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The 1 GeV electron, coriventional storage ring with 8 
FODO cells started first operation on September 27, 1989. 
With the beam cleaning of about 30 A. h the e-folding 
lifetime at the energy of 1 GeV reached 8 hours at. 200 mA 
in Deccmbrr. Thrb vacuum pressure is 3 x 10-l ’ Torr with 
beam off and 1 x 10-O Torr with beam on. T11e low energy 
operation was done for the invrstigation of the beam 
bcahavior in April 1990. The beam curr~l~t of 160 mA was 
stored at the energy of 180 Mt?V. 

Introduction ~___ 

Thr SORTEC synchrotron radiation facility [L] has 
prox’ided soft. X-rays ( of i11e wave length ar-o\lnd 1 nm ) 
Prom brrldin~ .;tAc,Liol!s for the study oP applicat.ion fields 
inrluclillg X-ray lithography since February 1990. 

The design of tile wllole accelerator system ( a 40 
MrV linac [2], a 1 GeV synchrotron [3], and a 1 GeV storage 
ring [4][5] ) started in Det~ember 1987, the manufacture 
nrou~ld July 1988, and the sct,t.illg and installation in 
October. The first operation of tllr whole syst.enr started in 
.luly 1989, and thcs first bcom was injt~~ted to the storage 
ring 011 September 27. Thcs storrd current rmched 200 mA 
on October 23. On Dec~~mtxr 4-6 the v:acuum chamber was 
openfad t0 1 ll? at lrKk?ph~rP for t he purpose of inSt.allation 
oP the beam lir.es and an SR monitor system. On the end of 
December the lifetime became as long as before the 
exposure with the beam cleaning but without baking. 

The lower t11e injection energy becomes, the more 
easily the tx%am instability occurs. The full energy 
injection and normal conducting magnets have been 
chosen because the synchrotron radiation facility can be 
r~r~llstructed fast, and surely with only t~stablishcd 
technologies. Figure 1 shows the layout of the ring. 
Table I shows the main parameters of the ring. 

BUMP INI’ 

Fig. 1 Layout. .:)f the ring. 

m 1 Main parameters of’ the storage ring -.____ 

Beam Energy (GeV) 1 
Injection Energy (CPV) 1 
Circumference (m) ‘15.73 
Average Radius (m) 7.28 
Bending Field (T) 1.2 
Number of Bending Magnets 8 
Number of Quadrupoles QF 8 

QD 8 
Number of Sextupoles SF 4 

SD 4 
Focusing Structure FODO 
Superperiodicit y 4 
Betatron Tunes v, 2.235 

P” 2.215 
Momentum Compaction Factc,r 0.17 
Radiation Loss (keV/turn) 32 
RF Frequency (Mllz) 118 
RF Voltagr, Vc (k\ I 
lfarmonic Numberi: 

90 
18 

Natural Emit.tanc:cl (rm. rnd) ,: %Si 5x 1o-7 
Maximum Dram Sizr ,’ 

Ux(lrllll) fo1, E J& ,o=O.l 2.0 
a “(mm) f<>r & “/E ,0=0.,1 0.7 

Calculaled Touschek l,ifratimc at 200 mA (ho11r) 
40 

Cal<.ulat rd Quantum Lifrt imp (hoI::+) 1.10 

l;_t~i~~~~~~!, !)esrriptiorl of the Ring 

Eleven SR heam par! R tare inslallPd at the bending 
sections, and OIW at the straight section which is reserved 
for an insertion device ( wiggler as a candidate ). The 4 
ports have been already used fur the study of 
lithography. 

In the case of such a ring of large emittance as this 
ring, FODO lattice surpasses double achromatic lattice in 
the respect of large tie diagram, and small and smooth 
bet.atron function. The function makes the expected value 
of COD small, the acceptance large and the beam lifetime 
long. There were 3 candidat.es of operating points at the 
stage of the conceptual design. Table 2 shows the 
characteristics of each operating point. As a normal 
operating point ( vx , v ,, )=(2.235, 2.215) was chosen, 
because the Touschek lifetime is longer, the strerlgth of 
sextupoles smaller, and the emittance larger than at the 
other p0int.s. The ring does not have to be a ring of low 
emittance for our purpose. So, the normal operating point 
is the most suitable for the ring. Figure 2 shows the 
betatron and dispersion functions. 

The ring has a septum magnet and three bump 
magnets. The three bump magnets can make a right bump 
orbit at each operating point in Table 2. The beam has 
been designed to be injected with the dispersion function 
of )7x=t7n’=r7 v=?j “’ = 0 at the entrance of the septum 
-___ 
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magnet. The beam is small in the septum and can pass 
through it efficiently. 

The reentrant-typed RF cavity was designed with 
SUI’ERFISH. Table 3 shows parameters of the RF cavity. 

The ring has two types of vacuum sections [6]: the 
straight sections and the bending sections. Every 
straight section has a 300 I/set Ti sublimation pump, a 
1000 I/set one, and a 400 I/set sputter ion pump. Every 
bending sc:cl~~n has tl distributed ion pump along tIlc> 
beam orljil anti a 1000 i/set Ti sublimat.ion [hump. ‘I’hr+ 
latter is mounted on the antechamber which is located 
outside the bending magnet and is connrc*tpd with the 
btv~n~ aperture. Most. of photo-induced gas is imnlrdiatc~ly 
pumpt4 out irl the arittx~trambrr. ‘I’tlis system can achicvr 
easily the vacuum pressure of 1 x 10-O Torr witli beam on. 
Figure 3 shows the cllarnber of tire bcrrciing section. 
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Fig. 2 Ut,t;il r~)il aiid cii::pia:‘s:orl flln,ti,lr,s. 

Table 2 f’aramet ers of opx=ting p -b- oints in desigrl 

i 

-------- 
Emi!tance 

(71.mm.rnrad) 

Expected 
C 0 D (mm) 

~- 
Natural 

Chromaticity 

8” l/( u ,o ) of 
Sextupole (n-2) 
.--~ 
Touschek 

Lifetime (hr) 

Table 3 Parameters of RF cavity - .-.~ -- 

Q calculated 
measured 

2.785 
1.765 

1.4 
-2.3 

20 

24400 
20100 

Shunt Impedance (?t$J) 
(defined as Rs=VG~/(ZW), W = RF power) 
calculated 
est.imated from syrrcllrotron frrquency 

2.00 
1.35 

Vacuum Ports 

SR beam ,0rls7K 

Vacuum Ports ~-- -7.. ----! 
-4 -... ZJ 

I I 
DIP Beam 

Aperture 
CROSS SECTION 

Fig. 3 Chamber of the bending section. 

Performanc~t..!he E~lerlgy of 1 GeV 

npa_n_i Accumulutior! 

On the first operation, horizorltal irlst,ability 
appeared beyond the beam current 30-90 mA during 
injection. The instability was suppressed easily with the 
use of sext.upoles. Figure ,I shows a beam accumulation. 
The injection was done with one shot per 3.2 seconds. An 
accumulated beam current per shot was about 3.5 m.4, 
when the average beam currelit. of the synchrotron was 
about 25 IDA. 

Fig. 4 Accumulation of the beam. 

Since tuning the timing and the level of excitation 
of 3 bump magnets, the beam has been accumulated more 
stably up to 200 m.4. The operating point around (2.235, 
2.215) was surveyed to make the injection efficiency high. 
The present operating point is (2.20, 2.22) at which the 
lifetime is as long as at (2.235, 2.215). The accumulation up 
to 200 mA takes about 2 minutes with one shot per 3.2 
seconds, and about 1 minute with one shot per 0.8 second. 

Lifetime and Ion Clearing 

Figure 5 shows the brief history of the beam 
lifetime. Tile ion clearing electrodes ( d53 mm disk typed ) 
are located between the QF and t.he bending magnet. in 7 of 
8 straight sections. The e-folding lifet.ime at 200 mA had 



been 2.1, 2.7, 3.2, 3.3, 3.4, and 3.5 hours under the 
electrode’s DC voltage of 0, -100, -200, -300, -400, and 
-800, respect.ively. The e-folding lifetime at 200 mA 
reached 8 hours iu December 1989 with -400 volts on the 7 
ion clearing electrodes. 
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Fig. 5 History of tile beam lifetime. The ion clearing has 
worked since Oct. 23. 

~2formance at the low energ 

The mac~lline study at. law energies 100-400 MeV has 
txzc-n donu for the investigation of ion trapping, bunch 
lengthening, and irltrabeam scattering. 

‘The injection and extraction devices did Ilot. work 
well at. the :ow energies. Therefore, after the accumulation 
to 200 mA at thr energy of 800 MeV or 1 GeV, the beam was 
detwlclxted to the carlrrgy al wtkicil the beam bullavior was 
measured. The? deceleration was realized by sending t,he 
rcxfcrrnc*ra va11lrai: from thP computer to 1 hi power supplic% 
step by step, and by keeping the operating point 
constant. ‘I‘hca d<~celeration took about 15 rnitlutcs. 

Beam Current 

L)OWKI tc 180 MeV, t.he beam was stable and remained 
about 160 m.A. Below the energy of 180 MeV, the beam 
current. rapidly decreased during decrlrration and 
ber;inlfa aboi~t 50 m4 at t hr rn~~rgy of 100 MPV. 

Lifetime -~.. 

Figure 6 shows the half lifetime. The Touschek 
lifetime was calculated with Z.4P [7]. The RF voltage Vc was 
50 kV at all energies. The measured lifetime below 400 ?leV 
is in good agreement with the calculated one. 

Beam Size 

Figure 7 shows Ihe ham size. The volt.age on the 
ion clearing electrodes was -400 volts. The beam size was 
mcasurpd by the SE monit,oring system consist,ing of t.wo 
photo diode arrays ( I’CD linear image sensor - liamamntsu 
Photonics ) which have 512 photo elements each. The 
calculation of t hr beam size was done with Zi42p in 
consid~~ration of the broad bibnd impedance of the VWUIIIII 
chamber which WRS roughly estimated at. ZJn=lO 51. Below 
300 MeV, the lower the energy becomes, t.he larger the 
calculat.ed beam size ox becomes. This phenomenon is due 
to intrabeam scattering wlrich is very small at the high 
energy. Therp is little difference among curves for 100, 
150, and 200 mA. The measured beam sizes have the 
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difference of 0.25-1.2 mm from the calculated ones. The 
lower the energy is, the larger the dif’ference is. 
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Fig. 6 Half lifetime at the low energy. Circles mean the 
measured lifetimes of 175 mA, and curves the calculat.ed 
Touschek lifetime. 
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Fig.7 Beam size at. the low energy. The circles mean the 
KWWLlKY?d h?XKK SIZPB, and curves the ral(,ulated ones. 
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