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Getting a high luminosity at the VLEPP
installation, wherein the frequency of col-
lisions is not high, is inevitably connec-
ted with the use of dense bunches and with
the skill to focus them into a small size
(of the order of a quadratic micron). In
this case, the forces, which appear at the
interaction point, become significant so
that namely these determine the transverse
dynamics of particle motion in the bunches
and most of the important characteristics
of the accelerator, for example, luminosity,
non-monochromaticity, final phase volume of
the bunches, etc.

In collision of the bunches of the op-
posite sign (e*e”), thelr electric fields
are compensated, and the magnetic ones are
added. Therefore, the force is of attracti-
ve nature, and the particles will oscillate
in the transverse direction. A clear para-
meter characterizing the force of a beam-
-beam interaction ip the average number of
plasma oscillations executed by the parti-
c¢les during their interaction. In each di-
rection this parameter is equal to
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where jV 1s the number of particles in eve-
ry bunch; Sy , 6y and O% are the r.m.s. si-
zes of a bunch in the transverse and longi-
tudinal directions, R=Sx/6y, and ot is the
factor of the order of unity, dependent on
the charge distribution inside the bunch.

One can single out a few effects asso-
ciated with a complex motion of the partic-
les at the interaction point. Among them
there is synchrotron radiation, which gives
rise to the total energy losses from the
bunch and to the appearance of an additio-
nal non-monochromaticity and the background
of ¥ -quanta whose spectral and angular
distribution is determined by the trajecto-
ries of particle motion in the bunches. The
Parameter of non-monochromaticity is equal,
in order in magnitude, to
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and should be sufficiently small. For the
VLEPP, on the strength of all the effects
leading to the non-monochromaticity, its
required magnitude should be not larger
then 1% and, as a consequence, this deter-
mines the parameter A .

The other important effect is a consi-
derable difference of the luminosity zobtai—
ned L from a geometrical one, Lo® N4,
where Ow and 84 are the unperturbed dimen-"’
sions of the bunch at the interaction point
and 4 is the frequency of collisions. The
behaviour of the bunches depends on the
number of plasma oscillations. At small va-
lues of Yy, the pinch-effect is observed,

which decreases the transverse dimenslons of
the bunches; this leads to an lncrease in
luminosity. In case of Vs > 2, the beam-beam
instability develops, which collapses the
beam and degrades the luminosity.

An increase of the phase volume as a
regult of interaction is of significance
from the point of view of further use of the
bunches for regeneration. In work with pola-
rized bunches /4/ the spin precession arises
in the field of the colliding bunch, that
results in a partial depolarization.

In our Institute these effects have
been studied for the cylindrical and flat
bunches in order that to choose their para-
meters n %essasy ﬁo achieve the luminosity

L = 1032 ¢m=Zs™! in the VLEPP installation.
The major results of these studles have been
briefly reported in /1,2/ snd in detail in
Ref. /3/. The analysis has shown that using
the cylindrical bunches leads to large los-
ses of radiation and to a non-monochromati-
city close to 100%. The requirement for &
decreased non-monochromaticity, to a level

of about 1%, has led to the necessity to col=~
lide the flat bunches.

The gelf-consistent problem of particle
motion at the interaction point has been
solved numerically. In the case of flat bun-
ches when R=6x/6y>»1 , the motion occurs
only in one of transverse directions % . The
calculation has been made by the method of
fbig! particles, 1600-3000 particles per
each bunch. Among the characteristics being
calculated there are luminosity, non-mono-
chromaticity, spectrum of Y -radiation and
final phase volume.
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Fi%. 1. Dependence of the relative and ab-
solute luminosity on the parameter <V, at the
central beam-beam collision with Gaussian
density distribution.

Filg. 1 presents the results of the nu-
merical simulation of the central collision
of the oppositely-charged bunches with the

-124-



Gausgian density distribution. It is seen
that in the 0.3#1.5 region of the parameter
v the pinch-effect resulting in an incre-
ase In luminosity by a factor 2 takes place
(Fig. 2). The region Vy»2 is the region of
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Fig. 2., Central collision of the opposite-
ly-charged bunches.

instability wherein the sizes of the bun-
ches are considerably increased, and the
luminosity degrades (Fig. 3) (similar ef-
fects take place for round bunches /5/).
Thus, the admissible range for the parame-
ter is V £ 2 for the VLEPP.

The calculations have been made for a
non-central collision as well. The behavio-
ur of the relative luminosity and radiation
losses have been studied as & function of
the displacement parameter ® = AY% /29y,
where A is the initial off-centering of
the bunches. The results obtained at diffe-
rent values of the parameter Yy are given
in Fig. 4. These data show that the lumino-
sity decreases considerably slower, than in
the case of non-interacting bunches (VYy =0).
Therefore, even at large initial displace-
ment when the bunches overlep, i.e. R > 1,
the luminosity is not equal to zero. It 1is
equal to zero, when R >V3r.N6& /(458,¥)~10.
Attraction of the bunches simplifies the
superposition of them. In the case of con-
siderable displacement the beam as a whole
acquires the angle &~ reN/(¥&)towards the
counterbunch. With the energy 100 GeV the
acquired angle amount to -~ 10-3. On the
1-m length this results in the 1-mm deflec-
tion, and the location of the bunches can
be readily corrected. In the off-central
collision, as well as in the case of a cen-
tral one at Vy > 2, the dipole mode of os-
cillations of the bunches relative to each
other proves to be unstable, and the amp-
litude of oscillations grows (see Fig. 3).
The other specific feature characteristic
of the off-central collision is an increase
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Fig. 3. a) central collision,

b) off-central collision, & = 0.2
Development of the instability in the collisi-
on of oppositely-charged bunches with the

uniform charge density distribution, Vy = 2.0.

K-+ '

20 . 4

P

"GAUSS

25 %3

Fig. 4. Off-central collision. Dependénce of
the relative luminosity on the displecement

& for the bunches with Gaussian density dis-
tribution.

in the radiation losses when # becomes more
significant. It is rather evident since the
bunch as a whole moves in the stronger field.

The results of the beam-~beam effects for
two equally-charged bunches (e~e~, e*e™ ) are
presented in Fig. 5. The data show that the
repulsion leads to a fast degradation of lu-
minosity with increasing the parameter VL.
For VLEPP ( Vy ~ 1), even during the central
collision the relative luminosity 1e decrea-
ged by a factor of 3 compared with its value
for weakly-interacting bunches. In the case
of inaccurate matching of the beems, the lu-
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minogity decreases so that the expected lu-
minosity of the VLEPP facility during its
operation with the equally-charged bunches
will be less by one order of magnitude.
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Fig. 5. Relative luminosity and radiation
losses in the central collision of equally~-
~charged bunches.

The analysis of the beam-beam effects
for flat beams enables one to draw conclu-
gion that at the VLEPP energles 5000580 qev
the required luminosity, L = 1032 em™%g~1,
can be achieved with & non-monochromaticlty
of ebout 1%. The necessary sizes of the
bunches .and the values of the parameters

y 8nd Vy , end of the final phase volume
are listed in Table 1. For these calculati-
onsg the1£ollowing data have been used:

= 101¢ particles, 2063 = 0.8 cm and
= 10 Hz.

Table 1

Energy, GeV 100 200 300 500
2@, ,micron 14 19 23 30
26y ymicron 0.25 0.18 0.15 0.11
R =6./6y 56 105 160 270
Vi 0.18 0.09 0.06 0.036
Vy .32 0.94  0.76 0.59
8R:107cm rad 1.2 0.67  0.45 0.26
SR 10%m red 3.1 1.1 0.56 0.31
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