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Abstract

There are various limitations to install very short period undulators of A, = 2 mm - 6 mm in an existing storage ring.
For the strength of the magnetic field to reduce because of very short period undulator, it is necessary to make 2 mm of
gap of undulator below, but the smallest gap is limited by the vertical betatron function in the straight section. The
length of the straight section is not also optimized for the very short period undulators. Therefore, we have done the
design studies of the storage ring which can be installed more than 10 of very short period undulators. The designed
storage ring is 14 cells lattice structure. The standard unit cell (length is 4.08 m) of the designed storage is consisting of
a 3.8 T superconducting bending magnet, two quadrupole magnets and two sextupole magnets. Beam energy 1.5 GeV,
circumference 60.12 m and natural emittance 23.9 nm-rad (effective emittance 35.7 nm-rad) was designed by twelve
standard unit cells with 1 m straight section for installation of very short period undulator (vertical betatron function By
= 0.243 m at the center of straight section) and two long straight sections with 2.5 m straight section for installations of
an injection system and an RF cavity. If the synchrotron radiation source proposed here will be achieved, it equals a
medium size synchrotron radiation source mainly composed of undulator beamlines, which is different from a
conventional small size synchrotron radiation source and leads to realization of the low-cost synchrotron radiation
source miniaturized substantially.
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Figure 1: Optical function of 14-cell storage ring. The
whole ring is shown.
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Figure 2: Magnetic lattice of a normal unit cell
(Upper Figure). Optical function of a normal unit cell
(Lower Figure). Vertical betatron function By is 0.243
m at the center of straight section. Bx = 8.478 and i
=0.423 m.
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Figure 3: Optical function of a long straight cell of 2.5

m. Bx=8.290 m, By =
center of long straight section.
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Table 1: Design Parameter of Storage Ring

Circumference

Straight Sections

60.12 m
Imx12,2.5mx2

Beam Energy 1.5 GeV
Natural Emittance 23.9 nm-rad
Effective Emittance 35.7 nm-rad
Momentum Compaction Factor  0.006970
Betatron Tunes (5.9061, 5.5158)
Natural Chromaticity (-11.8, -28.0)
Energy Spread 0.00118

RF Frequnency 498.66 MHz
Harmonic Number 100 =22 x 52

Radiation Loss

335.0 keV/turn

Damping Partition Numbers Jx=1,217
Jy,=1.000
Js=1.807
Damping Time ==1474
Ty=1.798
Ts=1.006
xy-Coupling 0.005
Stored Beam Current 300 mA
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Table 2: Magnet Parameters

BM L [m] 0.6 m
o [m] 13369 m
B[T] 3743 T
B' [T/m] -7.490 T/m
Bp [Tm] 5.0035 Tm
B'/(Bp) [m?] -1.4969 m?
n -2.6754
QF | L[m] 0.18m
B'/[Bp] [m?] 4309 m2
B' [T/m] 21.560 T/m
QD | L[m] 0.18m
B'/[Bp] [m?] -1.874 m?2
B' [T/m] -9.376 T/m
SF | L[m] 0.12m
B" [m] 4718 m
B" [m?] 39/32 m
B" [T/m] 196.72 T/m
SD L [m] 0.12m
B" [m3] -8.626 m™
B" [m] -71.88 m™
B" [T/m] -359.67 T/m
4 FAFIVIT R—Fr—ER—RROY
Fa—r
Figure 4 I[ZREMH R RTOFAF Iy T /R—
Fr¥—OFREERERT, HFOKITy =0 kbfqu:ji

BN A ZE B DR ERE R THDL (RT I~y 7)), 2D
FERID, AFHZOWTIFFICIIEIZ 2N EE 2 T0D
DAF DX, b 7Ty T EBIROAELE I RBFTT
5D, F2—EEROE HFIZ IO AHZE R O I
WL BB bs,

Dynamic Aperture for Ring w/o Error
DA@P_—829m B —6.05mn _~032m

25

T T T T 4 S
Aplp =0.0 SX: B"L/[Bp] s
- SF=+4.718
20 (1000 turns SD—-8.626 ) //
7
= 15 1 %
: = A
NEBNERURIRY
> 10 \ PR \\\ Q
5 2 \
\ > S
0 4
-40 -30 -20 -10 0 10 20 30 40 30 20 0 0 10 20 30 40
X [mm] x[mm]

Figure 4: Dynamic aperture at the injection point of
the 14-cell storage ring without magnetic errors (Left
Figure). Horizontal Poincaré map with y = 0 (Right
Figure).
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Figure 5: Amplitude dependence of betatron tunes
without magnetic errors.
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Figure 6: Energy dependence of betatron tunes
(nonlinear chromaticities) without magnetic errors.

5. E—LFamOIE

5.1 &?/z/&ﬁ n ORI

Figure 7 (Z & JE AR ZE WM O B k540 =y
7%ﬁ“\@u+ﬁft%%ﬂ“ﬁ'o ZDEFE Tl Intra-Beam
Scattering (IBS)DZNHILBEL TR, LInL7eRD,
IBS 1IN\ F ORFEZECL, HEMEIEIXT HmIcfE
HT+50C, ERT Y2l —20OkE vy 71250

e VAV TAQANY- A= T o | WA YA VN L B Y
FCIL, IBS 25 EL TN Z &L T NS
EZ26N5DT, IBS BIEOEEITWTATHIFEICL,
RE LT/ 3TA—2— %, ZFEENR 300 mA, 7L 0 F
T4V T, xy BTV TNEL 05 %, T—AH LT IR
THRTH0.5 % THICHELT —EE LT, N TR
TP eBERIIY  OEE AV, ERRIZE, ST B
IRTFL TR TR, B —2FmBELIRD
WZFEETHEEZLND,

52 FREEHAHGELFF G OFM

Figure 8 |21, BELZEF =2 NNDFERE A AHELIZ LD
B — AHBGEL A A DR RS KA R U, U ABEL AR A
Méller HLHL,

1
— =¢N E 7.
Ty ¢ . iOm
i

u 2nr? 1 4mr? 1

oy = Max , —

" (&) "t e
b/

-223 -



Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan
August 1-3, 2017, Sapporo, Japan

PASJ2017 THOL12

Rutherford HZiEL,
1
g —_ CNZ O-R
amZ?r? 1
RETyT g2
GHENY e

— =
Tp - 75
L

o =4ar?Z;(Z;+ 1)

iz L > ln[183-2_%]
37 (D 6 i
)

EEELI, 20T, 1/023, For AOT S —Fp—
FHTEETHY, ZZTIETF = N EREL THEM AR
EL,

PR AD Sy E T, K3 (Hy) + —BR{bik 3 (CO)
=80% : 20%& 7=, WH DOEFZFE T DFE T Ay
JEHE LTI S RETHDHEE 2 HND, L, %

T P2l —H DX v T NN TWARE, §72bh,

FERX—Z BB ETF 2 RO TE ST B DOF vy
%%E-ELT, BELSN T2 — 2B Kb DG &k T

2, ZOGHI CE — AN KOS5 H DR T A
®£F W2k DI AEELF M E R LIZL D THD, t—
LN KONDEGFT, WEERAT o S5 THY, Z
DEGFTTIEPy = 23.5 m THY, FxL /I OHEEET /X—
Fr—%+10 mm HRELTZ, DA, 1x107 Pa TH
ARELF ML 100 BEU<IZen, 2oy ey FHme s
DT, BE—LFEML/Torq = 1/Tr + 1/T5451F 50
RERIFEE L 72D, BT, MERM T Yol —20
Xy 7% 1.5 mm EL7ZGE T, BELSNZE — AR
T P 2L —2EE OBy = 0.747 m DT (1 m
EAEOF LD, ToPal—2FE 07 m ® 12 O
0.35 m BEN=357T) TRbDILD, 1x107 Pa THAELEL
Ffh 23 WERE, £E~Aﬁ 1% 20 H%éf'ﬁ%}:r“é:focé E—
LBHEDHE A E FRABICELZEAI12IE, CO DAY FE
755‘115&00@5%75?%@%&:%50 FRARIX, ﬁfﬁﬁﬁxmﬂftt
Z Hy : CO=90% : 10%ELIZHATHY, &8 —LFHfm
1% 30 RERRE B 1 IR CEH LM TED,

300

Energy :1.5GeV
Emittance : 23.9nmrad

250 |- Coupling : 0.5%

Beam Cur. : 300mA in 100 Bunches
Bunch Cur.: 3.00mA

200 ¢ Mom. Ace. : +-5.0%

Rad. Loss : 335.0keV/turn (BM only)

w/o Intra-Beam Scattering Effects

Lifetime [hr]
o
A
=)

Touschek Lifetime

0 2 4 6 8 10
RF Voltage V,( [MV]

Figure 7: Touschek lifetime versus RF voltage of the
14-cell storage ring.
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Figure 8: Gas scattering beam lifetime.
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Figure 9: The brilliance with three different very short
period undulators (A, =2 mm, 4 mm and 6 mm).
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