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Abstract

Effects of parasitic crossings ("near miss” collisions
of two counter-rotating beams at unwanted positions near the
IP) are studied in terms of computer simulations for an
asymmetric B Factory, APIARY-6.3d. Beams are separated
horizontally at the first parasitic crossing points by about 7.6
times the horizontal rms size of the low energy beam (the
larger in size of the two beams), o¢x,+. Simulations,
including both the beam collision at the IP and parasitic
crossings, have been performed for different separation
distances, d. It is found that the ratio d/cgy, + is a good scaling
parameter of beam blowup behavior. The results show that
beam blowup due to the parasitic crossings is diminished for
d > 760x,+, in agreement with the bunch separation
experiment at CESR. Thus, the nominal separation 7.6 60x,+
turns out o be acceptable, but with only a small margin.
Some methods to mitigate the effects of the parasitic crossings
are discussed.

[. INTRODUCTION

The attainable luminosity in an asymmetric storage-
ring collider for a B Factory will be determined to a large
extent by the physics of the beam-beam interaction. Extensive
studies of the beam-beam dynamics under asymmetric encrgy
conditions have been done, and the idea of the so-called "energy
transparency symmetry" was suggested to put the two beams
on an equal footing as far as transverse dynamics is concerned
[1]. Most of those studies consider only primary hcad-on
collision of two beams at the IP. For the APIARY-6.3d, the
bunch spacing is only 1.26 m, so that the bunches experience
long-range collisions on the way into and out of the IP region
(where both beams travel in a common vacuum pipe). These
collisions are called "parasitic crossings." There are six
parasitic crossings symmetrically located on either side of the
IP. Of these, the first parasitic crossing (the one closest to the
IP) on either side has the dominant effect on beam dynamics
due to the small beam separation and the large vertical bela
function. The nominal parameters at the IP and the first
parasitic crossing point for the two rings of APIARY-6.3d are
listed in Table 1. In this table, As is the distance between the
IP and the first parasilic crossing, d is the separation
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distance between the two orbits at the parasitic crossing, Av is
the tune advance between the IP and the first parasitic crossing,
B is the beta function, and & is the rms nominal beam size.
Horizontal and vertical quantities are denoted by the subscripts
x and y, respectively.

Table 1
APIARY-6.3d nominal paramecters at the IP
and the first parasitic crossing

Low Energy Ring High Energy Ring
(LER, ™) (HER, e7)
d (mm) 2.82
1P 1st PC IP 1st PC
Avy 0 0.1643 0 0.1111
Avy 0 0.2462 0 0.2424
P (m) 0.375 1.51 0.75 1.30
By (m) 0.015 25.23 0.03 13.01
Opx (um) 186 373 186 245
o0y (m) 7.4 302 7.4 153
d/o'xo —_— 7.6 —_— 115

Parasitic crossings have the potential to induce
significant blowup in the vertical beam size of the low encrgy
ring (LER), because they excite odd-order resonances and
because the vertical long-range tune shift of the LER is as
large as the head-on tune shift at the IP. Obviously, if the
separation is large enough, effects of the parasitic crossings
diminish. We carry out simulations to see if the present
nominal separation d = 7.6 0gy, + gives acceptable
performance. A more detailed description of the present study
can be found in Ref. 2.

I1. SIMULATION TECHNIQUE

Once the two rings are filled with bunches, pairs of
collisions at the IP are fixed; that is, each bunch of one ring
collides only with the same partner in the other ring.
Therefore, the beam-beam dynamics can be simulated with one
bunch per ring. However, when parasitic crossings arc
included, all the bunches can "talk" to each other directly or
indirectly. A completely faithful simulaticn for APIARY-
6.3d would require 1658 bunches per ring, pushing the CPU
time beyond practical limits. If the coherent beam-beam
oscillation does not play an important role in beam blowup,
the "talk" between bunches may not need to be simulated
exactly. At the same time, the particle distributions do not
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differ much from bunch to bunch. Under these assumptions,
we may adopt the following technique to allow us to use only
one bunch per ring. Two bunches are counter-rotating in the
two rings (sec Fig. 1). When the e~ bunch is at the parasitic
crossing PC+, the e* bunch is at the other parasitic crossing,
PC-. To calculate the beam-beam force on the e~ bunch from
the e* bunch at PC+, we use the particle distribution of the e
bunch at PC-. The same technique is applied to the e bunch.

PC+

}

ot

Figure 1. Schematic layout of the interaction region.
11I. SIMULATION RESULTS

The main parameters of APIARY-6.3d used in the
simulations are listed in Table 2.

Table 2
Main parameters of APIARY-6.3d

LER (e*) HER (&)
Energy, E (GeV) 3.1 9
Circumference, C (m) 2200 2200
Nominal cmittance,

, 2 4
eox (om-rad) 36 ¥
gy (nm-rad)

Bunch length, oy (cm) 1.0 1.0
Damping time,

Ty = Ty (lurns) 4400 5014
Bunch current, Iy (mA) 1.23 0.848
Synchrotron tune, Q; 0.0403 0.0520
Nominal beam-bcam
tune shift, &ox = Epy 0.03 0.03

We have sclected the fractional tunes of the working point to
be vy = 0.09 and vy = 0.05 for both beams at the present
time; a thorough tunc scan remains to be carried out for actual
operation. For these parameters, the primary simulation result
without parasitic crossings shows 23% beam blowup in the
vertical size in the LER. The other three beam sizes remain
practically unchanged from their nominal values. Figure 2
shows the beam blowup factor as a function of the separation
d/Cpx,+ where all other parameters are kept fixed. The

corresponding luminosity as a function of d/cgy,+ is shown in
Fig. 3. From Fig. 2, it can be scen that the separation d =
7 0gx,+ should be enough to consider that the effects of the
parasitic crossings are negligible. Accordingly, the luminosity
is only reduced by about 10% from its design value. This

result agrees with the separation experiment at CESR [3] that
concludes that at least 6 "effective” ogy (practically, 6 +
1 opy) separation is required to maintain a one-hour beam
lifetime.
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Figure 2. RMS beam sizes as a function of the
relative separation d/0py, 4+ for the nominal APIARY—

6.3d parameters. The subscripts label HER (-) and
LER (+). The nominal beam separation at the
parasitic crossing is indicated by the arrow.
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Figure 3. Luminosity as a function of d/cgyx,+, for
the nominal APIARY-6.3d parameters.

Although the nominal separation d = 7.6 gy, + turns
out to be large enough, the safety margin for closed—orbit
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distortion and so forth is not that great. A simple solution for
this would be to increase the separation distance, and that
approach is now under study. Here, however, we intend to
explore other possibilities in order to improve luminosity,
particularly for a large value of &y. The first such possibility
is to increase the beta function at the IP, ﬁ*, of the LER. The
idea is to make the tune modulation due to the synchrotron
motion at the IP closer to the encrgy transparency condition,
and simultancously to reduce the beta function of the LER at
the parasitic crossing. Therefore, the beam size at the parasitic
crossing is also reduced and the relative separation d/0gx,+
increases. The penalty is a large low-energy beam current. A
preliminary simulation result without parasitic crossings
shows that the two beams blow up more symmetrically and
the luminosity gets closer to its nominal value.

Another possibility is to increase the bunch spacing
from 2A,r= 1.26 m 10 34,y = 1.89 m by filling the rings with
bunches every third rf bucket, instead of every second bucket,
while other lattice parameters are kept fixed. Here, 4,7 is the
rf wave length. This pushes the parasitic crossing farther away
from the IP and the separation distance becomes larger. Now,
the separation d at the first parasitic crossing increases from
2.82 mm 1o a considerably large value of 7.41 mm. The beta
function at the parasitic crossing increases also, so that the
relative separation d/0py, + increases from 7.6 t0 9.2. In order

to maintain the nominal & and keep the luminosity constant,
the bunch current and the emittance also must increase by
50%. These changes are still acceptable in terus of beam
instability thresholds and dynamic aperture considerations.
The simulation results are shown in Figs. 4 and 5. We can
see practically no beam blowup at the nominal scparation, and
the luminosity is close to the nominal value. The safety
margin of d is now sufficiently greater than the previous case
(note that the beam size at the parasitic crossing increases by a
factor of about 2). Good luminosity performance remains even

for a larger &y = 0.05.

2
T | 1 1 T
TN Cy,+ ]
(=]
R .
- A Uy‘— —
- O Oyx+ .
L
- Nominal ]
0 | l L | !
7 8 9 10

d/Oox,+

Figure 4. RMS beam sizes as a function of dlo0x,+
for APIARY-6.3d, in the case where bunches are
filled every third bucket instead of every second
bucket.
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Figure 5. Luminosity as a function of d/opyx 4 for
APIARY-6.3d, corresponding to Fig. 4.

1V. CONCLUSIONS

Simulation results including the cffect of parasitic
crossings for APIARY-6.3d show that the nominal scparation
is large enough that beam blowup duc to the parasitic
crossings disappears and the luminosity reduction is only 10%
from its nominal value for §p = 0.03. However, the safety
margin in terms of separation tolerance is low. To mitigate
the effects of the parasitic crossings, one such possibility is 10
change the lattice parameters, such as the beta functions at the
IP and at the parasilic crossing, so that the relative separation
d/ oy, increases. Another possibility is to increase the bunch
spacing from 24,¢ = 1.26 m to 34,7 = 1.89 m by filling the
rings with bunches every third bucket rather than every second
bucket. In this way, the optics parameters can be kept fixed.
Preliminary simulation results for the casc of filling every
third bucket show improvement in the beam sizes and the
luminosity.
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