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1. INTRODUC’ITON 

This study explores the possibility of operating the nominal 
RHIC coupling correction system in local decoupling mode, 
where a subset of skew quadrupoles are independently set by 
minimizing the coupling as locally measured by beam position 
monitors. The goal is to establish a correction procedure for the 
skew quadrupoleemnsintheinteractionregiontripletsthatdoes 
not rely on a priori knowledge of the individual errors. 
After a description of the present coupling correction scheme 
envisioned for RHIC, the basics of the local decoupling method 
will be briefly recalled in the context of its implementation in the 
TEAPOT simulation code as well as opedonaUy. 
The method is then applied to the RHEC lattice: a series of simple 
tests establish that single triplet skew quadrupole errors can be 
correctedby local decoupling. More realistic c a t i o n  schemes 
~ I C  then studied in order to correct distn’buted sources of skew 
quadrupole errors: the machine can be decoupled either by pure 
local decoupling or by a combination of global (minimum tune 
separation) and local decoupling. The different correction 
schemes are succesSive~y validated and evaluated by standard 
RHIC simdation runs with the complete set of enon and correc- 
tions. The Werent solutions and results are finally discussed 
together with their implications fur the hardware. 

II. THE ORIGINAL RHIC COUPLING CORREC- 
TION SYSTEM 

The main sources of coupling in RHIC are systematic and ran- 
dom al (skew quadrupole) multipoles in the dipoles and roll 
alignment e m  in the quadrupoles. In particular, the triplet qua- 
drupoles, strong and at a Mce position where the beta functions 
can be as large as 13OOm, are a major source of coupling. 
The coupling correction system for RHIC consists of 6 skew qua- 
drupole families (8 quadrupoles in each family) located near the 
Interaction Regions (Rs) and 12 iriplet correctors (1 skew qua- 
drupole per triplet). It is worth noticing that the 6 families have in 
reality 12independentpwersupplycircuits,asdescribedin Ill. 
~eco~tionschemepresentlyenvisionedforRHlCreli~ on4 
familiesof skew quadruples set up tominimize the tune separa- 
tion at the nominaI operating tunes of 28.19 and 29.18. A 
detailed description of this method can be found in [2]. The cou- 
pling effect of the triplets is corrected locally by the triplet skew 
quadrupole correctors by “dead reckoning” assuming that the 
error is known. The triplet coupling correction is part of the gen- 
eral triplet correction scheme, which locally compensates for 
tripletmultipole errors.Furtherdetailsabout thenonlineartriplet 
correction system can be found in [31 and (41. 
The“deadreckoning” method works wel1,provided we know the 

emns.Tfiis may notahvaysbe the case: even if the triplet qm 
drupoles are carefully measured and aligned at the beginning, 
conditions may drift and cause uncorrected residual coupling 
errors. An operational way of removing the coupling caused by 
the triplets is desirable and will be discussed below. 

III. LOCAL DECOUPLING TECHNIQUE 

The local decoupling technique is part of a general method for 
operational corrections of errors in accelerators. The general 
underlying concept is to determine the setlings of correctors by 
minimizationofabdnessfunction thatquantij3estheeffecttobe 
corrected and that is built up by memurable quantities. m e  spe- 
cifk badness function will vary for the different correction oper- 
ations that can be performed, like closed orbit correction, 
decoupling, correction of beta functions and vertical dispersion. 
AcMnp1etediscussionofthisg~~con;ectianapproachcaobe 
found in [5]. ALI the correction techniques are implemented in 
the TEAPOT simulation code [6] in an operational way that can 
be easily translated into application software procedures. 

A coupling badness function, that measures coupling and 
goes to zero in absence of coupIing, is dehed as: 

B (4 
f =  c , 2 x  

AB, (4 d =  1 
The summation is taken over the number of detectors (BPMs) 
Nd. The measurable quantity t?A is a function of the o f f  diagonal 
matrixelementsRAll andRAlp, whichcanbeexpressedintenns 
of the N, skew quadrupole corrector strengths q:kew. When$ > 
Na one can determine the skew quadnrpolecorrector strengths by 
a fitting prowdm so that the following conditions are met 

-B (ql ......qNa skew) = o a = I, ... N, a C skew 

aqFw 
The local Coupling algorithm has been successfulIy applied to 
CMfeCt coupling in various lattices, the SSC Boosters and Cd- 
lider, andLEP. Experimental work towards the application of the 
method in existing machines has been carried out at HEM and 
LEP [71[8]. A typical criterion for coupling correction is to 
obtain eigenangles less than 10 degrees everywhere in the 
machine. 

W. APPLICATION TO RHIC 

A. Tests 

*Work performed under the auspices of the U.S. Department of Energy. 
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The decoupling algorithm has been tested in one simple case 
when a single roll error is applied to one triplet quadruple. 
If we roll one of the triplet quadrupoles Q by an angle 0, the inte- 
grated skew multipole strength in the nearby corrector n d e d  to 
compensate the e m ,  can be calculated by: 

1.7 0.40 0.817 lW3 

1.1 0.24 0.873 lo-’ 

. -- 
L js, (torr) s (torr) Y 

The test consists of applying a 1 mmd roll to the 4 3  triplet qua- 
drupole (and similarly to Q1 and 42) in an otherwise ideal RHIC 
lattice, and checking the local coupling result vmus the analyti- 
cal one. The results for the Q3 quadrupole in IR6 are summarized 
in Table 1 below. 

Table 1: 43 triplet quadrupole rolled by 1 mrad in the 6 
o’clock (1 m P*) interaction region. 

I I I 

I 

no com&oll 45.0 -0.1 0 

calcnlated setting 4.6 -0 -0.2119  IO-^ 

local dermpling 0.03 -0 -0.220s 
(24 slews) 

The first entry describes the uncorrected effect of 1 mrad roll 
error in the 4 3  triplet quadrupole when the optics is tuned to 
P*=lm (in the 6 o’clock and 8 o’c1ock IRs). ?he minimum m e  
separation in this case is 0.034. The second row shows the effect 
of dead reckoning the correction, assuming the error known. As 
seen in the thirdrow, thelocal decoupling algorithm can pinpoint 
therightcorrectionsettingwhenweuseonlytheadjacentcorrec- 
tor strengths as a variable (1 skew case). If we activate other 
skew correctors distriiuted in the lattice (24 skew case), their 
strengths can be optimized to suppress virtually a l l  coupling in 
Lhemachine.Thesameanalysis hasbeenrepeatedfortheQ2and 
Q1 tripletquadrupoles giving similarresults: itdemonstratesthat 
the local decoupling algorithm can reproduce and impve  the 
“dead-reckoning” triplet correction without relying on a priori 
knowledge of the individual error. 

B. Local &coupling schemes 
In order to study possible decoupling schemes, a random genera- 
tion of skew quadrupole e m  has been used in the lattice qua- 
drupoles (triplet, IRs, arc) for the otherwise ideal RHIC lattice, in 
the storage configuration where2 IRs (6 and 8 o’clock) are tuned 
to B*=lm and the remaining 4 IRs to fi*=lOm. At injection all 
the IRs are tuned to the higher B* and hence the coupling caused 
by the triplets is lower. For this study the assumptions are that we 
can measure coupling at every RHIC beam position monitor and 
that we have 12 independently powered skew quadrupolecom- 
tors located in the 12 triplets in the 6RHIC IRs. Several solutions 

of the following types have been investigated: 
(Pure” local solutions: all skew errors are corrected by local 
decoupling,with the 12skew tripletcorrectors(ld-12)orwith 
24 skew correctors (local-24: 12 triplet correctors and 12comx- 
tors from the families circuits). 
“bybrid” solutions: arc-like errorsare corrected with 2 families 
set up to minimize the tune separation (globs-2) and triplet 
emmare corrected with l d  deconpling ( I ~ ~ 1 2 m l o c a l ~ 4 ,  
whqe only the correctors in IR6 and IRS are used). 
When all errors, triplet included, are corrected by global decou- 
pling, the typical residual eigenangles and minimum tune sepa- 
ration are 34 degrees and conliming that the triplet 
correction is necessary. 
Tables 2 and 3 summarize results for different seeds for the pure 
Zocal decoyling correction and the ‘hybrid’ correction scheme. 

Table 2: Correction of arc-like and triplet skew errors with 
12 triplet skew correctors (loca1_12) 

dispersion [m] 

0.813 lV3 

0.217 lo-’ 

3.4 0.3 1 0.483 10-3 

Table 3: “Hybrid” solution: correction of =-like skew 
errors with 2 families (global-2) and triplet skew errors with 

local decoupling (I0ca-U or local-4) 

[degrees] dispenion [m] 

0.948 10-3 

0.610 lo-’ 

0.188 lo-’ 

052 0.974 lW3 

A pure local decoupling solution or a hybrid solution with 12 
triplet skew quadrupole correctors are feasible on the basis of 
these results. 
The maximum excitation allowed in the triplet C2 skew quadru- 
pole correctors, 50 Amps, cotresponds to a maximum integrated 



strength of 1.46 m-’. For the hybrid solution with 12 triplet 
skew quadrupoles operated in local decoupling mode, the qua- 
drupole setting statistics over 6 seeds are: 
mean: < lkLl> = 0.420 * m-* or .c Ul > = 14.38 A 
sigma: OkL = 0.295 * 10” m-* or aI = 10.10~ 
All the COrCeCtOdS are well within the system capability. 

V. SIMULATION WITH ALLERRORS 

The local coupling correction of the triplet errors has been tested 
in the context of the full RHIC simulation, when all other errors 
and correction are ais0 modelled. 
The baseline ‘MAc94.2’ set of alignment and multipole errors, 
as well as the RHIC standard set of corrections (tuning, chroma- 
ticity, triplet cmt ions)  has been used, with the “dead reckon- 
ing” compensation of triplet skew quadrupole errors substituted 
by local decoupling. The ~ s u l t s  for 4 error distributions are 
summarized in Table 4. Both the residual coupling and vertical 
dispersion are acceptable for RHIC, and the skew quadrupole 
strengths required are within the present system specifications. 
The resulting eigenangles are shown in Figure 1. 

Table 4: Simulation with the full set if errors and corrections 

max eigenangle max vertical max skew p d  
Wegreesl dispersioa [m] l k~ l  [m-p 

3.1 0.34 ani 1r3 0 

2.6 051 0.782 lW3 1 

2 3.7 0.62 a778 lr3 

4.7 0.82 0.144 1r3  I 3 

Figure 1. The h a l  result for the eigenangles after all erro~ and 
corrections are applied (seed 1). _ _  
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VI. CONCLUSIONS 

The local decoupling technique proved effective in correcting 
triplet skew quadrupole errors by relying only on measurable 
quantities. The simulation results also showed that all coupling 
sources in the machine could be corrected by local decoupling, 
should that be desirable. RHIC is adopting the solution to cor- 
rect the * quadmpole enws msed by the@& with the 
.. 12 skew quadrupole correctors that are part of the C2 triplet 

corrector packages, and to rely on the minimum tune separa- 
tion comtion (2+2 skew quadrupole families) for correction 
of other coupling sources in the machine. 
The old baseline corrector configuration for RHIC included 
power supplies only for the C2 correctors in the 6 and 8 o’clock 
interaction regions (low p* triplets). The 12 skew scheme pre 
s a t e d  here would require 8 more power supplies for the high p* 
C2 triplet corntors, a modest investment that wiU greatly 
improve the Correction quality and flexibility. 
For the systematic study conducted here, the assumption was 
made that we can measure coupling at every beam position mon- 
itor (BPM) in the machine. Only a subset of RHIC BPMs are 
double view, the ones located in the interaction region areas, 
while the BPMs in the arcs are single plane. However, it was 
verified that the existing Z-plane BPMs provide enough wu- 
pling information for the pferred scheme (12 skew triplet 
correctors) to work. In order to correct all coupling locally, 
coupling information from the arc is requid the local cou- 
pling algorithm implementation in TEAPOT is being extended 
so that the coupling at 1 arc horizontal (vertical) BPM can be 
inferred by measurements at the 2 adjacent vertical (horizon- 
tal) BPMs. 
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