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COUPLING CORRECTION FOR THE ILC DAMPING RINGS
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Abstract Scenario Arc phase  Arc BPM
L . . . advance locations
The damping rings of the International Linear Collider 5
2 . . : I 72 every quad
(ILC) are specified to operate with a vertical emittance of I 90° every quad
2 pm. To achieve this challenging goal, an effective di- m 790 every D-quad
agnostics and correction system will be needed; however, o
! ) . . v 90 every D-quad
BPMs add impedance to the ring, and diagnostics and cor- Y 720 2/3 D-quads
rectors add complexity and cost. It is therefore desirable VI 90° 2/3 D-quads

to understand how the final achievable vertical emittance
depends on the numbers, locations and performance of thgple 1: Scenarios studied in orbit and dispersion correc-
BPMs and correctors, and to determine the minimum nuMisn simulations.

ber of these components required. We present the results

of simulations for the damping rings, aimed at indicating

the effectiveness of coupling correction for differentiges

scenarios of the diagnostics and correction systems. the phase advance in the arc cells. To achieve the specified

damping time of 20 ms with a beam energy of 5 GeV, a
damping wiggler of length 200 m is needed. Under ideal
INTRODUCTION conditions the equilibrium emittance is dominated by the

The luminosity of a linear collider depends on the Verlattice functions in the wiggler; however orbit distortion

tical emittance of the beam extracted from the dampin nd dispersion_ in the_arcs can make a significant contribu-
rings. For the ILC [1] the specified vertical emittance foro" to t_he vertical emittance if not corrected qareful_ly.

the beam from the damping rings is 2 pm; this is a fac- Ir_] this paper we present_the_ res_ults_ of S|mulat|ons_ of
tor of two lower than the smallest emittance achieved jRPit and dispersion correction in six different scenarios
any existing storage ring. In an electron storage ring, thia'oWn in Table 1. In each case the phase advance across
dominant sources of vertical emittance are the vertical di€ Single arc cell is either 72or 90°. BPMs are located
persion and the betatron coupling. An important part ot every quadrupole in the straights; in the arcs BPMs are
the design of the damping rings is the specification of sydocated either at every quadrupole, or only at every defo-
tems capable of correcting the dispersion and the couplifySiNg quadrupole, or only at two out of every three de-
at the necessary level. To understand the issues and offficuSing quadrupoles. Note that the number of correctors
mise the design we perform simulation studies explorinfj!at We use is always equal to the number of BPMs. For
different design scenarios. As a first step, we can look &ACh scenario we apply random vertical misalignments to
the sensitivity of the vertical emittance to vertical align &/l duadrupoles (5am rms) and to all sextupoles (1@n

ment errors on the quadrupoles and sextupoles: these erfgfS)- We then apply a combined orbit and dispersion cor-

are expected to make a significant contribution to the verff€ction, with the goal of minimising the vertical emittance

cal emittance in the operating rings, although other ejror@S described in the next section.

such as quadrupole tilts, are also likely to be important [2]

We can then investigate the effectiveness of a simple corfRBIT AND DISPERSION CORRECTION
bined correction of the orbit and the dispersion in minimis-
ing the vertical emittance. This will provide the foundatio

forlmore comp!ete studies, including such effects as BP Mario (Table 1). The beam is steered using a sebfof
noise and rotation.

. . : . _dipole magnets (correctors). The BPM readings are rep-
The present baseline lattice for the ILC damping MY%%asented by a vectar of dimensionN and the corrector

[3] has a circumference of 6476 m and a racetrack layouétrengths (kicks) by a vectdrof dimensionl/. Measured

The beam position is measured with a seNoBPMs,
'Which are distributed over the ring depending on the sce-

gW? arcls, eac;h .C%TS'S“”? Qf. %tEOBO C?"S’ are Ijome ispersion at the BPMs is represented by vediqdimen-
y two long straights containing the damping WIggler, I,y A1y - The orbit response matrix (ORM) describes

cavities and injection/extraction systems. To provide Olhe change in beam position at each BPM resulting from
erational flexibility, the momentum compaction factor is . o :

' ; a change in strength of each corrector. Similarly, the dis-
tunable between 1:310~* and 2.8<10~%; adjustment of g g Y

th i tion factor i hieved by chanai ersion response matrix (DRMj describes the change in
€ momentum compaction factor 1S achieved by chang spersion at each BPM resulting from a change in strength
*Work supported by the Science and Technology Facilitiesseibu ~ Of €ach corrector. Botl and B are matrices of dimension
T K.Panagiotidis@liverpool.ac.uk N x M.
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For both orbit and dispersion to be corrected simultanghe horizontal and vertical beta functioris;L is the inte-
ously, a set of corrector kick& must be found that solves grated normalised sextupole strengtl;is the rms energy
the following system of linear equations [4]: spread;n, is the vertical dispersiony,.,: is the vertical

(1- )i (1—a)A \ » d_isplacement of a_sextupole magn_et with res_pect to the de-
< . > + < > =0 (1) sign reference trajectory; angd, . is the vertical closed
aDy ab orbit distortion with respect to the design reference traje
In general, there ar@N equations inA/ unknowns. If, tory. The estimate of the vertical emittance using this for-
as is the case her@ N > M then it is not possible, in mulamay be compared to that obtained from the simulation
general, to find exact solutions for the kicks However, code. The result, for scenario |, is shown in Fig. 2. While
using singular value decomposition, we can find a solution

that minimises the residual orbit and dispersion. The facto 10 : : —
« appearing in Eq. (1) determines whether more weight is
given to correcting the orbitoe = 0) or to correcting the o ]

dispersion(a = 1) in finding the solution. The optimum
value ofa for minimising the vertical emittance depends ‘
on the lattice and the arrangement of BPMs and correctors:
one of our goals is to investigate this dependence.

For each scenario in our simulations, we first obtain the
ORM and DRM. For a given set of random misalignments
we then find the closed orbit and the dispersion at each
BPM. The solution for the corrector strengths in Eq. (1) 07 PFS i o5 o .
can then be found, for a given weight factor, by singular veiant factor
value decomposition.

Vertical emittance (pm)

Figure 2: Emittance following orbit and dispersion correc-
tion, as a function of weight factor in scenario I. The red
SIMULATION RESULTS line shows the theoretical expected emittance from the cor-

First we look at how the orbit and the dispersion behavkected orbit and dispersion; the blue line shows the actual
as we apply the correction. Fig. 1 shows the results f&@lculated emittance

scenario | average_d over 100 seeds of random errors. ﬁ?e theoretical emittance shows broadly similar behaviour
expected.the or.b|t IS almost perfectly correcteddor 0, to the simulated emittance there are also considerable dis-
and the dispersion is almost perfectly correctechios 1. crepancies, particularly at low values @f It appears that
, S the theoretical relationship can not be used for a quanti-
tive prediction of the vertical emittance; this is beccause
the derivation of Eq. (2) makes a number of assumptions
that are not expected to be completely valid in the present
model.
Now we compare the final vertical emittance as a func-
tion of the weight factor for the different scenarios given
. - | -~ ] in Table 1. For each scenario, we vary the W(_aight factor in
weight factor weight factor steps of 0.01, between 0 and 1. For each weight factor, we
apply the correction to each of 100 seeds of random mis-
Figure 1: Orbit and dispersion correction in scenario |. alignments. The final vertical emittance averaged over 100
seeds is shown in Fig. 3. We see that in several scenarios
Given the orbit and dispersion, it is possible to make athe final vertical emittance is less than 1 pm; this is not re-
analytical estimate of the vertical emittance using the folalistic, and occurs because of the limited set of errors we
lowing equation [5]: have applied. On the other hand, in scenarios V and VI the
vertical emittance does not come down below 10 pm. We
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€y = WA [cos(2717y) — cos(2m) 2" therefo_re _fOCL_Js our atter_ltion on scenarios | tp V. A_s v_veII
Y Y ““’ as a distribution in the final emittance there is a distribu-
Z ByBe(kaL)? [{y2ns) + (Y2r0it)] tion in the weight factor that gives the minimum vertical
sewts emittance. For tuning the machine in practice, i.e. without
) 775 explicit knowledge of the magnet misalignments, it is im-
+J205 ﬁ_y (2) portant to know the optimum weight factor, i.e. the weight

factor that is (in a statistical sense) most likely to lead-mi
whereJ,, J, andJ, are the horizontal, vertical and longi- imum emittance. One way to define the optimum weight
tudinal damping partition numbers; andv, are the be- factor is as follows. For a given scenario and set of ran-
tatron tunesg, is the horizontal emittancej, andjs, are dom errors, we can determine the weight factor that leads
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Figure 3: Corrected vertical emittance, averaged over 100
seeds of random errors, as a function of weight factor.
Figure 5: Final vertical emittances. The error bars show the

- _ 5 and 99" percentiles, over 100 seeds of random errors.
to the minimum emittance. We can repeat for a number of

sets of random errors, recording the “best” weight factor
for each set. The weight factors thus recorded have some CONCLUSIONS
distribution—see Fig. 4 for the cases of scenarios | throughA combined orbit and dispersion correction is most ef-

V. The optimum weight factor is the point at which thefective when a BPM is located at every quadrupole (scenar-

distribution peaks. The width of the distribution is alsaim ios | and I1). However, the correction is almost as effective

portant: a lattice that has a very wide distribution for the,

. . . If, in the arc cells, the number of BPMs is reduced by half
optimum weight factor may be harder to tune than a latt'cfscenarios Il and V), so that the BPMs are located only
with a very narrow distribution, since the statistical epti '

mum weight factor is less likely to be close to the “best’at horizontally defocusing quadrupoles. If the number of

) . . .. .. BPMs is further reduced, then we begin to see a more sig-
weight factor in any given case. On the other hand, if the... o .
nificant degradation in the performance of the correction

final vertical emittance has a very broad minimum, the'C:E'llgorithm. There is some indication that a lower final emit-

tuning the lattice may not be very sensitive to the Weigqance is achieved in the lattices with phase advan®®of
factor. per arc cell, though the differencesto the lattices withggha
advance ofr2° is not large.

Scenario | Scenario Il
g g% Focusing on scenarios | through 1V, we observed some
g 10 £ 5 variation in the optimum weight factor to use in each case.
b b However, even when the distribution of weight factors had
gs g0 a relatively large width, it was possible to obtain an effec-
g, g, tive correction using a single optimised weight factor for
R e A T i a given scenario. The results of our simulations provide a
. 3 Scenario Il . 10 Scenario IV useful basis for more detailed and detailed studies of the
§ § . coupling correction scheme in the ILC damping rings.
2 20 g
2 g°
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