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COHERENT BEAM-BEAM OSCILLATIONS IN
ASYMMETRIC COLLIDERS

A. Aleksandrov, D. Pestrikov
Institute of Nuclear Physics, 630090 Novosibirsk, USSR

In this paper we study specific properties of cohe-
rent beam-beam oscillations in asymmetric colliders,
The spectra of eigenfrequencies as well as possible
ways of damping of unstable modes and limitations of
the luminosity are discussed.

Recently, several projects for B-factories have been
proposed [2] with different energies for e™ and e~
beams. It was recognized that such a configuration can
be more suitable for studying CP violation process in
B-decay. Some of these projects assume to use storage
rings with different circumferences for beams with dif-
ferent energies. As revolution frequencies for et and
e~ are not equal in these rings, each bunch of one
beamn meets with every bunch of a counter-moving
beam. This circumstance changes the character of deve-
lopment ol the coherent beam-beam instability, since it
becomes a multibunch one [3, 4]. Previously the cohe-
rent beam-beam instability in asymmetric rings has
been studied in Ref. [5]. But in this paper the analyti-
cal results disagree with numerical calculations. A
detailed calculation of coherent beam-beam oscillation
spectra in asymmetric colliders as well as an analysis
of possible ways for damping unstable modes can be
also found in Ref. [1]. This report contains the main
results of paper Ref. [1].

Lel us consider a pair of asymmetric rings. The
ring for et (7} has g1 (g2) bunches accordingly,
which are equally spaced and contain N: (Nz) bunches.
T, T. are revolution periods in each ring (see Fig. 1).
For the description of beam-beam effects we use the
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one-dimension rigid bunch model in linear approxima-
tion. In the simplest case when g,=1, g2=g¢ the cohe-
rent motion of beam baricenters z,, 2» can be described
by a set ol equations:
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Here %, Ay are radiation damping decrements; v,
vs are tunes: &, & are beam-beam parameters; 8,(%) is
the periodical 8-function with a Ty-period; B is the value
of B-function in the L.P.; & is the azimuth.

The approximation of smoothed focussing permits
one to take into account the radialion damping, but it is
not of principle importance; caleulations which take into
account the Floquet modulation can be found In
Ref. {1].

Simple calculations with set (1) yield eigenvectors

of the problem y,:
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The general form of this sclution is typical for
problems of the coherent stability of multibunch heams
{3, 4]. Coherent dipole oscillations become unstable
when wvi, vy are close to some resonance values which
can be obtained from (3). The sum resenance 1s more
specific for the examined problem. It is defined by
equation:

gvitvgm=n,  neEl {4

In this case (and neglecting the radiation damping)

stability condition:
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([ is an integer) determines ¢ stopbands on the tune
diagram (v, va). see Fig. 2. Note. that the widths ol
stopbands_and the maximum value of the ‘increment
6,,.:’\/(]&&2 increase like /g with increasing the num-
ber of bunches in the large ring. As the distance betwe-
en stopbands is
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the stopbands overlap when g== (165:£:) ' That eva-
juates the maximum permitted number of bunches for
the given value of beam-beam parameters. Thus, for
Bi==Ep= 05 g, =25 Under these conditions the limi-
tation of the stopband width A¢ limits the available
luminosity by the value:

For coherent oscillations affected by the radiation
damping the roots can be obtained from (3). This
yields the stability condition in the torm: g&&e<C{hids
Therefore, in this region the luminosity will be limited
by the maximum available RF-power:
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The above-mentioned sources of instability of cohe-
rent beam-beam oscillations in an asvmmetric collider
generally coincide with those found in Ref. {5} by com-
puter simulation. But analytical calculations of the
spectra in the present paper disagree in general with
those in Ref. [5]. Thus, the eigenirequencies determined
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Fig. 2. Resonance slopbands of cohereni dipole oscillations:
h —stopband width, fip— distance between bands.

Figg. 3. Tune diagram obtained by computer simulations for various num-
ber of hunches. Unstable regions are plotted. & =%, =0.06.
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Frg 40 Stephand width dependence on & for various number of bunches.
X — compuler simulation, —-—— — theoretical result (4).

Pogre=30go= 1020 qu==0. gysv 1030 gr=10, go== |, 4: g1 =5, qa==3.

by formula (4) in Ref. [5] always correspond to stable
oscillations (Q>>0). The difference in the interaction
parameter seems {o be more essential. The interaction
parameter in Ref. [5] is oblained by averaging equa-
tions of motion before linearization and thus contains
the contribution from the nonlinear part of the beam-
beam force [6]. We use a parameter equal to that ap-
pearing in the calculations based on Vlasov equation
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Fig. 5. Maximal increment 8. dependence on number of bunches
b =§2=0.06. X —compuler simulation, — theoretical result.

[4]. As we suppose, this way is more adequate to
finear approximation.

Let us also note that in accordance with the gene-
ral results from Ref. [4], the multipole oscillation near
the coupling resonance:

gmv,+nva=p

may turn out unstable too. The widths of stopbands
near these resonances decrease only as the power of a
multipole number. This circumstance can impede apply-
ing the feedback damping system.

For a more detailed investigation of stability re-
gions in the whole working cell with arbitrary &, &2, 41,
g2 we use computer tracking. Fig. 3 shows the results
for several values of g¢i, g2. External and parametric
resonances and also sum coupling resonances:

Gavi4gqiva<in (6)

are clearly seen. Condition (6) is a generalization of
(4) for arbitrary g, gq2. Fig. 4 shows the width of stop-
bands h versus E for diiferent ¢, ¢2. When g, =1 the
plot agrees with (5). Fig. 5 shows the increment versus
t for different g, g2. A good agreement with analytical
results is observed when ¢;=1.

The presented results certainly paint out at the dif-
ficulties in the operation of high luminosity colliders
with different circumferences for et and e~ beams. The
main difficulty is caused by the net of stopbands which
covers the tune diagram (vi, v2). The size of the cell in
this net, which is proportional to (g;4g2) 7', limits the
permitted value of £ and, therefore, the maximum avail-
able luminosity. Increments of instability depend on the
work point but in general are large which makes the
instability damping by conventional [leedback systems
difficult.
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