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Twelve quadrcpoles at stations 25 and 43 are 
rolled by 8 mrad each in order to suppress 
the coupling at high energies."' 

c. Regular sextupoles for 3vh, ‘J 
h 

f 2v .= 5s. 
v 

Twelve at stations 28 and 35; even azimu- 
thal harmonics. At in]ection, 

3/z 
Im, :B"k/Bp)exp(i58ph) 1 = (115-225)//m, 

/zjl3,~"(B"P/Bp)exp(i58~) / = (25-5O)//m 

where Q = phases ,orm~P:f~y:,'3 and oh,, are betatron 
to 271. 

D. Skew sextupoles for 3'4"' 2'dh + v = 58. " 

Eighteen at stations 14, 17 and 22; even 
harmonics. This system was very important 
when it was not possible to change "h and 'L'y 
independently. With the modification of the 
chromaticity correcting sextupoles, which will 
be discussed in -he next section, the tllne is 
controlled much better during the injection 
and the required strength of skew sextuFoles 
has been substantially reduced. At injection, 
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1 " LB (B"1/Bpiexp(i58$XJ) / = 17;Jm, 

1 1: iq fih(B"i/Bplexp(i58@) j = 15,'~'; 

where $ = (2$hfSv) 13. 

E. Octc~oles 

Thirty at horizontal stations 17, 22, 28, 
36 and 42; forty-eight at vertical stations 
21, 23, 25, 27, 33, 35, 37 and 39. Strengths 
of these two groups are adjusted separately 
and they are programmable. The functicn of 
this system is to eliminate or introdcce a 
tune spread in the beam rather than to cor- 
rect for any fourth-integer rcsonancc. oc- 
tupoles at vertical :stations are sometimes 
excited to the maximum strenqth in order to 
aelp sup~re;s tkc c.cheri!nt xrcrtical inL:tl- 
tillty. The amount of tune spread that can be 
created is then 0.015 - 0.025 depondinq on t!le 
vert:cal size of the beam. 0ct1up01r?s 'were! 
once used to reduce the distortion of the tune 
as a function of the r.ididi pobitiurl. 

It snould be noted :,ori. rh,st ti:t- ,5iL,olt' 
r (2 ma n f n t f 1 c Id i s 5 f t c n \i c r 1, ..i e 7 5 i t i tz 0 to t h c 
rrodc: of t:he m,lin bend field r,im?in?. - i;'or 
example, thv rcr;.lnent : <.xtuL'olc f it'lai t r I i r. q t i: 
B IS ir: 91 diFcle.7 is 0.72 kr:/m P .a f t I! r t :? <? I? 0 r - 
ma1 300~i;eV r,impinq hilt it i:; rt*dnXc*.d ta 
2.55 kG/m' aftt,r a 4l-lO-Gt?V r,imp. If tilt: ‘IDO- 
CeV ramp is trippc:II ‘it fl<ittop, i h i' el;rrcnt 
decays mcrt: slowly t11an ?!l? norm*+1 invG:rt 3 n ii 

B IV is further reduced to 0.4'1 kc;/m?. On the 
,othor hand, in B2 d:pol PS, B " Z.7c*lli-j<'!; V<'r!i 
sliqhtly, 0.69 to 0.63 k:;/m:, -her? the r.imp iv; 
cianged from 30: ,;eV tc 400 Gt,'J. Ita ifs thz:rf~- 
fore re,!sonablc to cxpccz J. ch~nqc~ in th+z 
strcnqth of azim?uth,~l harmonic i‘ 0 n p ii l-i c- n t- I; I, f 
the r(.manent fii.ld as well. ,311 t i m 01n I/!. I, i T,', 'G 

of some of the correction magnets will be 
somewhat different for 30C!-GeV and 400-SeV 
operations. so far, there have been only two 
periods of 400-GeV run but the change has al- 
ready been clearly noticeable. Settings are 
also liable to change in a long period due to 
dipcle and quadrupole replacements in the 
ring. 

Sextupoles for Correcting Chromaticity 

By far the nost important correction maq- 
nets in the main ring are 168 sextupoles for 
controlling the chrcmaticity, i.e., the de- 
pendence of the tune on momentum. These 
sextupoles are located at fourteen horizontal 
and fourteen vertical stations in each super- 
period. Horizontal and vertical qrcups are 
adjusted separately and they are programmed to 
accommodate the increasing momentum of the beam 
and the rising effect of the eddy-current 
sextupole field durinq the parabola of the 
ramp. Sextupole currents are set by the rela- 
tion 

I sext. = a+b.Ib+c.3B/3t 

where a, b and c iire constant factors fed from 
the control console, Ib is the nair bend cur- 
rent and 3B/at is obtained from a direct 
measurement cf the bend field in a maqnet. 

The system was originally desiqned to re- 
duce both horizontal and vertical chronatici- 
ties to -0, up to 50 GeV, over the range of 
20.25% in C~p/p. Since the momentum spread 
of the injected beam is typically 0.1 - 0.28, 
the system worked satisfactorily under normal 
operatiny conditions. It soon became clear, 
however, that a further increase in the ac- 
cepCable momentun range is desirable for 
stable and reliable operatioI1. The regulation 
of the injection field may not always be as 

it shoilld be and tha mon,zntl~m of thirteen 
booster pulses may not be identical when they 
are injected into the main ring. At low 
energies, the distortion of the linear depend- 
ence of the tune on momentum is mostly caused 
b Y 2 ;i c <I p 0 1 <' anl hither nultiLzoles of th,t' 
remanent field in bending magnets. A series 
of measurements !?av? bc+,n m<ade on tilt' bending 
lxyrct-, that hi~r,- exper:-n;ed +hii -\PL' hi‘:tnry 
of rampinq as the maqnets in the ri:~q.~ Those 
IV o a s 11 r c m c n t 'i h ,i VP >i 11 8') w n t hi-i t I h c cl r ~3 rl i e n t ,; f 
the rcmancnt field ra.+ r< f-unction of r.4di.u~ is 
almost pure' ;tzxtuL;olb~ in t-h ct r.tr 11 rt,qi.on 
but 1 t ir.crp,wt::, .LLC;I c h: ~~~.vl~~ '_ Ii ri I: Ii ..~'xtLljx:s 
field doe:; in t!lc! outer rt't~ions. FPSII: ts for 
t11,. 71 ~-liLJ',I<~ .$r'c'r 
2 r I! 7 iI 0 w n 

li: ~iq. L,tii~ ~or,r.ii 300-:;~',' r,ln; 
:;:.ml! lt- n:,.2; t,; ti.ivi. 

te<.r i,h t a i. ri < f: 5 ,j r t h 6~ r: ? d il.0 1 I: 13 r;r<ier LC 
~:onp.‘r,:;,it~. f,:r t:?.: :,i,;n-nr,3.1-r no,,I,l?l IIr ? 1QlX?., 
,cr,r~-~r.ch 1~13. ti: !:g;:,zvr-; ha-,re k,.er i.n:;rrte? ir 
,-i 1 1 _ o r r 1-1 3 r i 4 II :; (j x t .I i: c i <> : w i t h e xc E I. 1 I I: t r i' - 
'i :1 1 t ? . '3 (-J m b i I, o s L f i I, 1 ri :i ,: f :o,ir i;l rl,,r;nc?tr: .-ar:,i 
0 r, c z 0 r r f I ‘: t 1 0 n :; ( x t ” 1: 0 1 ’ w 1 t h t 11 ( ’ :: p r i c c r L i 

rho-.:7 in r’i,-j. I ‘I’ I1 t c-1 m I-> c ‘1 ‘; ,I 1- i 0 r i !i n +’ ii I- 

p 62 r f C' c t t 0 3lmo:;t ' 2 I' . !git.l th<s in~;f:rtis;r. &if 
:;r.i ll'r, 'hc. ;~'xt~L'ol<. tlf,l,i iii the s:c:.tr‘il 
rr.c;il>ii of ccrrc:ct ic,:i m,iryn<~t i di.<.r<.,j :r:!-, by '-,INi'j. 
,ii;,-i th~rc is VI ,.nl-r,.:,r,i?,;:lin~l I lit. rc ,1 ;(. pi; t:),.: 
r i u 1 r t: d e x c i t ,i t i o r. '1':~ ( r ,c i :; , h ri ‘w g v I r- , I: ,: 
;itr;:i Ficant ;It.tt!ri ,r,lt:ion in tkc ~i,,xt~ipolc :hcjr- 

‘I -ts I i..l.i~:: <,i : !li, :-:,;,j i, -11, ,' ',tr-,a: r *i i<i!l 
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For correction sextupoles located at vertical 
stations, a gap somewhat larger than one inch 
is better but this is not very important since 
the dispersion parameter is generally small at 
vertical stations. Increased range of momen- 
tum can be seen in Figs. 3 and 4 showing, 
respectively, the tune as a function of mo- 
mentum before and after the insertion of the 
spacer. 

For 3DO-GeV runs, the correction sextu- 
poles are adjusted to produce 

Avh = (176+36) (Ap/p), 

Au v = (-54-118)(Ap,'p) 

where the first terms are contributions from 
sextupoles at horizontal stations and the 
second terms from those at vertical stations. 
The vertical chromaticity is somewhat over- 
compensated to create a tune spread of -0.03. 
The new fast damper' will probably remove the 
need for this tune spread. Variation of the 
sextupole excitation as a function of the 
cycle time is shown in Figs. 5 and 6. In- 
jection of thirteen booster pulses takes place 
during the first 0.8 set followed by the 
0.2 set parabola. The rate of acceleration 
after that is 100 GeV/sec. 

1. 

2. 

3. 

4. 
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Fig. 1 Gradient of the remanent field in Bl 
magnet after the normal 300-GeV 
The central slope gives B"=0.72 

ramp. 
kG/l-d2. 

r(in.1 

I I 
-/ 0 I 2 

Fig. 2 (A) Gradient of the total remanent 
field of four Bl magnets. (B) Gra- 
dient of one correction sextupole 
field with one-inch plastic (G-10) 
spacer. 
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Fiq. 3 Horizontal tune as a function 
of momentum deviation with 
normal correction sextupoles. 
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Fiq 5 A Excitation of the correction 
sextupoles at horizontal 
stations. For positive values 
of IH' B" is positive. In- 
jection takes place during the 
first 0.8 set followed by a 
0.2 set parabolic rise of the 
main bend field. The rate of 
acceleration after 1 set is 
100 GeV/sec. The maximum exci- 
tation of the sextupoles is 
-7 amp. 

Fig. 4 Same as Fig. 3 when one-inch 
plastic spacers are inserted 
in the sextupoles. 
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Fig. 6 Excitation of the correction -. 
sextupoles at vertical sta- 
tions. For positive values 
of I V' B" is negative. 
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