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THE EFFECTS OF BETATRON PHASE ADVANCES
ON BEAM-BEAM AND ITSCOMPENSATION IN RHIC*

Y. Luo, S. Tepikian, W. Fischer, X. Gu, D. Trbojevic,
Brookhaven National Laboratory, Upton, NY USA

Abstract Here hagoor andhogao1 are the horizontal and vertical half

In this article we perform simulation studies to inves-integer resonance driving terms. Comparing Egs. (3) and

tigate the effects of betatron phase advances between {ﬁ% g()j Eq.th(ezil’atl?iGrltreelaet:\/rees%f:;zZ:]?:rgzrr]isji? bt:?rtnlss gov-
beam-beam interaction points on half-integer resonan&é y vt Integ o g L
driving term, second order chromaticty and dynamic aper- Therefore, minimizing the contributions from the triplets

ture in RHIC. The betatron phase advances are adjustgam IRG and IR8 to half integer resonance driving terms

with artificial matrices inserted in the middle of arcs. TheWIII reduce off-momentung-beat and therefore second or-

lattices for the 2011 RHIC polarized proton (p-p) run ancger chromaticities. In the following we perform simula-
2010 RHIC Au-Auruns are used in this study. We also scajen studies to scan _the betat_ron phase advances between
the betatron phase advances between IP8 and the electtofl and |P8 to |nvest|gate_the|r effects on the second order
lens for the proposed Blue ring lattice with head-on bean?—hrom""t'CItIeS and dynamic aperture.
beam compensation.
PHASE ADVANCE ADJUSTMENT
INTRODUCTION
RHIC Facts

According to Ref. [3], the triplet quadruples in the in-
teraction regions (IRs) IR6 and IR8 contribute most of the The RHIC ring lattices have more or less three fold sym-
second order chromaticities for the RHIC lattices. The rednetry, with three outer arcs and three inner arcs. Between
son is that3 functions in the triplets are very big due to theadjacent arcs are interaction regions. Each arc consists of

low 6* at the interaction points(|Ps) |IP6 and IP8. 11 FODO cells. In RHIC, all the fOCUSing and all the defo-
According to Ref. [2, 4], the second order chromaticitie§using quadrupole magnets in the arcs are powered by the
are given by same power supplies. So far it is not possible to adjust in-
dividual arc’s phase advances with quadrupoles in FODO
2 = L+ L f[FK + KD, % ds 1y cells. Considering the three-fold symmetry of RHIC rings,
+8Lﬂ ¢ iKQBI_,yDQ(f)ds, (1) the betatron phase advances in the 3 outer or in the 3 inner

rings are more or less the same.
wherekK ?ndl@ are the strengths of quadrupoles and sex- To adjust the betatron phase advance between IP6 and
tupoles.gi,% are the first order chromaticities, , are be- 1P8, we should adjust the betatron phase advances for all

tatron amplitude functionsD, and D' are the first order the outer and inner rings at same time. To keep the tunes
and second order horizontal dispersiofi.is the relative constant, if we increase or decrease the phase advances of

momentum deviation. all outer rings, we will decrease or increase same amounts
The second term in Eq. (1) is the dominant one which ief betatron phase advances in all inner rings.

determined by the off—momentufhbeat%. The rela-

tive off-momentunmg-beat is Phase adjustment in simulation
Bm,i(s) aﬁ%’g(s) = To avoid Ie_ngthy real lattice matching, in this ;imulat_ipr_\
im $ By (8)[FE1(s") + Ka(s') Dy (s")] study We_a_djust the_ pha_se advances by inserting artificial
COS(2|¢M(5) — oy (8)] — 27Qp)ds'. phase shifting matrices in the centers of arcs. The phase

) shifting matrices will not affect tunes, Twiss parameters

We define half integer resonance driving terms as [4] and dispersion functions. Again, to keep the tunes constant
if the phase shifting matrices in the outter rings increase o

N } decrease the phase advances, the phase shifting matrices in
h20001 = Z[—(KlL)i + (KaDyL)i]Bzie”*%, (3)  the inner rings will decrease or increase the same amount.

i Comparing the real lattices and the above 'fake’ simu-

N lation study lattices, the phase advances between IPs and
hoo201 = Z[+(K1L)i — (KD, L);]B,.e ?%i. (4) nonlinear field errors in the IRs are the same although the

i phase advances of FODO cells are different. As we know,

*This work was supported by Brookhaven Science Associate€, L the d_ynamlc aperture is malnly d,etermm,ed by the nonlin-
under Contract No. DE-AC02-98CH10886 with the U.S. Departrof ~ €ar field errors and beam-beam interactions for RHIC lat-
Energy. tices [5]. Therefore, the results from our simulation study



with artificial phase shifting matrices will reflect most of 500

the physics with the real lattices. 5o n n

RESULTS 400 ’ ’

350

Smulation Setup

In this study we adopt the lattices for the 2011 RHIC
polarized proton (p-p) run and 2010 RHIC Au-Au runs, 250
and the Blue ring lattice for head-on beam-beam compen- + +
sation. For the head-on beam-beam compensation lattice, 200
we will study the effects of phase advance between one
beam-beam interaction point IP8 and e-lens which is lo- 10 10.2 104 106 10.8 1 112
cated 1.0 m away from IP10. £ @ between IP6 and IP8 (1]

For each lattice, we will scan the horizontal and VerticaFigure 1: 2011pp-Blue: Horizontal RDT versus horizontal
phase advances between IPs. For each step, we calculgitgise advances between IP6 and IP8.
the absolute values of half integer resonance driving terms
only from the triplets in the IR6 and IR8 to check the can- 4000
cellation between IR6 and IR8. The reference point of reso-
nance driving terms is IP6. We also calculate second order ~ 20%
chromaticities and dynamic apertures (DAs). The second
order chromaticities change in the scan because of the be-
tatron phase changes between IRs. The phase shifting ma- -2000
trices themselves have no contributions to chromaticities S + +

DAs are calculated in0° turn trackings with code Sim- e
Track [6]. The tunes of zero-amplitude particles are setto 000
(28.675, 29.68) for proton run lattices and (31.23 , 32.22) + *
for Au-Au run lattices. These tunes are with beam-beam %%
interaction at IP6 and IP8. The first order chromaticities .,
are set to (1,1). The initial relative momentum deviation 10 10.2 Al;f:‘bemenll‘i;g n IP;?f] 1 1.2
is 0.0005 for protons and 0.0017 for Au ions. The DA for
Au-Au run is after RF re-bucketing. The proton bunch inFigure 2: 2011pp-Blue: Horizontal second order chro-
tensities for the 2011 p-p run latticesiss x 10''. The maticities versus horizontal phase advances between IP6
Au ion bunch intensities for the 2010 Au-Au run latticesand IP8.
is 1.0 x 10°. The proton bunch intensity for the head-on
beam-beam compensation tesRis x 10!!. Half beam-
beam compensation is included in this lattice.

300

1h20001| from triplets
+
+

+

0 + +

IR6 and IR8. With the artificial phase shifting matrices, the
betatron phase advances in the arcs are not same as the real
. lattice.
2011 pp Blue lattice Figure 3 shows the DAs in the phase advance scan.
As an example, here we give the results with the 2011 grhe beam-beam interactions at IP6 and IP8 are included.
p run Blue ring lattice. Figures 1 shows the calculated horicrom Figure 3, there are a large area of good DA between
zontal half integer resonance te#20001 from the triplets  (A®, = (10.4 — 10.8)7 andA®, = (8.4 — 8.6)7). The
in IR6 and IR8 for the 2011 p-p run Blue ring lattice. Themaximum DA happensX®, = 10.657, A®, = 8.57)
default betatron phase advanecs between IP6 and IP8 areere the second order chromaticities are less than 2000.
(10.65r, 8.64r). From Figures 1, the best cancellation of
horizontal half integer resonance term between IP6 and | ; ;
occurs aA®, = 10.657. And the best cancellation of ver-l:geam_be{jlm compensation lattice
tical half integer resonance term occurgsb, = 8.77. As another example, here we show the calculated DAs
Figure 2 shows the horizontal second order chromaticityn the scan of betatron phase advances between IP8 and
versus the betatron phase advance between IP6 and IB& center of e-lens. In this study, half head-on beam-
The minimum of absolute horizontal second order chrobeam compensation is adopted. Half head-on beam-beam
maticity occurs around\®, = 10.47 andA®, = 10.87. compensation will compensate half of the proton-proton
The minimum of vertical second order chromaticity occurbeam-beam parameter. In the current design, we would
aroundA®, = 857 andA®, = 9.0mr. The minima of like havekw phase advances between IP8 and e-lens for
half integer resonance terms and second order chromatibietter cancellation of beam-beam nonlinearities at IP8 [7]
ties do not always coincide with each other since the halh the early head-on beam-beam compensation study, we
integer resonance terms are calculated only with triplets iassumed the phase advances between IP8 and e-lens to be



which give smaller second order chromaticities and bigger
DAs. Smaller second order chromaticities are very impor-
tant for the Au-Au run where RF-rebucketing increases the
off-momentum deviation.

From the above studies, the phase advances for the min-
imum half integer resonance driving terms and for the min-
imum second order chromaticities do not always coincide.
This may be explained by the fact that half integer reso-
nance driving terms are calculated only from the triplets
in IR6 and IR8. The contributions from other quadrupoles
and sextupoles are excluded since we do not have their ex-
act phase advances with artificial phase shifting matrices.

From second order chromaticities and DA calculation,
we always find that good DA area in thA®,, ®,) plane
always have small second order chromatities. For 5w
Figure 3: 2011pp-Blue: Dynamic aperture versus phase agtices, it is very important to compensate the large sécon
vances between IP6 and IP8. order chromaticities. From our study, it is possible to atlju
the phase advances between IPs to minimize the triplets’
contributions to second order chromaticities.

In the above study we fixed the tunes unchanged during
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78 the scan of phase advances between IPs. We also need to

EE r \\ do tune scan to find out their best settings to maximize the

2L P S \\ - dynamic aperture. The tunes used in this study are close to

a3l ,/(,/,‘\\‘:“\\‘;:“ their values in the RHIC operations.

530 ’/“‘\““\\\\\“‘ To confirm the optimum betatron phase advances be-
"‘ tween IP6 and IP8 found in this study, we need to generate

8 e N real RHIC lattices and calculate second order chromatici-

'%-2_3 ties and DA again. This work will be discussed in the com-

15 ing RHIC summer shutdown.

SUMMARY

In this article we performed simulation studies to in-
Figure 4: Elens lattice : Dynamic aperture versus phasgestigate the effects of betatron phase advances between
advances between IP8 and e-lens. the beam-beam interaction points on half-integer resamanc
driving term, second order chromaticty and dynamic aper-
ture in RHIC. The betatron phase advances are adjusted

We calculated the second order chromaticities in the SC{%INIth artificial matrices inserted in the middle of arcs. The

n.. .
of phase advances between IP8 and the center of e-le attices for the 2011 RHIC polarized proton (p-p) run and

o . . 3910 RHIC Au-Au runs are used in this study. We also scan
The minimum of horizontal and vertical second order Chrofhe betatron phase advances between IP8 and the electron
maticities happen ah®, = 8.35 andA®, = 11.07. P

Figures 4 plots the DAs in the same phase advance s Ierr]13 for the proposed Blue ring lattice with head-on beam-

between IP8 and the center of e-lens. The maximum D eam compensation.

occurs at AD, = 8.657, A®, = 10.857). There are a

large good DA region betweed\@,, = (8.1 — 8.9)7 and REFERENCES

A®, = (10.7 — 11.1)m). [1] H. Wiedemann, Particle Accelerator Physics, Springer-
The default phase advances between IP8 and the e-lens \Verlag, 1995.

center is(8.57,11.0m). The phase advances in the design[z] J. Bengtsson, SLS Note 9/97, March 7, 1997.

are(9.0m, 11.07) which is away from the good DA region

shown in Figure 4 [3] Y. Luo, et al, BNL RHIC/AP/418, January, 2011.

[4] Y. Luo, et al, BNL RHIC/AP/348, January, 2009.

DISCUSSION [5] Y. Luo, et al, Procceedings of PAC’09, Vancouver, Canada
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In the above we calculated half integer resonance driv{g) v. Luo, Procceedings of IPAC'10, Kyoto, Japan, May, 2010
ing terms, second order chromaticities and DA in the sca
of phase advances between IP6 and IP8. Our goal is t
find out the optimum betatron phase advances between IPs
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