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CHROMATICITY ANALYSISAND
POSSIBLE LOCAL CHROMATIC CORRECTION IN RHIC*

Y. Luo, W. Fischer, X. Gu, D. Trbojevic, Brookhaven Natiohaboratory, Upton, NY USA

Abstract Take derivative of Eq. (7) with respect fcand keep the
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In this article we will answer the following questionsfortrﬁgsit?g [2|]n Eq. (6). we obtain the second order chro

the RHIC polarized proton (p-p) and Au-Au run lattices:
1) what are the sources of second order chromaticities? 2) ,(2)
what is the dependence of second order chromaticity on the™*¥
i = +& §+K.0,,DPds
on-momentunB-beat? 3) what is the dependence of sec- 87 2Pz yta o
ond order chromaticity o™ at IP6 and IP8? To answer
these questions, we use the perturbation theory to numer-
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_%Es(sy); + % fﬂ:FKl + KQDz] g(;’ ds (8)

Similarly, the third order chromaticities are

ically calculate the contributions of each quadrupole and 3y 1.(2) 1 926..,
sextupole to the first, second, and third order chromatici- Loy = _51”9 T 3ix $lFK iag?yDz] por ds
ties. Possible local methods to reduce chromatic effects in +o $EKL $(2])(2£w] o5 ds
RHIC ring are shortly discussed. +ﬁ 3€’[j:K2D:E3 | =55t ds
PERTURBATION THEORY o §[¢K2D(§f))]5z_,yds
1 2) 9B,y
Based on the perturbation theory [1], the horizontal and +a17 § TK2 Dy 55+ ds. 9
vertical betatron tune changes due to a small quadrupole i 5 @) o2 ©)
error Ak, (s) are where we defined), = ¢, D, = %55, and
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DY) = O teo,
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AQyy = :I:E %ﬁmyy(s)Akl (s)ds. Q)
SOURCES OF CHROMATICITIES
where, ,(s) are the unperturbed horizontal and vertical

amplitude functions. In this section, we will use the above Eq_s._ _(6)-(8) to
search the sources of second order chromaticities. In our
studies, the 2009 RHIC 100 GeV polarized proton (p-p)
AQuy = &N+ €267 + B 65... (2)  run Blue ring lattice, the 2011 RHIC 250 GeV p-p run Blue
i ! ! ring lattice, and the 2010 RHIC 100 GeV Au-Au run Yel-
whered = Ap/po. The first define the first, second, and,q,, ring lattice are used. For the 2009 RHIC 100 GeV p-p

The off-momentum tune shifts are

third order chromaticities are run Blue ring lattice and the 2010 RHIC 100 GeV Au-Au
() = 0Qz,y 3) run Yellow ring lattice, the nomingb* at IP6 and IP8 is
Y98 0.7 m. For the 2011 RHIC 250 GeV p-p run Blue ring
@ _ 1 aQmey lattice, the nominab* at IP6 and IP8 is 0.65 m. The simu-
Sy = 27952 (4)  Jation code SimTrack [3] is used for this study.
5 19°Qu, To localize the sources of chromaticities, the first order
= 6 953 (5)  chromaticities are not corrected. The uncorreced horiont

_ _ and vertical chromaticities are (-89.8, 87.1), (-95.2,.694
For an off-momentum particleAk: (s) in Eq. (1) from  gnq (.95.6, -101.3) for the 2009 RHIC 100 GeV p-p run
quadrupoles and sextupoles is given by Blue ring lattice, the 2011 RHIC 250 GeV p-p run Blue ring
1 lattice, and the 2010 RHIC 100 GeV Au-Au run Yellow
1+0 1) (6) ring lattice. We define each arc is between Q9 and Q9. Q9s
_ are included in interaction regions (IRs).
whereK; andK are the nominal strengths of quadrupoles As an example, Figure 1 shows the contribution from

and SeXt.UpOIGSD””(S.) is the horizontal dispersion. each quadrupole and sextupole to the first order horizon-
Plugglng Eq. (5) into Eq. (1) and.o.n_ly keep the terms O{al chromaticitygg(gl). Figures 2 plots each section’s con-
0, we obtain the first order chromaticities tributions in percentage. In this example, the 2011 RHIC

250 GeV p-p run Blue ring lattice is used. Table 1 sum-
marizes each section’s contributions in percentage to the

*This work was supported by Brookhaven Science Associate€, L Wh‘?le ring for the three gbove lattices. ,The pgrcentage IS
under Contract No. DE-AC02-98CH10886 with the U.S. Departof ~ d€fined as the contribution of one section divided by the
Energy. absolute value of the whole ring’s value.

Aki(8)zy = [£K1(s) F Ka(s)Dx(s)](

€ = % j{ﬁm,y(S)FKl(s) + Ko(s)Dy(s)]ds.  (7)
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Table 1. Contributions to the linear and nonlinear chro-
02 1 maticities
01 : Sections A R A A
”g( O (g \‘\ \‘IHIH‘\'\‘\‘\‘H\‘[' lH VT l ' e ) ‘ ﬂw‘\‘\‘l‘mml‘\‘ﬂl |]‘mm’wrrmu“ b Zoog-pp-Bl ue.
< IR6 and IR8 -055 -0.53 185 0.78 -0.71 -0.73
z o )l Other IRs -0.21 -0.21 -0.77 0.24 -0.17 -0.18
g 02 i Arcs -0.22 -0.24 -0.07 -0.02 -0.11 -0.081
s | 2011-pp-Blue:
' IR6 and IR8 -0.58 -0.57 1.20 0.84 -0.74 -0.78
04 Other IRs -0.20 -0.20 -0.20 0.17 -0.15 -0.16
05 ‘ ‘ ‘ ‘ ‘ ‘ ‘ Arcs -0.21 -0.22 0.00 -0.02 -0.10 -0.05
0 500 1000 1500 2000 2500 3000 3500 4000 2010'AU'Ye| | ow:
= IR6and IR8  -047 -050 034 115 -074 -0.86
Figure 1: Each element's contributiongf’ along the ring Other IRs -0.26 -024 071 -0.20 -0.17 -0.03
Arcs -0.25 -0.25 -0.06 0.04 -0.08 -0.10

for 2011 250 GeV p-p run Blue ring lattice.
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Figure 2: Section contributions to chromatities with 201¥igure 3: Second order chromaticity changes versus on-
250GeV p-p run Blue ring latticeq") uncorr.) momentums-beat

For the above three lattices, IR6 and IR8 contribute abottie on-line measured on-momentyhbeat is about 20%.
50% or more to the first order chromaticities and more than |, this simulation study, we randomly assign strength er-

than 90% to the second order chromaticities. For the prhe quadrupole errors are given in percentage. The er-
p run lattices, IR6 and IR8 contribute 185% and 120% ofpy percentage are generated with the formulaz Err
the total horizontal second order chromaticity for 2009 and,.,,4(1) — 0.5) * 2, where function'nd(1) is the random
2011 run lattices. The non-colliding IRs contribute -77%,ymber generator which produces random numbers with a
and -20%. For the 2010 Au-Au run Yellow ring lattice, yniform distribution between (0-1) axErr is maximum
each IR contribute about 20% to the horizontal second o&rength error in percentage.
der chromaticity. IR6 and IR8 contributes about 120% t0 \yis focus on the averaged on-momentufrbeat <
the vertical chromaticity. For th@% uncorrected lattices, Ag, y/Beyo > along the ring. In most cases, the
the arcs contribute about 20% to the first order ChromatiQ‘Toriiontai énd vertical On_momentumbeats scale with
ities. HOWeVer, their contributions to the second and thir@ach other. Therefore' in the fo”owing discussion’ we
order chromaticities are small. only use the averaged transverse on-momentisbeat

< AB/By >. The changes of second and third order chro-

maticities are defined b&gi?;/gi?;,o andAgf%/g‘g,O.
Figure 3 shows the changes in the second order chro-
maticities due to the on-momentufibeat for the above
In this section, we will investigate the effects of on-three lattices. In this plot, “H” represents the horizon-
momentums-beat on the second order chromaticities. Théal plane and “V” represents the vertical plane. For the
on-momentumgB-beat is thed change of on-momentum above three lattices, 10% on-moment@reat may intro-

particles due to quadrupole errors. For RHIC store latticaluce 30% changes in second order chromaticities which is

CHROMATICITY DEPENDENCE ON
ON-MOMENTUM B-BEAT
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sso0| g;%% j 1 1e+06 hoo201 = Z[+(K1L)i — (K2D, L)) By e~ 2%vi. (11)
5000 | \ &% 0 | 900000 @
w0l O 1 800000 Here hogoor andhggoor are the horizontal and vertical half
4000 | \ 1 700000 integer resonance driving terms.
s 3500 1 600000 & In the operation of RHIC, based on the contributions of
7 3000 | 1 soo000  +F the chromatic sextupole families to half-integer resoganc
2500 [ - o 1 400000 driving terms, we sorted the RHIC chromatic sextupoles
2000 | = ;$ 300000 into 4 pairs to correct the second order chromaticties [5].
1500 | - e 4| 200000 The method is called 4-knob method. Its advantage is that
1000 - & 100000 it will not change the first order chromaticities and it re-
duces the unbalance in the correction strengths among the

500
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sextupole families, and avoids reversing sextupole polari

ties. This method was tested and implemented into on line
Figure 4: Chromaticities versys' for 2010 100 GeV Au- RHIC control system.

Au run Yellow ring lattices Since the triplet quadruples in the IR6 and IR8 contribute
most of the second order chromaticities for the RHIC lat-

tices. This gives a possibility to adjust the betatron phase

I 1 0,
about 1200 units. Wh.eI.?( Af/fo > is below 20%, the advances between IP6 and IP8 to cancel their contributions
second order chromaticity changes are less then 50%. Atc—

cording to the RHIC online second order chromaticity cor:2 their half integer resonance dr.|v.|r?g terms to minimize
tge global second order chromaticities. Simulation stud-

rection experience, to correct 1000-2000 units of secon ; : . :
- e iIes have shown that this method is effective and increases
order chromaticity shoul not be very difficult. Therefore

below 10% on-momenturi-beat is tolerable for second the dynamic aperture_[6, 7]. Adjusting t_he |_ohase advan(_:es
- . between IP6 and IP8 in a real RHIC lattice is under consid-
order chromaticity correction. eration

. Another possible way to correctin second order chro-
CHROMATICITY DEPENDENCE ON 3 maticity in RHIC is to install extra sextupoles in the inter-

In this section we investigate the nonlinear chromaticdction regions IR6 and IR8 to local correct the chromatic
ity's dependence of* at IP6 and IP8. In this study, the effects. The location of local correction sextupoles, thei
2009 100 GeV p-p run Blue ring lattices and the 201§trength requirement, and how to cancel out their contribu-
100 GeV Au-Au run Yellow ring lattices are used. Thetlions to third order resonance driving terms are being stu-
first order chromaticities are corrected to (1,1). ided.

As an example, Figures 4 shows the second and third or-
der chromaticities as functions gf for the 2010 100 GeV SUMMARY
Au-Au run Yellow ring lattices. The absolute values of sec- In this article we perform chromatic analysis with RHIC

ond and third order chromaticities increase when ffie store lattices. The sources of chromaticities are mostly

ﬁlrrliadreccr:foariz(tji;:itgr;(?/vli?rﬁr?(;i ?gsst?,tr:gi I'iz(;raefsreo\:\zhncfgéalized in the IR6 and IR8. Chromaticity dependences
9 ' on on-momentung-beat and3* are studied. The correc-

For the 2009 100 GeV p-p run Blue ring lattices, when th%on methods to second order chromaticities are reviewed.

A" is 0.5 m, the vertical second order chromaticity reaCheI§ossible local correction methods, like adjusting phase ad

6000 and the horizontal third order chromaticity reaChe\%ances between IPs and installing extra sextupole correc-
2.5 x 10° . For the 2010 100 GeV Au-Au run Yellow 9 P

ring lattices, wheng* is 0.65 m, the horizontal secondtors in IR6 and IR8 are shortly discussed.
order chromaticity reaches 5500 and the horizontal third
order chromaticity reaches.0 x 105. For lattices with REFERENCES
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