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A MAGNET LATTICE FOR THE LNLS UV SYNCHROTRON 
LIGHT SOURCE 

L.Lin, L.Jabnel and P.T~varrs 
LSLS Lahorat6rio National de Luz Sincrotron 

c:x P&al 6192 Campinas SP - Brazil 

Abstract 
‘I’hr, Hraz~l~an Syorhrotron Light Laboratory (LNLS) [I] is de- 

sipiing :mtl lio~l~l~rrg an ~lt~tron stor;ige ring fur the protln~tliio of 
\‘OV and ;olr. X-n) photons IX, = 10 A from the bending “,a~- 
,WlS) ‘I hlS pap‘,’ <lCS< rilw< a ,““,“‘“” I for Iha, magnet iattiw :)f thi6 
r”dcliirrC, inrludirrg stulish of wnhitivity to aliF,nmwi and moltipole 
+rrijr’i dynnuii, aprrlorr and rmlltv tiw rfferts. 

1 Introduction 

‘I’hv iif-sign of is st.orapr rirlg drdicatrci i.0 t.Iw I~rodrlct~ion of synrhrot~rol~ 
(ii i,at iorr hai 1~ rrwrbt s~.vcr:~I rcquiwnlcr~ts irli~lwling Ilerf,)ruliirr.:r spec:fi- 
~atwns (dctsrniincrt t,y thr IISCIS) arrd trcbnulugical sod cost constraints. 
.l’h, Illmy opt ,011~ I ti:it art’ ;wail:Ll~lt~ to the Iirsignc~r, SllCll a\ l.lli ct1wY 
OS 1 Ii<. lattice itrld this periodisity uf t,hc rlri~, ~nflut:nrt~ st.ro”gly both r+ 
qu~w~rw~~th ‘I’h8vt)rc, swrrirl rarldidalr di-iigrts have to be snslysrd. ‘I‘hr 
])I<. pima ~~rfwr~t.i~il tww ( I: I..Yl) is II w Int;d in tht> wrws of alttwilriw 
<l<ssisls b-i”g c(~rsi:li-r~ui hy 1.NI.S 

‘I h ,,,:1,r, rt i~“ir~wllwli for It,,. Vlll’ S.il’( x Ii:t:, 4v’tr~.i,, if.Clt,iF,‘~ rirtg, 
am 
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‘1‘1~~~ < rltif 11 IbLtt8,r: wir\~~I, 11~1 t lw11i ll~l, 1)~ ilclirlg rr!agnt~l.6 slv>uld Ii<, 
10 A 

‘I hi, Iat (1~ j .shodrl iw:l~~di~ liir~g sl,ra~ghi w&iris tu arcomoflatr~ “i-iv 
I.IOII dr~vices, sp<-rially wigr;l+:r+ LC) products harder photons. 

A hl,~ ~~l~~i~lrorl tmurt lif~tirlv~ iIf tlw IW&l. ur 10 hours ii to ts<. 
a-h WVCY: 

‘I%, ritx~g:” id tlif, II:YI~~III~ rwgwts shn~~l,l tw I.orrc(ir\.ill,i:,i.. 

It is i>f ,“W&,““‘“1 ,l”,“,rte,l<‘<~ th;d ttr ~~Iwr~il.i~irr of tlx ring shr8uld 
t/c rt Yi;~l~l<~ ‘I‘llis i~i~~/udvs loa- wieil i\,ltj of the lntticc to r’rrori illld 
fii%xii,ilit> r~nough tri itllwv for otlirr operation modes (sprciidly high 
r-ru~t t,uw ruodvs ii~tfwsrlrl; durln$ riirrlrrrisrir,rrirrg), correction of in 
WI‘, i I,, lb’\ 11‘f.S CffP&, <‘I / 

I’<~:c~it)l~~ Icw orrrrgy (1110.200 M<,c’) mjt-itim ‘Shr 1t1J&or Ul0I’l.?d 
I:, :I. YI.A( lyj”’ <‘1”<~1,0” r.lrlw 

Srr~;d nur;ll~t~ IIT rr~;~g”r+.ir ~~ltwi~r~ts 

Magtlct Lattice 

‘I‘ll< prctp,~ (I z-c~lutlcs:~ /!C’Sr I< a s>ix 571 1 syrrrrwtric Double-hmd C:h;twl:sn 
(:IW.II achrmnat Inttlw SW fipw I II hiL< l\\Y~lvP 1.4 lisla rrrr,mgular 
hl rl.llrlg *11.11:111~~ b [ll] ‘I’lw f’,l”“p,~ t: I t!w wig 13 I 15 C:+\: I,rri>i<liri?, i, = IO 
4 ‘1’1,~ aitirixrii~ls i~i~r~r~t~rt six 3.mptrr 11,r:g dislwrsion frtv straight wctions, 
font OS which idIm fur inser(vn dwww (wit is uwil f\x ir?jection and 
,uirAtwr fc.1 t th t1 Is’ rarity! 
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7’:2blz 1: hlairi parauwtrw 0 f thr, U\‘.Y! stw:lljv rinh’ 

‘l’hr double-l~r~rld acbroroatir. arc consists; of two 30 da-grw bcwdl~:g or:lg- 
rwts separated by one vertirally focusing end lwca hcvizonc.ally f<wrsitlg 
quadrupolcs. ‘I’hc chromaticit~ corrrrlion wxtuI10lar field-i itw athieved 
with additional coils insidv I,htlsr ql~alruI~r,les Ttlis ix thv sauu: scheme, 
adopt’4 for Snprr- Ai0 [R] 

Two addltiooal operating “lodes (a lughcr emlttwcc (UVXI-H) SII~ a 
lower ernittance (IJI’X1-L) mode) arc hting invest,igatr~d arid arr at diffrrrnt 
stage” of study. 

The nmin Ixua~wler~ of I’\‘.YI arc list1’1 1 in t;illlr l Flfiurt 2 sbi,rvs 
the optical functions ior one suprrlwrio~l 

tlwrdi3 the l,wri wxi:lI,i)lv faiiilir-; for ci:r~,~riiti, 11> / r\::‘~,.‘itiiail, -ls<i 01 t1l.r 
farnilirs irl Ihe “ow rllspr~rsive scct~.x w-w risrd to r:u~~Iv”sat,r* for t lw g-c: 
nvt,ric ahcrr:&m prodigy: 1 ty ttrt, chromnt~c sextnpoltr; ‘I’his cari bra d~mrt 
al. dmirsi no vstr:i icrt since the ~I~radr~~I~~~h~s arr already d~viF;rW to nlloa 
for sextopolitr roils 

Figure 3 shows the tune dcprndencr 011 pxrt,iclr rnonwnt.ruu. 
All calculations dascrilwd bcsrc arc do”<- wi!h t,hr~ fr~llrrwing wrnputc*r 

rodes~ 

l MAIS [4] for hrlear lntticr optirrrlaal,rrl” 

l PATPET [5] f8x chronmi.icit.y correct,ion. t rackill! wi!.h rnultipolw. 
“lagnet imperfe&ons, orbit distrlrt.i,Jris, trarkirlg wth rnergy osciltil- 
tions and orbit corrrrtion 

2.1 Sensitivity to Errors and I~ynarnir Aperture 

Uynanxc apcrturc studirxb .wrw lwrfor~rwd with 111~ CC de PATPET. l’arl i- 
rlcs were tracked for 500 turns for various situsr,ions: 

l without. errors, 

l with ~ys~rw;~t.i~~ n~ultipclc ~WCC. 
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Figure 2 Optical functions along one superperiod for l/K%‘1 

-3. -2. -1. 0. 1. 2. 3. 

ddp % 
Figure 3: Ibne variation With PUllClC momentum 

l with randoral multipoir caners, 

l with raildarn rxritatiorl errors, 

. WI, h ra:ld<ml dlgn,r,m ITrOrh, iLlId 

l with n~~xnu~tun~ deviation 

Thtb values of syst,~rnalir arid random umltipr>le errors used wr give]? in 
tzhlr 2 ‘I’he alignu,mt errors ~~onsirlercd arc hor~zuntal < T > and vcrticnl 
< v i disjrla<umwtti and rotal,iorl < 0 > about the longitwiiniil axis. Tbr 
valurc uw-l wr givrn in Lablr 3. All tabulntrd random errors are r ml.3 
nluw i‘cir a @aussian dislrlt’tlt.o:L truui.;tttxl itt two sigTl:t.9 

r---.-- -.- -‘r_ -no , 

~~~~~~~~~~~ 
Systematic Randon] Systrmat,lr 

I;1 2r!u-” ~pq ::::;:: ~~%;~ 
- Values at x = 1 cm 

Table 2: Ma.gvtic multipolc errors. 

For the CILYCS where excitation and alignnxwf, (IIIOTR are inchided, track- 
tng is dnm~ nftvr closed orhit corrections. Swrw of tbr results arc shown in 
figures 4 WXI i. The hatched rqgon in figwr 5 cnrw~pond to the maximum 
and miniwul 1 lilxlits of stahlr I>ut.iclt~ ni<,tlr,rl for PVC srt,s of r;u~riom t’rro~s 
used. 

< A\r >= cr.2 IMll 
<Ay>= cl.2 mm 
i Aa >= o.u‘P 
< AS/S >= 0.01% -. 

‘hblt 3: hliyumcnt azld St,rength Random Errors in Magrletic Elements. 

2.2 Closed Orbit Distortion and Correction 

nor the ciow 1 <orbit correction 18 morlitars f(rr both horizontal arrd vertical 
readmgs, I8 horizontal arld 12 vertical correctors are used. The corrector8 
are placed inside t,htx qundrupoles I*‘igwr 1 shot\~s the dirtrihut.ion of thtw 
elen~ents in one supwperiod. 

Figure 4 Dynamic aprrt,urr for thr perfect machine atld wi1.h s)stelnat,~r 
mu!tinnlc errors OIII’,~ 

x h-f-4 
Fqure 5: Dyrlamir apertuw with s~st~~~~~a~w ansi Randolph ~TKXS, surngt.h 
sllil alignuwnt errors alA withs,ut ~r~i~rwr~u~~r~ iI+,\ ~at~iuz 

‘The algorithm used for thP orbit. rorwcl,ion mirlimi~es 111~ I m.s. wlurs 
of tht% morlitor rtwiings. Fiw rorrecti~)n itt,rntloIls arr’ wwl 

l’h randorrt machines are studied for 111~ rlowitlal t’rr~rs give311 HI table 13. 
In table 4 we give this awragr and sl.;rndarri devintiwi of viuvxis ~~w~mrlr~ra 
lwfrw an 11 afwr rorrw t i’xi. 

Paralli&r 

J-,z 
“Y 

< cz >‘/“(mm) 
~,,,,,(r~m:l 
< yz > ‘+ml) 
Ym.r(lllrnj 

< ri;: >~qcIri) 
< r,; >‘~ycrll) 

I~ilpcrturlNxi 1’~It Whl (‘<,rrwr,‘~ ‘i 
rmchinr Illil(.hllil~ rIw:hill<~ 

5.233 5.237 rt U.OUti 5.237 rt: II OK-~ 
2 119 2 124 -t u U(Y> 2.122 4 0 w:1 

0.0 I D f I) $1 il.17 37 0 UB 
il.0 4.5 f 2 u 0 G i I) 2 
0.0 34ztl.l u.uc * 0 01 
0.0 7.6 f 2.4 0 lliiUU6 

40 4 4u 6 i u ‘L .N..i i 0.2 
0.0 5.5 l 3 2 20112 

c,(lO-%d.m) 6 3 .3 
ii 

WI* l(l.9 (5.3 8 Z!C 3.7 
~y(lO-grad.mj U.6 32 0.5 II IOZJZO 11 
cy/d%Oj 0.0 0.8 * 0.5 0.15rtO 18 

< 8, > (rr1rad) Il. I5 + 0 01 
< or,,;,,, > (rrwad) Ii 4 I * 0 16 
c f?,, > (mtd) (1 Ill f 0 (12 
< oy,moz > (Ilmxl) 0.25 i 0 03 

Table 4: Clowd orhit corrrction. Con~pnr~sor~ brtw ‘0~” IlrlpfTtllrl~id per- 
turbed and corrected rnachin~w 

3 Collective Effects and Beam Lifetime 

Collective effects are especially important, for I:b’XI. because a low energ) 
(100 MeV) mjection scheme is rwis:qrd Rram lifrtirtw at low t~lcrg! 
should thervforr he long rr~~u~h to itllow ;trriltrilllati(rtl of the drslgn ring 
current (400 mil). 

III whxt f~1ll0w.i. WV shell bts u,rI(‘~!r~i<‘< I wit II 1,11+ fr~lliwirlg ias~wh 

l mi~.rowaw irsr,:ibilit,y (turhht li~iwh lctlgthtwripi airtl ~x~t~~:~l~~~tl 
well distortiou, 
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l emittancr growth due to intra-beam scattering (IRS), 

l beam lifetime 

It is important to notice that. thew questions are correlated. Touachek 
lifetime, for example, depends on bunch density, which in turn depends ori 
the equilibrium ernittance and bunch length determined by IBS and rni- 
crowave instabi1it.y A calculat,ion that takes all these rffpcts into accowt 
conristently is dww with the LUI. accelerator physics code ZAP [6] Ail 
calculatwna arc’ do~w for 100 Me\; (injection wwrgy) and 1 I5 C:eV as 
~t;n~ing a 5110 MHz RF syswril. ‘I hrrrihcllds fi,r single busch inntabiliarrr: 
depend on the broadband impedance of the r:ng. Both the higher order 
nmlea (HOhl) of the RF cirwties and the ring YBCIIII~ chamber descant: 
mutics contribute to the hrnadband impedance Ideally, OIIP would have ti: 
II)P~ZSUTP the hrssdband irnlwdance and lI0M cf the accelarating ravit,Irs. 
ll~.xwwr, at thrs pwwrlt stage, neithrx rr~r~~t~r~,nrf~r!t.s nor caicolaliulls ifw 
available and we wart to the litcrzture for !.ypiral values. For the rmg 
impeduxe we USC: 13 fl (vnlur meww~~ 1 at Alladin [7]) and 2 62 (measured 
at Sup~~Aco [t;]) Although the v~lur mcasor~d at Alladin is cansidrratbly 
higher than t,hose reported for other rings, we feel it is advisable to have a 
wurtit cast’ e&ilnat,c of single bunch thwshdds Howr~vrr, a lugh impedanw 
dots not necrsssttily imply a poor ‘Ibuschrk hfetirnc, hrnce the calculatwns 
with the 2 it impedarlce. The assumed frequency deprndencr of the broad- 
bmd i~npdar~c~~ is that <If a C) = 1 rwnnator, ccutred at tile bmrn p11~ 

cut-off frequwcy, ‘The pl~enommt)logical SPFA II scaling law is wed to get 
an rffwtiw irnpwlnnrr fnr short bun&v 

3.1 Runch lengthening 

‘I’h+ wluilihr~ulll 1~w~c.l~ l~*ngbl~. :m~! I~~~~IIIUIII sprrul w rlt~l,ern:il~cd iI>, 
tht~ combinwi cfl’ec(s of micrwva~t~ inst,a!,ilit> and poterltial WPII dist,ort,ic?rl 
is s111,wu 111 figs,** 6 fur 100 MvV ;snij I 15 CZe,c’ Thr rrdcrowavr ~nst;tbilit,y 
thwshdd :s uw+i~leriAly hqiwr al 1 16 Gc~\’ than zt lClO M+x.TIII~ 1~ wt.) 
vw obser>~:~ bunch shortening (dur to @rni,ial-well distorticu) which is 
not wrtxnpiu~w~l by any rhimg:t* lri rnrrgy dispw&>rl fur rurr~~~i.s b&x ill,. 
thrwhr~ld. 

3.2 Intra-ISeam Scattering 

At 1110 MeV, Irlultipl? small-uplr (:oulornh sc:lt,tr-ring wlt.hiu a [lunc11 
causes tlit: hrw~i wiil t imw to griiu 

Figure 7 shaws thss equdibriunl cmittanw as dt%r~rmin~-~i by IHS at 10(1 
MrV for various v+er;tgrz rurwnls in R si~~glv bulrch its a fun&on 3f rhc HF 
pmk voltagi~ N > rlnittatrr~: thw-iif> due tit IBS IS <,lwrv~~d al. 1.15 (;i’\: 

3.3 Lifetin~e 

‘I’hrw, IW~III liftl,inli lilllit,irq pr~w~w,~~ ,we’ wnb~di.r~~~l ‘t;>usi.lwk s;attcr~~t~, 
&sti: and iorlactlc (Rrrnlsstrahluiig) scalterilq frcsrrl tht- nnclci of rt shd- 
ual gzs nultwl< h. Tresch<,k lif::tirwL .aud Brvmss ‘~r~~hlun~ lifctirnr deperl-1 
stha~~gly on the, IIICI~IIC'III U~II acc~~~~t~-~r~c~~ of thv r~ni: 'I 111s can bc d(,tt,rrizirlrxl 
hy the KY systerri or hy the lsttict. For C’U.‘~ at -1.15 (&XV, thr m~rnent.~~~ 
acrrptancr is dt:wrminrd by the ItI: buckr? (I 9ri% z&l I M V prak itk >olt- 
a&. Whereas at 100 MfaV it is d-trrmmrd 51 t,llt. l;it.i.iw (2.4XW a-wragcd 
i>wr the !&ice for 600 MV peak ItI‘ voltage). 

1”lastic srattwng li%t.ine drpwds nn the hctatwn ac::r~~t.;~r~t. of l_Jlrj 
rini: which TV: be drvrminrd 54 tht: physical cir dynarm~ aprrt.ur~~. f”or 
lJL’.Yf thr dynamic aprrtuw is thra lirnittug fartnr 

2.0 ,” 

H 

1.15 G?V_.: 1.0 ’ 
___._.-.---.-- 

$i 

t 
I I I I 

0 1 2 3 4 5 6O L= 

Average current (mA) 
Flgur<: 6. BUUC~ :rllgt.il and er~rgy spread Y~Is~L~ a\<vage CUrr<:IIL tn a s+~ 
bunch. Brnndbar.d impedanrr is 2 R (no SPEAR waling). P,sak l<l> v~,lr.~g~ 
is 200 KV at 100 MrV and 500 KV at 1 15 G~v 

i&l 
I / I I 

300 400 500 600 

mA 
mA 
mA 

mA 

RF Voltage (kV) 
Flgurr 7: Equilibrium ernittancr vcr~us RF peak volt,rrg~ at 100 MrV fLr 

various itwrage currrr~!.s in a xngl* hunch. Urexlt)hl:d impedanrr is :! II 
(no SPEAR waling) 

Ca8 wattering lifetitilt~fi arr ralcnlatrd ‘Uislirsiirlg a l1,‘l’ prezstiorr ‘1% 
gives a total gw sratteriug llfetinw i)i:jfi l!ii!~rs at I 1.5 (:eV anCl 42.0 nlirlo{,rR 
at 100 MeV. 

Although ‘Ihutichpk hfetimr drcrtxss sharply with encsrgy, the rt,nrollli- 
tmt emittanw blow UP due to IUS decreaws the bunrh densit,) significantly 
SO Ihat an acceptable Touschek lifetimr car1 be achievlyl at 100 MeI’ (fig- 
ure 8). Bcarri Iife?cimp at 100 Mt:V 1s thwt:fore hmit~~rl hy scnttt:rirlg frcl,; 
residual gas m&c&8. At 1.15 (:P\‘, TQUSC 1~ 1 
rrmrllmturll nwpt~ancr uf Ihe 11E $yalt~rn 

k lifetime is lim:t<,d by the 

P’rtrther i!lwst.igntion of sxllrrt~:w r% rts in I!!‘SI is ri:l&r w:Ly S.riglix 
iuch transverse instabiiitics (which detcrriiirlr the maxir:iltnl currerlt ttfat 

CUE be stored in the r111g) anil ion trapping (which has cat~st~d prol,ll~~~l+ ial 
other ~lwtron machines with 1c.w currgy injrctiull sctwnlrs) are tl,<s nlaigl 
t.opics. 

G*V 

100 200 300 400 500 6AO 
RF Voltage (kV) 

Figure H. ‘lbust~hrh half-ht: at I>(! ,M~>\;. S “.gir Lnu!ctl ;t,t’i;igB’ I‘:,rrr,,, 15 .$ 
11~2. hxdhd hlptrhilre is I:/ !2 (nil SPEAt{ *calirlr) 
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