
1494 

DEVELOPMENTS OF THE LEP LOW-3 OPTICS CONFIGURATION 
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Abst,rnct III or&r to maxinii7r tilt, t+aiii accq)t,xrice at ill- 
j<~ctic~ll, thcx eIlvc~liq)c fimctiolks d’ nt ihe iikrc~raction points WC’ 

illc*Ir,astd ?)y ~1 fartor of 3 with rc*sl>+‘ct to physics. Direct injr%c- 
tirru into t,lics noillinid low-$ cqstics woi:ltl sp~ccl up the LEP fill 
;ultl simplify th(% oprrntion tutd ciat;r handling. Au account is 
gi.cc3t of t tit, c7q>(‘rinlrnts irnd itc~hir7~I rt~sults. 

Tl~z tl<iIuind ;I’, kc,. +i; = 1.751~,. :$ = O.OYrn. were olitailud 
fi,on-i silniilaticln work 011 thcs iipa~~iic ;q)m-tllw. It is wry tcl~npt- 

inp tl) rcdu~ tlit, ~nvt~l~~i)~’ functiuu its mucll as pnssil)l(~ to gain 
liimiriosity. ~VC givta so*ne bllcY)rc+ic;l! jlkitifications RS wrll its the 
c,sl><hrilllc,rlt ;il ri>stdts ol,taillcd ‘io fal, 

Introduction 

Attlicqh sc*ltic aq)e(‘ts. like the dyliainir aperture, re7nitin to i)e 
clarifkl, Ihc* LEP optks FrCms slifficic7itly well understood that 
im~)ro~~~~ttit~I:th I)r~yoitJ the no~nini~l pararnrtrrs are being t&d 

This pq~r rc~ports r~i it f:lrthcr reduction of the B funrtions at 
thta iutcxr;ic-tioll points antt on attc~ripts to directly inject into the 
physics ol’tics. 

Nominal optics 

At, irlj~~ctictri thr jPvalues are rrspectivc~l~ 21 VIII iUltf 5.25 Ill in the 
~~rtic.;>l ;rnd Ilorisont;tl i>lal\<~s at the int (.r;tc.tion points. The drift 
q)i1c~ lrt,tvli=>li thf: crossing pt>int atd tlka first Iow-:3.ql;ittlru~~ol~~ 
is 3.7 1x1, causing a mxcimum 8 of 150 m , himilar to its niaxirIlurn 
art VRIllt~ r,f 136 II, 

This <q)tic,s rtrl&qndou is lq)t ~u~chnngrd during accrlerit- 
tioII. It wi*> initially iiltrntlrtt to changes the ,If during arcetcr- 
atioxl so SLY to I;~rp the beam-b~nrn t1111~ sIlift,s rorlstant. This 
rdint~inrnt Iins Iiot I)c*t~ti iI1iI~I~~Illc~xitc~cl so far md dws not, srrIl1 

l:i’CC’hSil?~ :rt IPast for the prcwmt I>Viltn intcqlsit,y Of 3 to 4 in.4 
t,ot al. 

Thr t,eamb art’ put into collision at physics energy (i.e. 
presently t)c%utseIl 45 and 47 GP\‘). end t,hen the ,&dues are 
dc~~~~~srtl sitnultnnroualy to iucrc~asc the lrmiinosity. The ng)m 
inn1 i3’7ducs for physics itr~’ 7 rni alid 1.75 m respectively in 
thaw ~rtir.d ;md inorilont,al planes. Tl:e I~‘;Lw~ for t,hc~sc v~tl~lc~s 
wert’ both high-ordrr rlii-oniaticit,y cr.brrcc.tion ai high trncqy and 
c~~la~lrll~~dv apc2truc~ [l:. Thh riLt.io of ‘5 t~“twf’~‘l1 tlw two \d1l<~S 

is rrqliired tu c,Ltain the siufic twani-bram tune shift paranic,terh 
ill l>clth ~)lnncss for t11c. tlkgn c~lnit,tancl~ Iratio of 23. This $‘.r;liio 
is always ~~std 

F’urther reduction of the low-,/! function 

Motivations 

TOW LEP p;iramet,c>rs were rssc:nt i&y opt,inli~ed for t tl(x dc?+ign 

chnrsrg‘; of 35 GrX’ [I]. III fr+rt. thc2 cqjti(,s rompmmt,s had cql~all> 
to 1)~ sttlclid i+tld desigrd to allow t 1~ T,F.P cnrrgy upgrade. Tllca 
present design of ttw lo~~-d insertions and of their chromaticity 
ccwrctic~ll d~ultl allow op(~r~~tion up to a little less thall 100 GeV 

[l]. A hufti&iit fll,xihilit:i was f0reseeti s(b that ii furthc*r rcdllctioll 
of tllc $* finnctions coul(1 t>Ib f~~asit,lt~. 

TIN* q>loit,ation of LEP at thr &I encqy elf 45.G C&B\’ nllorrs 
it rc,oI)tiilii/;ltjoi~ of tli? rria~liinc~ lk;triuilc.tc~rs Intl~~l 1)(8t,tl (xniit 
tallccs ant1 rms energy q)reacl arta smallf~r, thus incri~asing tIlta 
clrarnnc-f, with respect to tht% physicd iultl (tymunic il;-!c,rtrlr<ss; 
TIP* flc~xil,iliry of the !ow1’3 irlsel tion is surly ti~ii it frrtllaxr r~tlt~r. 
tiorl cd t hts Y- func.t,io~ls is in f:ict feasihlr. 

Quadrupole aperturct 

Tht, rcsi,lual closed orbit Rfter correction tloc~ not incrpa.se with 
the maximum P-function. Thrl reason is that the’ efkirncy of tllc, 
closd orbit correction is determined by thcs ~-cd bmm I’osition 
and not by the normalized one 

It is thils suffkient to consider thr gain/loss in q)(*rtllrr dr~e 
to th<% bram size only. The smallest physi~d aprrturr is ill the 
ins&ion dolll~let, when the machine is in the physics confignration 
of the optics. 

The low-9 quadrupoles were desigtd to be nsablr up to 
67 GeV Thr rriberion nscd wits that the clearimcc~ with respect 
to thr good firld region should be 10 rms transverse beun sizrs : 

lO&czf 5 “good 

Thih <,ritc,rion is not affec~trd when sixrlulttulc~o~~~t~ thr, energy is 
dwrea~~~l f:rnn 67 to -IG Gci’ and ;9’ from 7 cm to 3.2 cm (tnhl~~ 1). 

Higlwr-order chromaticity 

Tilts altll~litud<~ ric?cmine; is WCV~C in LET’ due 1,) t,he art: 1Allg 
arranged in second-order achromats. The non-linear Aromaticit) 
shoi~ld I>? correc!,etl to iLllOW it stablr motion for particles wit11 
thr, larg<Bst synti,hrot,ron amplitl& arrrptk by tllc, RF 1)uckt.t i.rs. 
~kf.2.57~; CT, is the rms energy spread of thr beam. This ensures 
that no 3’“.or&r rcsonancr is crosst-d during thr synchrotron 
oscillatioll. The rhrornat,icit,y correction is performed using six 
farnilics of scdupolrs. 

The vnriittion of thr tunes with momentum for tt:cs nominal 
rn;~chinc~ (,$ = 7 rm ) itrc sho\vIi on figurvs 1. Figures 2 wltf 3 show 

the samr information for txvvo correct,cd mdlin~s with lowrr ;j;. 

0 /i; = 4.3 (‘111, I)rcbvitlilig GO % impro~c~nic*nt ill Iliitiin~Aty: 11~5 
ainl ir to study this cjptics for norind op~~ra’ion. 

l :( L 2.4 cm, a rnrget ‘OIW iris-11 in~~d~ine’. 

(iil,c-Il t,hc, \-alllt~ of t!>ca Pll!Tgj. hk)l.t’ild ;It 46 Ck\‘, tlicl cr-itt7i!,ii 
on wso~l~m-e crossing at F.5 0, is fulfilled for ;dl optics. 

Implementation 

h4:~trflcd iliw: t,ioii gra(lients w~‘r0 prq)~“r<d for :Itv;du~ hs low ik 
1 .S t-111. For t,hii; ~due, tllca Irl;~tchirrg of thca !sfuIlc-tk,lls 3ti3l‘ts 

drtk~.)r?lting. It is the lower limit that may htb reached with t hfs 
pi-tw’ikt c~latfrupol~~ ;Irr:tng~~m~~nt, Thr load .Qdur tIappf’u> 
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Machine experiments 

At firhi j$ tots wrlucc4 to 4.3 cm ( with :i: wtil~wti to I.075 ni in 
nrtlrr to kwp the- ratio of 25) in a mnchint~ development swsion 

Very lit:.gr ~!nrxpcctc4 tnnc&ifts occurrrd brtwwn 7 and 6 cln 
TIIWI tttra optics wmt, to 4.3 an afrcxr :\ clos~tl orbit carrrction hsd 
IEYW Ilc-,rfiwlru~d withour tc!o rrn~cli liss, 50 tlmt it wai pcx~i’iblc~ tcb 
ln,ws,1r(’ and cwrrw.t lwth tunc’h anal o!)srrvcs the life-tinw. The 
lilt r”r wil< rnc~islirc~t ii, 1w arc~ut~d 20 llollrs. which was wwidrrc4 
as accq’t;lt,l<~ 

.JLftu t,tw drInoristrat,iorl of ftwAlClity, a srrond machinc~ &wl- 
opmwt ws~ion wici &dicatcYl to an improwrnent nf thra control 
of tllc, tr,ws, ctuoruaticit); rut1 cl0sc4 whith. The- T~RSOI~S fw 
thr ol~swvc~l tltrw ;tntl chromnticity dwicttions XP not yt clww. 
The, [$w111e was rhrrk4 ill IHW qwriment,al inswtion by slightly 
CtIRllgil:g tllr grndirnt of tlic, slrongwt qiwIrup& Rnd IllWLWf- 

i1l.q ttw wsrlltirig tunr shift. It wits founcl insignifirnntly diffrrcwt 

tll c.lmc’hpmI t 1 th LlRtllI.ill hllldl lwgtll at -15 GPV (1.7 crr11. 
Dt~c.ll~ising !?; twlow this TitlUC’ wo1114 ilclt im~covc~ ttt? Iuniinosity. 

In Z.EP, t lw siltllJti~ncous cI~ane;c~ of Inagpct c~xcitittiorls is dorw 
1)~ a tiiw lilw;u r;urq lwtwwn thr st,iil tiug xxlrtc? xlc! tllca targrt 
~al11.x Tllc>rr,fc,r<h it is n~w~ss~~ry to frac!il)la sty sin&~ signifir;lrlt~ 
f11btii.s 4~h;trtgf~ irltcl rtw~iil intcwwtliatc~ stcal>s so tl1;i.t. ttir ma- 
c,liin,’ ii[prif,s r~‘lliiiins ;irrcyt;illly mat(.liwl clllrittg the tilnia-tirWi11 
r;silljj [?I. 

Tllcy crit(vri;l t,l~:lt \vcrt’ rt%t ainrcl ilr<‘: the* t t111(’ shifts sh;tll 1,~ 

snl;,:lrr t,ilan 0 OOS. wlli8.4~ i:: ttw :Il:\simi:111 tultcs 5hifl tlur to 
tll iftill< *“>\Vc’1 coIIVf,rt t’r3 illl(l nlagllrt.5 dllrirlg pty;sics; tilt, ~llr(l 

m;ltic.ity clmngc~s stlall tw srnall<*r thwl 0.25. so as not SO prowk~~ 
a t1#‘it<l tail illxtalsility. Tluh wsldting irltwrnwliatc~ S!C~S :$w (I(, 
~i~!~il,c~tl iii t;tt,tP 1: 



1496 

from tlir optical modrl. 

In c,rtl~r to 1*x1)101-e tlie niacllinc~ linlits tlit> validity of tllca ii:;- 
nitnlic a[><‘rtllrt~ rstinlatc5 itIlt ihe s;lf~~ly margin for operatioll. in 
tliil,cl mitcliiilc~ tl~~i.c~iiq~nlt‘Ilt srssiori wim usc*tl t,o illv,stigatcz it fur- 
ther rl~(lurti:m of thr, ,P’q. This was tlone lvith R nlrclium intensity 
:in,glt, !)c~arn TIw :$ was r~ti~~ct~i to 3.2 cm with a l~ctm lif+t,irn~~ 
or al)oiit 30 hollrs. A further redllrtioll to 2.8 cm resultc~d in a 
l>t’ilIli lift*-time of tllc clrtlrq of 300 s l)llt the, closrri orl,it (lihtortion 
l~ccan~~~ largr. Since thrn, no time collld IW in\prxtcd ill a furthrr 
IwttrbI, i~o~~trol!t~! retll;ctioli of ;$. 

Thc~ concllisioli cif these rxperirn~nts wa’: that thr: non- 
liii(-aritic’i tlo riot limit tti<s niachinc optic-s at least down to a 
ii; of -1.3 ciii, if thrre is no significant bl0n.-1~~~ of the rmittancc~s 
with l)~an~ rurrr~nt. The difficulticas c~ncollnti~rc~cl were ttll rc:l;tt.eti 
to liritaar optics. lwam pixametcr mfiuurrmrnt and software pro- 
WdllIY?S. 

Init,ial operational experience 

After tlics ~contl experiment, tile c%nd of a physics r1ni which 
w&s c!c)llr~ with /$= 7 cm Was used to check the 4.3 cni optics in 
operation. The currmt was ahout 1 lnA t&al and the ‘sql~eeze of 
$* v:rnt wc.11. Tile luminosity increase was repor-ted by two of tllcs 
LEP cll*tcxc,tclrs. ALEPH and DELPHI but not, by OPAL and L3. 
although the qua~lrr~polc rurrents were c-heckcstl to be identical in 
all follr ins&ions. 

S\il)scqu*7lt attempts to udf’ this optic.8 failoti. until it ~a.5 dix- 
covertd that the tunps and the chromaticitirs 11iid to be corrc~rtf~d 
again fronl 21 cm to 7 cm and 4.3 cm. This non-rel)roducibility 
of the rnagrit%ic 0ptit.s is not yc? lm&rstood It is sufficir~ntl~ 
small not TV 1~ too critical for thg: ramp and squeeze to 7 cm, 
Imt lxwm~a~ mow iuprtant when tlw rrlarhirlr sensitivity is ill- 
(‘WasI’, 1 

The 4.3 con optics v,as tile11 rtscd for a p&:tl to gain cbxperi- 
<XV’. Tllr, v;tluc+ <)f tllc sl)Pcific luminosity arr show11 on figurc~ 
4 as ol>tail:ed from the c,xpcrimrnts. During this period, it was 
c~ndh1c~1 rl.at two of the four Mcrtors l>rnrfitc~cl from thr es- 
~~~trtl 1umillosit.y incrrzuta. However, the two other rxperiment,s 
onl!~ ohsf~rvt~tl an iinprovemc7lt t))- s~)*ne 10 to 20 9,. ?rlt~sure- 
nlc~nts of the optical funrtions around these dctcrtors have not 
yrt, allowc~l tci fincl the sourer of tlii~ prol)lrqn A contrihtltion of 
the parasitic vertical dispersion is presfqltly htling investigated. 

Injection with tuned insertions 

Motivatioil 

A tlircact injection in the pllysics optics worM drastically rc*duccl 
tll<, numt,er of int<~rnl(diat(~ stq)~ anti t,hlls rt~lucc> accordingly thr 
nuxribc~r of large computc*r f&2 and the, operation tinic. 

Machine experimerlt 

This was tried so far in a single marhin<~ dt~v~lopment session. 
Aft z ,’ ( 1 ~oinc ciiffirult ic-s to ol)t:tin inj0ctioll, it was possilh to ~LCCII- 
inulatt~ 200 /CA iti the miiche; th &ci~~icy was about an oxdt~ 
of riiiqnitlld<~ sniallt~r illan bvith the Ilorninal detrnlr~ti irijc%ctioll 
optics. During this short experiment, all usual beam parameters 
were mpasur~fd and corrected wit,llout a significant improvemc~nt 
A furt1ic.r esl~(:rixn<~nt is fori5rcll to study this apparent limitit 
tion 

t 

8 
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8 

Figure 4: Specific 11mlinositp 

Conclusion 

The attjrmpts to further rrdurc thr /?G have given t~ncollra~irlg r+ 
suits K-sides the puzzling hehaviotlr of t,ilty luminosity at t!v!, c,f 
the four LEP detectors. it remains t,o hr verified that this nptirh 
is not lin.it,cd by the dynamic apc‘rturr in cask of l;trgcx rmit- 
tancl’; emittancr blow-up is indeed observed to vary from run to 
ru!: .Yw c~.upc~rirncnts a.re foreset-n to vfsrify the Alcott nl(-ntiolled 
point,s, brforc this stronger fi)rusing l~econ~s operatic~~~nl. 
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