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SIMULATION STUDY OF HEAD-ON BEAM-BEAM COMPENSATION
WITH REALISTIC RHIC LATTICES

Y. Luo, M. Bai, W. Fischer, C. Montag, V. Ranjbar, S. Tepikian
Brookhaven National Laboratory, Upton, NY USA

Abstract

To reduce the beam-beam resonance driving terms
with half head-on beam-beam compensation in the RHIC electron lens/ .
polarized-proton operations, the betatron phase advances ,/B'g;‘)m
between the interaction point IP8 and the center of the elec-
tron lenses located around IP10 should e wherek
is an integer. Realistic beam-beam compensation lattices

meeting the phase advance requirements were developed

and used in the beginning of 2013 polarized proton run, beambean) ”E%E’.HGE%'X

although head-on beam-beam compensation was not im- interaction

plemented yet. In this article, with these lattices and a 6- 'E%g}gﬁ
D weak-strong beam-beam simulation model, we calculate o =

the proton dynamic apertures with and without beam-beam

compensation. Preliminary results with second order chro-

maticity correction are also presented. Figure 1: Layout of RHIC head-on beam-beam compen-
sation. Proton beams collide at IP6 and IP8. E-lenses are
located around IP10.

beam-beam interaction

INTRODUCTION

To reduce the large beam-beam tune spread, head-Orable 1: Main parameters of standard and e-lens lattices.

beam-beam compensation with electron lenses (e-lensesjBarameter E-lens Lattices  Standard Lattice
adopted for the RHIC polarized-proton (p-p) operation [1]- g e fing:
Figure 1 shows the layout of RHIC head-on beam'beamlntegertunes (27, 29) (28, 29)

compensation. The proton bunches collide at IP6 and IP8..(2) : i
Two e-lenses are being installed on either side of IP10, one"2Y (-1950,-1870) (2420,4520)

. . A(I)I |IP67>IP8 (10471', 8471') (10771', 8771')
for the Blue ring and one for the Yellow ring. Y
g . 9 L AcI)m,y|IP8—>elens (87T,117T) (837‘—,108-‘—)
To cancel the nonlinear beam-beam resonance dnvn.w

- X ellow ring:

terms (RDTs) from collision at IP8, we require the beta-
tron phase advances between IP8 and the e-lens center tQo)
be k7, wherek is an integer. The RHIC arc quadrupoles %Y
are currently on the same current circuits. For the phz;tseA(I)WhPﬁ*>Ip8
adjustment purpose, we added two shunt power suppliest 2.y|1P8—>elens
the arc main quadrupoles between IP8 and IP10.

One realistic lattice solution meeting the above phase re-
guirements had been developed [2] and was used in the be- LATTICE PARAMETERS

ginning of the 2013 polarized proton run. The real head- For simplicity, we name these newly developed lattices

on beam-beam compens_ation was absent because bot fth & phase advances between IP8 and the center of e-
lenses were only partially installed [3]. We observed a PO9%ses as e-lens lattices, and the lattices used in the-previ

bgam lf'f]fe.t'me at |njt(;ct|on, anda I(()jw ptoltarlzatlon trins{?_';'ous p-p runs as standard lattices. Table 1 shows the main
sion efficiency on the energy and rotator ramps [4]. arameters of both lattices.

reason for lower polarization is under study. Later on these Diff tint i ther th 28, 29) of the st
lattices were replaced with the lattices used in the previ- terent integer tunes other than (28, ) of the stan-
ard lattices were chosen for the e-lens lattices to reduce

ous p-p run. The lattices used in the previous run do n )
meet the phase advance requirements for head-on beafj Phase advance differences between arcs. For the cur
beam compensation rent e-lens lattice solution, the integer tunes are (27f@9)
' the Blue ring and (29, 30) for the Yellow ring. The betatron
*This work was supported by Brookhaven Science Associate§, L phase advances betweel,q IP8 and the Center of the e-lenses
under Contract No. DE-AC02-98CH10886 with the U.S. Departof @€ (8r,11r) in the Blue ring and (14, 9r) in the Yellow
Energy. rng.

(29, 30) (28, 29)

(2900,-4160)  (-5720,-1140)

(8.6r,11.3r)  (8.3r, 11.0r)
(11r,97) (10.7r,9.0r)
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Figure 2:3Q, RDTSs of e-lens at injection, compared with Figure 4: Dynamic aperture without beam-beam.
the standard lattices.
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Figure 5: Dynamic aperture with beam-beam interaction.
Figure 3. Off-momentum tunes with the e-lens lattices. The zero amplitude tunes are set to (0.68,0.67).

In the RHIC p-p runs, we normally keep the vertical fraciifetime at store in the Yellow ring than in the Blue ring.
tional tune lower than the horizontal fractional tune on the
energy and rotator ramps to maintain the proton polariza- DYNAMIC APERTURE CALCULATION
tion. Experiments show that a lower vertical tune yields
better polarization transimission efficiency on ramps [5].  In this section we will calculate and compare the pro-
For example, Figure 2 shows the horizontal third ordeton dynamic apertures under different beam-beam condi-
resonance RDTs of the e-lens lattices at injection, contions. With a 6-D weak-strong beam-beam model [6],
pared with the standard lattices. Here we only take intae track test particles element-by-element for upl®§
account the contributions from arc sextupoles. The e-lenigrns. We focus on the minimum aperture from 10 equally
lattices give largeB(Q, RDTs than the standard lattices.separated directions in the first quadrant of phase space
With the e-lens lattices in the 2013 p-p run, we had to infz /0., y/o,). The initial Ap/po of particles is5.5 x 1073,
ject beams with higher tunes closedy = 0.7 which is  which is 3 times the rms relative momentum deviation. As
a depolarization resonance. On the ramps, it was also handoperations, we use 360kV 28 MHz and 300kV 197 MHz
to push the vertical tunes closedq, = 2/3 withoutlosing RF cavities in simulation. The 95% normalized transverse
beam intensity. emittance is 15 mm mrad. The dynamic aperture is given
Figure 3 shows the off-momentum tunes of the e-lenis units of rms transverse beam size
lattices. For the Yellow ring e-lens lattice, the verticats Figure 4 shows the dynamic apertures without beam-
ond order chromaticity is -4200. Therefore, the verticabeam interaction in a tune scan along the diagonal in the
tunes of off-momentum particles may be pushed onto thene space. The horizontal axis is the vertical fractional
vertical third order resonana@, = 2/3 when we place tune. The horizontal fractional tune is always 0.005 higher
the on-momentum vertical tune close to 2/3 on ramps. Ahan the vertical one. From Figure 4, the dynamic apertures
store, large second order nonlinear chromaticities redugdthout beam-beam for the e-lenses are aldowitsmaller
the off-momentum dynamic aperture. With the e-lens latthan the standard lattices. The reason may be related to the
tices in the 2013 p-p run, we observed much worse beaamplitudes of the third order resonance RDTSs.
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Figure 6: Dynamic aperture with half head-on beam-beaffigure 8: Yellow ring dynamic aperture with second order

compensation. chromaticity correction on top of half head-on beam-beam
compensation.
o " Blue: BB ——
81 Blue: HBBC For all cases shown, the off-momentum dynamic aperture
_ 1t . vellow: HBBC = drops with the increase of momentum error. Only with
% 6 = beam-beam, the dynamic aperture in the Yellow ring is
g sl ’ 1o smaller than the Blue ring whefAp/p, is larger than
g N 6.0 x 1074,
§ : M | Next we calculate the effects of second order chromatic-
& e ity correction. With second order chromaticity correction
27 1 there is not much improvementin dynamic aperture for the
ir 1 Blue ring. Figure 8 shows the dynamic aperture in the
0 : : : : : : e Yellow ring with correction. The correction strengths are

0 2 4 6 8§ 10 12 14 16
dplpg [10]

calculated using the HARMON module of MAD8. There
is some improvement in the dynamic aperture with HBBC

i itv i 11
Figure 7: Off-momentum dynamic apertures for e-lens Iaﬁf\’hen proton bunch intensity is beldh5 x 10°.

tices.

SUMMARY

Figure 5 shows the proton dynamic aperture with beam- In this article we calculated the dynamic apertures with
beam interactions at IP6 and IP8 versus the proton bun8h€ realistic e-lens lattices. Simulation results showtie
intensity. In this study, we always keep the zero amplitudg-ens lattices give smaller dynamic aperture with beam-
tunes to (0.68, 0.67) for all bunch intensities. The protoR®am than the lattices used in previous proton runs. With
bunch intensity varies from.0 x 10! t0 3.0 x 101, which half head-on beam-beam compensation, improvement in
corresponds to a beam-beam parameter from 0.01 to 0.§namic aperture is only seen i?lthe Blue ring when bunch
From Figure 5, the dynamic apertures begin to drop wheRtensity is bigger tharz.5 x 107" In the future lattice
the bunch intensity exceeds) x 10'! for all shown cases. design for head-on beam-beam compensation, besides the
It confirms that there is not enough tune space between 2§ase advance requirement, we also need to minimize the
and 7/10 to accomodate the large beam-beam tune Sprég)(phnear chromaticities and third order resonance dgivin
when the proton bunch intensity is bigger thaa x 1011, terms to improve the dynamic aperture.

Below2.0 x 10!, the e-lens lattices give smaller dynamic
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