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e High brightness

* High coherence
o ZERMOE—L IR (NSEHRY A X)
o BFREIMOE—L R (BEEH)

o Ultra-short pulses
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Spectral brightness (F7=[3 brilliance) 6RFTDLIAEZER(X, X, Y, Y, E, 1)
CEITRRFDOEE
B Ny { photons / sec }
- 2 d)? ?(0.1% bandwidth
A ZXZy (mrad)®(mm)“(0.1% bandwidth)
2 2 12 12
ZX=\/0'5+03-\/0;2+0;2 Z3/:\/63/_|'O-r '\/O-y O
\2AL, o' = A L,: length of undulator
o, ~1.9 . " 2L, A\ : wavelength

Oy I'Ms beam size

2
Coherent flux: F, = B-[%)

[ : ) ] » e ZRITHEZXFOEBRTE ITVIRZTHHTES
Allght lotrig W u=es .« HOAURIET. ETSvIRNEIETES

o EIHMAILIETIL. B <1020 ANERIFTETLVS
o FHEDOMETHIRTIX.B =102 NBIZETHS

[1] #IZ X, R. Hettel and M. Borland, Proc. PAC2013, MOYABL, p. 19.
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(BFE—LDIZYRAVR) ~ (TAFDIZIYER): SZE (i?‘:liﬂ)

— XERAL=01nm (XL T, BFE—LDEFFRFRIZIVIVXIL ¢ ~ 8 pm-rad

e BFE—LDIZSYAVRZINLUTICLTH. BEIEHFEY EASLL (EFER)
o HEMEFD—DODBEIX. KF-FELLIZARERIZSVAIVAZER]T HE

Thb (ONDEIMKY Y T, BEIIVAY RITEICEHRRIZEE)
Bx =10m X’ Lung =4m Bx =I'und/“r[ X’

=1.27m

SHEZEMAHDOIVFYT
LEE

X H B : R. Hettel,
IPAC’14,MOXBAO1 (2014).

Photon Electron Total phase space
phase space phase space ¢, =57 pm, 3,=10m
g =16 pm €.=20pm  g,=36pm, B,=1.27m
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BENDING MAGNET
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BFE—LDIZIVFURXILMEHIE
ERFBEDEHTRED

Closed orbits for
on- and off-momentum particles

E-Eph

55 h(E V| E: EFDIRILT— p=pl(eB)

FHISVE R |6 = ( j s | mE7EE e
32¢/3me\me?) 1,1, a, B, v: Twiss parameters

2 2 ’ 1\2
|5295777 +2onn’ + B(1') ds |2:<Jgi2ds |4:<ﬁ{i3+2|<x nds

Zi PP

e y : E? Ng: VoI RORRAERRDH
ISVILADRAT =2 T |6 =F v, lattice) =] F(y, lattice): 574 DBER—5FOLEE

GEBIEZR K 3) N, v [TIKTE T B1%%K

EARTFIEXEE . NSIRFE XK IR LL

- E? |
V- S, A M E [2] R.H. Helm et al.,IEEE Trans. Nucl. Sci.
REDM &y X E C: VT DR NS-20, 900 (1973).
[3] J. Murphy, BNL-42333.
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Taiwan Photon Source (TPS)
E—LIR)LF¥—: 3GeV

B& - 518 m
E—LIZSYA2X: 1.6 nm-rad
FTAARE - 24-cell DBA

(DBA: Double Bend Achromat)
2015/12/31 [CE—LEFERI

[4] C.C. Kuo, IPAC’15, TUXCS3.

NSLS-II

E—LIRIILF¥—: 3GeV

B& - 792 m
E—LIZSYyAR2X: 0.9 nm-rad
FT4ARE : 30-cell DBA
2014F AR~ a3yia=24

[5] F. Willeke, IPAC’15, MOYGB3.
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Taiwan Photon Source (TPS)

« E—ALTE: 500 mA
Wavelength (nm)
100 1 1
1‘:|=I I SPD_EERAEE P
107}
—TPE 3 GV
1™ = ihulr G iilirs

[ ——TL5 1.5 GoV’

Briliance (Phot's/0.1%bwinm®mr)

10°

15"
Photon Energy {a"-.*jT

Average brightness: B ~ 10?0 -

[6] http://www.nsrrc.org.tw/english/tps.aspx
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Spectral Brightness [Ph/s/.1%bw/mm™~/mrad™]

NSLS-II

« E—LEHR: 500 MA (10 keV, B=10%
ZRHITRY)
T T T IVU20: 2= 20 mm, K, = 1.83, L = 3 m (low-[3)
(& 055nm, &8 pm‘ IVU22: 2,- 22 mm, K, = 1.52, L = 6 m (high-B)

[ EPU49 APPLE-II Undulator SCU
r, =49 mm, L = 4 m (low-]3)

u

14 mm, K =22,

| Kll]dk lin 4.34, Klmn cire 3.69
U(100) PMI1 SCW(60)
A= 100 mn Supercond. Wiggler

) . : B=3.5T, A =60 mm
I. = 6 m (high-§3) Gkl Tl )
K ~92 o Kx19.6, £221 kel
S VL=l m (low-P)
, i BE %
Y, |
. ap ' .t .
8.1 ’,"'r' )‘.—“

- DW90 Damping Wiggler
B=185T, i~ 90 mm
K=158g~11keV

."""

Three-Pole Wiggler
B=1.14T, e~ 6.8 keV

|L=7m (high-p)

7 Bend Magnet
B=04T, e~24keV .
lllll] 1 1 1 Illllll 1 Il I |ll|||| |‘l
10 eV 100 eV 1 keV 10 keV 100 keV

Photon Energy

Figure 1. Brightness versus photon energy for a number of different NSLS-1I radiation
sources, at 3 GeV and 500 mA.

102! (ph/s/0.1%bw/mm?/mrad?)

[7] “NSLS-II Source Properties and Floor Layout”, 10
April 12, 2010.
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Multi-Bend Achromat (MBA) 57 XZ&#HHAL. (ETIv2 X1k
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[ER#E]
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106 15
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IREDST4A(11)L%) : DBA
e = 4 nm-rad

_I ] : : T ll"l
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— ' || | —_—
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# #5714 A: 7-Bend Achromat (7BA)
e = 0.16 nm-rad

[8] “ESRF upgrade programme phase Il (2015-2019) white paper.
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MAX-IV (RT9T—F ) Sirius (F 32 JL)
e E—LIR)LF—: 3GeV e E—LIR)LX—: 3GeV
. JE]E 1 528 m . RBAE : 518 m
e E—LIZYAUR:0.33nm-rad e E—LIZYAUX:0.28 nm-rad
« TT4RE o 7§A . e TTARHE : modified 5BA
e 2015FE(COSyiaz= v FF . EYOEZET

(FBBE)

[9] P.F. Tavares et al., “The MAX-IV Project”, [10] L. Liu et al., “The Sirius Project”,
J. Synchrotron Rad. 21, 862 (2014). J. Synchrotron Rad. 21, 904 (2014). 12



BEPDIFEAHK 12T Spectral Brightness
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MAX-IV (R T—F>)

* & =0.26 nm-rad, g = 0.008 nm-rad
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IU|9 1 1 1
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FIG. 17. (Color) Brilliance limit for the MAX IV 3 GeV storage
ring for in-vacuum permanent-magnet undulators (PMU), cry-
ogenically cooled in-vacuum undulators (CPMU), and super-

conducting undulators (SCU). The undulator parameters are
given in Table VIIL

[11] S.C. Leemann et al.,Phys. Rev. ST Acc. Beams
12, 120701 (2012).

Sirius (L)
e [ =500 mA

* Intrabeam-scattering effect is
included l

Z2

10

P — VU189 @ low B,
107

T T T T T T T T T

T T T

EPU80 @ high B,

T T T TITI T TTTTm

4T SCW @ low p,

phis/mm”/mrad’/0.1%bw
>

2 T superbend

T IR R TTTT R R TTT! B AR TTTT M W ETET B A AATi

T T TR

16 PR, | PPN, | )
100

1 10
photon energy (keV)

Figure 1

Brightness of the Sirius radiation sources including effects of insertion
devices and intrabeam scattering on emittance and energy spread for
500 mA total beam current. IVU19: hard X-ray in-vacuum undulator with
19 mm period and 4.5 mm magnet gap. Odd harmonics up to 15th are
plotted. 4 T SCW: 4T superconducting wiggler presently operating in
UVX. EPUSD: elliptically polarizing undulator with 80 mm period in
planar phase. Calculations performed with SRW (Chubar & Elleaume,
1998).

[12] L. Liu et al., “The Sirius Project”,
J. Synchrotron Rad. 21, 904 (2014).



Lattice Functions (m)
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[13] http://www.Ins.tohoku.ac.jp/slitj/design.html 14
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ESRF Upgrade Phase-lI

------ New lattice (dashed )

e E=6GeV,C=844m

e ¢ =0.16 nm-rad

e 7TBAZT4R

« Officially launched (ESRF News, 70)
107 F <~ < + . -
102 — Presentlattice (plain) T 4NCPMLM\ . T

Brilliance [Ph/s/0. I”/nhw.-"nnni.-'mrij

0.85 T bending magner/

FR R R S S N N R
1 keV 10 keV
Photon Energy

2

3

i 56

T80
100 keV

Figure 1: Brilliance of the existing and new lattices for

present or planned nsertion devices.

APS Upgrade
e E=6GeV, C=1104 m
e ¢g,=0.067 nm-rad
 hybrid 7BAS7T4X
e Swap-out injection
« SHEICDOETRHLNLATREME

3.0GeV
1 4.0GeV
5.0GeV
6.0GeV
| 7.0GeV

APS now

Brightness Envelope (SBU)

60 100

80
Photon Energy (keV)

0 20 40

Figure 4: Brightness envelopes for 3.7-m-long SCUs, for
various electron beam energies.

Average brightness: B ~ 10?1 - 10?2 (ph/s/0.1%bw/mm?2/mrad?)

[14] J.-L. Revol et al., “ESRF Upgrade Phase II", IPAC2013,

TUOAB203; “ESRF Upgrade Programme Phase 1l (2015-2019)

White Paper,

[15] M. Borland et al., IPAC15, TUPJE063.  1°
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SPring-8 Il

e E=6GeV,C=1435m
e g =0.149 nm-rad
e S5BATTA4R l
e CDR HihR [16] 2 10” .
Mmoo SPring-8-1
< 100 —> —— HXBL-A
————. = —— HXBL-B
30 | Ay_=2.9760 m, Ay_ = 0.9800 n 103 = 10™ SXBL
"‘ y | B BM2
i ) E 10" SPring-8
E 20 BY ¥ ¥ 102 5 “‘E e BLOZX U
— L ) \ F) g 0% b N | BL35XU
=10 LB, /\ 3 . T o-23su
I ‘E 101? T
(] _'_/ 1l nl -~ - /IIJ il T\ HER 0 E
P L L e ey L S 2. P
0 5 10 15 20 25 30 510
s [m] a
= 10°) .-
Fig. I 1.2.1: A unit cell of the 5 bend achromat optics. The betatron functions 2 i
@ 10" -
10° 10° 10* 10° 10°

Photon Energy (eV)
2.4.1: Expected brilliance curves in typical beamlines in SPring 8 11

tparison with those in SPring 8.

Average brightness: B ~ 10?1 - 10?2 (ph/s/0.1%bw/mm?2/mrad?)

[16] “SPring-8-1l Conceptual Design Report”, RIKEN SPring- Center, Nov. 2014. 16
[17] Y. Shimosaki et al., IPAC2014, MOPROO083.
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Circumference C (m)
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VO BRKRDERED (FAR)

F 3R T, FEIEE B=1020~ 102 ph/s/0.1%bw/mm2mrad? (NSLS-IITIE 1022
<) THRIBEIZESTLNVS

Multi-Bend Achromat (MBA) 571 RZHRALIE4EHK 11U T TlE, B=10%
~1022 (10B838) MIA—T VL TH S
- E—LIZYAUX ~100pm-rad CERFRFAIIVAR) NAJEEICAZY D DH D
—  MAX-1V, Sirius h\E:%
- BBEIITDOTITITL—RHENS#H D, ESRF,APS D7V 75 L—KRIZERATREEA S LY
— KEKTHEMBASTARZEHRALIEZV T DTH AU RIT4EIToTLNS
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3. BIZELImILIRDENE ERTHENE

e ERL (Energy Recovery Linac)
e XFEL-O (X-ray Free Electron Laser Oscillator)
e CW-XFEL (Continuous-Wave X-ray Free Electron Laser)

21
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Phot Fact

KEKIZE T AERLE ST YL B EHE

% 1ERME . 3-GeV ERLERHL . MEIAEFAT S RF frequency: 1.3 GHz

Beam current : 10-100 mA
Il hb . o o . - ~ I~ EE|
5 2F%P& : Recirculating linac €E—kT6-7 GeVDE Bunch charge: 7.7-77 pC

%E_AEMJELA XFEL Oscillator (XFEL'O)EiIﬁ Normalized emittance: 0.1-1 mm-mrad

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

,’/ i < Syncﬁ‘mtron Radiation

‘ v Recirculation Loop v

7 N

- 3GeV ERL \

. { Electron Gun (1st stage) / s N
i /Injector Linac / ii XFEL-O E
| Beam dump /.~ ! !
: Superconducting Main Linac / } (2nd stage) E
i 6 (7) GeV i
| Accelerating Beam (7) Ge !
i A2 path-length %@%@%?F Phase

\  changer

k. Deccelerating Beam A

N e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e T

[18] “Energy Recovery Linac Conceptual Design Report”, KEK Report 2012-4 (Oct. 2012); =

http://ccdb5fs.kek.jp/tiff/2012/1224/1224004. pdf



3-GeV ERL/XFEL-OMBEE—F
B EE IR BE/SNLALE  XEL—F—
— — — — "
53t—L>RX | BIIYIR Sabe—LY HBiE/NLR XFELO
EF—K F—K A EHITVIR EF—K
E—FK
E—LIRILF— 3 GeV 7 (6) GeVY
E—LER 10 mA 100 mA 100 mA 77 uA (typ.) 20 pA
INFHEYDER 7.7pC 77 pC 77 pC 77 pC 20 pC
INFDHEYIRL 1.3 GHz 1.3 GHz 1.3 GHz 1 MHz 1 MHz
FBIETIVYRR 0.1 mm-mrad 1 mm-mrad 0.1 mm-mrad REtsh 0.2 mm-mrad
JILIRILF—TO 17 pm-rad 170 pm-rad 17 pm-rad fRET 15 pm-rad
E—LIISYAUR
E—LDIR)LE— 2x10%4 2x10%4 2x10-4 RET A 5x105
LAY (rms)
INUFE (rms) 2 ps 2 ps 2 ps <100 fs 1 ps

[18] “Energy Recovery Linac Conceptual Design Report”, KEK Report 2012-4 (Oct. 2012), p. 72.




Brightness (pha/sfimrad™2imm ™20 1%h w.)

Spectral Brightness (3 GeV ERL)

High coherence mode Ultimate mode
10 mA, 17 pm-rad 100 mA, 17 pm-rad
Undulator spectrum at K-l‘ﬁi region (High-coherence mode) Undulator spectrum at Xil‘a“}’ region (Ultimate mode)
10+ 1% :
I1=30m Au=18mm
y EB0m  3y=18mm .1-"'-- n 4 K =2
r at:
g -~ K o B Gap=31mn
st __L 3num 2 o
P _ A
= s
10*! - % 21 /
g 1 L=3m
st @ g
—
1 :
10 . o
L=55m £
:
10" ‘Em 1
wn]
1n* ik
1000 10’ 1000 10* 10°
Energy (V) Energy (V)

X-ray undulator
24

[18] “Energy Recovery Linac Conceptual Design Report”, KEK Report 2012-4 (Oct. 2012);
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X-ray Free-Electron-Laser Oscillator (XFEL-O) D E{E/RE

ERLMASDEFE—LEZFIHTS
L ~100m

ERLh\bQEE,%/\/; < 30~60 m

undulator
X-Tays

., Bragg mirror
MIrror G
ERAIT—

BERIE
1. BFNAUFATUD2L—2DHRTXREBRF T 5,

2. Bragg S7—TX#F%100%E<RETL. XIRILIRBZEERT D,
(XERSIIVAD K IREBFE—EET SR DIERZEL0~20% LUAICHIZHIE)

3. XEENWNILAN—FELI-EMERIZ. ROEF/N\VFEREIES(FH £91 ps).

4. ERLALDEGRBEREF/N\CFHNREIBTLHEIC, XHR/ VULRE20~40%IEMET S
(EiEEEEHEFL—Y—)

5. (BIg3%)>(18%) ThHNIE. XEHNEIESIND,

6. TBF/\FHI1000EIFEEFE BT AMEICXEFREINEIFBI N, ZERIHN DEFEIRIIZO
E—L U MEBUOXER/ VLA ELN S (XERL—H —; =12 L#YIRLEIMHZD /X)L X

L—H—)
[19] R. Colella and A. Luccio, Optics Comm. 50, 41 (1984). (FIDIZE)
[20] K.-J. Kim et al., Phys. Rev. Lett. 100, 244802 (2008). (ERLZFHU\f=XFELOMDIZZE) 25

[21] K.-J. Kim et al., Synchrotron Radiation News 25, 25 (2012). (fi#5#52%)



X-ray Free-Electron-Laser Oscillator (XFEL-O) MD%¥1%

L~[00m

Table 1: Major Parameters ERLASDETF/ ST

undulator
Electron beam \\_=|=_/ x-rays
Energy 5-7GeV

Bunch charge 2550 pC
Bunch length (rms) 0.1-1ps S Bragg mirror
Normalized rms emittance |0.2— 0.3 mm-mrad rror G |
—4
Energy spread (rms) 2 x 10 ETSvaL R ETRILE—E, /AT . BRYELOE — AXERLCHHAT A
Bunch repetition rate ~1 MHz (constant)
Undulator [20] K.-J. Kim et al., Phys. Rev.
Perfllod length ~2cm Lett. 100, 244802 (2008).
F[r)etrcicitlonﬂ[])arameter K 2-00—_6105 [21] K.-J. Kim et al., Synchrotron XFEL-O D451
otalleng - i Radiation News 25, 25 (2012).

Optical cavity ( ] . )
Configuration 2 — 4 diamond crystals and focusing mirrors 1. XEDAXRTELFEE L1886 T
Total roundtrip — 85 % (50% for 100A peak current) LNUNREE: 1-10 meV)

XEELO ot 2. FHEEINEHTHL:

Photon energy coverage 5 — 25 keV (plus the third harmonic) B =10% ~ 10%

Spectral purity 1 - 10 meV ( 10°°-10"7 in relative BW) [photons/s/mm?2/mrad?/0.1%bw]
Coherence Fully transverse and temporal (B3R (~ 100) [ZHEART
X-ray pulse length 0.1-1.0ps %"\J 106Z =)

Tuning range 2-6% " A=

Number of photons/pulse ~10° 3. BEIZZILaeE—L U TH S,
Pulse repetition rate ~1 MHz (91 ps®/\JL RAA TE L 1L BFR]
Peak spectral brightness 10*2—10* ph/[s x mm? x mrad® x (0.1% BW)] TAE—L Y ZE 1;#9)

Average spectral 10— 10%® ph/[s x mm? x mrad® x (0.1% BW)] R "_H .

brightness 4. SASEIZLERTHZETHS




XFEL-O iz

L ~/00m

ERLALDEF/NUTF 30~60 m

undulator
W\r‘:\_’y =

N Bragg mirror
G

mirror

£ M5~
1. ERL(F7=IEZCW-LINAC) TERE. 8YBLOEFE—LZERRK
2. BRHFEIZ—FEXE) . RREE - KESI XATEVFIS—
3. BLLWAERDLL TR AE ~10 nrad (rms), L&~ 3 um (rms)

B (S#8YIRL) SASE /Seeded-FEL &Y+, #ZEIETTVERDHND
> N > = Measured Reflectivity = 99.1% + 0.4%
A :_E 9 4??/ < E =<1 T1- =& (0) As grown crystals o 1)
HTEXEFEIZ—DR&D i (@)
. 8-10*
(Argonne National Lab.) o 17.5meV
@ o,
[22] Yuri V. Shvyd’ko et al., Nature Physics o 610"
6, 196 (2010). 0o | 3
[23] Yuri Shvyd’ko et al., “Near-100% 2 T w0 2 o 0 40 60 °
Bragg reflectivity for X-rays”, Nature £ ImeV]
Reflectivity curve width and maximum match that predicted by theory

Yu. Shuyd'ke, S, Stoupin, V. Blank, and 5. Terentyey, Nature Photonics 5, 539 (2011}

Photonics 5, 539 (2011).



E I (CW) X-FEL

EIRE =7y ER=X-FELIX, X/ NILRADEYRLAMELY
— LCLS: 120 Hz, SACLA: 30 Hz
S#2UiRL (~1 MHz) h D ZERIBEOXER/ SILANELoNNIE, T—2EENEE
104 fZIZTE3
— 1N REOBIREEIITAE (TR)
—  Pump-probe3RERIZ&DHEEERIRZ D BIE
BB —7yoxALNIL, SRFEEERM (CW) IZANSIENTEETHD
- E—LRBYRLEBKEHII. FEICE<TES (;RK1.3 GHz)

XHRFELO XD BEIX., B8 =7 v0ZAWLE=5#&YRLIETH S,
Seeding LAWT, BE{LLBIET

Experiment geometry: EsuU
nanocrystallography Ao STAD

LCLSIZE [+5F/HERBE T EER D

[24] U. Weierstall (ASU), “X-ray Lasers for Structural

and Dynamic Biology”, invited talk at FLS2012. o8



LCLS-II Project: 0.2-5 keV CW-XFEL (Z%(Z[H I+ TR T @SLAC)

LCLS-II

"3‘3.%-1 Soft X-ray
Superconducting Accelerator = . Warm Accelerator Undulator
ar

L3 — —¥
Sector 5

Hard X-ray
Unelulator Hutches
Sector 0 Sector 30 Beam

Soft X-ray Beamline Superconducting Dumps
Hard X-ray Beamline — Crossover

MNear Hall Far Hall

LCLS was a successftjl
multi-lab collaboration

.-;-_afa.-ray-’
Transport
) (z(‘{} m)

CWiEEL A] R/ B {8 N33R 22 F & {E B
(FNAL, JLab, Cornell & FEBF)

[25] J. Galayda et al., IPAC’14, TUOCAOL.
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Average brightness (photons/s/mm?/mr?/0.1%

LCLS-II Project

BFE—L: E=4GeV
XFIRILF—: E;=0.2-5keV
=Ry R : ~ 0.62 MHz

LCLS-IA R IIL =5,
RIFFEXERIEITED 55

g RERE - 1023 ¢ 1024 (@0.2 - 5 keV)

\/,.f",'-"" Table 1. LCLS-II Electron Beam Parameters
- abeiis b "\. ", § Parameter Nominal _Range LUnits
o LU Final electron energy 4 2-4.14 GeV
',"' Electron bunch charge 0.1 0.01-0.3 nC
Il Wi I Bunch repetition rate 0.62 0-093  MHz
. Average linac current 62 1-300 HA
P Average beam power 0.25 <1.2 MW
emittance 0.45 0.2-0.7 um
/ Peak current 1 0.5-1.5 kA
/ Bunch length 8.3 0.6-52 [m
Usable bunch length 50 %
Compression factor 85 25-150
Slice energy spread 0.5 0.15-1.5 MeV
1.E+01 1.E+02 1.E+-03 1.E+D04 1.E+05 1.E+D6
30

Photon energy (eV)

[25] J. Galayda et al., IPAC’14, TUOCAOL.
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ERLERAMT i
@KEK/JAEA w

BEISvAU R,
CWOE—L%E
HR-INETES

X-FELEfff @SACLA
(Nature Photonics 6, 505.)

RR7>a0—4, FELEIR. #FIA

J
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EIRERInLRDEED (FLAR)

3 GeV ERLETEITIlE. FEHIEE B =102°0~102 AN iS5, iYL -8
B/NLANELRERGETHS,
_ TEETIR. TEAR UL T EBELTNS

H10FERDREDIZKY . ERLAD ZLOEMA AR INT-, ERER LK E
HEDEHAHM. [RE I THIGAIEETH D,

XFELOCWIEDASZEDRNTHD

- SYIRLIEIZKY., FELIZEFERELFEELTERAHLIEDIZES

- BEECWETH. BEUERNARELIEMTHD

— RKETIZLCLS-I (0.2-5 keV) AY, 3—HEY/NTIXEuro-XFEL (£ / NV RIEER) hAEITH TH 5.

— ERE%(:EF;ﬁ%u:EﬁEECW%%.ﬂ BIEEERBEMEERATNIEL A ETECW-XFELA
IR O EE

XFEL-Ol%. CW-XFEL (SASEZE7-I%seeded-FELE) DFHEKEH TH D, FHIEE
1026 ~1028 NIHZ HHY. BIffTHIIE 5 E (LB E DCW-XFELKYBF L (FEITXER
HFR)
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32784 FERL (cERL) @KEK

ERLIAST SR Bl REET 571=6 DFHERINE 2R

Injector diagnostic beamline : I}I Iﬁ ffﬁ

Recirculation loop

Main-linac cryomodule

Parameters of the cERL

The first arc

Beam dump
Dump chicane

The second arc

njector cryomodule

bunches

Design In operation
Beam energy E 35 MeV 20 MeV
Injector energy Ej,; 5 MeV 2.9-6 MeV
Beam current 10 mA 80 uA
Normalized emittance 0.1 @7.7 pC See, page 13
[mm-mrad] 1 @77 pC
Repetition frequency of 1.3 GHz 1.3 GHz (usual)

162.5 MHz (for LCS)

Photocathode DC gun RMS bunch length

©Rey.Hori/KEK

1-3 ps (usual)
~ 100 fs (compress.)

1-3 ps (usual)

Circumference: ~90 m

[26] N. Nakamura et al., IPAC’14, MORPO110.
[27] S. Sakanaka et al., IPAC’15, TUBCL1.

E.cc in main linac 15 MV/m 8.2 MV/m
Gun high voltage 500 kV 390 kV
Max. heat load at 2K 80w 100 - 80 W




i R AN )| IBT LR 1

WFEEDCE F i Atz B8 ZER F Rz AEEEZER
» BISVEVZANOABHROE o THAF—ERGLT ABRO  c TRAF—ERHYT.E—LE
FE—LEERAEE BRE—LEME =B TR
« EIE: 500 kV (390 KVTBERH) o 247 L 28 R%E 34 IR * BRE—FERIEE
e GaAs7ArAY—K NEARE o SEERE 2K o OtJLZERE2E UNHA
e KSA4JL—H—:532nm . MMEDE E,=3.2 - 7 MV/mT o EELRE: 2K
EEL - BAEMMERAE L5 MV/m(8.2
MV/mTiEEz )

[28] N. Nishimori et al., FEL2013, TUOCNOO03. [29] E. Kako et al., IPAC2013, WEPWO013. [30] K. Umemori et al., IPAC2014, WEPRI028.
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AHRBTIEIZSVRARAE—LDERKIZRKRIN(20134F6A)

RA)yrRAEXvik  Setup of 25 m AIELEE: 2013/6/21
measurement MR _ N—AFE—LTHIE(TYA
N _ Slit scanner Screen monitor INJLRIBE: 1 ms, #Y58L5 Hz)
— =TS - - H | | Laser: short-pulse (~3 ps rms)
: - I | I Bunch charges: 0.02, 0.77 pC

Slit width: Viss . @
0.1 mm &FC Beam

> ND YIS =) =3
INUF S 1-YFEF: 0.02 pC N FE51=YEFR: 0.77 pC

angle [rad] @ angle [rad]
-0.001 E 04 -c.ojm
e
0.0005 - = 035 -0.0005 |
(]
O 03 ot
of % 1
B 025
0.0005 -
0.0005 CIE) 02}]
(2} ; 0,001
0.001 g 015 Buncher OFF ! o ’ o ryos'l:on [mm]
-1 -0.5 0 05 1 horizontal  s—
position [mm) 8 0.1 vertical .
: . N Buncher ON Horizontal phase-space
Horizontal phase-space distribution © 005 horzonial ~— -
. =
angle [rad)] — . L L angle [rad
o Y% 0.2 0.4 06 08 1 angle fad]
0.0004 Z -0.0004 |
Charge/bunch (pC)
0.0002 + -0.0002 |
= Al == 4*£ — . I
o} IZVAVRBIEFER(E=6.1 MeV): 0
0.0002 | gy~ 0.17 pm- rad at 0.02 pC 0.0002 |-
0.0004 | En ® 0.3 ].Lml’ad at 0.77 pC 0.0004 ¢
-1 -0.5 0 0.5 1 . b . a ! o ’ n.gosh:or\ [mn:j
position [mm] [31] REFTIEH . F10EINMERFERF R, SUPOLL.

Vertical phase-space [32] S. Sakanaka et al., ERL2013, WG102. Vertical phase-space



E—LDHME-FEIZHD (20142 86H)

seam energy € e e (R
e Injector: 2.9 MeV e Gun voltage: 390 kv Buncher: OFF o macropulse Width' 12 i
e Recirculation loop: 19.9 MeV e Injector cavities: E,.. = (3.3, 3.3, 3.1) MV/m e etiti%n of buncHeS' 1'3 LCL;HZ
e Main-Linac cavities: Vc = (8.57, 8.57) MV petit o
repetition frequency: 5 Hz

average beam current: ~ 140 pA

Dump FC MS31 (dump line) Beam profiles on screen monitors.

beam—current
MS11 Gun FC (faraday cup)

beam current

beam current

By

MS15 MS17 MS19 Movable FC MS26 MS27



E—LEHR 80 uA (CW)DEEIZR T (201543-6 A )

2015 ERIZE —LEBRIMAZERIZFITT., REHEZEERED#E[Fh

100

Beam Current (pA)
s 2

Measured at the beam dump

o0
-

()
-

June 25, 2015

- MMW

]

18:00

19:00 20:00 21:00 22:00 23:00

Time
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L—H—a T BELXEE DR A IR DI (20154 3A8)

»
t.

)

First arc

., -
R R na«%-uw(:l, >
y =¥

! sess————

Beam dump

oy

a‘h -] o o olle oAl o i e B0 M- e [T e 113 | e

FELGNTA—A

KER/\wk
Electron beams: —
Energy 20 MeV N‘ T
Repetition rate 162.5 MHz =
Max. current 80 pA
Laser:
Wavelength 1064 nm
Repetition rate 162.5 MHz
Produced X-ray
Photon energy 6.9 keV
0 Arnpeek [ f:'“:'.l\ f.::: s-\-s:--,--;\l-'- urnents¥doow B & MRS WLCS RN cERLL S00¥1 50403858 _... = © En
E=6.91keV e s
. AE =173 ¢V (FWHM) |5
AESNT= o 1200 cps @ .66 mm sl LCS X#R CHREZ
XEDARIML EEE SRENFOER X
(SDD#% H 28) =
Conid 0 60885
" | el
|' —
o mn mn  mwl rew e wse weo

[33] R. Nagai et al., IPAC'15, TUPJEOQO2. [34] A. Kosuge et al., IPAC’15, TUPWAOQ6G6.

Main linac

nﬂa----ﬂ*‘ﬂ

BFE—LEL—H—ZHITHIZ0 um

rms (2> TEZEIE. 7 keV XEREEHRE
”.linm-‘m-lt ;;’«;o,,"i'w

Experimental hut

Lase';“o__\Compton sattering
f\/\/\/\é“,;\ﬁé -0

@m\“\“ Elegtron
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BFHREE 5007
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4001
23509
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Operation of Photocathode DC Gun (Feb. 16 - Mar. 2)

—

in 2015

s FHIEBInEZE RO R ECEIDHI (201552 A %)

2B &7

L B
2015-02-16 02-17

00:00:00

EMEZRDOEE

(ML-1, ML-2)

[#2]

)]
1

Accelerating
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Cavity Voltage Vc (MV)
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Operation of Main-Linac Cavities (Feb. 16 - Mar. 2)
in 2015
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cERLFIA DI gETE

e ERLTIEZ. BENFUNFE: ~100fs) DEFE—LEZKEBETERBIESESZ
EHVE[EE
— BEOY=ZF7vITIE, KEBEIZTELRL
— EREYUY TIEBENVFICTERE(ZHEERO=0)

\ 4

AE—L MRS AZE AW RKEETIANILYLRELTH A6,
SR BRLTEBREDS VT INILYENFLONS,

VETL—H—a T U#MELZINIE, T LMXERIREL THFI AR E

o L—H—a TrUBRELTIX, 84 (~30 um) U A XD IEMNSKAE ($325
mrad) CTHRETIXENFLND
— XBOIRLE—FEEFNIE: Ey o (Epean)’

\ 4
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[35] Figure is cited from: R. Hettel, “Performance Metrics of Future Light Sources”, talk at FLS2010.
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