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Abstract

The possibilities of increase the beam current limited by
beam-beam effects are discussed. Both the experimenta; data on
the VEPP-2M -end the computer simulation results are used.




A study of beam-beam effects, with the aim to increase
luminosity, is of great importance in regard to improving the
efficiency of the machines already in operation and also those
under design. As usually, the space charge parameter f is ta-
ken as & characteristic of the current density. In order to
increase the critical value fc , the series of experiments was
performed at the storage ring VEPP-2M. In all our experiments
the "strong-weak" beam scheme was used. As experience shows,
this regime, as compared to the "strong-strong" beam scheme,
does not practically influence the dependence of incoherent
beam~beam effects on various parameters (see, for example,
Ref. /1/) but simplifies the experiments and their analysis.
In this paper some results of computer simulation of the space
charge effects are presented. Computer simulation was used to
study the possibility of operation on the main coupling reso-
nance with equal /3 - functions at the crossing point and al-
so the influence of different modulations on the quantity }; .
Below, we discuss some possibilities of increasing the quantity

f‘ in colliding beam machines.

1. The dependence of § on the vicinity
to_an integer resonance

As known, the meximum luminosity is determined by the
product §.- Eu-. . Computer simulation /2/ shows that the value
of .Fg increases sharply.approaching an integer resonance for
which the condition is /4F=K . Here & - the phase advance
between the interaction points (/‘:% ’ Y - vetatron fre-
quency. 7% - number of interaction points at the ring) and

K - anr integer. The operation near an integer resonance )
(above - for opposite charges and below - for the same charges)
seems to be preferable also due to the fact that near the in-
teger resonance there are no low order nonlinear resonancese.

At the storage ring VEPP-2M there is the possibility to change
the interaction points. This makes it possible to carry out the
beam-beam effect experiments for the cases when either the ho-
rizontal or vertical tune shifts are determining ones.



1+1. The plot of the quentity fc against the working
point in the vicinity of integer resonance, when the horizontal
motion is a determining one, is presented in Fige 1 (curve 4)
for 6‘/‘2:15 and /'7//3:=b.7. Curve 2 shows the dependence of
the calculated value of 4V, s derived from the curve 1 data,
on the working point. As seen in Fige 1, near the integer reso-
nance not only fc but also &V, increase. In this case, de-
termining is the radial tune shift, although fx/;,_—:o.o,. This
may be caused both by the dispersion function 7x at the inter-
action point- and by different character of nonlinearity in
both directions.

1.2. The results of a similar experiment for the case
when the conditions of I - and <X - motion are the same
(},ﬁ}'z), are given in Fige 1 (curves 3 and 4). In this case,
the crossing point has the equal B - functions and Vo= Vz
(round beam, €z=6; )e The coupling was kept in the limits
/AV/,,,;,,<3-10‘3. Here, the motion is practically one-dimensio-
nal /2/. From the qualitative point of view, the dependence of
the vicinity to the integer resonance is of the same charactier
as that in section 1.1. There exist some explenations concer-
ning a small magnitude of ¥, in" this case. One of them is con-
nected to the modulations due to the azimuthal dependence of
ﬁ - functions and also to the existence of a radial dispersi-
on function at the interaction point /2,4/+ The second factor
vhich can decrease a value of fc is a emall ratio of vertical
iperture to vertical beam size (see mection 2).

1e3+ Essentielly different becomes the dependence E=f2,)
/hen. the vertical motion is determining ( fz» ¥x)e In this
‘ase, numerous coupling resonances MmYe+nVy=& geem to work,
nd the dependence };:f(l') becomes irregular even in the region
ithout strong one-dimensional resonances. It becomes hard, or
ven impossible, to use the effect of vicinity to an integer
esonance under such conditions. Comparigon of the variants
iscussed in sections 1.1 and 1¢3 enables the following conclu-
ion to be made: for 5; >>€z a more favourable variant is
1at where the determining direction is the radial onee. In
s case it is possible to use the effect of vicinity to the
‘sonance. Moreover, as experimental results at VEPP-2M show,
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the maximum value of }'u is achieved in this case.

2. The dependence of §. on aperture and
beam shape

Particle losses in beam-beam interactions results from -
the increase of the betatron oscillation amplitude up to the
aperture boundaries. The particle density at the centre never-
theless can vary insignificantly, and particle losses are due
to the distribution "tails" only. Therefore, a study of tke
dependence of }'c on aperture seems to be useful.

In the experiment, a probe located in the chember, limits
the vertical aperture, and the value of Te corresponding to
a2 given posgition of the probe was measured. Measurements were
carried out for several values of the coupling coefficient:
25(/55/5_‘, where fx,z is the beam emittance for the corres-
ponding direction.

VExperimental data are presented in Fige 2. The magnitude
of the vertical eperture, normalized over the rem.s. beam size,
is on the axis of aBscissa. The dependence of f; on the rela-
tive aperture size has nearly the linear character in the case
when the vertical tune shift is determining (curve 2;3). Despi-
te the fact that the dependence was measured for different va-
lues of € the linearity is remain. This shows also the linear
coupling, which change the vertical beam size and the beam sha-
pe, influence slightly the magnitude of }c in this casee. The
depend' r e of ¥, on aperture is fairly slight tooe. If the in-
teraction points are used, where the horizontal tune shift is
determining, the dependence of ?._ on the vertical aperture is
of another character, as could be expected (curve 1). The.e
exists a large region in-the .aperture, which does not influen-
ce the lifetime of the "week" beam. At the same time for ‘*/(52<3O
the value of fcdrasticg;;y changes. It means the restriction
of vertical diffusion (the distribution tails' don't extend far
iy a5 35 pa0ay ol ’

‘fherefore the experimentel -data show us the additional
restriction of the vertical aperture caused by the beam~beam
effects. The lack-of these requirements can lead to decreasing




of the beam current.

3. Dependence on the ratio between
colliding beam sizes

This problem has arisen in connection with the development
of colliding proton-antiproton beam projects. If the transver-
se proton bunch dimensions are enlarged (compared to those of
the antiproton bunch), the antiprotons seem mainly to be in
the linear part of the proton beam field. Since the space-char-
ge effects are associated with the nonlinear dependence of the
colliding beem field on a coordinate, one can reasonably sug-
gest that a decrease of nonlinearity must result in increasing

}" » and hence, in increasing the proton beam densgity. As a
result, at a given number of antiprotons, the luminosity will
grow.

The storage ring VEPP-2M makes it possible to verify whe-
ther the above considerations are valid or not, because at low
energies the beam gizes are current-dependent. The experiment
was carried out at low energies under condition that J >>J7,
i.es in the "strong-weak" beam approximation. The dependence of

f,_ on the "gtrong" to "weak" beam size ratio is plotted in
Fige 3. Such interaction points were chosen where the horizon-
tal motion is determining. As seen in Fig. 3, the dependence

T.= #(6x /6, ) is quite strong, and the use of this effect
may turn out to be very promising in order to increase lumino-
sity in colliding proton-antiproton beam machines. We would
like to mention that the increase of fc with decreasing the
proton beam sizes may be partly connected, in our experiment,
with increase of the effective eperture and with decrease of
the storage ring nonlinearities, whose influence depends on
the beam size.

4. Operation on the main coupling resonance
with equal é unctions at the crossing point

Such a variant is considered in Ref. /3/ on the basis of
computer aimulation results. It is shown that in this case, at
a quite emall value of the linear coupling (/4 V/mi < 3°107°),
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the motion is close to a one-dimensional one with the corres-
ponding values of fc in both directions. The advantage of

the variant under discussion is also the absence of modulati-
ons which appear due to the azimuthal dependence of the

- function at the interaction point. This is connected with

the fact that, for a round beam §~ -6;&’*' G~ \/}7 and if A=%Bx ,
}' becomes independent of longitudlnal coordinate.

Moreover, this variant enables one to use the effect of
vicinity to the integer resonance, as it follows from the re-
sults of section 1, and hence, to increase the quantity &. .
The difficulty in realization of this variant is due to the
necessity to have equal and small A - functions at the cros-
sing point and also to have the larger vertical aperture as
compared to that of the ribbon beam for electron-positron sto-
rage ringse.

5e Influence of different modulations

The possibility of increasing the limiting current density
is also connected with decrease of different betatron motion
modulations because of synchrotron oscillations. The modulation
associated with the presence of an energy dispersion function
at the interaction point is analyzed in Refs. /2/. It is shown
that such a modulation can substantially decrease the quantity

'f o« At the present time, most of the machines, those in ope-
ration and those under constrqction, have the zero ? - func-
tion at the interaction point. However, there exist the other
types of modulations which can decrease limiting currents, in
particular:

1) betatron phase modulation between interaction points
due to energy oscillations;

2) modulation of the quantity f by phase osgcillations,
which is associated with the azimuthal dependence of the f -
- function. This problem is discussed in some detail in Refe
/4/+ As elready mentioned, in operation with the round beam on
the coupling resonance there is no modulation associated with
the azimuthal dependence of the jB - functione.



Thus, as our analysis shows, there exist some possibili-
ties of increasing §_ and, hence, the luminosity of colliding
beam machines. Attention should be focused on the operation on
the main coupling resonance with equal ‘ﬂ - functions and al-
80 near the integer resonance. The problems connected with
orbit distortions and synchrotron resonances appear to be sol-
vable in the latter case.

The authors are indebted to N.S.Dikansky and Yu.M.Shatu-
nov for useful discussions.
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Fige 1. The dependence of },_ and 4Ye on a distance to
the integer resonance, E -« 510 MeV. There are

two interaction points.
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Fige 2. The dependence fzc on relative aperture.
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Pig. 3. The dependence of f( on the ratio between
the electron and positron beam sizes.
I7>>7%, E = 180 MeV, Vi = 3.057; Y, = 3.076;
Pe= 40 cm, /5&- 6 cm.
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