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Upgrade of SPring-8 Storage Ring with Magnet-Free
Long Straight Sections and It’s Beam Performance

Haruo OHKUMA and Hiroto YONEHARA

Accelerator Division, Japan Synchrotron Radiation Research Institute, SPring-8

T he upgraded SPring-8 storage ring with four:magnet-free long straight sections was realized for install-
ing a long undulator during the summer shutdown of 2000. Magnets were rearranged and new designed
vacuum chambers were installed at the long straight sections. The beam commissioning of the phase-2 lat- -

tice was successfully completed with the achievement of target specifications of beam performance.
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Figure 1. Hybrid optics and HHLV optics for the original version
of lattice (phase—1 lattice).
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the long straight section. (a): before rearrangement of mag-

nets. (b) after rearrangement of magnets and installation of new designed vacuum chambers to realize magnet-free long

straight section.
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Figure 3. Unmatched optics for an upgraded lattice with magnet-
free long straight sections (phase—2 lattice).
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Figure 4. Dynamic aperture of unmatched optics for phase-2 lat-
tice with random errors of magnet alignments.
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QL

Cable connections of quadrupole and sextupole magnets in the long straight section for phase-2 lattice. Pow-

er supplies of the sextet quadrupole magnets at both side of magnet-free section (between B2 of Cell 5 and Bl of Cell7)
are operated individually from each magnet families. Power supplies of the magnets in the three cells are tuned separate-
ly except for Q4, Q5, Q6 and Q7, which are connected to the original magnet-families respectively.
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Figure 6. Matched optics for phase-2 lattice.
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Figure 7. Recovering of dynamic apertures for off-momentum par-

ticles. As the horizontal chromaticity becomes corrected, the dynam-
ic aperture becomes larger.
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Figure 8. Dynamic aperture of matched optics for phase—2 lattice

with random errors of magnet alignments.
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yoke extends toward outside to allow the photon extraction duct.
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Figure 10. Pressure differences normalized by stored beam current
at the long straight section versus the integrated beam dose from re-
start of storage ring operation.
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Table 1. Beam parameters of SPring—8 storage ring
Designed value Achieved value
Hyg r(; %I{}S{SLV / Phase-I Lattice Phﬁ::l{)ggztsice
: Hybrid HHLV with 30 m LSS’s
Energy 8 GeV 8 GeV 8 GeV 8 GeV
Circumference 1436 m - — —
Number of bucket 2436 — - —
Revolution time 4.79 us — — -
Symmetry 24/48/4 24 48 4
(B./B,) at ID section (24/10), 81/8) 25/4 (24335/5.77){
(23.42/14.44
Current: single bunch 5 mA 16 mA '
multi bunch 100 mA 100 mA 100mA 100 mA
Bunch lengh (FWHM) 36 ps 36 ps¥ 32 ps¥2 —
Emittance 6.99/6.3/6.6 nmrad ~ 6.8+0.5 nmrad® 6 nmrad$? 5.9 nmrad®
Tunes (vy/v,) 51.16/16.36 43.16/21.36. 40.15/18.35
Chromaticities (6,/&,): natural , (;_1;15,'9/;40.03/ L PO AT B TR\ st L P it bt L
(—105.9/=51.2)/
(—90.3/ —40.7) ‘
operation 3.2/3.9 7.0/4.0 7.0/6.0
Momentum acceptane ~29%1 1.3%% 1.99%3%1 (2.8%°%2) 2.0%%2
Energy spread (4E/E) 0.0011 0.0012 0.0011 0.0011
Coupling less than 10% <0.06% <0.04% ~0.06%
Lifetime: 100 mA {mult bunch) 24 hr ~70 hr$* ~~140 hr$ ~100 hr?s
1 mA (single bunch) — . ~5hr¥ ~11 hr#t (~25 hr$?) ~22 hr#
COD: horizontal (rms) — <0.1 mm | <0.1mm <0.1 mm
vertical (rms) — <0.1 mm - <0.1mm <0.1 mm
Beam size at ID section: horizontal (rms) — 400 um/86 um 1390 um 380 um
vertical (rms) — 6.7 um/6 um 3 um 4.5 ym
Residual dispersion at non-dispersive section:
horizontal (rms) : 0 9.8 mm 7.0 mm 4.4 mm
vertical (rms) 0 2.7 mm 4.5mm (1.1 mm36) 1.3 mm?®
Orbit stability (tune harmonics) ,
horizontal (standard devation) — 1.1 um 0.7 ym 1.3 ym
vertical (standard deviation) — 0.7 um g 0.35’14111 0:35 um

SVrf=12MV $Vrf=16 MV
$6with correction by 24 skew Q’s

VIR Z = (24/291illing) AWK T 21— —EIKIC
FRHTERVRRTH S, ENIINVFEERDT + U
VIZIRE =S DENC A CRIRO S 2 FIFR & & 5 57
WIRPL T %o

IhHORWEHFET 572010, SRS TR
it TS RERD D LE 2T 5,

Eifes

HOE THIME I LU ZORIHEZE UC, IR
5%, EBF v VRNV TN—T, BAKET IV —, Rk
BHEEM, FEEE, KeBEEZR LB b
LIZ, FEUCHMPAKCTHE 2K TT5 2N TE, Bk
FZEMICRBH L E T, ATHEAEEEY LCA)IBEBER
THEW, —Fav@zE0, RO THEZHER LI
FHIZS, TR « (FERL Y ORBICES KR DB %185

$calculated by using designed S-function $42/3-filling, Vrf=12 MN $24/29-filling, Vrf=16 MV

T ENTE, WHHRHORNEESAT TR 21FE LS
2B, EEEOER G, #BEELRILTI
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BRAOEM, 754 XAV, BHAEROSEDL, =
REFERK, RMEBIC, BEETR, FEREREK, Rk
AKK, B BRIE L TiTbhizdDTHY, AFrE
N o TR A TR B REE LT oo, RERIC,
BRI LT, KREDLK, BA REK2»OREED
BERBHEZ W20, T2, BRHA Y7V —RERBEE
L72EBR Y v 7l InESBHIIRORAEFER T FOIC,
ZBOHNOL LICERIN/LDOTHALI LR LTE
Tl BWET, #C, Phase-2 55 4 ADFREICET
AEEE, Hb HEREHOMCBRZIOE—K, BRK MK
IZ L THEIICTbN b D CHEEEMELE T,
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