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Abstract 

‘J’hr design, construction and the initial beam operation of lhr IGrV 

synchrotron radiation SO~T~C facility ;tt SOTITFC llaw~ lw~v~ curupli~11~d 
sucWssfully. 

‘I’hla f;rcltilv ctrnsiht:, of a 40hlta\’ ?tisctrtin iinac (I)r’.-illjl~c,tlrr), a 
4Oblt~\’ tc; 1 (kV t>oohtt,r ipnvtir~,trorr iiild a 1 Grsv storap ring. Sinr,c? 
thv m:tjor purl,~~~~’ ill SO1~1‘1<(’ Corlxlrati~lrl is 111 stu~ly applii-ation 
trchnolngic~, of :!-n, hrotron ratllntion, major pararnrdters of the, stor- 
;qr rilq im ~)t>rimi:vd for ttita pr(>8tudion ,)I wft x r;tys arcblihd I nm 

which nlf~t~t Itu, Iittli~graptly r~,qnir.~lrlr,r~cs. 

‘l’hf, ( x~ri.;trui.tiol~ of th*a hynrt,rotrr,n radiati~~n f;t<,iiily has I~(vn v,)n\ 
l,l~~tt~<l in tllr, L~II<I oi ktar<.h 198:) <it ‘l‘srtkutl;l F.i~ari-h l,;ibora~ory of 
?WRTl~;(:. Illitiat h~am op<~ratitrn h;Ls IJW~ slartvd in the end of .lul> 
19i:‘l afttAr f~,ur tml)nthh ~>f 1~515 aiihc,nt hm. ‘t’hl~ flrkt h’~dlll \viih 

4torc II in ttiix iti~rag,a fini; at th<, it.>sipn vril%rgi on Sl,ptr~mt8vr 28, 19R!i 
111 till> end of Oc~toh~~r Cti~ st~)reil I~<zarn curri~nt of 200m:i, which is 
c,u1 il.asign g:i,;il. h,lh lx~,~ ~~r~szfolly ar-lii~~r~l with tht, beam lib~tiruc- 
of o~‘vr ,l hour> onI! 1 lni)~ilh hflfxr {hi firht t,v,lrn rloragr. lit prt~s~~nt, 
the, t,pam lift tirnta r~~a1.11~1 IO 1111urs. 

‘l.h~b lbal~r pi\,‘> :s >unirnary of thv rharar.tt riitici of Ihi, I;ti,ilicy aivl 
d~cribci the rt.markabli~ prngr‘:ss dllriilg 111v Initial bc~arri operation. 

Synct~rotrc~n radiation is txpclcd tcl offer remarkablt~ possibilities 
for mail) firi~li of s~%~ncc~ and tr:chrl~llogi~~s. In JrYcnt years, titcrc are 

\vr)rl~lwiftv inttvlaits in th0 fictrl of indusl rial applications esperiallj 
of s r,~p litl~ugrat~h~~‘l~~~i~. Sin<-t tl ICY ma,jor pnrposv of SOl~l’lX’ is to 

study- tllv applil.xli~~n 117 tln~,l0gie~ of ipnrhrorrr)l~ radialion, th<, facility 
ih [ll>t imi71xrl ft)r t h/~ t)r’.xluvti(8n II ,oft x r.lj’+ ar~)und Inrn which mivL 
tht lithography rquirema~t#l. 

1GeV synchrotron radiation SOUI‘C~: facility ____--.. 
As shown in Fig.1. 111~ Lxilit! rvnsisth of a 4OhfeV rlcctron tinac. 

d 40\1e:\: 1~1 lC:c\’ booster synchrotron and a ICeV storage ring. 

‘l‘houph, in g-~~ral, inrtustrie WCIOI~ prcfcr that synchrotron radiation 
bl),lll )’ 61, <ii colnt:;Lc‘t as pLl>iiblc in this future lithograph)- system. it 

dtt~~rmintrd to ulopt a steady acrclrral,ur system for our facility mak- 
in! uw of t,rc~vc’i’ tc,-hnotogic~s such a* full energy injrction schcrnta and 
nc~rmal condll<ting inaynet sg’stvm in I)rilcr t0 attain a stable light 

’ I’rts?,ic Ad,lwrs (‘i:nt.rnl RIW ari.1, I,alwrit~>r), hIltsul~lstil I;lPTtrIc CarI,“ra- 
t.on, 1-l. ?‘s,lkagn-hl.Ilnnmartli R-rhorm Amagasaki, Ilyogn 661, Japan 

** rr< 5< 111 AddIi\S Se~:uwndu tar ‘I~-rl;nol~~gy I.st>uratory, Ok, Electric Jndus- 
l.;:; (‘i~.,J>t<i , 551).5 II~gast,:a~al;;,n,a-~~~~, Ifwh~,,,.s],,, Tokyo 193, JapHrl 

*** I’rrwnt A ic,w SOIKEI‘ (‘ : II poratl,in. FTaiial 16.1, Taulruba, Ibarak, 30” 
-12. JaJw, 

source and to providt. sufic-itsnt intvnsity of sync%rotrtln radiation as 
soon as possit,l(,. 

‘l‘ahlr I shons nl,ijrBr design par;irnvrcrs nI our f‘icility ~~~gc~th~~i- with 
thr achicvcd values as of October 31,19li!1. 7%~ fa(.t that thl, loam 
energy. bc,am curwnt and IifPtime all rt’iL< lied dc~gn goals \~r~~~sfull~ 
only it month after Ill? first t,<~anl slUra,<<,, indivatvx llir i.illi(lll> (if out 

choice dt~scribctl atJo>v 
As to sl)<v-tral ~tla~;ir%~risti~~i an11 ih+s intvnri1y 0f r;tiii;it,~~n, tilt, vlfm8~ 

troll c nt*rgy and the dip~,lt~ ii~~lrl uf t11v sli~rapi~ ring II;~\.I, I,i:.%i~ xr,hv t( 4 
to gtnt’ratv synrhrc~trun rarIi;ltion of nt:arly l.~nm rrritiral aari+lc*ngth 
[O 1;5nni pclah \v;Lx&njith) and thr, hloli II tlviim currt’11: r~l ?:.)lim~1 tI;l> 
tJ(vn chosen. Spcdrum and hpati~l distributl0n uf >yncl:rotron ra+li- 
aril~n rzrv slr~:wn in Fig.2 ‘l‘hc art~rage l”,\v< r II< niity \viiliin 1 mrad 
vr,rti,-al a.>& ib t(lr1i~~‘/,\/nir;i11~ a.i Wav~~li~ng1lI III lnrll. 

‘l’t:c, jii,xvs d thra iI<, c 11,1;i1,)1.. ,dw ~ILCJNII in l,‘ig ‘i ‘1’111, IIII~I~ ,,nfl 
the lx~c~it~~r sync trrc~iron iart’ pl;u ml in thrs injwtcu roi~ni. l’hv po~v,~~ 
.wpph rllr hywhrritr0ll 1113pd.3 T~I,~ pL~i1 in ;Inittht r r~~,m do slr,8jvii 
in Fig. I. In cilsc’ vf tttt? ht(jrdgf’ ring, tlrv \rhol~* pon~r >ul)pli(~s ;arcs 
pla~cd in tht: staragc ring db shown in E’igG ‘1’111~ d( i.Plt~r;ililr> all’ 

l~lacd in t 116~ I)a.l~mt~n( (‘x(‘( pt h Iti! i’ci:t~put~ r i.ont iit1 ~~Fti~rn. ‘:‘I,~~ 
tl*sigrr details for tilt> syncllrotr(,n and th<s \torag.> ring iir(’ dv:crll~d 
il; rt2fs.j;: and [fi], rwptvt ivvl), 
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Fig.1 The l&pot #)r SOR:I’F<’ I(:~~\ sync%rotrcin rarii;itiL>n bourw 

facility 
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Table 1 : Major parameters of IGeV synrhrotron radiation facility 
with achieved values as of Oct.31, 1989 

Drsiend Achirwd 

Storage Ring 
Fhrrgy 
Dipole Field 
Hending Radius 
Critical Wavrlcngth 
Peak Wavelength 

Beam Current 
Ream lifetime 
Circumference 

Sgnchrotron(Booster) 
Injenction Energy 
Maximum Energy 
I)ipnle Field 
(1Ibi):imuln) 
13l’iLIII rIITII!III 
(-‘ircumferryntf 

1.1nai.t f’rqs-lnjwt~~r) 
l’:n”Tg~ 
Beam (.‘Itrr’?lll * 
Iln*!rgy ,~‘ll*<rtl 

l~:niitt:~nw .: 

1 GeV 

1.2'1' 

2 7Rm 
1.5.5.3. 
6 A.1 

300INA 
ihr 

45.7m 

1 G('V 

1.2'1' 

ZOOmA 
4hr 

40MeL 40MeV 

1GrV 1 m\ 

1.1’1’ 1 11’ 

3fll[lll 3lilll ? 
4:1.?m 

.1C51?\ 1 n \I 1’ ; 
I’ .J(lIIl !A idi -- ~0111 I\ 
.:. .I 1 ,5 ‘:: .I 0 +;;y 

.i Sn 1,111, IlIiX~I 0 ‘i: I,,!,, Illrail 

(c) Storage ring (SR ring) 

I’ig.:~ <)vervicw of the synchrotron radiation facility 

Initiill beam operution and it’s results:7l 
stacked by n~ulti-turn-injection and energy is ramped from 40McV to 
l&V in 400ms. Though the injrrtion cycle is designrd to he repeated 

‘The, initial bram operation of our facility has been started on July every ROOms, the cycle was rcpeatcd every 3.2s during thr initial beam 
26. l!)P<l. ‘11 first, the optics of the beam ejected from the electron operation 
lillsll. was >urvt~~rri and adjustrd so that thtl bc;tm can bc guided along rlt the middle of Scptt~mbtx 19611, the beam arcelr~ratic~n to the top 
xhf, dt+ign orbit of rhr low energy beam transport line. Also in this energy was succeeded after sewral beam tests such as the adjustment 
transport Iin+, b+,am current, energy spread and ham emittanre were of betatron tnnes and tracking of magndic fields between dipoles and 
measnrrd. quadIupoles during the acceleration. 

‘fhr output hc am quality from thcs linac satisfied the rwluiwmc~nt Synrhrotron radiation was also obwrrrd thrctugh a SH bc,am moni- 
as a pw-injivtior as shwvn in ‘l‘alk 1. tar of the synchrotron during the acceleration. 

‘I’htj hram characteristic from the linac and confignration of the Awragl, accelerated beam cnrrcnt of 30m.4, which corresponds to 
hi:am transport tinv arc rcportcd in detail in rcf.[8]. the design current has been obtained in the early stage of the ini. 

At ~11~ h@rulilig of hngust 1989, heam trst of tlrc synchrotr<~n ha.\ tid bram operation. The mow details about the prrformance of thcb 
hwn stzrrtctl. The beam is inject,ed into the septum magnet and is synchrotrnn are reported in ref.[9]. 
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The beam injection into the storngc ring and single turn test began 
on Scpt*~mt)t~r ‘~‘T.1989 making USC’ of WWEI~ rnunitl>rs. 

The btram currrnt of 3.5mA has been stored at the design cncrgy 
011 thta next d;~y. Synchrotron radiation wan also obri!rved through SR 
11wm monitors. Thr first stored bcarr: lasted 2 hours until thta l)<bam 
was ~~ctppt~d by int~~nsion The substantial tin112 rrqnirrvl for III<> beam 
tuning for the attainment of the first b~~arn stnrag~ ,%-as 9 hours. 

;lft~r 2 v+vks of bc~arrr ch~arring by t II+ mitximum loam curr~~nt (II 
ai~~orhl (Xlrn A, the txxm lifr~tirnr- rr~ach~vl :i h:~rrr.< al 501nil and ‘2 1hol:r.i 
at K0m.l. 

‘I’!IL, stord ti-‘it~tr current cef XlOrrr;~ WIII~~II is onr df3ign g~:al has 
t,c,f,r ;~~.11il,v.4 GUI October ‘23, 1989. Also the, beam lifetirnc of 1 hor~rs 
at :‘o!~IIIA has lx~*n achievvd at thv end CI~ Octrller 

111 Fis.4. tire, irnlarownlertt of tllc prwsure in tllu vacuum c.llarnt~~~r 

and thv t)i‘arn lift~tirni: at the crid of Ni~vcrt~b~~r 19R9, iire stlovn. ‘T’li~, 
IW~III lib:tirut~ has increasrd to P hours at the beam current of ?OOm il 
i’urrvspi,rrding v.i~-uurrr prc isliri’ is 1 X IO -l’l’c~~ I. ‘l’liv impr0vvmf’nt of 

11:ts 11varn lifvtimr day by day is ;rlso slrowrr in Fig 5 which reprr~scnt~ 
till’ r1iY.q rati> or th? IWarn cIlrr~~nt[lO]. 

In pdrdllf~l With the learn cleaning. the tuning of thv lx~arn Was 

C,,rrlf’C1 illl, >‘I( h il’l .i~ljll~lmr.nt I,f bi~tatrcrn trinr*s, (‘OI> c OIC~~~ tiorrs. 

&tuning of the 1~1: r-amity and ion clearing. tat<.. The ~OTP details 
iili1~111 tl~13 ,tllr:q;f, rink 7 arc r~~p~)rl~l in rt,I [ 1 I] 

Ill rf&r~!rW[12], IllC~ p~‘rf~lrlll*ll~ (’ Ul Tll(, vaI’,,nI,, hyhti,ln of ttIP stor- 
dg- riri~ ii dl’>ivibe d 

I~r~~r~~ rlirt lx~~;~r~nrni; ol this y~ar(l!?!~O). tl~~ inslaliati~~rr t,f four l~anr 
line \vds start4asl and u’ai r-~~rnpl~~tr~d al this end of hfarch 1990. Tht> 
k15:‘r u1wratiun has bwn startrvl at It&t% I)cginrling of tlii-4 May. 

stored Beam currem 
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Fig.4 Stored b,vam rnrrrnt. bcarn lifetimc~ and vaculltll prcssltr? 

~il,I.4invii at tlrt, ~‘nd II{ NOT. 1’1F;Il 
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/ 
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/ 
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O.‘W 200 

Stored Beam Current (mA) 

Fig ‘, ‘TIIc irnprovelnc~nt of the beam lifetime (Decay late plot) 

‘0 I 
UL.; ;. -ej... -;.- ;.mt-J * lo-” 

Tine (hr) 

Fix.6 Itesull 0f the 11t~drn rcsfill op~~raliori 

‘J’huugh the facility ~23 nclt fully trJ:~~r~~ti~il during t hv init.ill ItiiJri 
of bram lines, the beam lifetime has inert a4 vf 10 lr(~irir. 

Fig.6 shoas 0ne nf the results from thr be;Lm refill opcr.xlic~n. As 
shown in this figurta, thirv dff~ no un~tablc bi~havior of tilts hl0rt.d 
bc~arn at the moment of the beam ilrjcc%0n. In this ~xn.rn~~l~:, tht~ rvfill 
was manually operalcvl, howc~r, automatic cspvration c-an IH~ (,asil! 
ul,iliLc il for thv fine control of the stort4 I~irm crlrrvnt 

‘1’11~ g~nvral d(,st:riJ)tiorr 0I thp control oyster ii decribid in rvl [I’?] 
As to tltl, I~arn stac,kjng effi&nr,y. thcb minimum timt) rqtrir~4 Lr 

tire storagt’ of 200mA loam is only 1 minute up tr, now. This ia fasl~,r 
tllari tiur rstimatii~n in thei design ~I;L~~K 

‘;ilrc cs the 11l,ar11 tulling and machine c.xl~iitionini; arc’ in I>r’~gr*‘<~., 
thts iniprr)v~.lrrent t,f IIre pf~rf~~rrnan~~~ t‘an IW tq>tvt!v! !r<,r(,,~ft~,r \vit 11 
IIIIIIC pre:-isi, rnc,asnrl,rrr1.nts rlf this I~eain Ilt~hasior. 

In parallc4 with the: regular olxration, thr~ machine studit Will I>ts 
c~orrtinued lo acliievc the beam current of 0x,1 50Oni.4. 
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