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Evaluation of the emittances in LEP from the observed frequencies of the 
coherent beam-beam modes 

khji Hirata: Ehrhard Iieil and Philippe Rc~~aud 
CERS 

CH-1211 Geucx-a 23 

Abstract An automatic pmcedurc has been installed in the 
LEP ccn~trol system which drterminc‘s the horizontal and vertical 
1,5~11u mlittanws from the> frquenrirs of thp cohrrcnt beam-l)enul 
mo(l(~. The ~IIWYVIWC reads optical LEP paraul<+ers. brunch C~?V 
ITlitx. lwaw encqy, vertical beam set)arations, frequencirs of the 
coll(,r<‘nt l~anl IXYUU modes from the LEP instr~unentatit,11. Thr 
fi’~‘CiIl(‘Ilri~S of 4119 cnhrrent Illcltles. i.e. the eigen~alues of tllp COll- 

pltvl liutw~- Iw;u~~-lxwn w~uations. aw rouqmtctl from these clnia 
an(t ttle rmittancen. The emittances are variecl 1,~ the proceclurc 
lultil thi, cnlrulatrt! RX? ol~ser~.~d frequencies agree. The beam- 
be;uli strrngth parainetrrs and the, luminosjtirs are ly-pro&Kts 

of this calculaticiu. 

1 Introduction 

C’oherrnt l)rankbram oscillations are a good probe for the bean- 
1)ca111 iutcraction in storage rings [I]. They can be excited ant1 
tl:c%ir tiul(as. i.e. the 1.a tins lxdwerll mherent oscillation frrquell- 
t+s ant1 the revolution frcquenq. can lx iiieaaured l,y the usual 
ttun~’ Iwalr~mwrut system. The tlules arc r&ted t.o the hori- 
zoutal nut1 vertical cmittancrs. the l,uuch t)opulations. and lumi- 
ur)siticxs. Thr earlier BBSIODE t~ogram I’] cnlculates the tullPL: 
of tlir cc&~~nt I~an~l)fiun motlr~s front the machine and lxwm 

pai,amrtcrs. 1Ve IlaW now incorporated this program in a fitting 
ideogram BBFIT which adjust> thr marhinc ;!lItl lxYul1 pai3mP- 

tr’n WCll that tl1r 01wYT~'d ant1 colllp”tctL tllllPZ of the cnherr11t 

li<~anll-lIc~alll 1110(1cs ;rglY’c’. 

2 Bunch Motion 

\\.r treat the motion of the centrcs of gral-it?- of the bunches iii 
linear approximation. keeping only linear terms in the horizon- 
tal and \-e&cat positions, .? and 1. and tioriumtal md vertical 
SlopW, .?’ autl ij’> and using R ma tris and eigrn\due tecliniqur. 
\\is tilL> flt~ tteviations of the bunch drusity distribution from a 
Gaunsia~~ due t.o rhr beam-bpalu effect into accotmt by applying 
corrcctioll factor>. Our fitting algorithm ltscs a standard fitting 
101ltinc~ io ol)taill the mnchinc tunes and the horizont,al and VW- 
tkat enlit tanc’es from the observed coherent beam-beam tunes. 

Linear Formalism 

Since in linear approximation, the horizontal and verticid motions 
arc independent, n’e can treat them separatel:;. In the equations 
bc~low. we Iv&e 5 for either 5 or 0, and 5’ for either ?’ or !j’. 
Tlicrr arc four c+ and fotu e- brmches circulating in LEP. The 
ln<)tion of t,hcxir centres of gravit!- can be described by 16 X 16 
matrices operating on a column vector with 16 components, 8 
l)oyitious and 8 slopes. .4 t\trn in LEP ia tlescribecl by a product, of 
c+llt kick mairks alternating Tvith eight arc matrices. The kick 
lnatriccs describe rhe four bunch-bunch collisions which happen 
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simultaneously. The arc matrices transl)ort the bunches through 
the arcs from one interact,iou point t,o t,hc, nest. The tulles of 
the coherent morlrs ari‘ tllc phasrs of the rigenValur5 of the tllrn 
nlatris. The details of the algebra are gi\-en iu [?I. The to\vcst 
tulle is close to the unl~crturbrd fractional tune Q.. Since the 
hewn-l)ram force in r+c>- colliders is attractivr. tll<, tulle shifts 
of the coherent beam-beam modes are positive. and thr highest 
trmr is ahIt 4F2(r)Cz higher than Q;: F.(r) is given in Ectu.(3). 

Meller-SiemAlla-YokoyR Factors 

The kick 5; which a single test partick in the e* beam receives 
when crossing a launch in the e7 beam is given 1~~: 

z; = 2r,A-T(:* - IT) 
-(*d(r: + CT?) (1) 

Here. r, is the ctassicrtl electron ratlilts, 2X’? is the population of 
the ol)positr e* bunch. Z* is the displacement of the test particle. 
Zi is the barycnitre displacement of the lnul(~h in the : direction 
at ttw IP. if is thcl Lorenrz factor, and fl? is the rms beam 
raclillh of the e? hmcl: in the z direction. TIM, avcarage kick 5; 
nliicli a Ga115siaii buncll in the e * him wrrivt-s when crossing 
the opposite bunch with tlisl~lacrment (i* - 5,) is given by all 

rsl)ression which has tllr same form as Eq”. 1. but with the 
ulean square beam taclii (f7: :I” rq~laced l)y Y! = (m: )" + (0' )' 

[B]. ‘\\‘hpn the rms bunch radii in the t\vo lx~uns are equal, the 
kick is esactly half the kirk sllcnvll in Eqll. (1). YOliO~~I et al. [4] 
giv graphs hots the bunch shal)r is distorted by the beam-beam 
collisions. The average kick 5; received by such a l~uncl~ in the 
P* 1wan.1 when crossing the oppo&.e bunch in the 3 beam wit.11 
tliq~lacement ( 3+ - ZT ) is given by: 

3; =r VZ(r)r,9i( 2f -AS, 

p*T:(s,. + \3,) 
(2) 

The correction factors F-( 1.) were conq~utetl 1)~ hlrllrr and Sk. 
niami [S] and Yokoya et al. [4]. A nun3&rat fit to the results of 
tlic, tatter is: 

tl..(r) = 1.330- 0.3iOr+0.3??lr~’ ant1 c,(r) = F,(l - 1.) (3) 

with r = r~,/(u~ + oU), These correction factors are included in 
our calculation, by multiplying the appropriate elements of the 
kirk matrices 121. 

Fitting Algorithm 

The fitting program BBFIT is written in Fortran. It reads the 
machine and beam parameters. ant1 the lowest and highrht ob- 

served coherent beam-beam tunes in the horizontal plane y;. and 
yZ, and in the vertical plane ci, and yi. It then invokes the 
NAGLIB fitting routine COSNBF [6]. This routine solves a SJ’S- 
tern of N nonlinear equations in N variables. It chooses the cor- 
rection at each step as a convex combination of the Newton and 
scaled gradient directions. It. varies t,he horizontal and vertical 
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Figure 1: Horizontal spectrum 

tunes CJc and Qv. and the horizontal and vertical emittances E, 
and E,. until the fitted coherent tunes agree with the observed 
values q:., rJ,, 9; and eV. It. returns the eight coherent horizontal 
and vertical tunes qZ, and qy,. the horizontal and vertical emit- 
tances E, land E,, the horizontal and vertical tunes Qx and Q,. 
the luminosities in all eight IP’s L,. thr beam-beam strength pa- 
rameters in the horizontal and v-rrtica! planes. (, and EY. 

3 Implementation in the Control System 

The upper level of tfhe LEP control system is composed of oprra- 
tor consoles. servers, and process computers which run under the 
Unix operating system a,nd are connrctcd in a network [T], Thr 
procedure has lxeu installed in two parts: 

l A C program runs on an operator console, handles the dialog 
with the operator, reads t,he machine and beam pa.rameters. 
wriks an ASCII data file for t,he fit,ting progra.m BBFIT, and 
launclles it. 

l The fitting prop-ram BBFIT runs in a server, reads the ASCII 
data. prepared for it., esecutes the fit.ting algorithm. and writes 
the results into nnot,hcr ASCII fik. 

.411 ASCII files are givrn names which contain the calrudar data 
and the t,ime of the day. 

Data Collection 

The machine and k&m prametrrs are collected by the C pro- 
gram. The optical parameters are stored in the LEP control sys- 
tem using the Table File System TFS $31 in the reference dataset 
directory. A special file. the Run Table [9], comains the name 
of the TFS file with the Twiss paramet~ers of the configuration 
which is currently used in LEP. The C program get,s this name 
from t.he Run Table and reads from rhe Twiss file the values of 
the amplitude functions & and @, at, and the phase advances pr 
and /iy between the eight inberaction points IF’ in LEP. 
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Figure 2: Vertical spectrum 

The intensities of all four P+ and all four e- hunrllc~s arc leg,,- 
larly read 1,:. a dc current. transformer [IO]. A s!nchrcnious analog 
signal processor tracks the buuches over many turns. The read- 
ings arr stored on a process computrr a.5 a TFS tablr which in 
turu is read by the c’ program. 

The beam eltrrgy is obtaint~tl from the magnetic firld in thr 
lrferrnce dipole in series with the LEP dipole chain [I I]. The 
measurement is init,iatetl by a process computer which is driven 
in turn by a icmote procedure call from the C program, 

The e+ aud c- beams are vertically separated at the odd in- 
teraction points by electrostatic separators [l!?]. Thr C program 
reads the TFS table contaiuing t.he vertical distauces between the 
two beams at all interaction poiuts which is stored in the current 
dataset directory of a dediratrd process comlxttrr. 

‘Tune Measurenlent 

The tunes of the coherent hram-beam modes w~c n~asured with 
the LEP Q-monitoriug syst.cm [13], using the swept. frequency 
mode. Horizontal or vertical oscillations of one of the eight 
hunches in LEP are driven by a horizontal or vertical kicker mag- 
uet whose field varies l&e a sine wax’e. The freqIIency is varied 
over a prescribed range, typically about half a unit in tune. iu a 
few lnmdrecl steps. The response of one of the eight LEP bunches 
t,o that excitation is recorded. The horizontal tune spectrum oh- 
t,ained is sl1ov.n in Fig. 1. and the vertical tune spectrum in Fig. 2. 
In the vertical spectrum, a single peak is observed in the neigh- 
bourhood of the unperturbed tune. In the horizontal spectrum, 
a double peak is observed there. In both planes, a weaker signal 
is observed at, a higher tune. We have idmt,ified the lower one of 

Table 1: Bunch Currrnts in /rX 
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Quant. Hor. j Vert. 

Q 0.36’3 ! Cl.2545 
E 32.0 Lull j 1.8 lull 

<5> 0.0216 j O.OliS 

Table 2: Fitting Results Table 4: Tunes of Coherent Modes 

t11e thd,k' pali wit,11 the 1owrst tunr I& = 0.3623, and the lowest 
xwr~cal peak Ivith ci, = 0.2545. ad the upper cdgc of the walir~ 
signal with thr hie;hest tunes 4. = 0.4S99 and (i, = 0.34ST. 

4 Results 

ITb twtd the BBFIT prncetlure at a beam energy of 46.5 GeV in 
t!lt* LEP c~xfiguration N07C40 with /?= = 1.75 m and 13, = 0.07 
111 at the experimental IP’s. The bunch cllrrents are shown in 
Tab 1. The fittcci restllts are shrwn in Tab. 2. The fdted tunes 
Q: agree with the lowest, tunes gz. This is to be expected sincr 
tlw tliffwrnces in the bunch clxwnts arc small. The horizontal 
clmittance E, i:: ciow to tlw ~wminal figure 34.9 nm. 

Tlw conq)~~ktl huninositic~s arv sho~u in Tal). 3. Since the 
~RII~C l)airh of lmnrhr~ collide in tliamrtrically opposite IP’s. tlw 
lluuino+itifv+ there mlkst be th(, sam?. as long as the, !‘I: xxltw~ 
rhcrc arc* itlrntical. ah lve wssum(‘. 

Tlw Iluuinosit>- monitors VWY utrt rruming during the tests. 
Tlvwfor~~. a tlirrct cc~mparison be~xwn the measured \-alues and 
thcw ~!l)taiurd from fitting the tune data is not possible. How 
ever. the luminosities shone in Tab. 3 agrer cp~ite well with those 
~tx~mTfd at the l~ui~c11 c~wrnts slionn in Tab. 1. 

Tllv c.cx:q>utrtl tunrs of thr cohc~ cut motlcs arc displayed in 
T:ili. 4. III both plau~~s. thcrct arc% two closely slxwtl tunes ~,ear 
tlw lowest and the highrst tunes. and four closely spaced tunes in 
t h- mitlrll~~. III a lwrfvt LEP with ccpal <‘+ all(l c- hunch r1uxUts 
and large wio~lgh wparatious in the odd pits such that the beam- 
li~~~ni rffi>ct is rirt$igil)lr there. there are jllht three tunes becarw 
tlw lowest and highest tulle al’lwar t!vice, and thr middle tunr 
foils tinws. Wllrn tllr v+ and CL- blulch currents are different. 
I)111 thv sr.paration in the odd pits is still large, thrre are fotu 
tlmcs. each al)peariug t,nice. The split, between the two middle 
lx1i15 is a ~M~RSIII’C of the current diffbwncr. If the separations in 
the 1~1tl l)it,s arp smaller. such that the lxwwbeam effect t,here is 
uot urgligil)lr, the, finer l>airs are a 11 split.. as shown in Tab. 4. As 
r~lwvtctl. the horizontal splits are larger than the vertical onrs. 

-4 tlyiq lx+<* xauuer a ll~ws an indel)~ndcnr ohserration of thr 
h~xizoutal and wrtiCa1 emittanw. Onl!- the vertical scanner was 
crlwrational at the tiuw of the tests. The cwittances obtainrxl fol 

all eight l~uuches are compiled iu Tab. 5. The emitta.nces of the 
elwtron b~mches are consistent, and about a factor of two higher 
tllau those obt,aiuetl from the cohewnt beam-beam t,unes. The 
rmittances of the positron l~unchrs show a large fluctuation, and 
nrr a favtrx from 2.5 to 5 tirncs larger rhnn those obtained from 
the cohrrriit, lmull-hcan1 t.1mcs. 

5 Conclusions 

11-e have iustallrd a fast and easy-to-use proccdwc for measuring 
rmittancrs in the LEP control system. It is based on measuring 
the tunes of the coherent beam-beam modes. In real t,ime, the fit- 
ting is very much faster tha.n obtaining the coherent, beam-beam 
tunes with the tune measuring system. We find emittances in 
good agreement with those obtained from luminosity monitors. 
The emittance ratio E,/E,. is about 5.6%. Our method yields a 
smaller vertical emittance than the flying wire scanner. Simnl- 
taneous obsan&ions of the coherent beam-beam tunes and of 
the luminosities will provide a more accurate calibrat,ion of olw 
fitting mrthod. alid in particular of the correction factors [4]. 

Tal)lc 5: Vertical Emittanws [nm] from Flying Wire Data 
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