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Abstract new coordinates idiagonal
Local decoupling is a technique to correct coupling locally _ -1 7T _lao0
and operationally, that is, without a priori knowledge of M=G MG = 6 D
the underlying skew quadrupole errors. The method is =
explained and applied to the correction of coupling in the _ T | RD
interaction regions of the LHC at collision. with G =g R and
A

1 INTRODUCTION

. : : . . : B B+C
The local decoupling method is reviewed in Section 1 with R, = /\C ttEr)D Rp A_—tD
a brief history of its application to different machines and A D

experimental work performed so far. In Section 2 we
present preliminary results for the correction of coupling - D
generated by triplet errors in the LHC interaction regions, ¢ ‘AD _AA‘
in the collision configuration.
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where/A, andAp are the eigenvalues of the matrix M+

2 LOCAL DECOUPLING TECHNIQUE . . . L
The Aeigenmotiordescribes agllipsein the (x,y) space.

The local decoupling algorithm has been proposed by Rhe major axis is tilted w.r. to the x axis by an an§lg
Talman [1] as a technique to correct coupling locally angiven by:

operationally, since the correction scheme does not require [P AL

a-priori knowledge of the errors. Conceptually the local ZRAll_ﬁERAlz
correction of coupling is similar to a closed orbit Al

correction where the orbit offsets as measured at the bea@ 29 = s 2 Ry
position monitors (BPM’'s) are used in g-square 1_% - ADQ _D_'f‘_l_zD
minimization that sets the strengths of the dipole All %A_D Al2 O BA O

correctors. In fact local decoupling was originally
proposed by Talman in the framework of a gener
technique for operational corrections, which includes al
closed orbit correction, minimization of vertical
dispersion, etc. The idea is to determine correct
strengths by minimizing abadness functionthat i)
guantifies the effect to be corrected and ii) is built up
measurable quantities. The next few paragraphs
describe how that can be achieved. A more detail

description can be found in [2]. 2.2 Measurable quantities
2.1 Method and formalism By driving the beam in such a way that only 1 mode is

gxcited, the motion at one location in the lattice can be
described in pseudo-harmonic form:

n analogous relation exists between the D eigenmotion

Sacpd the y axis. Theigenangle$i, and8p, not orthogonal

In general, are aneasure of couplingince for the ideal
coupled cas@, = 6p = 0. Another measure of coupling

Is thearea of the eigenellipsegiven by Q'[g2|RA12)/BA for

\l:%ﬂe A eigenplane. If the coupling is weak, the areas of the

eigenellipses differ only by a multiplicative factor
éladependent of coupling.

Let's define the one turn 4x4 transfer matrix (in th
cartesian space) as:
M = {A B} X = geosyp Y = 9EpCOS(Yp +Ep)

cD a0 2 ERAle?

2
en = |Raq1— R +O0—=—0
It is possible to find a coordinate transformation x £ )X A { All %AD Alz} O BA O
to an eigenbasisvhere the 1-turn transfer matrix in the Ra12/Ba

SA = —arctan
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That is possible if the horizontal and vertical planes are n@t4 Brief history of studies and experimental work

fully coupled. In practice that means that the uncorrected cou- o )
pling should be weak, or the machine already has some degh@&@! decoupling is implemented in the code Teapot and the

of coupling compensation in place. latter has been used to study coupling correction schemes for
The x and y signals areoherent(same frequency) and theirSeveral accelerators. In particular, local decoupling schemes

relationship at a specific position in the lattice is characteriz&§ve been studied for the SSC Collider ring, for the LEP lattice
by theratio of amplitudege,) and aphase differencée,). and, more recently, for RHIC. In all cases the schemes worked

By collectingturn by turnx and y positions at g@ouble plane well is simulation, with residual eigenangles after correction

. . o . below a fraction of a degree everywhere in the ring. Local
BPM,itis possible to measure the quantitgsande, with a decoupling is an integral part of the RHIC decoupling scheme

network analyzer. From these one can derive the matrix eagg]_ Two families of skew quadrupoles are used for global
mentsRa;; andRy;p. The coupling can be locally measured ecoupling via the minimum tune separation technique. In
every double plane BPM in the machine. collision, the additional coupling effect due to the IR triplets is
locally corrected by 12 skew quadrupoles, 2 per interaction
region. The IR skew quadrupoles can be set either by “dead-
A badness function to be used for minimization must quantifgckoning” the measured, @rrors in the triplet, or by local
coupling and go to zero in the absence of coupling. It must algiecoupling. The latter has the advantage of correcting also for
be build with measurable quantities to be “operational”. Meahe unknown residual alignment errors.

surable quantities are;, , the ratio of out of plane vs. in plane

oscillations, and the phase differerge

2.3 Correction of coupling

Experimental work on local decoupling has been started at
. ) o HERA in 1991 and LEP in 1992. Local coupling has been
A natural choice for theoupling badness B function is the successfully measured in both machines [4]. Setting the skew

following: quadrupoles on the basis of the measurements and verifying
Nd the correction of coupling however must still be demonstrated.
I 5 By(d) g Local decoupling is part of the correction strategy in RHIC and
B = Z eAB @ N™ number of detectors (BPMs)  experiments are planned in the 2000-2001 runs.
d=1 Y

3 APPLICATION TO THE LHC INTERACTION
By weighting e2A with the ratio of betas one insures that all REGIONS

detector have comparable weight in the minimization proces/i.
en is a function of the off diagonal matrix elemerRg;; and

Ra12. One can calculate thefluence functions

feasibility study of local decoupling for the LHC IR has
been started. Even if the,dield error in the triplet will be
known (and compensated for), the coupling effect due to

N residual roll errors of the quadrupoles can be quite substantial
_ .0 skew,_C in the collision configuration. A way to set the skew
RAll(d) B RAll(d) * z 9 Wra(d) quadrupoles in the IR correction packages to correct for that
a=1 can be very useful.
a
N Kew C 3.1 The correction scheme
0 skew
Rp12(d) = Ryqo(d) + z q, U,(d) The following configuration and correctors has been assumed
a=1 for the study;
where theR® functions represent the effect of the unknown QL Q2A Q2B Q3
errors at the position of detector B andUC can be calculated
from the unperturbed lattice functions for every skew corrector
and BC is a function of theN, skew quadrupole corrector
skew d a ; BPM skew BPM
strengthsg,™". WhenN" > N one can determine thekew quadrupole

guadrupole corrector strengthshby afitting procedureso that

the following conditions are met:
Coupling is measured at the dual plane BPMs in the IRs and

0 glnskew skewy _ the skew quadrupole corrector layer in the IR corrector
aqskew 1 Ny U package is used, with a total of 16 BPMs and 8 skew
a quadrupoles in the LHC ring. Skew quadrupole correctors are

The procedure to set the skew quadrupoles for couplipgesentin IP1, IP2, IP5 and IP8.

corrections relies only on measurements at double plane BPMs o
in the ring. 3.1 Preliminary results



The effectiveness of the correction has been tested against a
distribution of random roll errors in the HGQ quadrupoles.
Table 1 summarizes the results.

Table 2: Skew quadrupole integrated strengths.

Table 1. Effectiveness of correction as a function of errors. skew interaction integrated
quadrupole region strength [mt]
coupling | coupling max max o

i i sqll IP1 0.573 1

Rl;/l: Irg” badness| badness e(ltg)jsfr; arlgg a(g:fpea;ng a
9 (before | (after sqrl IP1 0.259 16
[mrad] corr.) corr.) corr.) corr.)
[deg] [deg.] sql2 IP2 0.139 19
0.2 8.41 0.001 45.0 0.08 sqr2 IP2 -0.138 18
0.3 10.47 0.45 45.0 0.34 sql5 IP5 0.947 18
0.4 11.75 3.16 45.0 6.18 sgr5 IP5 0.240 16
0.5 12.64 6.35 45.0 20.0 sql8 IP8 0.112 19
o o _ sqr8 IP8 -0.157 18
Local decoupling is doing a good job in correcting for a

random distribution of roll errors up to 0.4mrad. The limit

seems to be reached at ~0.5 mrad with the present schemé-aFuture plans.

reasonable figure of merit for decoupling quality is to keep th& detailed study of decoupling corrections will be done for the
eigenangle less than 10 degrees everywhere in the ring.LIHC Interaction regions, in the framework of a planned study
simulations that has been verified to correspond to a mininwn effect of alignment and linear corrections. Concerning

tune separation of less than 0.001.

Figure 1: Residual coupling around the ring after loc4l

linear decoupling, more specifically, one needs to evaluate
ifferent schemes as well as testing a statistically significative

decoupling (random alignment errors in the triplet of 0.8umber of errors distributions.

mrad).
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4 CONCLUSIONS

Preliminary results on the effectiveness of local decoupling for
the LHC at collision are promising. Coupling is reduced to a

fraction of a degree everywhere in the ring by operationally

setting the skew quadrupoles in the interaction regions on the
basis of coupling measurements at the IR beam position
monitors. A more detailed study for the LHC is planned as

well as experimental work on the decoupling technique at
RHIC.
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