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Abstract The M~asuremcnt of the transverse tunes ultl pre- 
cisr ol~srrv;ttions of transwrse t,nne spectra is a hsic demand of 
;rcwlcratc,r ol)~ration and machillc devzlopmed, This contribrl- 
tioll ciescril,ea some rrperiments prrformecl during the first yesr 
of activity of LEP usinp, the Q-hMer iii its 3 operation modes 
[I’LL = Phasr Locked Loop, FFT = Fart Fourier Transfwm 
ant1 SWF = Swept Frcqu~y anal,-sis). 

Items like clif&rencc l~c+ncVtl f+ ant1 c- tunPs. pr~cisc cllro- 
maticity lmeasurelncwts for cwerg,y calihation. IXani-l>f%nl atlltl- 
itAs. optimizittiot~ of bmm overlap at the interaction points losing 
tllc I~c;~~~~-l~~+un transfer ftulrtion itxtl 0th npplirations from thr 
lmiod of machine conunisionillg to thr actual machine status 
iuv pwient.ed ad tli~cnssetl. Specinl emphasis is gi\-en to tllr 

ol~tnirml nieai;luwrn~ nccuracirs under diffe~rut machiar contli- 
t ions. 

1 Introduction 

Tll~ LEP Q-Neter III~RRUI’CS thr fractional part of the htatxm 
tunch by excitation and ol~scrvatiiln of coherrllt trnllsvPrse hRIl1 
oscillaticms. Fast kickers and a ga trd position ulonitor allow fat 
sclectivc- lmncl~ excitation and observation. Due to thr flesillil- 
it.y II~YC~CL 1,~ tlw tlipjtal signal 1~oces5ors of tllc instrument. oilt’ 
may excite thr heam ant1 analyze the rrsulting beam motion in 
ilitfrrent ways [l] [?I. Tl IIC’C‘ c,pr~atiollal moth ha\-P heoll implr- 
~:ii~ltc(l and ciul 1~s wlrctetl nccortlillg to tlw machine status. the 
;imihl)lv n~rawren~~wt tilnc> and tllc rripGW1 RccIiraCy. 

Tlw FFT ~notlc incluilcs witlfx baud n&r Iwam rxciiation anti 
il Fc ~uier Analy& uf thr lxvm~ collcrcnt motion. The amplitr~rl~ 
hl,wtrn for tlic llorizollt~~1 ant1 vertical planes pjvr tlw l)rtiltl~~~ll 

t\ukes a5 wry divtill,,t l~itl;‘;. iJilt ah provide additional infolmn- 
tic):1 011 damping tilllcc (width of [IC?lliS), l,rt;Itr(>li Uld b~lICllI.(J 

l)ctatron col1pling. TI, ‘c m~asurrnuwt timm in this nlotlr are of 
t11c. 01~1C1. of sccrllltls. 

111 The SWF 111otlc tlw ham sld;crs arc’ drirrn with a sinc~arv 
rrrit atic,* ant1 the amplitutle and pliasc! of the hean motion arc’ 
rc-corclcd. By p~~qx~ SKwping tilt, escit ation frequency mm small 
,tc’p the *,niplitlltle ant1 phase sl)ectra can be measured with ver> 
lligli prerisiou. Depending on t.he frequency spa11 alld tht stcl) 
si/.e the measurenlent can take from several seconds to mintites 
wlltl is themfow tlrvotcc! to precise machine development studies. 

111 the PLL mode the lxams are again escikd with a sinemave 
0sciliiLtion. I,llt, now tllc, slj&r excitation frecpXWcy is 1Ockrd by a 
fwcllmclc system to tlir resonance of the lxYm1. By tletectillg the 
&\wr frqtwncy permanent twie rradings clown to time intrrv:ils 
of j(l mspc can 1~ recorded. This mode is of particular interest 
to c~,i~tinnously monitor the tunes during normal operation 01 
tc, tlf+ct rapid tunr changes during critical machine up”~atiO~~s 
[ ;~c,crlcrhtion, /i-scpwzing etc. ‘1, 

111 the fd)owiug chpters me hrzvc s&c t?d different examples 
of tmw measilremrnts performed by exploiting the 3 modes of 
operation of the instrument under different machine conditiwls. 

2 The Q-meter during operation 

Tune and Cliromaticity 

The rrquiwmrnts during opcmtion are fast zmtl :vliablr tulle nm- 
snrement4. obt ainccl lq- using the instlument i:l tlw FFT milt. 
The dcsirrd frecprncy rwoliItioi; hq of the IlleR5l.lWlllC’l?t~ Call 1X’ 

programmed by splrctiilg t,lw imlllh tbf psitioil measurcmc’uts 
I\‘, of tllc inpttt to thr Fourier Transforms. since 6~1 = l/X,. Tllcy 
ztatistical mciisurin, 0 errors call be KY~IICYC~ II!- taltiilg thr a~-u 
age of successi\-ely mcasurecl spcctln. Fig. 1 X~~OWS an amplitltcl? 
sppctl’llm of tll(? beam 0scillatioM in the horiz0nt a1 an<! T-ertiA 
planes Ixsetl on data from _ ‘XL&S l~c~anl revoltttitrns ant1 atI nV?I'ag- 

in?, rount of 4. 
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Tlw clronlaticity of t,llp machine is ~nrn?;~~~d using thr QIIctel 
in the same mode. Tune readings are taken for tliffewnt srttillgs 
of thr RF frequency and the linear chromaticity (2’ is ol)tninrtl 
fm11 

Q’ = ilc) = -n,. 
L!q Aq 

= -1.362. lo5(i,f)Ji,~~ . i 1.1 
APjP iA,f/.f’,!W 

\vh=rr 0, = -3&X . lo-” is the momentum compaction of tllc 
machine. Aq t,lle Change in tllc fi.RCtiOllill l):lrt Of tIllA ttlllc alltl 

.fnt- = 3522541’2’2 Hz is the RF ~al:w on th(a centlal c,ll,it r(‘- 
cently determined with high arcuraq [3]. 
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C!olli iliuous t,IIne nlonitoring and tune: regulation 

Bvtatlon tntlc+ c:tu lx moCtorm1 at, 7-m;. short time intervals 
cllllily: pwti~7dw l)lx1s(s5 of the 0pw;ttiou. 

D’lliu:: thr acc(~lmatiou phase front tilt- injection cuergy to tllr 
K11w wcluivtl by t 1~ I-xprrimcnt s the nonlinal mechine buw is 
pc2 tlirlwcl I)!: tlir trucl;ing errors of tli~ nlagllrtic elements arid 
IBM- tllr ,=ft;>ct rjf’ in~l~~wcl mu-IeIIt5 iii the wcu11n1 clmnlxr. Un- 

n.;illtrcl tiulr vxi;itiolls al.50 ucctw at the flat,-top energy dlwiq 
tlw trmsitlon to tlir lcm- j mlurs lisetl in collision to provitlc tlw 
lwit Ililninmity. 

III I both r’;ws tlic infixwi~ticm on the time evolution of t,lw turws 
I t11:1(’ lti~toq~) is of grrnt hcll~ to dctrct any niisfunctiolling iu 
f 11e t\\w ]X~KTh‘4Y aurl is c+.scwti;ll to l~r0~~dc twcful cllagnostics. 
.A (~)n:i~~oms t\ulcL mvosluwncnt in PI-L or FFT umtle .nlay 1~ 
IISCY! f01 clmml loop tunr control I,;- ac,ting on the curreutb of 
tl;c* mail1 q~~(lrl~polt’s. T!lis so-cirllctl Q-loop keeps the t.uncs 
oil t,h+r :c~~cw~I~Y~ r~~luc~. tluring tlw tn’o olm2tioilal pliascs. A 
liorixok~ti~l tlul(~-llistoq. tlisl)lay dtu,iilg acrclrriiticm is sllmvn ill 
Fi%.Z \\-it;l au11 n-ithrlllt (J-loop ftwllmcl;. 
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Figuc, 2: Tiuw mdution of thr hoCzonta1 betatron t,uw tlur- 
illi: ;l<cel~‘ra tin]), T!P wigid bchnG:ru (top) is motlifietl with 
soft7r;ii<l cc~~rcctioii iit tlw “rilnll~ editox” (middle) and tht final 
Tllui’ e\.c)llitiC!u ol2t;liwtl \vi ill thr cLwx1 loop tune regdittiw ii 
dn,\vn it: tlw hott.oii:. 

3 Applications to accelerator physics 

The wide pmsil~ilities offewtl l)!. the C-nwter 11we lawn of grrat 
hip during t.llc commissioning elf the iolliclr1 nb wrll as in the 
successiTv periods of nmchinr tlrvrlopenlcnt and stutlies. Esam- 
pies are given in the following of seine interesting appiications to 
the operation of LEP for accclcrator physics. 

c'c- tunes 

Differmces in tlw hctatron tunes fw clwtrons ;~ntl positrons 
mainly occur from horizontal separat,ion of c+ and o- rxlAts 
in sestupolcs, originated by diffcreiit energy histories arou~l 
the ring from unsyxnmetrical energy gain iu tlw RF ca\-irks. 
Quatlrupol;~r fieltls associated with orbit offsets iu thr wstlllwle~ 
product’ ntltlitional truie shifts which intrgriitc out tlXwrnt1~~ 
arom~d tlw ring. The obwrvation of c+c- tuuc, tliff~rrnccr in 
the wrly l>hasc of LEP commissioning colitril>utcrl to the final 
:lcljustnwut of the parameters of thr RF stnti(ms in V’2 anrl TPG. 

Brain-beam tllne shift, 

Tlw tllw shift Iwtxten the o- and ilie ir-n~otlcs of oscillation! of 
“qid 1)1ulcllcs colliding in storage rings [4] is (m< of tllc nkoxt 
intclchting tlingnns:ic tools to t>\dllatcx tlw 1~1fw1riiuw of ;I 1.(>1- 
ii&r. Each n~otlr gcnrr:tt c’s a pair of ” visil& f’r(‘cl~wllci~*s” bl 
oftm 1.Pfi?l.lYY! to as .’ fast-\ravc.’ and “slow-wnl~~” signals [Cl. Tlw 
observation of the II - 7 tlulc shift iu LEP l~~nl<c+ I~!.c of the 4.. 
meter both in FFT and ill S1PF rdcs. T!lr lattx one is clv;~rl! 
nxxe precisr ant1 nn 1;ltinw~tc 8ccurncy of brttrl. tllnn IO- ’ rim 
be attaiwtl. An rrinnl’lt of nieasunctl r - 7r nlotlr~ tllnc> kllift is 
given in Fig.3. 
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Ream-beam transfer function Dylmmic aperture 

The I~r;r~~l-\xwn~ trnnsfm function [;I is the response of one I~tmch 
to &+lcctitnls inclu~e(l 1)~ 7xrinl)le elcrtromagnetic fields from the 
intCrai.tioii vit,ll it collut~1-~o~ntili~ l)lmcll suhjrct to sll?;lll all>- 
plitutle t1~i\n5w~sc cscitn t,ion Its effect is proportional to tllP 
Ilmiiliohit~- 2~1~‘. this l>qwd>- call 11~‘ 11ic(1 to u~)timiw tllc Iwan1 
~nw-lal) at the intcractioll pointi down to lx-am wpauations of 
t,lv ~IY~PT of 0.1 t,I By pwpe~ aclwtioll of tllP rwitrtl and of the 
~~1~w~vc~I I~IU~C~IC~S. thr 1x=ain-lmun tl-mlsfcy function can Ix mea- 
‘ruu~~l wit11 thr Q-mctc-1, lmtli in FFT 01’ iu S\\-F motlc. A tyl)ical 
~x;unl~l~~ is giT:rll in Fis.-4 nllelc tll<, ic\l>~o*lsc of the “uliswwd” 
binit- ih IY~I~~I~IL.CC~ to tlw xirl:;iticul dlw tlic iutvwctiq 01~’ ih 
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Fignx 4: Bvanl-beam trausf(ar ftmrt.ion with FFT nlotlr. Rc- 
S,““‘S of t11e “&lwwi- l~iurcl~ when the intcract,ing on0 is 
dd;~~l in Ix,tll planes (top) iompd to the situation wlwn tllc 
latter is uot isscitctl in the cdical plane. 

LIP dynamic aperttwr can be measured by exciting the beanls in 
STYF motlc nntl lwing I llc nmplit~~tlc ~~alil)rntion for the meas~uwl 
spectra. During tllc n~easwem~nt the excitation anlp!it,~~tk is in- 
cwahvd until v,xwl; lwnin 10~s~~ iw~ o!xw~v-tl .A ~w!limnto~ is tllw 
insrdcd to slightI\- increase the losses. This position is assmnc~l 
f0 Ix tllc npertnw tziim by the lxwnl fia cc>llcwwt osrillatians. 

Accuracy estimate 

BJ- mc~nsllrillg tllct I,eanl tlmeh xvitll 7 ~2). st;hh11, mi~clliu(~ volicli- 
tioils tlic ;i~~c~u;rcy of t11~‘ dcr-ice% has ha qwrinwlltally r%i- 
matctl. Succcssiv~~ tlmc lllt’R~:II1’rlll(‘llt’I tillwll ill FFT mode tllu- 
iilg pll! sic5 yams. 7v!~cn tllr iu:l>- val!-ing ~~~~~~llll~~t~~~ is tlw hllll 

(‘iLi‘1‘i’llt. l1aw SllOn-11 tl1;1t Ill<, 1”“‘“e1:t ;Icc’,u-.\c\- OI’ 1111, inxt1 Illll~‘lit 

ran l,? q”‘~tcYl TO a ? lo-’ IPWl. 

4 Conclusions 

711~ w,c of the LEP Q-metal 1~s 11~.o\xxl to lx, :, prt><,icxl> tool l)otli 
for tlw c)pel2tion of thr roilith ant1 fix lxccix~ accch5ltoi- I~hpi~.s 
htlldivs. The tllrcv niodw of o*wl;\tion of tllc, initirunc~llt top,r~tllc7 
xvitll a laty choice of l~awnwt~w. tlcl-iwtl f:.iuil tll(~ flvsi1)ilit.x 
&cwl lq tlxs digital signal lxocr5sili.g alli~n. tll<, iii~t~~uniwt to 
1~ LC+YI in a nitlr langc of :tpplic:~tions Tllv acclwac~y rlf tlw 
ill7trllili<*llt li;li lwen nic~ai~uvtl to 111, 2 IO-’ anrl is ~~lc~wlltl~- 

liinittd II? the noibr in tllc lwi~m 1~05iti~~ll lill’i?~lll‘l’lll(‘liT 
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