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Abstract
The main SPEAR 3 dipole magnets are 1.45 m long g
with a pole contour designed to horizontally deflect and
vertically focus the electron beam. At the nominal beam_
energy (3 GeV), the field and gradient along the magn%
centerline are 1.3 T and 3.3 T/m (k=-0.339m
respectively. Due to the straight core construction, thes
beam passes through each dipole with up to 16.6 mrg.l‘:’,
trajectory offset relative to the centerline. This paper
describes a method used to characterize the spilldowg
effect from magnetic multipole fields as observed by theR
beam traversing the dipole magnets. Results of tracking
studies utilizing the longitudinal variation of multipole _;qq ! !
fields are discussed. 0 0.5 1.0 1.5
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Figure 2: Beam trajectory through a SPEAR 3 dipole.

As illustrated in Fig. 1, the SPEAR 3 dipoles have pole
faces contoured to produce a k-value of -0.3312]. In  «gpjlidown’ terms from higher to lower multipoles.
order to simplify fabrication, a choice was made 1&Gimple examples of spilldown are the dipole kick
construct the magnets with straight rather than curvggceived by a beam passing off-axis through a
cores. Figure 2 shows a plan view of the curved beaﬂhadrupole, or the quadrupole and dipole field
trajectory passing through the dipoles. To firsgomponents seen by a beam passing off-axis through a
approximation, the trajectory describes a hyperboligextupole. In a straight dipole magnet with multipole field
cosine curve [3, 4] rather than a uniform radius curve. '%tontent, the spilldown terms come from the lateral
the magnet entrance, center, and exit, the trajectory dgsplacement of the beam along the curved trajectory.
offset from the nominal magnet centerline by 16.6 mm. | this paper, we present a matrix formalism to
The good field region (GFR) was specified by adding 3g|culate the spilldown coefficients following the beam
mm to the trajectory offset for a total span of almost 9§ajectory through the SPEAR 3 dipoles. The multipole
mm. The wide GRF specification results in the widgontent originates from systematic field errors caused by
magnet cross-section shown in Fig. 1. the finite extent of the poles. For tracking purposes the

The error multipoles sampled by the off-axis beam argipole magnets were sliced longitudinally, with each slice

26.555 . . . .
:@ @ assigned appropriate multipole spilldown terms.

| ] 2 MULTIPOLE CALCULATIONS
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The multipole content of the dipole magnets must be
identified to evaluate lattice performance in tracking
simulations. In practice, tracking codes typically specify
multipole components with respect to the ideal beam
| trajectory. If the beam deviates from this trajectory (orbit
ﬁ errors, betatron oscillations) the multipole components

‘kick’ the beam resulting in tune shift, resonant excitation,
etc. To be consistent, for a curved beam trajectory
rough a ‘straight’ dipole field the multipole spilldown

ields should also be taken into account.

For SPEAR 3, we felt the +/-16.6 mm deviation of the
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effects on dynamic aperture.
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Figure 1: Cross section of a SPEAR 3 gradient dipol
magnet.

Presented at the XVIII Particle Accelerator Conference, New York, New York, March 29- April 2, 1999.



To model this behavior, we ‘sliced’ the dipole magnets Multipole Nominal
longitudinally and computed the net multipole terms in n=3 +1.0x10

the center of each slice. The sliced magnets with n=4 -1.0x10'
associated multipole terms were then used for dynamic n=5 -5.0x1C
aperture simulations. n=6 +1.0x10
The multipole field components at any location n=7 -1.0x10'
displaced laterally byAx from the magnet center can be n=8 +1.0x10
expanded about the nominal center of the magnet as [5]: n=9 +1.0x10
-1 n=10 -1.0x1¢
B, [B,[ [z + axCl
B Us Dro E To E Table 1: Normal multipole content/B in the SPEAR 3
dipoles evaluated ag#30 mm from the straight magnetic
-1 centerline.
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Collecting terms with like powers of z from each

straight multipole component, the net multipole spilldown
coefficients are computed. The computation can be 0.0E+00
expressed as a matrix equatiothigown = [T]Dcener Where ¢ oq

the elements in the ‘spilldown’ column vectnyq,,, are 841362

[Bn O

Oa and the elements in the center column vector
B o &X Figure 3: Normal multipole spilldown terms (B) at
B, O o r,=30 mm as a function of longitudinal position.
are —_ for n=2. Defining d=Ax/r,, the row/column
Op Dfo
elements Tin the transfer matriXT[] can be written as: The binomial coefficients are evident in the columns of
[T]. After computing the trajectory variatiakx through
T;= Kiji-i the magnet, the ‘local’ multipole spectrumggon, iS
where k=] forij=1 calculated by multiplying the nominal multipole spectrum
k, =0 fori>1 along the straight magnetic axis () by the transfer
ki = Kaaygn + Ko fori>1andp 1. matrix [T].

For the SPEAR 3 magnets the systematic multipole
The structure of the transfer matrix is quite simple. Ferrors normalized to the fundamental field were computed
example a maximum multipole error index of n=6from ANSYS. The resulting values for,/B are listed in
(maximum i, j=5) has the transfer matrix: Table 1 [6]. Figure 3 shows the corresponding spilldown
terms plotted as a function of longitudinal position. For

|1 ) 3 45 55* | comparison, SPEAR 3 tracking simulations are typically
|0 1 K5) 60° 108° | performed with B/B = 5x10* at r=30mm for all

[T]I= |0 0 1 5H 1082 | systematic multipole fields throughout the full length of
|0 0 0 1 ) | each dipole. The average values in Fig. 3 are considerably
|0 0 0 0 1 | below 5x10.



3 TRACKING STUDIES 4 SUMMARY

The impact of spilldown on SPEAR 3 dynamic This paper provides a simple yet elegant formalism to
aperture was evaluated with element-by-element trackirgglculate the multipole spilldown terms for a curved beam
simulations. The spilldown effect was simulated in eactrajectory through a straight dipole magnet. The method
of the twenty eight 1.45 m dipoles. Eight additional 3/4was applied to the SPEAR 3 dipoles to simulate the
bend dipoles [2] have a smaller sagitta so spilldowdynamical effects of lateral beam displacement. The local
effects were neglected. Each 1.45 m dipole magnet wapilldown terms were found to exceed the ‘straight’ dipole
sliced into 10 segments and assigned systematic multipalalues by as much as a factor of 5-10 at maximum beam
fields according to Table 1 and Figure 3. All magnets idisplacement. Thaveragevalues of B/B, however, are
the storage ring were seeded with rms main field errorbeglow the longitudinally constant field values/B =
rms multipole errors, and alignment errors [7]. The latticéx10%r,=30 mm used for most SPEAR 3 tracking studies
tracking code LEGO [8] then performed orbit correction|2,7].
betatron tune fitting (F14.19, Q=5.23), chromaticity Using a ‘sliced’ dipole model, multipole spilldown
correction §,=¢,=0) and coupling correction prior to was found to have only a small effect on dynamic
tracking. aperture even after the multipole strengths were scaled up

To test the sensitivity of dynamic aperture to multipoley a factor of 10. Studies of skew multipole terms
content in the dipoles, the set of straight-magnehtroduced by rolling the dipole magnet also showed little
multipoles in Table 1 was uniformly scaled to higheor no effect on dynamic aperture. Based on these studies,
values, spilldown calculations performed and trackinghe straight magnet core design for the gradient dipoles
simulations carried out. In this case, the simulationsppears to yield acceptable performance.
showed little or no reduction of dynamic aperture for a
scaling factor up to 10 times the values listed in Table 1. 5 ACKNOWLEDGMENTS
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