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Abstract tracking is done using thé%order or &' order symplectic

In a storage ring the evaluation of the dynamiatape integrators where the particle motion is symplefgic
taking into account the vacuum chamber limitatisn i Conventionally, the nonlinear beam dynamics is
more accurate and may display nonlinearities tioalcc represented by the absolute dynamic aperture edions
not be seen in the conventional absolute dynaméctae  Where a wide excursion space is offered for theigter
calculations. This has been demonstrated in SESAMEI- The oscillating particle is considered unseabhen it
case where taking into account the vacuum chamb@¥ceeds that space. For more realistic estimatorihie
uncovered the seriousness of'adsder resonance mainly dynamic aperture, the vacuum chamber should be
when high order multipoles were introduced to #téde. included in the calculations since it defines thalistic
The destructive effect of thd"®rder resonance has beerPhysical limits to the particle excursion amplitutte this
avoided by changing the fractional part of the turiEhe Case, a particle passing close to the chamber txovdth
results are crosschecked using two tracking codes anonlinear motion may get lost at the chamber litiuta

verified using the Frequency Map Analysis technique ~and considered as unstable particle, while it can b
described as a stable one if it had larger spacsditlate

in as in the absolute dynamic aperture case. lmdbnse
INTRODUCTION the vacuum chamber may participate in defining the
“chamber-limited” dynamic aperture [7]. The importa
of including the vacuum chamber can be seen more
clearly if the particle nonlinear motion is exciteg the
effect of high order multipoles [8] for example.

The dynamic aperture is the transverse area ix-the
plane & for horizontal and for vertical plane) in which
the particle betatron motion is stable. It is defirby the
maximum initial phase space amplitude@], p.(0), z(0),
p,(0)) with which the tracked particle doesn’t gestldor
enough number of turns with respect to the intargst THE DYNAMIC APERTURE WITH
time scale as the damping time for the electrohdfis a VACUUM CHAMBER
local lattice parameter where its horizontal andtival

dimensions at some longitudinal positiedepend on the | the nonlinear optimization of SESAME storagegrin
optical functions there.lln the linear approximatio IS |attice, the vacuum chamber with dimensiars+35 mm
transformed using the relation ¢ horizontal half-aperture and = +15 mm for the

A (8) =B Boy, Poyyr With B {s) the s vertical one was included in the dynamic aperture

dependent beta functiofis x ;andA, « ,are beta function f:r??l(;lélﬁ(t'?lns' Thet vacuum char\]mb_erlV\I/_as_tlr;_trodu?e?h In
and dimensions of the dynamic aperture at the tzlon -l as-a transverse physical limitation at the
points = 0. entrance and exit of each element in the latticke T

In BETA [2] and TRACY-II [3] tracking codes, used i elements of the lattice are _div_ide_d into many slidier
this study, the particle is tracked in differentysa In each the vacuum chamber limitations are introdutée.

BETA code the particle coordinates are defined by %endmg magnets and ql_JadrupoIes are the moststitege
column matrix with the components, &, z, 7, I, & 1) ones in this consideration. In BETA code, the vacuu

) . 2 chamber was represented by horizontal and vertical
wherex, z the horizontal and vertical transverse positions

X = dx /dsandZ = dz /dsare the angled, and & are the scrapers placed at the highest values for betaifuns3,
variations in path length and the relative momenturﬁndﬂz‘ . .

deviation of the test particle from the synchronons, T_he pr_esented_ nonlmear calculations are done on an
whereas the "7 component 1 is used to represent thé)ptlcs with working point (= 7.23, Q = 5.19) [9] and
effect of a kick on the trajectory. When dealinghnhe are .evaluated by tr.acklng the particle for. 1000{]3“
2" order formalism, the column vector is extended b tarting from the middle of the Long straight _sentl
adding the # order components [4]. The particle tracking here f; = 12.31 m apdﬁz=_ 3.13 m. The maximum

is done using the*lorder and %' order transfer matrices values forZ andz, in this optics argumax= 12.807 m in

[4]. In TRACY-II code the particle motion is desueid by the mlddlle of the-focusmg quadrupoles- at the eqidhe

the canonical coordinates{ . z, p, , I, 8) with x, zthe long stra|_ght sections an .= 21.35 min the middle of
horizontal and vertical transverse positions ggdp, are the bending magnets as Sho‘i"n by Fig. 1. The vacuum
their horizontal and vertical conjugate momenta.e Thchamber vertical half-aperture= 15 mm, in the bending



magnet yields a vertical physical apertdée= 5.74 mm When the dipole high order multipoles, listed in
(at x = 0) at the calculation point. The presentedablel, were included into the calculations the sitzthe
calculations are done for chromaticities corredtedero absolute and chamber-limited dynamic aperturesrbeca
in both planes. as shown in Fig. 3.
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Table 1: Dipole high order multipoles.
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Figure 1: SESAME storage ring optics showjig(red),
£, (blue) and dispersion, (green).

nonlinearities became different from the case oalie
dynamic aperture as shown by Fig. 2 where the tesil
BETA, which highly agree with TRACY-Il results, are
presented.
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By introducing the vacuum chamber, signature of th . Nl \ “ (‘W ‘ \ -

Figure 3: Dynamic apertures under high order molép
effect. (left) The absolute dynamic aperture (blue)
_ compared to the vacuum chamber size (red), (ritte)
A . chamber-limited dynamic aperture.

/ \ R Figure 3(left) indicates that the absolute dynaagierture

,‘ 4 ] is still enough larger than the physical one, cqusatly
DD U A E (O i .11} the high order multipoles seem tolerable by thecept
But when the vacuum chamber is included in the
calculations in Fig. 3(right), we can see that ¢hbgh
Figure 2: (left) The absolute dynamic aperture &blu order multipoles amplify the two cuts to a levehtth
compared to the vacuum chamber size (red). (ri§h§ cannot be accepted resulting in a dynamic apertureh
chamber-limited dynamic aperture. The dashed lingmaller than the physical one. Hence these higlerord
shows how the chamber-limited dynamic aperturesilsho myitipoles are not tolerable by the optics, corittiy
be in case of linear particle motion. the indication given by Fig. 3(left). It can be iced that
the two cuts also have been shifted outward from th

Figure 2(right) show that the chamber-limited dyimm center._ This is due to the distorted tune shlftth\mand
aperture is degrading at largeamplitudes mainly in the Z@mplitudes. Propagation of the two vertical cutsvd
left side and, moreover, it has two clear vertimats atx  through the dynamic aperture indicates that theingi
~ +21 mm. This indicates a presence of resonancéeSonance is excited causing higher amplitudestifer
(created by the sextupoles) there which make thiéciea particle nonlinear vertical oscﬂla’qo_ns SO thae ubart_|cle
motion nonlinear and increase the amplitude ofiglart 9€tS lost on the upper chamber limitation at lowetical
vertical oscillation to higher than what is allowed the heights.

vacuum chamber. Consequently this particle getsdns _ 1HiS €xplanation is more clarified by Fig. 4 which
the upper chamber limitation. In case of no chamb&hows behavior of the vertical oscillation ampléuef the

limitation, that particle is considered stable biye t particle versux-positionat z = 4.8 mm without and with

tracking code due to the large oscillation spadered to high order multipoles. The blue lines represent the
it as can be seen in Fig. 2(left). vertical physical apertureAz = £5.74 mm at the

calculation point.

H
s

Applying High Order Multipoles
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Figure 4: The vertical oscillation amplitudes vexgdor a  Figure 5: Chamber-limited dynamic aperture (lefi)dda

particle tracked at the vertical height z = 4.8 mwithout  vertical oscillation amplitude with (right), under effect

(left) and with (right) high order multipoles. of high order multipoles, for the new working po{@,
=7.28,Q=5.19).

The gradually increasing vertical amplitude witlin the

left sides of Fig. 4 explains the dynamic aperture

degradation in the left hand side of Figs. 2(righid CONCLUSION
3(right). The two drastic increments in vertical@itude

at x = £21 mm which are amplified by high order s study showed that including the vacuum chamber
multipole effect stand behind the two seen cutsesthey |iptation in the dynamic aperture calculations lcobe a

cause the particle to exceed the vertical acceptahthe simple tool, other than the complicated FMA techueig
vacuum chamber. to uncover the nonlinearity in the inner structofethe
dynamic aperture. In SESAME case it revealed a
The Vacuum Chamber is a Simple Tool to Shgf/ iousness of existing"%rder resonance, mainly when
Inner Dynamic Nonlinearity igh qrder mqltlpolgs are included, somethmg which
couldn’t be noticed in case of absolute dynamicrtape

calculations.
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