTEIL (RIBECELELR)

® ZEREDIE B, Y 4

o HERRRHEIERE T AT 743 — DX EE HIH

® NUFEHEDTZD D/ FEHilH

SACLAO®EEEIE

TN —T L UEBAT, FYERRICAI—F—DOBERICHIET 51-8I2)
BL3THOE®NA TS —T (T

FTHIXHRE — LT A 5%, BL2.

< ITE =BT A AT I LT — B D)V AR 431
SCSSDOSACLANIRBEA~DREEXIZLS (SCSS+) |, BEfFE — A7 A BL1DKRE /1A L
HniE#s D= B ks L OVE AR IR AL CRERIT A 72 B 38

® & ® & @B



SACLADBLIR



SACLADasti ik

SACLAZL. 500kVIE=I v X A(K1lmmmrad)’ NV AEFE#HECAV R EER
(37TMV/m)., EEHAK~2,2)BEZ2H IE T Vol —FIZ LRSI TUVA,

In-vacuum undulators

8GeV

™ Uidilafor~ DUmp
S-band accelerator system Beam Diagnostics m.:_»
L-CC  C-CAS  50MeV .. vithDefleewor Cvity 104 cavities BLI(Broad Band Beam Line
Dump_ 24 cavities Switching
- e

STWA !Bz CIWA™ !BC3 Cwa — Magiet

|
8 cavities
Low emittance injector C-band accelerator system

with CeB6 E-gun 700m

Experimental Hall




SACLA OFIRERE

SASE 58 i 22 E M

8.0e+02 10,00 ke

Pulse Energy [uJ]
Pulse Energy [uJ]

T T T T T T T T T T T T T T T T T
0.0e400  2013/09/19  2013/09/19  2013/08/18  2013/08/19  2013/09/19  2013/09/20 2013/09/20  2013/09/20 2013/08/20  2013/09/20  2013/09/20  2013/08/20  2013/09/20  2013/08/20  2013/08/20  2013/09/20  2013/09/20  2013/09/20  2013/09/20
22:00:00 22:28:20 22356240 23:25:00 23:53:20 00:21:40 00250200 01:18:20 01:46:40 02:15:00 02:43:20 03:11:40 03:40:00 04:08:20 04:36:40 05:05:00 05:33:20 06:01:40 06:30:00

Pointing stability @36k~ 71

120 180 200 240 280 320 360 400 440 480

Position/ pm
Intensity (a.u.)

— V_position

— H_position y .
10.00 10.10

I I
60 80 Photon energy (keV)




XHR IV ATZ RV —DEN from 2013 to 2014

== H A
% XiRl—Y —OHNREET, HIMERIZH D, 0.5 mJ 3;57/;?_%@3@%;
@ 10 keVICECERE, -
C-OTR
® MR U F R <15 fs (FWHM), RE 771 74—
TOMHIE (MTHE ~12f =IXAZIVHIR)

~ September-October 2013
-~ June-July 2013

Tail—
L4
oD
o.
()]
®

: f 7 f Electron beam
N T8GV (deflector-ON)

- Increased

-RFD-ON’ ev580
~RFD-(JFF_ev540

>
@)
—
0
c
[0}
0
0
S
o

10
Photon energy (keV)

Time [fs]



SACLA D2 EAL,

BLARDZZEVEIL, IROBN ™3 MHRE M ER72RE TR,




5 B B ZE TRl D AS 26 1R AR Il 181 R
SACLARER B A DREE IR R DMERE(100mK D ZE E JE) 1 IR +43 72 272D T, s B L=,

Secondary Water Cooling Line
To pump

Water Pipe
From Pump

{ )
T tire Codtrol | iy
emperature rollier —
| | DCEREEE)

|« Accelerating Cavity
Temperature
Sensor1

Select the sesorl or 2.

Temperature

: ~ Sensor2 _
(Average of 273 points along the cavity.)

ANFEOZE R & E iR 2L 'r@i‘%ﬂ“zéhéo ZOHEHEMNDS, 2IREGEIK
ZIZ1X10 mK _&&ra/m@%ﬁﬁf%ﬁ“ét W S L RS TN Y R Y g
ANG,. =9, 7E§H%EMQ$/E%DC4|SL’C [:»—5?5'3(),,/2{{[3 LA — AIE
X 7 AT LT,




B B RS IR R E
DI BE I FE P HE

| pu |
()
—
(¢
—
>
+—
(48]
—
(D]
o
&
(D]
|—

8 12 16
Time [Hours]

238 MHz-SHBD %527~ 9, ZERIC A SIS AM EIKDOIEEEIL, 10 mKLIY
(ZHIEH S TUND, ZAUC KD ZEIR O & JBEALAR I, 0.07BELLNIZI E > T,



MRz EREEE TN T 7 A N—mET A '~
DBELIDEE (FF7A AT TV —)

xfel facil machine-11 air AHU-L-01 supply/dewpoint(R) ——
xfel tmg master ref roundtrip cb07/phase(L) ——

WL@/ETPFEU&I]@EQ
=T, 2BV
INFESTUVWVES,

12:00 00:00 2: 00:00 12:00 00:00
10/17 10/18 / 10/19 10/19 10/20
2013 2013 2013 2013 2013 2013

G SENIR — - o T. Ohshima et al., Proc. of the
TrAMEENM BREBORELIRLNTND 11t PASJ, (2014), in Japanese.



KT 7 ANN— Rl 2 E

~ ATV TR AL SR O T 7 AN —REEREE R L TOD,

ECLD Mach-Zehnder £pFa(20dBm)

A2

A2~ 2= 45,696 GHz

ALC

X
v\{—l A FBG

Master Oscillator

A

[ ] Multiper (5.712 -> 45.696 Gh)

J0iE

Fiber Stretcher

DB\ 5712 MHz RF JEUE(E B2 {1k

0/E Phase Detector

5712 MHz Aref WOM @"
Hydrogen Cyanide Absoebed | 3ser Diode
Frequency Stablized Laser caliei
i PBS
i
D ECpecs® | Z
OR ‘ Optical
H13C14N
| i
F k |
Frequency Divider ReOpacH ComD
238 MHz -> 59.5 MHz
AOM
238 MHz or 59.5 MHz RF siganl I
Combiner
1 Isolator  FBG
bt &
A2
o1&
™ o/ BpF
(]
238 MHz or 59.5 MHz RF siganl M

TFRH ORI R HIEIL, Ay (1548.96 nms) DY R2FKAELL TD, HEOHIR AT
JEDP A, (1552.15 nm) and A, (1552.89 nm)D 22 TH 545 GHzZfEHL T2,

S

)

&

[> J

Loop Filter
& Amplifier

>

Singal wavelength control with a presize frequency stablization.

5712 MHz RF Reference Singals
WDM

VME 24 bits AD, 1 MHz Sample
Fraday Rotation Mirror P

Other RF siganls

'ﬁ[_j: E ttg& such as driving klystrons.

BPF : Band Pass Filter

O/E : Optical/Electrical Conveter

IQ’Z@En

Tow wavelengths control over one optical Wave length.
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® DESY @ G.Geloni, V. Kocharyan & E. Saldin, J. Mod. Opt. 58, 1391 (2011) (ZXv#EZ

® LCLS J. Amann, et. Al., Nat. Photonics 6, 693 (2012) ZJV3ERE
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FEL conference 2014 (Basel), TUCO01
T.Inagaki (SACLA/RIKEN)
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Number of undulators 18
Undulator length 5 m
Number of periode (undulator) 277
Minimum magnetic gap (undulator) < 3.5 mm
Maximum K vale (undulator) < 2.2
Effective length of the beam line ~ 70 m
Output wave length ~ 0.1 nm
Electron beam energy ~ 8.5 GeV
Electron focusing FODO
Use self seeding scheme




SCSSESCSS+D*

CRE HRESR

SCSS SCSS+
Operation period 2005 ~ 2013 2015 ~
Accelerator
Beam energy 250 MeV 420 MeV
Bunch charge ~0.3 nC ~0.3 nC
Peak current ~300 A ~500 A
Repetition 60 pps (max.) 60 pps (max.)
Undulator
Periodic length 15 mm 18 mm
K parameter 1.5 (max.) 2.1 (max.)
Photon Beamline
Wavelength 50-60 nm 30-40 nm

Pulse energy

10-30 ud/pulse

100 ud/pulse




SACLAIZBITAEEE — LT AL ~DR 43 E|

5

Bipol-B— T ~D RIS =R NFX—TDE T H5
8 - Trigger Trigger
B — AL —RMIDER 2 BL2 BL3
v
Trigger Trigger Trigger : E
accll acc2l pu1§e mag Undulator 2 hutjccﬁ 2
v \Z v
accelerator -—> ——  Undulator 3 .7 Exp o |
mag hutch 3
>
e
Master
trigger
accl
acc2
Pulse mag I I I I I I I
BL3 | | | | |

BL2




SACLAIZEITA2 = R/ILF—bE — L EEHEE

oo
o

80

N
o

I )
0SS0 TS0NS0NO0NOR0RRRRRRER00CR0RSRERRSDERRR PRGNS %%@I*]Vﬂ?“—‘ §i73&

7.8GeVTdH D,

Beam energy (GeV)

o~
o

B g
—OBED/NVATTRLF =P -
RIIEDL>TW5, EFOTRLF— By
11, 8.926.9 GeVTH 5, *E;,‘
L
2
[¢5]
T. Hara et al., PRST-AB, 16,080701 (2013) ' 9.0 95

Photon energy (keV)



BIRDARFEDTZDIZ

i O S E EN T2 Y

L Da—HF D7D FEED B IKL 2 AN O 7= 8 O & AINE



I
pilss

50MV/m, 120 pps RBRKE 7T

Ll

AN —
SLED Dummy
Load

Signal Generator ¢-Pand 50 MW |
& LLRF system pulse Klystron

1 | M

TTTTTTTTTTTITI
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50MV/m, 120 pps #RABRKNE T & B IRZERAS 5

T. Sakurai et. al., Proc. of LINAC12,
372 (2012).
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