SLAC–PUB–6624 Aug 1994 (A)

Contributed to the 17th International Linac Conference, Tsukuba, Japan, Aug 21–26, 1994

HIGHER ORDER MODE DAMPING FOR A DETUNED STR UCTURE^⋆

N. Kroll^†, K. Thompson, K. Bane, R. Gluc kstern^‡, K. Ko, R. Miller, and R. Ruth Stanfor d Linear Accelerator Center, Stanfor d University, Stanfor d, CA 94309 USA † Physics Department, University of California, San Diego, La Jolla, CA 92093 ‡ Physics Department, University of Maryland, College Park, MA 20742 INTR ODUCTION The acceleration cavities [1]for the NLC test accelerator (NLCTA) are disk-loaded structures composed of 204 cells plus two couplers, 1.8 meters in length, and driven at 11.424 GHz. In order to suppress the transv erse wakefield the structures are detuned [2]. As a result, the widths of the higher order mode (HOM) bands are increased, and the cell-to-cell amplitude variation of the individual modes in a band is drastically altered. Thus an off-center charge bunch moving at the velocity of light excites a spread of modes per band rather than the single (synchronous) mode characteristic of a strictly periodic structure, and the average deflecting force experienced by a charge at fixed trailing distance s falls off sharply in s at a rate proportional to the frequency spread of the excitation within the band. The predicted behavior of this wakefield is shown in Fig. 22 of Ref. 1. While the wakefield does exhibit an initial rapid fall off, it reapp ears after a few meters [4]. This effect is associated with the fact that the mode distribution within a band is discrete rather than continuous, and as the elapsed time begins to exceed the inverse mode separation the suppressing effect of a smooth gaussian distribution is lost. As discussed in Ref. 1, this reapp earance can be postponed by interleaving the detuning among four such structures so as to lead to a factor four increase in the effective mode spectrum density. However, submicron tolerances are needed to achieve this extended suppression.

We report in this paper the curren t status of our investigation ofthe possibility ofsuppressing the wake reapp earance by providing relativ ely weak damping via the vacuum manifolds. Our proposed structure is illustrated in Fig. 1. The four vacuum manifolds running the length of the structure also function as multimo de waveguides which serve to drain power from the HOM’s through the large coupling slots located in each cell, except, as discussed later, for a few at each end of the manifolds.

The waveguides are designed so that the acceleration mode is undamp ed, but there is still some limit on the size of the coupling slots because of their effect on its shunt impedance. We have set a limit of 5% degradation as a working figure, which limits the space occupied by the slots to approximately one third of the cell circumference. The effectiveness of the manifolds as damp ers for the HOM’s is connected to the detuning in an essential way. The HOM’s of the detuned structure are localized standing waves with spatial variation of effective wavelength which varies smoothly and extensiv ely along the length of the mode. This is precisely the feature which allows many modes in a band to be excited by a velocity of light particle. The excitation pattern of the mode as seen by the waveguide is such that it can drive a manifold wave at a broad range of phase velocities. The coupling of a cavity mode to the manifold is strongest when this range of phase velocities overlaps the phase velocity of one or more manifold modes at the frequency of the cavity mode.

⋆ Work supp orted by Departmen t of Energy contracts DE–A C03–76SF00515 and DE-F G03-93ER40759.