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Abstract

The Turkish Accelerator Center (TAC) 1s a project for accelerator based fundamental and applied researches supported by Turkish State Planning Organization (TSPO). In this presentation, the dynamic aperture calculations for the TAC
Synchrotron Storage Ring is made.

MACHINE APERTURES AND MAGNETS Sextupole magnets are very important at the design of a machine. Figure 2 displays speciality of sextupole magnets
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Figure 1. The Schematic view of vacum chamber and magnets Figure 2. a-) Resultant case, when sextupol magnet isn’t used b-) when it 1s used

PHYSICAL APERTURE

In a storage ring, a vacuum chamber 1s composed of various vacuum components, such as vacuum tube, valves, bellows, flanges, kickers, electrostatic separators, RF cavities, diag-
nostic devices, etc. Charged particles move along a closed orbit in such a chamber. The transverse apertures of these vacuum components, called physical aperture, limit the beam
motion along its path. It 1s very clear that the larger the physical aperture, the less particles loss. But on the other hand, a circular machine with a large physical aperture means a
large amount of budget, as well as a big scale of the machine itself. As a result, large gaps and high fields for magnets and other elements are also required. So a suitable physical | .
aperture 1s crucial to a circular machine. , Physical aperture limits swing of a matter, as shown at Figure 3. e el —

Figure 3. Example to physical aperture

DYNAMIC APERTURE

Definition of Dynamic Aperture

Dynamic aperture 1s a kind of amplitude threshold. When the amplitude of the motion of a charged particle 1s smaller than this threshold, the particle will not get lost as a consequence of single particle dynamics effect. When the ampli-
tude exceeds this threshold, the betatron oscillation of the particle will not have any bounds, and the motion will become unstable. Then, the particle can not circulate in the accelerator. Unlike the physical aperture, the dynamic aperture
separating stable and unstable trajectories is not a hard boundary. Otherwise the 1deal machine design always requires a dynamic aperture larger than its physical aperture.

Dynamic Aperture in Phase Space

Working point 1s very important for dynamic
aperture in phase space.

For example: CERN-PS with nonlinearities
(sextupoles & octupoles) with three different
working points:

(a) 0.252 (b) 0.249 (c) 0.245

With increasing initial amplitudes, the motion
progressively becomes: linear —nonlinear
(with or without islands) —chaotic —unstable

Figure 4. An example of dynamic aperture in Phase space

DETERMINATION OF DYNAMIC APERTURE

Hamiltonian formalism 1s often adopted to describe the stability of particle motion and to determine the limit of the stability. The general Hamiltonian for a particle of rest mass m ( , and charge e, in a magnetic vector potential A, and

vector potential @, is expressed as
H(@pp=e®@+c[(p-cA)’+mec’]”  (3)

Numerical Method for Dynamic Aperture Analytical Method for Dynamic Aperture

The numerical method used to simulate the particles motion in accelerator with such a modeling 1s called

, , , , , , , \ The general expression of dynamic aperture in the horizontal plane (z=0) of multipole component:
tracking. One can get the single particle motion directly from tracking and determine the stable regions of phase

1/2(m-2)

space. And numerical simulation based on the particle tracking aims at determining the dynamic aperture with \/ ) 1 p 1/(m-2)
powerful computer. Agynazm = 2Px(S ( ) ( ) 4)
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Figure 5. Phase space traking Figure 6. Dynamic aperture

CONCLUSION

Figure 7 shows the tune diagram of the four order of TAC storage ring, where the cross indicates the working

point of the machine. TuneX = 31.64 and tuneY = 13.26 , as shown at figure 8. Otherwise figure 8 shows optical
functions of TAC storage ring. B(0)= 9.988 and [,(0)= 8.340 , Emittance = 3.654 nmrd
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In this study, dynamic aperture for storage ring of the TAC 1s calculated. We found A gyna tora1 = 0.0387 m with analyti-
cal methods and it compared with the numerical value of 0.037 m. They are good values, but dynamic aperture can
be improved by using more sextupoles (harmonic sextupoles) or octupoles to cancel the effect of the chromaticity
sextupoles. Otherwise dynamic aperture should be researched and studied for top-up injection and touschek life time.
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Figure 7. Tune diagram of TAC Figure 8. Optical Functions of TAC
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