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A hstract 
A 1.3 GeV synchrotron radiation storage ring is currently 
under construction at SRRC. The installation ncti\ities had 
gone through about one year. from Mvch 1992 to March L 
1993. The commissioning of the booster to storage ring 
(BTS) transfer line started from August 1992 soon nftcr a 1 .R 
GeV s~xhrotron booster injector had been dclivcrcd in July 
1992. The intensive activities of hc storage ring bcanl tests 
began in April 1993. We had stored barn1 in April and ~0111~ 

machine pmmctcrs hwe been nleasurcd 

I. INTRODUCTION 
To pro\idc continuous, tunable aud bright VUV and soft s- 
ray light sources for the rcscnrclics ranging oxr physics. 
clmnistry, biology, mcdicinc. etc.. a third generation 
dcdicatcd synchrotron radiation facility wls estnblislxd in 
Taiwan. The SRRC accclcrating system consists of a SO MeV 
e- linac, a 1.3 GeV synchrotron boostcr[ 1.21, a 70 n1 long 
BTS transfer line[ 1,3], and a I.3 GeV storage ring[ 1,1.5], 
Up to now, the storage ring is in the conmissioning shgc. 
The stored beam nas accomplished in April. WC expect the 
dcsigncd current of 200 mA will be aclhzd so011 after the 
wcuun~ vcsscls are baked in June. The design paranielers 
and components arc described in See. II. Installation 
activities arc given in Set III, and finally the early 
coumnissioning results are sllo\vn in Sec. IV. 

II. DESIGN PARAMETERS AND COMPONENT 

A. Lattice 

The lattice structure is a conlbilicd-hlnction triplc-bend- 
aclwomat (TBA) type with G-fold synmmctg’[ l.3,5]. There arc 
six dispcrsionless long straight sections. each 6 111. for the 
acconmnodntion of injection elcu~cnts. RF cavities, 
unduhtors nud wigglers. Sonw niajor pnralncters arc listed as 
follows: 

Energy 1.3 GcV 
Circunifcrencc 120 111 

Natural cmittance 19 nwrad 
Tune vx/vy 7.1w-t.13 
Momentum compaction O.C)0678 

The dynxnic aperture of the single pnrticlc dywnics and 
collective cffccts of the particle bczun wxzrc studied in detail. 
The acceptable tolerances of the nlagnetic properties and 
aligtuncnt errors were gi\ren accordingly[ 1,3,l]. 

R. Afapiet old Power Supplies 

Tlwc are IS dipole magnets powcrcd in series and four 
fatuilics of quadrupolc magnets, CXII witI1 12 magnets 
powered in scrics. The chronxhcitics arc corrcctcd with 2 
frunilics of 21 scstupolcs. In addition. thcrc arc 23 horizontal 
and 30 \wtical corrector for orbit correction. Several skew 
qundrupolcs jvcrc installed. The nlagncts \vcrc designed. 
constructed. nlcxurcd, and xwl~xd with cart. All mngncls 
installed in the ring are within acccptnble tolerances in tcnns 
of the multipolc errors and intcgratcd fundamental field 
errors1 I .6], The pulsed nlngncts such 3s scptulu and kickers 
also niect specification. 

(: r~‘c7crrul,r 
Tlrc most of the wcwun clwnbcrs were nxldc of alunlinun~. 
Carts \vcre taken as to prox,idc ultrahigh \xuun1. lo\\ 
impedance cnvirounwlts. The chrance of the ni;ltcriol, 
tapering of the chanrbcr, shielding of the bellows. the 
thcnnal load, dcfornlation. rigidity and flexibility of the 
supporting fratnc, etc., \\cre seriously considcrcd to nxct the 
rcquirenxnts. Up lo now. \vitliout turning on ion pumps, the 
vacuun~ pressure \vas about IO-” Torr \vithout bcanl and about 
10s7 Torr with a few nlA stored bean1 current. The bnkc-out 
of Illc wcuun1 cllau~bcr \vill be done in June. After turning 
on ion pun~ps, wc cspcct the ~‘acuuni prcssurc can rcacli IO-” 
Torr without bcanl. 

L). RI; .\:vst1wr 
In one of the long straight sections. t\vo Doris I type cavities 
purclrascd froul DESY \F\crc installed. Each cavity is with 60 
kW n~axinnun RF po\vcr provided by indi\,idual transnlittcr. 
The system can accelcratc 1.3 GcV electron bcanl of niore 
than 200 mA current in the presence of insertion dcviccs. 
The nominal RF frequency is 199.65-t MHz. 

E. Sunq ad .,I /igr~M~nt 

Estrcmel~ tight rcquircnlcnts on the aligluncnt of the 
magnet, especially qundrupolc magnets in tllc ring in tltc 
transverse directions are ncccssxy in order to reduced closed 
orbit distortions. The acccptnble alignnicnt errors in both 
planes arc 0. I5 nun nns and rotation errors are 0.5 mr;ld 
nns. The quadrupolc magnets \\ere prcaligned in the girders 
and then nloved into the tunnel. The final results of the 
alignments for dipoles and qundrupolcs were 0. I-1 nm11 nils 
and 0. I2 nmm rnx in the horizontal and vertical plant. 
respcctivcly. The tilt errors was 0.2 mrad nms in dipoles and 
0.06 wad in quadrupolcs. For scstupolcs. 11x rcsulls \vcrc 
0.20 nltu nns and 0. 15 nun nms in the horizontal and \crtic:ll 
plant. rcspcctivcly. All wcrc \vitllin ;rccepl;lblc tohinccs. 
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The measured closed orbit distortions were consistent with 
the simulated results and will be described in Set IV. 

F. Beam Diagnosfics 
There are seven destructive screen monitors for first turn 
beam observations in the ring. Two were used for injection 
launching adjustment. The number of button type beam 
position monitors (BPM) are 47 in total. Two stripline 
electrodes are also installed. One excitation electrode station 
can be used for the tune measurements as well as for the 
transverse instability damping. The fast beam signal can also 
be measured using fast current transformer and precise beam 
current are obtained from DCCT. Some other elements such 
as scraper, photon light monitor, etc.. are described in ref.[7]. 

G. Control and Operation[8] 
VAX workstations running VMS operating system are used 
for control computer system. Between database and the sub- 
system devices, several intelligent local controllers (ILC) 
were implemented. A friendly graphical user interface (GUI) 
operation panel was developed. The radiation safety interlock 
system is a self-protected subsystem and will be linked to the 
central control system. 

III. INSTALLATION 

The installation task of such a rather complicated qstem in 
deed need well planning and full cooperation among all sub- 
systems. A cell of 20 m long was installed in the shop by the 
end of 199 1. We gained a lot of practical elTerience. The 
installation of the BTS started in March 1992 and completed 
in September 1992 except the septum magnet. The 
installation of the ring began from March 1992. By May 
1992, the cabling work and magnet stands installation were 
finished. Power supplies and all magnets except pulsed 
magnets were installed by October 1992. Finally, the vacuum 
system including diagnostics elements, RF cavities, and RF 
low level system were installed by the end of 1993. In 
February 1993, we passed the full power tests of magnet 
power supplies and the ring chambers were connected as a 
closed form by then. The installation of the RF high power 
transmitter and four kicker pulsers were finished in March 
1993. The alignment of the magnets reached the acceptable 
level in March. In the meantime, the subsystem tests with 
control computer and developments of the control system 
software were under way. The subqstem tests with beam 
were taken whenever necessary. The storage ring 
commissioning started in April and we had stored beam vcrq 
soon. 

IV. COMMISSIONING 

A milestones 
The BTS beam tests started in August I992 ivtlcn the lo\vcr 
level section of the transfer line was completed. Bl 
Septcmbcr, the beam reached septum entrance point. .Aftcr 
the pulsed magnets had been installed, t!\c beam passed 

through septum and injected into ring in January 1993. In 
February 23, the first beam revolution for the first time was 
accomplished using one kicker for on-axis injection. The 
beam was observed in each screen monitor without using an> 
corrector. It showed that many sub-sl;stems were basically in 
good condition. The beam sizes in the screen were consistent 
with the theoretical values. The alignment errors proved to 
be barely acceptable in the horizontal plane and eA*emely 
good in the vertical plane. Due to the long half-sine base 
width of 1.6 p.s (400 ns revolution time) of the kicker pulse 
and only one kicker available, the second turn observation 
was impossible. Soon after all four kicker were available in 
April, we have several hundred beam revolutions using a few 
correctors without RF power and beam was captured on April 
13 tier turning on RF power with minor adjustments of the 
magnet settings and RF frequency. The stored beam current 
was a few mA and beam lifetime was a few minutes under 
vacuum pressure of IO-’ Torr. 

B. Closed Orbit 
We performed the closed orbit measurements soon after the 
BPM system was operative and the orbit was corrected down 
to 0.5 mm and 0.3 mm rms in the horizontal and vertical 
plane, respectively, using on-line application programs(91. 
Further suppression of the orbit distortions will be obtained 
as soon as the BPM system is well calibrated. The 
preliminary results of the closed orbit measurements without 
using corrector are fairly consistent with simulation results 
using esisting alignment data. Figure 1 show the closed orbit 
before and after correction. and simulated results as well. 

-90 

_ cod bciorc EOrTCillO” 

+ cod d!cr co,rcc~mn 

figure 1 Closed orbit distortions before and after correction 
in both planes and the simulated orbit before 
correction arc sho\vn. 
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C. Synchrotron Tune and .fdomenfuln Compncfion Foctor 
The electron beam signal was picked-up with a stripline 
electrode and analyzed with a spectrum analyzer. 
Synchrotron sideband was measured and the momentum 
compaction factor was cstractcd. The measured momentum 
compaction factor was 0.00663 and in good agreement with 
the design value of 0.00678. 

D. Betntron Tune ond Betntron Function 
The turn-by-turn signal from one BPM electrode was FFl 
analyzed after electron bcarn was kicked using one of the 
kicker magnet with about 1 mrad in the horizontal plane. 
The betatron sidebands were observed. The measured tunes 
were v,=7.142 with nominal seaupole setting and corrected 
orbit. The vertical tune v+. 170 was obtained from the orbit 
changes with vertical corrector setting. We will measure the 
tunes in both planes using the tracking generator and 
speclrum analyser system in the near future. Optimum 
working point will be searched soon. By varying the 
quadrupole strength and measuring the horizontal tune shift 
we obtained the averaged betatron function at each family of 
quadrupole location. The results were in good agreement 
with the design value. From the orbit change with vertical 
corrector, it was found the vertical betatron function was in 
agreement with the design value1 91. 

E. Dispersion Function and Chromaticity 
The dispersion function was deduced from the orbit 
difference with different RF frequency setting. In Figure 2 
the measured horizontal dispersion functions as well as the 
design values are shown. The vertical dispersion is very 
small. The horizontal chromaticity was measured by 
observing the tune shift with the RF frequency change. It was 
found that the horizontal chromaticity was corrected to zero 
with nominal sextupole strengths. 
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Figure 2. The measured and design dispersion function 

F. Bemn Energv nnd Circumfircnce 
The injected beam energy was dcfmcd by vacing the magnet 
setting and RF frcqucncy. From the closed orbit distortions. 
one can obtain the energy deviation from the magnet 
settings It was found that the injected beam was 1.3033 
GcV. The accuracy is about 0.05 %. The circumfcrcnce was 
less than 0.5 mm from the survey and alignment drrta, which 
wns consistent with the closed orbit data. 

G. Bunch Length 
The electron beam signal picked-up with stripline electrode 
was analyzed with a fast digital sampling oscilloscope to 

obtain bunch length. The measured bunch length 0! of 42 ps 
at 300 kV RF peak voltage was in good agreement with the 
theoretical value of 37 ps. 
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