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Abstract

We treat the problem of parasitic crossing in eTe™ stor-
age ring colliders analytically. Analytical formulae for the
beam lifetime limited by the combined effects of beam-
beam interactions at interaction point and at parasitic cross-
ings are derived, and applied to the by-2 colliding mode of
PEP-II low energy ring.

INTRODUCTION

Among others, one of the efficient way to increase the
luminosity of a storage ring collider is to increase the num-
ber of colliding bunches. Taking two ring collider for ex-
ample, when the distance between the adjacent bunches are
two small, near interaction point (IP), the colliding bunches
instead of being separated by two vacuum chambers, they
have to travel in the same beam pipe and they have chance
to have so-called parasitic crossings (PC) [1]-[9] before and
after making collision at IP as shown schematically in Fig.
1. The long rang nonlinear beam-beam forces at PCs will
have extra contributions to the limitation from the beam-
beam interaction at IP. As far as PEP-II B-Factory is con-
cerned, runing in by-2 mode and higher current, the para-
sitic crossing effect will be important even dominant [10].
As for Super-B factory [11][12] this effect could be more
important. In this paper we make a theoretical analysis
on the parasitic crossing and its combined effects together
with beam-beam interaction at IP, and apply it to PEP-I1I
low energy ring running in by-2 mode.
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Parasitic crossing in horizontal plane

Figure 1: A schematic illustration of parasitic crossings.
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BEAM-BEAM PARASITIC
INTERACTIONS

The coherent kick felt by a test particle in head-on col-
lision with a round Gaussian oppositely charged bunch can
be calculated as [13]:

2
or' = _2NeTe 1—exp - (1)
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where r = /22 4+ y2, v’ = dr/ds, N, is the particle popu-
lation in the counter-rotating bunch, r. is the electron clas-
sical radius (2.818x10~'° m), ¢ is the standard deviation
of the transverse charge density distribution of the counter-
rotating bunch at IP, ~, is the normalized particle’s energy,
and * denotes the test particle. Quite different from the
head-on collision of two bunches, during parasitic cross-
ing the core particles of each bunch behave like a macro
particle in the long range field of the other passing bunch,
therefore the beam-beam kick formula expressed in eq. 1
should be modified to adapt to a large bunch separation dis-
tance, d, which is much larger than . A detailed discus-
sion on long-range beam-beam kick could be found in ref.
[4]. A good approximation for this long range kick is to re-

place o ineq. 1 by ¥pc, ¥pc = y/d2 + d2, with d,, and
d, being the bunch horizontal and the vertical separation
distance of two crossing bunches at the parasitic crossing

point, respectively. Expanding the right hand side of eq. 1
into Taylor series and looking at the vertical kick, one gets
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The Hamiltonian of a test particle in a linear storage ring
perturbed by one parasitic crossing beam-beam force in
vertical plane is expressed as follows:
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where p, = dy/ds.

Let’s stop here and recall what we know about in the
head-on collision case [13]. As said above, a test particle
which represents a whole bunch in head-on collision with
another counter circulating bunch will suffer from a hori-
zontal kick which is different from that shown ineq. 1. A
whole set of corresponding formulae for head-on collision
in the vertical plane are given below:
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Expanding eq. 4 into Taylor series, one gets
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The Hamiltonian of a particle which represents the whole

bunch in a linear storage ring perturbed by one hean-on
collision at one IP in vertical plane is expressed as follows:
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Started from eq. 6, in ref. [13], that beam-beam effects
limited beam lifetimes could be expressed as [13]:

T _
Thb,y,RB = Ey (Ry,1P,rB) "exp (Ry,1P,rB)
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where 7, are the damping times in horizontal and vertical
planes and &, are the head on collision beam-beam param-
eters. Comparing simply eq. 3 with eq. 6, by analogy, one
gets the beam lifetime limited by one parasitic crossing

T _
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where Spc,, is the vertical beta function value at the par-
asitic crossing point, and d,, has been set to zero as a spe-
cial case. What we should do now is to combine the ef-
fects from the beam-beam interactions at IP and PC to ob-
tained the corresponding resultant beam lifetime. Recalling
the discussions made in ref. [14] on the beam-beam inter-
actions with the perturbation from the nonlinear electron
cloud effect, by analogy, one gets

T _
Tobb,total = Ey (Rtotal) ! exp (Rtotal) (10)
where .
Riotal = 1 1 (11)
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If there are Np¢ parasitic crossings per turn, eq. 12 should
be replaced by

1
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where d,, is set to zero. According to ref. [15], egs. 11 and
12 should be replaced respectively by the following two
expressions
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where Hy =~ 2845, &y maz,0 iS rigid beam case limiting
value, and eg. 19 corresponds to single interaction point
case. Taking &y max,0 = 0.0447 means that we quantify the
term "beam-beam limit” for the beam-beam limited beam
lifetime being one hour at 7, = 30 ms. When o, = 3, ,
one has F' = 1.

Till now we have established the necessary analytical
formulae to estimate the effects due to parasitic crossing
points.

APPLICATION TO PEP-II LOW ENERGY
RING

When PEP-II collides in by-2 mode, the bunch spac-
ing is 1.26 m which results in two nearest parasitic cross-
ings at 0.63 m each side away from IP (the effects from
other parasitic crossings are neglected). The PEP-1I low
energy ring parameters are: v = 6120, d, = 3.217 mm,
€z = 23 nm, ¢, = 1.5 nm, B;p,=0.25 m, B;p,=0.012
m, Spc,=1.837 m, and Bpc ,=33.087 m. In Fig. 2 we
give the relation between the particle population inside
a bunch of high energy ring, ., and the vertical para-
sitic beam-beam parameter, {pc,,. Taking §, = 0.063
for PEP-1I low energy ring as the theoretically achievable
maximum vertical beam-beam parameter without parasitic
crossings [14], from eq. 14 we give theoretically maxi-
mum achievable vertical beam-beam parameter (the same
beam-beam effect limited beam lifetime as that of with-
out parasitic crossings), &, amae, @s @ function of per par-
asitic crossing beam-beam parameter, {p¢ ,, as shown in
Fig. 3. As an example, taking N, = 4.65 x 10'°, one
finds from Fig. 2 that {pc, = 0.0108, and then from
Fig. 3 that the achievable maximum vertical beam-beam
parameter at IP is &, rra. = 0.05486, which is 87% of
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Figure 2: PEP-II Low Energy Ring (2 parasitic crossings):
maximum vertical beam-beam parameter, £, rrq., With the
presence of parasitic crossings vs the parasitic crossing ver-
tical beam-beam paramebbparasit4 ter per crossing, {pc -
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Figure 3: PEP-1I Low Energy Ring (2 parasitic crossings):
maximum vertical beam-beam parameter, £, rrq., With the
presence of parasitic crossings vs the parasitic crossing ver-
tical beam-beam parameter per crossing, {pc.y.

that without the two nearsest parasitic crossings, or a drop
of 13%. Experimentally, when PEP-II passes from by-3
mode (no parasitic crossings) to by-2 mode, the bunch cur-
rent in the high energy ring drops from Iy, ,c, = 1.139 mA
(Ibunch = Ibeam[].O?A]/Nb[gSg]) [16] t0 Tpunen = 0.976
mA (Ibunch = Ibeam[l.QA]/NbUQ?)O], or N, = 4.65 x
10%%) [17], or a drop of 14%, which is close to the case
theoretically calculated above.

CONCLUSIONS

In this paper we established analytical relation between
vertical parasitic beam-beam parameter and the achievable
maximum vertical beam-beam parameter at IP, and it is ap-
plied to the PEP-II low energy ring working in by-2 mode.
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