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For t,hc 22.5 Ge\r I’ohang Light Source, a 12 period triplc- 
bcnti achromnt lattice is tlesigned with flat, dipole magnrts to 
avoitl possible difhcultics associated with combined function 
dil)olcs. In this arrangement, a quadrupole triplet is intro- 
dricctl per half achromat, section for the flexihilit,y in tune and 

emit tance. This lattice configuration yields weak sext,upole 
strcngt,hs and shows a good chromatic behaviour in tune versus 
momentum. ,411 rlect,ron t~earn emittance of 13 x lo-’ m rnd 
at 2GrV is achicvcd with a large dynamic aperture. 

Introductory Remarks 

The t,hird generation synchrotron light sources are charac- 
terizctl by mdl horizont,al emit,tancc and long straight sections 
for wigglers and tmtlulators. Triple Bend Achro1nat(TB.4) and 
Cliasill;t11-Green( C-G) lattices art- known to be siiitable for t,llr 
rqriircments of third generat ion machines. That is, in prodrtc- 
ing tlispcrsionfree long st,raight se&on TI3.A or C-G lattices 
give more optimum solution than FODO lattices, but, TB.4 or 
C-G lattices arc rat,her sensitive to perturl)ations. For a given 
circrmifcrcncc, TBA lattices arc more eligible than C-G lat- 
tic<‘h in pro[lucinq low horizontal cnrittanc-e and IIlOI‘C tWiUl1 

lines, ant1 many err-going projrcts chose TB.4 for t,hcyir storage 
ring lattices stich as LBL (1.5Gcl’), SRRC(1.3GeI’), Super Ace 
(O.SGC lr). ad Bcs~y II (1.52Gcb’j. 

Considering these facts, we chose 12 period TB.4 1attic.c 
n-itli flat tlipoles for the st,or;rgc ring of Pohang Light, Source. 
Tlie lattices with cwrrlbinrtl function dipoles have several nd- 
vantages over those Lvith flat tliI~olt~s such as effect,ive vcrt,ical 
focrtsing in the tlip(‘l(s 111ap~ts and the decrease in thr hor- 
izontal twn~n rtnittance thrortgh the. incrcasc in t,hc horizoil- 
tal tlamping partition numl)rr. Brat. combined function tlipolrs 
may cilus~’ a heriotrh coupling antl. as ir result ( a shrinli in the (I>,- 

r Latt,icc Type TBA 
Nominal Energ! 2-2.5 ccl’ 
Supcrperiod 12 
Circumfercncc 276.96 n, 
LIean Radiu< 44.05 T?L 
Harmonic NIIIIIIWI 462 
RF Frt~quency 5OO.OS7 31 Hz 
Natural Emittnncc 13.4 r?m rnd 
Satural Chrornaticity [h/v) -23.11.17.5 
Bctatron Tmics (h/v) 14.2S/S.lS 
Ccta Ftmrtions (h/v) 

~Iirxiinuiii 11.2j21.1 (IX) 
~CIiliinilmi 0.97/2.s7 (171) 
At ID symruc~t,ry point 10/4 (rrl) 

Beam Size at ID Sytnmctr~ I’rjiiit 
Horizontal ~ 0.366 (171171) 
1.crtical (colrpling constant I‘ = 1 ) 9.164 (7m) 

Ilasim~un DisI)crsion ~ 0.507 ( I77 ) 
~loiiit~ii~trnii C’oiiil~actioii 
Dipole L<>ngth 

~ 0.001996 
1.2 (?I,) 

Dipoh Ficltl 0.97/1.21 (T) 
Lerigth of ID \f,ction G.S (nz) 

Tablr 1. I\I;r,jor storage riug parameters 

nmic aperture. The major storage: ring parameter< arc sho\vii 
in Taljle 1. 

ilagnet Latt,icc 

For the verticnl focusing which, ot.herwisc, \vould IW pro- 
vitlcd by combined function dipoles, we risr t,wo defocusing 
qundrupoles Q3, Q5 in the achromat se&on (or dispersive r(x- 
gion) as shown in Figure 1. Thus, together with the foctrs- 
ing magnet Q4, a triplet of quadrupole magnets is in the half 
achromat section. But, we use a doublet of quadrtipolcs in 
the dispersion-free regions. Al1 iLltc‘rllntiVe nrrangcxnrnt of five 
quadrupoles is to put a tril’let in tlic tlispersic)ri-fIcc, rqiori antI 
a doublet in the achromat scct,ion as shown in Figure 2. 

01 m 03 cx 05 

Fig. 1. Two-three arrangemc~nt of clrurdruI)oles in the half 
TBA cell. 

01 02 03 QJ OS I 

Fig. 2. Three-two arrangement of q~iadrr~~)olcs in the half 
TB4 cell. 

The lat,tcr configuration ( t,hrrc,-two arrangcm(‘nt 1 looks 
more familiar than the former one (two-three arrangemr~rrt ). 
Biit wc chose t,he former configuration after ii comI)arisoii 
stutly[1,2]. The major atlvantagw of the former configuration 

art low scxtupole strengths and grrnt flexibility in tune ilIlt 
emittance. Specifically, one can summarize the advantages of 
thr two-thrre arrangement as follows: 

1. Depending on t,hc strrngt~hs of the quadrupole triplet, the 
dispersion will vary from zero to a fairly large vallle in thr 
middle of the center bending magnet. i\t this tirne, there is 
another degree of freedom of cont~rollirrg horizontal or vrrti- 
cal betatron VillUf at, t,he mirror symmetry point, thus one 
can detunc the system t,o a large extent from an optimum 
point through the increase in the dispersion function. Fur- 
thermore, due to the flexibility in t,hr phase change across 
the aclironiat, section. tlic clrra~lrtil~olc t,riplet makcis it (‘as- 
ier to choose t,he betatrori vallics at the insertion symmetry 
point, intlepc:Iltl~~ntl~ of the tune of the lat tic.<,. 

2. The rxist,encc of Q3 prohibits $, from grouing large so 
that it contributes to reducing srnsit,ivitp and t,hc vert,ical 
chromat,icit,y. 

-4 disadvantage of the two-three arrangc~ment is that wit II 
a quadrupole doublet in the nontlispfrsivr region it is not easy 
to rest,orc trine shifts ant1 the shrinkirl,g in the dynamic aI>ertru(, 
cattsed by (listtubanccs of ins<.rtion devices. But in thr frrtrue 
we arc thinking of atltling correction quadrupolr-s in tlic nI’ ant1 
tlown stream of insertion devices dcpcnding on rheir strengths 
and period. Hence. \vc ni;tth~ a long straight s&ion srlch as 
G.5m. XIagnet lattice paramctcrs art’ shown in Table 2, arltl 
1)c.t atron and dispersion ftmct,ions arc shown in Figure 3. 
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Fig. 3. Lattiw frmctiom tllrough onr unit wll 

()P 
L’) 
13 
L31 
SD 
L3’7 

(23 
LA 

(24 
L.2 1 
SF 
I,;:! 
(22 
LG 
UH 

0.4 
0.53 
1.2 
0.5-i 
0.2 
0.13 
0.4 
0.36 
0.55 
0.13 

Streugth (at> 2/2.SGr1’) 

9,83G/1’295 (TV-’ ) 

-0.108/-11.3X1 (TN’) 

O.m3,/1.‘13 (T) 

-91.9/-114.9 (Tm-‘) 

-G.!x7/-S.734 (Tn-’ ) 

11.013/13.76G (TN’) 

0.2 G0.3j76.1 (Tn!-2) 
0 94 
0.4 --LlN/-5.245 (T,!I-l) 
0.53 
0.6 / 0.0x3/1.213 (I”) 

1 

T;il,l~ 2. hIil~Il?t, httiw ~“1Im”‘t~Ts 

Utilizing OIIC pair of srstulxd~.s (SD, SE’) = (-5..Slrrt-‘. 
3.lX,,,-‘j ~J<Y half l;bttiw, xx’ rorwct t!lcs Il~~tllli\i cllrorliaticit~ 
([, 1 <,,) = (-B.OS, -17.40) to zt~o. At this t,imc‘, wc ol)t,aill 
tllc s~~7hgly flit; tlm(’ c1mx5 \‘c~sII-: mrmiwtlm a:; slx)n:11 in 
Fi~!irc~ 4. 

‘The arllplit~itlc tlcl~mdw:t. tune shifts xc ol~tainrtl such as 
II:,. = - 1040. ‘1, - 2S20. 2.7,. by = -25’0. ‘L,J,. - 138 ‘J,, 
\\hm .J, ant1 J, ilI‘(! tllrx llorizrultd and vertical action rx- 
;~i~lf,~. Figurt’ 5 ~1~~~~s tIl(, corl(~~~)on~lillg l)lots r)l)t;!in<d from 
tril<.kitlt?; simlhtious for SO0 tllrns 1,~ \ltiliziqg P.ATRIC’IA. X 
c~,~rnI);rriwrx of tl~-~~~&~~ ;rl~~~rtim~s ;It ID syrrxnr~try p<)iIlt f<jr clif- 
ftv(>;lt tl:tckiqg codc~ i111~1 t.rwcking t lirils is slmwx~ ill Fig!w> 6. 
Ii1 t 1~ ni:mh of st antIarti tlc~vii\tions (N,. N, ) tlw p,m h+ 
7ont:rl ;rutl Yc>riirnl initial itlnl)littl(h arc 100 md 140 (3G.G?rir?/, 
‘)3.orr/,f~). 
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Fig. 4. rk~tatl.(lll 111111\~ \-t’t‘S,,S 1Il,)ni(‘ntl:lll. 
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Fig. 5. Horizontal and vrrtical t,mlcs vorsw ampiitutks 
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Fig. G. A conq)zri~oli of tlynimlic al~dilrcs with diti~wnt 
t,r;ickiqs codes alld trackilig turus. 

The fifth ordu rwonanw lims 31)~ = 12 G, 311, + 2?/, = 
12 5, ‘iv, + vy = 1’ 4. aroiuid 611~ workiilg point (lJr. i/!, ) = 
(14.25. 8.18) limit tlir mx&rmm stiihk iirn1Jtitutlcs. 2llti tllq 
i~re shower as t lx slmrl) (lwrmws in tlicl horizontal am1 Vmti<,d 
dynamic a~,rrtuws in Figluw 7. S 

(mm) 
50 , 

20 ! 
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Fig. 7. Hori,contal tlyanxxlic ;il)c’rturc‘ for m~ro cm~l)ling VCI‘SU~ 
lmrizor~tnl ~UIIP (1’, := 8.15). 

x.0 82 8.4 8.6 8.8 9.0 

Fig. 2, \‘rrtic:tl tly:~ln:Ai iilwrturc‘ ior fill1 COlll)lillg VCI‘SIlS 

x~~~rtical tlnlc’ (id, = N.25). 
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111 tr;lcking cotl~~ XI.iDG, t,lw multiple conqxmrnts xc in- 
c~cq)or;ltid llsillg iI fklrl czpansion like 

B,(.r.$3) = L?(,E y COS((7~ + l)$b + S} 
II 

\Yllm~ k,, is ill? nlultipolc ;Ilnplitlltlc, * is t,llr angle alIollt t,llc 
ll~~i\IIl axis. and ~5 is an offs+ atiglr axis. which *IWaSUI‘Cs ill<’ 
.iic,\v rvitll wqwct to tllc‘ norn~al orimtation. In this CHSP: wc nst’ 
thcs tlzlta in TiLl)lc 3 which wx ~setl in the SRRC lattice design. 
Ht-I (1, we 1x1~~ clii~gml tlict ri~~~lo:~i ~~~~~~dr~~p01~~ coinlm~wnt in 
tilt, tlilmlc iIlt0 IO-‘. hcauw 011r dipoks au7 not coml~iiwd 

fiu1ct.ion c-lip~>lvs 

A,, 1 I x.21 1 k31 1 A.41 / A.51 
Systc~lnatic 
Dil,c~l(+ 0.0 0.0‘3; 0.0 1743 0.0 0.0 
Q11atlr11pch 0.0 0.0 0.0 0.0 1.5 105 1.5 10” 

Rantlo~rl 

Dii)C)lrS - lo-’ O.li-4 ‘6.1 174. 0.0 ’ 0.0 
, c~lii\drllpolcs lo-‘4 0.1 15.0 300 3 10” 5. 10” 

Tal,lt~ 3. Inpltt 1)ar;inwtcrs for Inultiplr wror siln~llat~iolls 

Fig:w 0 ho~vx tllr rrd~lct,ioll in he tlyxunic aputwc for 
lil (liffcwiit ~~:ilcliiih~ wlwii a 11 the xystcrnatic and rando~n ixr- 
rols ill Tahlr 3 RI‘C ;Il)plic,tl as inpllt for the t,r;tckine; simulations. 
.J clatil c,f 01iv Initcliiw wvi\‘: [,l)tiliu(vl through t,rilcking for 400 
tllrns \vit,ll 5iADG. Figlws 10, 11 slow tllc, ciyrlanlic apcrturc 
w!icw onlv sertlil)olt, coiul)oiwnt:; in ttlc, tliI)olc*s and tlodcc~;qx~l~~ 
con~~)onvnts ill t,lw (l~~~~lr1~pol~~ of tllr, ithw <wwrs arc’ alq>lictl. 
ri5l)cx.t ivcbl\ 

-10 10 30 50 

x (mm) 

Fig. 9. Dyll;ilni<. al)~‘rtllrc for all sy+rmatic and ra,~ldom f’r- 
i’orh in T;lI)L~ 3. Th data Iloirith iu:(I error Lears ~q- 
r~%c~Ilt t lw ;ivc2x~“ dyllilllll~- i\pcrt~llIT xd t 111, l’Il,i 
slmwcl of tllc tlyriaiuic :llxr‘turc’ f<lr 10 c!iffcrwt ulil- 
(.llill,x. wsp~~tiv~~ly. 

-50 -30 -Ii) IO 30 50 
x (mm) 

Fi,q 10. D~I~;III~~c ;ll)c’rtllrc f<)I hyst(aln;ltic iirld r;~~ltl~~ll x<‘s- 
tlll)rblC, colil~)on~uts ill tlicl cli~x~lc, (A,2l = O.OSYI:,-‘. 

1 / I>‘LI),,,,. = o.1;:,!i-‘2. 

0 

-SO -30 -10 IO 30 SO 
x (mm) 

Fig. 11. Dynaluic ap’rtnw fol Systrlllilri< ;rnd rar:clcm~ tlotl~,- 
capolc conlpon(d,h in tllP c~~~adr~~pol~~s. lkjiI = 1.5 
x 10” a11tl (k,l),.,,,, = 3 x 10”. 

Flr:sitClit,y 

Cwil1iiliiig t,lw strrrlgths of 123, 124 aud (25. tlw ~lixlxwion 
valltc~ at tlw mirror syinin?try 11oint ci111 1~ (~110~1~ for R xiclc 

rangt~. Also. tlic: tlltir i~dvaIi~:c owr t 11~ ac!mml;rt scv.tioIl ciiii 1,~ 

ulanipdat~etl Fasily. so that .i,. itn(l <I,, ar tllc, ID syuuwt r!. 1)oillt 
can lxivv, possit~ly. arl,itriiry vallics n-itllotit dlwging tlic t,iliic~. 
Tahlv 4 txcn~plifics this rvnlark. i.v., it s1~ows the ~xluw of ,f, 
id p, at t,hc ID s\-lruwtry point for tllrs fiwtl tune (,I!,., l’g j = 
(14.23. S.18). At this tirrle, tl1c sc?c:llpol'~ sCI?~IIgtlls a11tl t1w 

~nax1ri1111n lxtiitrcm values rvlnaill low. 1 jut tllil (7nittallw \aric>i 
to il gwater or kssrr extc11t. 
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-Yrpo.l?.i) 1 : _ 
il:’ 1 ~~~~ 

2.4 9.1,x.2 -4.0. 2,s 3.3s lo-” 
List, of variow lwtatrtrn values and 0th piwimw 

txlx with fisctl tluw iv, 1 L:,) = (14.35,8.lS). 

[l] I<.KalIl, iLI.Yooll, J.C11oi, S..T.I1al1:1. Pwhni7icIl~~/ Liill?W 
D~:si,cp for Poi~nq Light Sr,urcc. PLS Rcyart. BD 59.01. 
.Tam lDS9. 

[‘I Ii.Nim~. J.c’l loi. S.J.Halm~ Prcl~rra~r~uq L~tt& Desiq~~, for 
Po111~7q Lyht SI>I~~W~, PLS Rqxnt, BD 83.03, F(4). ;%a. 
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