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Fig. 1 Brilliance as a function of photon energy. Pale blue lines
show brilliance of 3 GeV project for various undulators and
multipole wiggler (MPW) when é¢,/e,=0.01 is assumed.

Deep blue lines stand for brilliance of SPring-8 for ¢,/¢,=
0.002. Square shows target brilliance of 3 GeV project.
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}2}0 SPring—-8/SACLA O &7 A v « HFffric D
o BRI BEH & L CUTD 3 fxzit 5,
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Fig. 2 Coherent ratio as a function of horizontal emittance for vari-
ous photon energies when ¢,/¢,=0.01 is assumed.
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Fig. 3 3 GeV accelerator complex.
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%, SPring-8IZ/ L TR 1/4DFKE LD TV /N7 |
AR 3GeVEREY V7L, 4BA 55 ¢+ A TR R A BRI
L, WEHEAMFERRA DKM T, 1nmrad O

IR VARERT 5,

I3 v A VA% N5k A R % DBA, 4BA,
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Table 1 Comparison of 3 GeV-ring and SPring-8 parameters.

Parameter 3 GeV-ring SPring-8
Beam energy [GeV] 3 8
Circumference [m] 349 1436
Lattice structure 4BA DBA
Number of lattices 16 44
Number of bends 64 88
Length/bend [m] 5.5 16
Damping partition number J, 1.4 1
& [nm.rad] 1.14 2.4
Undulator wavelength A [nm] 0.96 0.13

Beta Function (m)
(w) uonoun4 uoisiedsig

0 5 10 15 20
Path Length (m)

Fig. 4 Four-bend achromat lattice. The horizontal, vertical beta
functions (8, and B,) and dispersion function (#,) are plot-
ted along the lattice. Layout of the magnets along path
length is shown by black squares. Bending and quadrupole
magnets are designated by B and Q, respectively. Other
squares show sextupole magnets.
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Fig. 5 Transverse beam profiles of SPring-8 (left) and 3 GeV-ring (right) at the undulator centers.
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#1385 A — 2 % Table 2 12”7,
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T17o (Fig.32MR), BVETHAHML, SACLA LFU
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Table 2 Main parameters of 3 GeV-ring.

Parameter Value
Beam energy [GeV ] 2.998
Circumference [m ] 348.8432

Number of cells 16

Long straight section (LSS) [m] 5.44%16
Short straight section (SSS) [m] 1.6427 X 16
Betatron tune (x/y) 28.17/9.23
Natural chromaticity (x/y) —60.50/ —40.99
Natural horizontal emittance [nm.rad] 1.14
Momentum compaction factor 0.000433
Natural energy spread [ % ] 0.0843
Lattice functions at LSS (8,/8,/n,) [m] 13.0/3.0/0.0
Lattice functions at SSS (B,/8,/n,) [m] 4.08/2.962/0.052
Damping partition number (J,/J,) 1.389/1.611

Damping time (z,/7,/7,) [ms] 8.091/11.238/6.976

Radiation loss in bends [MeV/turn] 0.621
RF frequency [MHz] 508.75905
Harmonic number 592
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Fig. 6 A test half-lattice of 3 GeV-ring.
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Fig. 7 TMO020 HOM damped cavity. HOM dampers are installed on slots on the cavity inner wall along the magnetic

node of TM020 mode.
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Fig. 8 Linear accelerator.

Table 3 TMO020 cavity parameters.

Cavity parameters Value
RF frequency [MHz] 508.76
Mode TMO020
Shunt impedance [MQ] 6.8
Acc. voltage [kV] 900
RF power per cavity [kW ] 120
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Fig. 9 Electron gun system consisting of a 50 kV electron gun and a
238 MHz accelerating cavity. The electron beam current is
measured by a Faraday cup.

Table 4 3 GeV Linac parameters.

Linac parameters Value
Beam energy [GeV] 3
Normalized emittance [ um.rad ] <10
Emittance at 3 GeV [nm.rad ] <1.7
Bunch charge [nC] 0.3
Bunch length FWHM [ ps] 5
Energy spread FWHM [ %] 0.16
Repetition rate (Nomal) [Hz] 1
(RF conditioning/FEL) [Hz] 25

LPAFEINDZA IV TERBY —L0HN, 1—F—
B S BICHE R ENPH L Z R VAR AT ADE
BThHb, ARHKFOUY —ARB# & — LAY 4 AD 1/10#2
D10 um AT 5 C & A& B, H—EIFEFIER
YA VFy =V AT LERMBEL TW5E, B, &
FEOHGT « $FA# 2, HIROWREFHGR LUF v 1—D
TR T D TV B,

4. £&EH

3 GeV Kt IR SHERE R O I gy A7 A3 SPring-8/
SACLA 41 R, « H1fi & SPring—8-1I ##E ¢ R&D DAL F
EFRAL, FEHHEPED LN TS, WL 2 Ohn#E
aVIR—F Y FICOWTIE, 20194 O T % HiEL
TEZRDRGEFRTH 5,

B

KREMAEE LDOBITHID, 3GeV RIS i ik
HeMHBAZICHE D % T RE R DT JEPAZERERE, mEDER
IRt v 2 —, BYLSEDRTEAT OB thE O RRIC G L
EFES, BRI, mEEEREE Y X Rt K
SRS ZTHE £ L7,

ZE

1 Mg - R R E OHEAER DL, H33E A AR
B FEEES AR ERY VRV YA, DoV
Hnb, 202041 A11H.

2) N. Nishimori, T. Watanabe and H. Tanaka: ‘“‘A Highly Brilli-
ant compact 3 GeV Light Source Project in Japan’, in
Proceedings of IPAC2019, Melbourne, Australia, 2019,
(JACoW, Geneva, Switzerland, 2019), p. 1478.

3) HEAERETT, fill: “3 GeV KRB DI AT
2\”, in Proceedings of the 16t PAS] (H AWl gry a4 4s),
Kyoto, 2019, p. 153.

4) H¥, B2iot—: BE.

5) M. Sands: “The Physics of Electron Storage Rings”’, SLAC-
PUB-121 (1979).

6) H. Wiedemann: Particle Accelerator Physics I, (Springer,
Berlin, 1993).

7) K. Fukami, N. Azumi, S. Inoue, T. Kai, H. Kimura, J.

In-vacuum transparent off-axis beam injection scheme

Twin-kickers #2

Twin-kickers driven by
solid state pulser

DC septum magnet

Twin-kickers #1

e e

e beam from the injector linac

In-vacuum pulse septum magnet

Fig. 10 In-vacuum transparent off-axis beam injection scheme.

202 © H5F May 2020 Vol.33 No.3



FEY I X

3 GeV KA MG R E DM X T L

8)

9)

10)

11)

12)

13)

14)

15)

Kiuchi, S. Matsui, S. Takano, T. Watanabe and C. Zhang:
Rev. Sci. Instrum. 90, 054703 (2019).

M. Oishi, S. Takahashi, M. Shoji, K. Tamura, Y. Taniuchi,
T. Bizen and H. Ohkuma: ‘“‘Design and R&D for the SPring—
8 Upgrade Storage Ring Vacuum System’’, in Proceedings
of IPAC2016, Busan, Korea, 2016, (JACoW, Geneva, Swit-
zerland, 2016), p. 3651.

BB, MEONET, RAE, PEBRERAT : “SPring-8-11 &
KE— F RS R Rz RoOBEZ”, in Proceedings of
the 11t PASJ, Aomori, 2014, p. 237.

https: // www.pasj.jp /web_publish / pasj2014 / proceedings /
PDF/MOOL/MOOL14.pdf

BUBESC, fRtEREZ, KEBEFE, SR, SRR, FEiE
s, =iEAAkE, “SPring—8-II @ik & — F BIEAY & 9% ik
e a s 24 FOKEIFER”, in Proceedings of the 16t
PASJ, Kyoto, 2019, p. 17.

https: // www.pasj.jp /web_publish /pasj2019 /proceedings /
PDF/WEOH/WEOHO03.pdf

TRMER, faEleZ, ERETT, R sitEf, B
¥ R EE I FE O 72 D 3 GeV FRA I 2 D IEA
#%:t”, in Proceedings of the 16t PAS], Kyoto, 2019, p. 771.
https: // www.pasj.jp /web_publish /pasj2019 /proceedings /
PDF/THPI/THPI019.pdf

T. Sakurai, H. Ego, T. Inagaki, T. Asaka, D. Suzuki, S.
Miura and Y. Otake: Phys. Rev. Accel. Beams 20, 042003
(2017).

T. Asaka, H. Ego, H. Hanaki, T. Hara, T. Hasegawa, T.
Hasegawa, T. Inagaki, T. Kobayashi, C. Kondo, H. Mae-
saka, S. Matsubara, S. Matsui, T. Ohshima, Y. Otake, T.
Sakurai, S. Suzuki, Y. Tajiri, S. Tanaka, K. Togawa and H.
Tanaka: Phys. Rev. Accel. Beams 20, 080702 (2017).
FdElEZE, wREER, BHBEAN, KBk, k), #ilitk
B, WERREST, HA  CRIEARESDEY v O AR &
LCHHT 5 C/Nv FIndas ORI SRR, in
Proceedings of the 16th PAS]J, Kyoto, 2019, p. 766.

https: // www.pasj.jp /web_publish /pasj2019 /proceedings /
PDF/THPI/THPI018.pdf

HIBEA, MHEERE, fEHE, AHFER, siLER, W
FYeRd, KB, fitEkeZs o “RIAUBHC R A S 2R IC

16)

17)

18)

19)

20)

21)

% MTCA4 Bk H H\W/z7 Y %)V LLRF ¥ A5 A DFE
fli”, in Proceedings of the 16t» PAS]J, Kyoto, 2019, p. 130.
https: // www.pasj.jp/web_publish /pasj2019 /proceedings /
PDF/THOI/THOI03.pdf

RRER, MEEE, AN, ERET, HAR, B
Y7y FAEENY —FAEHWCERLI v XV AETF
# AF AOBA%E”, in Proceedings of the 16t PAS]J,
Kyoto, 2019, p. 12.

https: // www.pasj.jp/web_publish / pasj2019 / proceedings /
PDF/WEOH/WEOHO02.pdf

WwselE, Ehfz, REER, fEREE, A%, Tk
BT, HEhE s SRR IE Y v 7 A G g ik 22 iR o 54

3”7, in Proceedings of the 16th PAS]J, Kyoto, 2019, p. 422.
https: //www.pasj.jp/ web_publish /pasj2019/proceedings /
PDF/WEPI/WEPI005.pdf

BREAR, RedEiE, SILESE, HEE—, kT, %
MR, fRtEpRZ, KATHER @ “238 MHz 42 kW /X)L A
EAARE R EIE 2R OBFE”, in Proceedings of the 16t PAS]J,
Kyoto, 2019, p. 283.

https: // www.pasj.jp/web_publish / pasj2019 / proceedings /
PDF/WEPH/WEPHO008.pdf

K. Togawa, T. Shintake, T. Inagaki, K. Onoe, T. Tanaka,
H. Baba and H. Matsumoto: Phys. Rev. ST Accel. Beams
10, 020703 (2007).

S. Takano, K. Fukami, C. Kondo, M. Masaki, M. Oishi, M.
Shoji, K. Tamura, T. Taniuchi, K. Yanagida, T. Watanabe,
T. Hara, T. Inagaki, H. Tanaka, K. Hamato, J. Kataoka, K.
Kusano, K. Ogata, Y. Saito, H. Akikawa and K. Sato:
“Renovation of off-axis beam injection scheme for next-
generation photon sources”, in Proceedings of IPAC2019,
Melbourne, Australia, 2019, (JACoW, Geneva, Switzerland,
2019), p. 2318.

T. Inagaki, H. Tanaka, C. Kondo, K. Fukami, S. Takano, K.
Sato and H. Arikawa: ‘“Development of a solid-state pulse
generator driving kicker magnets for a novel injection sys-
tem of a low emittance storage ring”’, in Proceedings of
IPAC2018, Vancouver, BC, Canada, 2018, (JACoW, Gene-
va, Switzerland, 2018), p. 1804.

BETE May 2020 Vol.33 No.3 ¢ 203



EHRET

ERERREEN EFHFLEAMTHRERR
HE AR SRR ERRE ¥ —
RS I—T HEHE

E-mail: nishimori.nobuyuki@qgst.go.jp
HPY  IEER, ©—LHE

[BREE]

19964 3 A JuIH KK FE B BT o fHE
TR EAZE, 199644 A H AR F B4
i BHEFUV—Y-—MEZHREE,
2006 4F 7 B H KR+ J) BF 98 B F& B K
ERL GBI ZE 7 L — 7 B e Bl w,
20147 AR A VBB S e s
V— 7R, 2016455 H WAL KF
o BRIEVI e HEHEE, 201844 A
BT RIERATE TP R RE SRR B RO
VR HESEE SE (R 26 IS BRIE B & £ C, 20184F
127 10 Bk, i+ (B,

ERER

ABRMEEN SEBEXAHEREE 5 —
FRERERPT BISAPIR, RIERFT MRS
wION—T FL—TY—4—, QST L&
W78 (QST-JASRI 7O RX7RA > b A
> b)), BEFHMERBS AR R AR
45— EEWREE

E-mail: twatanabe@spring8.or.jp

TP ERSE GEE I CRERBSLIR
BAF)

[R&EE]

19964F B R R e L R 7R IR,
19964F- BT R R F e L R FERHE) T,
200347 )V v 7 N7/ [ SLHFFE AT P EE
' Research Associate, 2005 4F [&] #ff 72
NSLS #B [ Assistant Scientist, 2008 4 =
MERE SRl pEge 2 2 — I Sl P e g B
T, 2014FELD I —T ) —H—,
20184 L 0 EIRBIR, it (T,

Hf 1§

ELAERFREAN BLSMERRRET T
BREHEL Y- Bl YR, &>
9 —K 2R, XFELHFZRREREEFT &BPY
&, FimtIERAFERFT RIFTIRANIFERE
WBEIL-—T LT FT4L 75—,
QST 8F £ — AR ZHREFIR MRS
KRB HFERARE Y —MERB TN —T
TIL—=T1) 45—

E-mail: tanaka@spring8.or.jp

P ILREFICH (T D E— LR

[RREE]

19824F 3 H B LERY & B LY %R
FHMEERETEHBRET, 19824F4 A H
R SR T I EARTIC AL, 1989
9 ARPRE NBMLS R A 70 b1
VBIEEANARIL, 19994F 5 A B FIEA
TR TR v 2 — I AR R
FERETE R, 20054 4 A RIFFI IR A,
20064F 4 A HALF e AT X A B B E T
U — — Gt E#E AR, 20104F 4 A W
A S EE R gE £ v % — XFEL §f
SRR ER AT, 20114F4 A LB
(LW IRIE B FE AT AR/ & DR
v % — XFEL B 52 B & M PP &,
20134 5 A 2 B Je i U BA 26 45 P9 =1 47 BR
RIEBFHRABA TN —TTF o L7 42—,
201744 A 2 HBHNERHF TR v 2 —
Bl —&, 2018F4 A6t v X —
REERE, 201812026 QST &+ —
LD FEERF U RO I e 73 ff B
TR =TIV — T — X — %,
i+ (T,

204 © H5F May 2020 Vol.33 No.3



PE w7 Z [0 3GeV RRMETHHERETEDONMES > 2T L

Accelerator system for a highly brilliant compact
3 GeV light source project

Nobuyuki NISHIMORI QST, 1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5148, Japan
Takahiro WATANABE JASRI, 1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5198, Japan

Hitoshi TANAKA RIKEN SPring-8 Center, 1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-
5148, Japan

Abstract A compact 3 GeV light source project capable of delivering the highly brilliant soft and tender X-
rays is proposed in Japan. The low-emittance storage ring based on a 4-bend achromat lattice is
composed of 16 lattices for a small circumference of about 350 m. The total number of 28 beam-
lines is available. The natural horizontal emittance is expected to be around 1.1 nm.rad, and the
maximum brilliance will exceed 102" photons/sec/mm?2/mrad2/0.1% b.w. for the 1-3 keV region
with a stored beam current of 400 mA. The accelerator components are designed by utilizing the
advanced studies for the SPring—8 upgrade project as well as by taking account of high stability
and reliability of the system. A full energy injector linac consisting of C—band accelerating struc-
tures developed for SACLA is employed for the injection of low emittance beam to the ring. A
future upgrade for the injector linac as an SXFEL driver is also envisioned. In this paper, the ac-
celerator system for the 3 GeV light source project is described.
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