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1 INTRODUCTION Parameter Symbol | value
Horizontal beta B 10m

CESR has reached the world’s highest luminosity using Vertical beta B, 20m
mutibunch operation. The key to this operation is a hori- Horizontal tune Q. 0.538
zontal ‘pretzel’ separation of the beams in the arcs and a Vertical tune Qy 0.602
crossing angle at the IP. The pretzel separation is needed | Horizontal sigma s 1.50 mm
since the counter rotating bunches share the same beam | \iertical sigma o, 0.25 mm
pipe and there is thus a long range beam—beam interaction | gunch-bunch offset Tsep 9.3 mm
(LRBBI) between the beams. The LRBBI involves indi- Strong bunch current I 10.0 mA
vidual particles of one beam (henceforth called the “probe”
beam) interacting with the other “strong” beam. Particles Table 1: Parameters used in tracking.

of the probe beam are destabilized when their horizontal os-
cillation amplitude is large enough to pass near the stron
beam. This sets the limit for the minimum practical pretze
separation between beams. (@', y") = (Fo(@ — Tsep, y), Fy(@ — Tsep,y)) (1)

Future plans call for increases in current as well as . . .
P where the kickF is calculated from the standard Bassetti

the number of bunches. ~Since more current will meah d Erskine formula[3] for a bi-Gaussian strong bunch and
a stronger beam-beam kick and more bunches will me ) : o 9
«p 1S the horizontal separation of the beams.

more parasitic crossing points, itisimpor'[anttounderstanaijFi re 1 shows the results of trackin in rameter
how the LRBBI destabilizes particles. Temnykh, Welch gure = Shows the results ot tracking using parameters

and Rice[2] have studied the LRBBI experimentally an(f\ppropriate for minimum acceptable separation in CESR as

have put forward phenomenological models to predict tha'ven in table 1. The beams were separated by a distance

minimum separation achievable for a 50 minute beam life¥ser = 9.3mm (6.30) .the tracked p_art!ca! had initially
time. x = 5.50, (corresponding to a 50 min lifetime) and=

. 1.00,,. The particle was tracked for 1000 turns. As seen

To go beyond these phenomenological models the wa ' . o .
. ; . ; in the figure, the horizontal motion is stable and practically
in which the LRBBI destabilizes particles must be under- . .
. ) . . . unperturbed. The vertical motion, on the other hand, looks
stood. It is shown in this paper using a simple numeri- . o . . . .
. . . .. chaotic. This simple simulation agrees well with previous
cal simulation that, with CESR (Cornell Electron/positron
: . : results[2].

Stroage Ring) conditions, and with the beams separate : __ : .
X . . The vertical kick is strongly influenced by the horizon-

horizontally, the LRBBI leads to vertical beam tail growth - . ] . .

tal oscillations. This coupling from horizontal to vertical

and loss of particles in the vertical plane. Furthermore, the

threshold of this instability depends on the vertical size o';‘n.akes the gnalyss qf the yer_tlcal motion extremely com-
) : . : licated. With this being said, in order to try to understand
the opposite beam. An increase of the vertical size of t

opposite beam leads to an increase of the allowed bea‘f]ne vertical motion consider the following numerical exper-
Oppos . ) : .. .. Iment; Consider the motion of a particle in vertical phase
intensity for a given separation and for a given lifetime, . L
These conclusions are shown to be supported experim Sﬁ_ace due to the LRBBI assuming that theposition of

tally PP P FHe particle is frozen at some constant value. For purposes

of illustration consider the particle tracked in figure 1. On
the first turn it hadvgff = =2 — 24 = 0.86 04, ON the
2 TRACKING second turnzgg was 9.900,. The vertical phase space

Using a tracking simulation a previous study[2] found tha}’mh Toff fixed f"‘t these' two values is shown n flgurgs 2a
: . ; L and 2b respectively. Wity = 0.860, the difference in

the horizontal and synchrotron motion did not exhlbltlnsta\-/ertical tune between small and larae amplitudes is large

bilities. Only the vertical motion was seriously affected by 9 P 9

the LRBBI. At the time it was not clear why this was so. Aenough such that two low order nonlinear resonances can

simple explanation for this can be constructed as followsFze excited. Overlapping of these resonances results in the

) i . . ._appearance of a stochastic region upio,,. In this region
Consider a simple particle tracking model where a particl . e . .
o " L . ere is strong diffusion and particles experience fast and
is first transformed from a parasitic collision point back toun redictable chanaes in amplitude. In fiaubifere are
the parasitic collision point using a linear matrix. After the P . 9 piituce. 1n 1g
stable, practically unperturbed, trajectories.

* \Work supported by the National Science Foundation If we now include the effect of the horizontal motion we
t On leave from BINP, Novisibirsk see that a particle passes near the center of the opposite

rc’ transport the LRBBI kick is given by
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) ) ) o . Figure 3: Vertical phase space for particles with the same
Figure 1: Tracking simulation in phase space using the Pg;e same conditions as in figure. 2xcept with a large

rameters of table 1. The star.ting point V\(ac'sar.;’z y,y) = strong beam sige af, = 0.75 mm.
(5.50,,01.00,,0) The scale i20, , per division. The

Gaussian curve in th& plot is the horizontal strong bunch
profile. y T X

Figure 4: Tracking with a large strong beam sizergf=
0.75 mm. Other parameters same as used in figure 1.

3 EXPERIMENTS AT CESR

Figure 2: Vertical phase space for particles with fixe

dI'he enlargement of the beam tails due to the LRBBI was
Toff = T — Tsep. (a) Toff = 0.8604, (b) xoff = 9.900,.

measured experimentally by by monitoring beam lifetime
versus the position of a scraper. One bunch per each beam
were filled that the bunches did not collide at the IP but
beam, due to the stochastic motion seen on figuréh2 interacted at two opposing parasitic crossing points in the
vertical amplitude will be unpredictably changed. This willarcs. Table 2 gives parameters of the two crossing points.
cause diffusion in vertical phase space as has been seen iFigures 5 and 6 show the loss rates (which in the tails are
figure 1. The condition for resonances overlapping, seen @dughly proportional to the beam density at the scrapper
figure 2, is affected by the vertical strong beam size anéip) for horizontal and vertical scrapping as a function of
by the strong beam intensity. An increase of the verticalcraper position with and without the strong bunch. For the
beam size for a given intensity reduces the strength of theyrizontal, the presence of the strong bunch only enlarged
resonance harmonics as well as the tune difference betwege tails by 20% or so. For the vertical the enlargement of
large and small amplitude. This results in a reduction of thghe tails was dramatic such that the size of the vertical tails
number of resonances between these amplitudes and #game similar to that of the horizontal. This is in qualita-
disappearance of the stochastic region. This will stabilizgve agreement with tracking and shows that the instability
the vertical motion. is indeed a vertical one.

Figures 3 and 4 illustrate this. Figure 3 shows the verti-
cal motion using the same parameters as used for figure 2

except with a strong beam vertical sizeaqgf = 0.75 mm Parameter| PC1| PC2

which is 3 times larger than what was used for figuse 2 B (m) 9.30| 10.30

The figure shows regular trajectories with little sign of By(m) 33.20| 20.40

chaotic behavior. Figure 4 shows the 2 dimensional track- n(m) 0.10| 1.19

ing and in contrast with figure 1 there is no hint of unstable oz(mm) 1.26| 151

motion. Thus, with an increase in vertical beam size we Tsep(mm) | 9.16| 9.78

can expect that for a given separation it should be possible Tsep/Ox 7.26| 6.47

to reach higher beam current. This is indeed seen experi-

mentally as discussed in the next section. Table 2: Parameters at the parasitic crossing points.
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Figure 5: Weak beam loss rate versus horizontal scrap@gure 7: Probe beam loss rate versus strong beam current.
position.

etc. constant. In particular the horizontal emittance of the

—e—Two beams with LRBBI strong beam was constant in spite of the presence of the
* Single beam measurement| | , coupling sideband resonance used to vary the vertical beam

megIe beam calculation 500 size.

0.08 T il Figure 7 shows the probe beam loss rate for two differ-

I ent strong beam sizes. As can be seen from the figure the

loss rate of the probe beam is very dependent on the strong

vertical size with the larger stron beam size giving a dra-

matically lower loss rate.
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4 CONCLUSIONS

Probe beam loss rate [min ]

4 We have found good qualitative agreement between a sim-
o j ple simulation model and experiment which indicates that
' the incoherent LRBBI may be simply simulated with good
reliability. In particular it is shown that there is diffusion in
the vertical plane. It is also seen that a larger vertical beam
size decreases the LRBBI which. This fact could possi-

Figure 6: Weak beam loss rate versus vertical scraper poBfy P€ used to achieve smaller separations at the parasitic
tion. crossing points.
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