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ION BUNCH LENGTH EFFECTSON THE BEAM-BEAM INTERACTION
AND ITSCOMPENSATION IN A HIGH-LUMINOSITY RING-RING
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C. Montag, A. Oeftiger, W. Fischer, Brookhaven National dediory, Upton, NY 11973, USA

Abstract

One of the luminosity limits in a ring-ring electron-ion
collider is the beam-beam effect on the electrons. In the
limit of short ion bunches, simulation studies have shown k_1+180 degrees
that this limit can be significantly increased by head-on —>
beam-beam compensation with an electron lens. However, k_2*180 degrees
with an ion bunch length comparable to the beta-function
at the IP in conjunction with a large beam-beam parame- k_3*180 degrees

ter, the electrons perform a sizeable fraction of a betatron
oscillation period inside the long ion bunches. We present

recent simulation results on the compensation of this bearRigyre 1: Illustration of the head-on beam-beam compen-

beam interaction with multiple electron lenses. sation scheme with three electron lenses. The long proton
bunch (left) is considered to be represented by three short
INTRODUCTION beam-beam lenses, which in turn are each compensated by

The beam-beam effect experienced by the electron bedRfir corresponding electron lens (right).
in aring-ring electron-ion collider is one of the major lumi
nosity limitations. Previous simulation studies have show, infinite number of proton beam slices and correspond-
that in the limit of short ion bunches head-on beam—beamg electron lenses, the beam-beam effect of the long pro-
compensation allows for significantly higher beam-bear{bn bunch would therefore be exactly compensated. In the
parameters [1]. However, the length of the ion bunch Callctual tracking, the proton bunch is represented by 60 in-

not be ignored, leading to a significant betatron phase agfvidual beam-beam kicks, which is a large number com-
vance over the interaction length [2]. Here we study ho"ﬁared to the number of electron lenses

multiple electron lenses can be used for the head-on beam- electron-proton interaction point (IP) and the elec-

beam compensation of the electrons. We calculate the Ian lenses are separated by 4 FODO cells each, i.e. the
minosity in a tune scan, and evaluate the creation of rang: oa electron lenses are 4. 8. and 12 FODO cells down-

verse tails. stream of the IP. The phase adjustment, as well as the nec-
essary dispersion suppression, is provided by the appropri
THE SIMULATION MODEL ate transfer matrices at the ends of each arc. Quantum exci-
The electron ring in this simulation model consists ofation and synchrotron radiation damping are implemented
100 identical FODO cells which are equipped with sexin each arc according to its length. The parameters of the
tupoles for chromaticity correction. The electron-protorglectron ring model are listed in Table 1.
interaction is compensated by three individual electron
lenses, as schematically shown in Figure 1. For this pur- TUNE SCANS
pose, we consider the long proton bunches to be comprisedro determine the luminosity as a function of the elec-
of three slices - one for its head, one for its center, anflon ring tunes, 100 particles are tracked for 20000 turns,
one for its tail. Furthermore, we consider these three thl(‘dﬁ‘ four transverse radiation damp|ng times. The resu]ting
slices to be represented by three single beam-beam kickgnsverse RMS electron beam sizes ando, . were de-
The electron lenses therefore need to be located at a hgrmined by averaging over the last 5000 turns in the track-
tatron phase advance &f- m, k being an integer, down- ing. Together with the nominal RMS proton beam sizes
stream of their respective proton bunch slice. The first—elegzyp ando, , we define the geometric luminosity factor as
tron lens is positioned at a phase advahce 7 from the
thin lens representing the tail slice, the second lensr
from the thin lens approximating the center slice, and the
third lensks - = from the beam-beam lens for the head
slice, with k1, ko, and k3 being integers. In the limit of

202 p0y,p

SN
Vo2, 0803, +03)

Fgcom =

which is independent of such quantities as the number

*Work supported under Contract Number DE-AC02-98CH10888 wi Of bun_ches, revolution frequency, or the bunch in_tenSitY-
the auspices of the US Department of Energy. Fyeom is @ measure of the electron beam core size increase




Table 1: Model electron ring parameteysfunctions and rms beam sizes at the IP and the electron tertaleen from
the previous eRHIC ring-ring design [3].

no. of FODO cells NroDO 100
no. of cells between IP and electron lenses Nsep 4/8/12
phase advance/cell (hor./vert.) AP, /AD, 79.7°/89.0°
chromaticity (hor./vert.) Qry = AQz,y/% +2/+2
telescope chromaticity éclcscopc —-2.5
synchrotron tune Qs 0.015
electron RMS bunch length Os,e 11.7mm
electron RMS momentum spread op 9.4-1074
B-function at IP and electron lens Bz/By 0.19m, 0.26 m
no. of positive charges/bunch Np 3.1011
electron lens intensity/bunch Ne 1-10M
proton RMS beam emittance €p 9.5 nm
electron RMS beam emittance (hor./vert.) €e 53nm/9.5 nm
rms proton beam size at IP Ox,p/0y.p 101 ppm/50.5 pm
rms electron lens beam size Ox,e/0y,e 101 pm/50.5 pm
electron Lorentz factor ¥ 19560
electron beam-beam parameter &x/&y 0.09/0.24
damping times Ta /Ty /T2 5000/5000/2500 turns

due to the beam-beam interaction. Tune scans are pbeam parameter is largest. With = 0.1 m long pro-
formed in steps ofAQ, , = 0.01 to determine the opti- ton bunches these tails are significantly reduced due to the
mum working point. phase averaging effect. When head-on beam-beam com-
As a first step, we study the effect of the proton bunclpensation with three electron lenses is added in the case of
length on the available tune space in the uncompensated = 0.1 m long proton bunches, significant tails appear
case without electron lenses. For this purpose, we peagain in the vertical plane, though not as heavily populated

form tune scans for shortr({ = 100 um) and long ¢ = as in the uncompensated case with short proton bunches.
0.1 m) proton bunches. As expected, the significant be-
tatron phase advance during the interaction with the long SUMMARY

proton bunch leads to significant phase averaging of the For the parameter set used in the studies presented in this
individual beam-beam kicks, which in turn opens up thgaper, lengthening the proton bunches increases the tune
available tune space, as shown in Figure 2. For tungggion of high luminosity, and at the same time reduces
close enough to the integer the dynamic focusing effect gfe transverse non-Gaussian tails populated by the beam-
the protgn bunches results in geometric luminosity factoli§eam interaction significantly. When head-on beam-beam
Fyeom slightly greater than one. compensation with three electron lenses is introduceckin th
Adding three electron lenses at a proton bunch lengihse of long proton bunches, the entire tune space with the
of o, = 0.1 m opens up nearly the entire tune space oveixception of the vicinity of low-order resonances becomes
which the tune scan is performed, with the exception odvailable. However, this compensation also enhances the
areas near low-order resonances, see Figure 3. Due to tfghsverse beam tails significantly, to a level in-betwben t

head-on beam-beam compensation the dynamic focusingcompensated cases presented for short and long proton
effect of the proton bunch is cancelled, which limits thgyynches.

geometric luminosity factor t@yeom < 1.
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Figure 2: Geometric luminosity factdf.om as a function
of tunes in the uncompensated case without electron lenses, 15
for an RMS proton bunch length ef, = 100 ym (top) and

s = 0.1 m (bottom).
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Figure 3: Geometric luminosity factdf.om as a function
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Figure 4: Transverse electron distributions in the uncom-
pensated case, for a proton bunch lengtlrof= 100 ym
(upper left) andr, = 0.1 m (upper right). The bottom plot
depicts the transverse electron distribution in the compen
sated case with three electron lenses ang-= 0.1 m long
proton bunches. Tunes are set€,, Q,) = (.04,.03) for
short and and t¢.02, .05) for long bunches in the uncom-
pensated case, and (®5,.11) in the compensated case,
which in all cases is in the tune region of highest luminos-

ity.

of tunes in the compensated case with three electron lenses,

for a proton bunch length ef; = 0.1 m.
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