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Abstract one bunch per beam. At LEP, we have 4 interaction points
. . - . and 4 bunches per beam, forming two almost independent
By slightly exciting one of two colliding bunches in LEP, s&{stems of 2+2 strongly coupled colliding bunches. The

it is possible to enhance the eigenfrequencies of the re : .
Wo systems are weakly coupled via the parasitic encoun-
nant system of the two bunches coupled by the space chagge

rs halfway between the interaction points. In this case we
force. The_ LEP Qmeter. has been adapted to detect, amqile 8 different modes of oscillations, but it can be demon-
these excited frequencies, the so callecand - modes,

whose distance is proportional to the luminosity. A rea?trated that the 0-mode is siill close to the original fre-

time display of these quantities provides the Operators wih eney: and that the-mode is the phase opposmpn ”.‘Od?‘
. : o T most distant from the 0-mode. Therefore the situation is
an effective way of finely optimizing the luminosity .

qualitatively unchanged.
Let us now concentrate on a Gaussian "flat” beam, where

1 INTRODUCTION AND MOTIVATIONS oy << 0. In this approximation th&ingle Particle Ver-

The idea of evaluating the LEP luminosity by measurin ica[ Bea_lm Beam Strength Paramete,, is related to the
minosity by the following formula

the tune split between the modes of oscillation of the co-
herent beam beam effect was f|r§t expressed in [1]. This I N frevkpy,

effect had already been studied in other accelerators, see ref3

for example [2], [3], [4] and became the object of an oper-

ational tool at the TRISTAN MR [6]. We at LEP have re-It was then shown ([1],[5]) that in the approximation of a
cently implemented a similar tool, where the two modes afeaussian beam, téoherent Beam Beam Strength Pa-
constantly monitored and displayed on a television screef@meter &, is just 1/2 of¢,,, . Finally, the dependency of
While an absolute and accurate evaluation of the LEP [dheBeam Beam Tune SplitAQ. on¢, at LEP can be ex-
minosity by means of such a tool is highly improbable, th@resses [1] through the nonlinear functions shown in fig.1.
tool can provide an "adviced” Operator with a real time From this picture we can say that, as long as we do not
feedback on relative luminosity changes. Such a tool con-

stitutes an additional and effective weapon in the neverenc B~ oo ol i e a:

ing fight to improve the integrated luminosity . e

2 SOME THEORY

The phenomena which we are going to treat has been an:
ysed in depth in many places, among which the above mel ik
tioned references, so we should limit us to briefly describ ' o

it, and to report the main results. Anyway these results hav L . . -
always been obtained by making some approximation an T ety Strangth Fenenetie (53
by examining ideal conditions. This makes it difficult us- J=r  rum b s o e s
ing them to produce an accurate quantitative estimation ¢/=*** =
the luminosity.

When two charged particle beams collide in a storage ring,

the space charge of each beam gives the other beam a trafigange the unperturbed tune, the larger the distance is be-
verse kick and changes its betatron tune. In other wordgyeen the two peaks, the higher is the luminosity. So, if
the two beams are coupled by the beam beam force. If tha can monitor this distance, we are able to know imme-
beams have opposite electrical charges they are attracfglely how our actions on the machine (orbit corrections,

by each other and, in the simplest model, the original beagyypling compensations etc.) are effecting the luminosity.
tune will remain unaffected, while an additional peak with

higher tune will appear in the two beam spectra. Th% THINGS THAT COULD GO WRONG...

two beams will oscillate in phase at the original frequency

(calledo-mode, or also 0-mode), and in phase oppositiom the previous section we have implicitely assumed that
at the new frequency (hence calleeénode). The stronger the Tune Split (which we can measure) grows when the
the beam-beam kick, the larger the distance between theam-beam strength parameter (which we cannot measure
two peaks (this distance is also called the Coherent Beamlirectly) grows. This is true only in the case when all the
Beam Tune Split). We only have two modes if we havether parameters do not change. In the real life this is never

Figure 1:(from reference 1)
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the case, and so we should be very careful before drawimgode in the recombined spectrum finds its maximum, the
false conclusions. For instance, in order to try to increase-mode, if visible, should be at its minimum. By giving an
the luminosity we might reduce the vertical tune. From figadditional shift of about 180 degréethe situation will be

1 we immediately see that for the same beam-beam kickversed, and the mode will be enhanced. Until now this
(and therefore for the same luminosity) the Tune Split ias been done by an offline program, any time there was a
strongly dependent on the vertical tune. Therefore, if wdoubt if the spectrum peaks shown on the tv screen were
reduce the fractionary part of the vertical tune, let's sayeally the 0- andr modes, but this year the algorithm has
from .2 to .15, to the same luminosity, or to a slightly in-been implemented on line.

creased one, will correspond a lower Tune Split.

Another factor that should be taken into account is that the 5 HOW DOES IT LOOK LIKE

beam is also subject to parasitic encounters with the other

one (in the odd points if we do not run bunch trains, and he measurement requires a small vertical excitation of one
also close to the interaction points if we run with a buncif the colliding bunches. To find the right level of excita-
train scheme). For simplicity we only consider the casHon is not always easy. A too large excitation would reduce
without bunch trains. In this case, the two beams are noi?€ luminosity (and the beam-beam tune split), while a too
mally well separated in the odd IPs , and these beam-be&fall one will not produce a clean signal. Moreover we
kicks are defocusing (even if much weaker that the kick¢ould ideally like to have perfectly centered and head-on
in the interaction regions). This can be expressed by t¢®llisions, and this would also minimize the amplitude of

formula [7] ther-mode peak. Nevertheless we can get some nice data.
Nref, In fig.2 we show a greyscale plot of the two combined spec-
& =— 87vy? tra. The x-axis represents the tune, while the y-axis the de-

grees of rotation of one spectrum respect to the other. The

where¢, , the tune shift due to the parasitic encounterdarker the plot, the higher the peak. We can clearly ob-
is inversely proportional to the square of the separatiofffVe the two modes in phase opposition, withithmode

distancey. Any manouver which modifies the separatiorlUst below 0.36) having a maximum when the 0-mode (at
between the beams in the odd points will have an effect gP°Ut 0-18) has a minimum, and viceversa. Figures 3 and

the measurable Beam-Beam Tune Split, without necessar-
ily changing the luminosity.

4 THE LEP QMETER AND THE )
BEAM-BEAM DISPLAY - :

The main difference between the measurement methc

adopted at LEP and the method implemented at PE

TRA,CESR or TRISTAN lies in the signal treatment; in all

these latter cases the analog signals detected by some beam

position monitors are somehow recombined and hardwafdgure 2: Observation of the 0- and the-modes (data from
manipulated before being sent as input to a spectrum anaR97)

yser and displayed on a screen. At LEP, instead, the Qmeter . :

system can digitize and process via a DSP based systemj%%how the same data in apother way. What'|s mpst use-
position data corresponding to every single turn. In partic ul for the .operatloln Of. LEP IS however the on-line display.
lar, a phase preserving FFT can be performed on any coniéle algonthm Wh'(?h is looking at the spectra of the two
nient number of turns, and a smoothing algorithm to reduc unches, trying to find the 0- and themode, has to exam-

the high frequency noise can be applied. The FFT specﬁnc\e a signal which is not always very clean, and sometimes

will be displayed and refreshed continuously on a tv screel? hidden by higher peaks. Fig.5, 6 gnd 7.ShOW respec-

By setting the Qmeter to observe two colliding bunches ngely th? starting spectra (the one explted directly and the

can then numerically recombine (add) the two correspon pe.exmted by the begm—beam coupI!ng), and .the result of
{he internal computation of the algorithm looking for the

ing spectra, after having applied an arbitrary phase shift

one of them. Every frequency component in each of th@-mode. This procedure correctly finds the highest phase

two spectra can be thought of as a two dimensional Veggmmdence fo{) tfg;elr.-modehatoarouzd 0'33 1(gott|)ce how ';E
tor. The amplitude of a frequency component of the reconfl!Ves Zero probability to the 0-mode at 0.18, because for

bined spectrum is obtained by performing a vector sum of 1The two modes are in perfect phase opposition at the interaction

these two vectors. By shifting the phases of one spectrupaint; at the location where the beam is observed the betatron oscillation
fresponding to the-mode has gained some phase advance compared to

by one degree at the time over 360 degrees, we can FE@

. . . . e 0-mode, because in one turn of LEP it must gain a phase advance cor-
in evidence the phase relationship between the 0- and t ponding to the beam-beam tune split. So at that location the difference

m-mode. In fact, when the phase shift is such that the Getween the two phases is not exactly 180 degrees.
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Figure 5:Spectrum of the directly excited bunch
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Figure 6:Spectrum of the indirectly excited bunch
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Figure 4: Observation of the 0- and the-modes : mountain

range
? the newly commissioned 102/90. During this period peak
beam-beam tune shifts of 0.056 and 0.053 , and averages
this frequency the phase relation expected between the tagound 0.05 lasting for almost one hour, were respectively
spectra is clearly non satisfied). reached.
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