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wake functions associated with actual beam misalignments as
Abstract well as with structure misalignments, the same assumption is

o _ made. Also the computational and experimental evidence
We study some effects of cell misalignments in accelerafes not really support the above simple picture for sharp

structures in which each cell is displaced the same amoyrtontinuities (such as actually occurred in DDS1).

and direction but with sign which alternates from cell to cell.

In particular we study the manifold radiation in a dampgghe remainder of this paper is devoted to a partial study of
detuned structure (DDS1) and wakefield effects in a uniforiys effect of a special misalignment. We assume the cells to
constant impe_dance structure. A_synchronous wave aliagipg displaced alternately upward and downward by equal
phenomenon is observed. In previous treatments the effect gfnts as one proceeds along the structure. Because this is
cell misalignment has been modeled by replacing it by begfs opposite of a smooth misalignment it has some bearing
displacement. Here we compare finite difference simulatigp the jssues raised above. It is also simple enough to allow
of cell misalignment with the beam displacement model. We girect test of the equivalence of localized beam
conclude with discusions about the relevance of our resyf§piacement and cell displacement. Such a structure can be
for general misalignment profiles. analysed by treating each cell pair as a single cell and
carrying out an analysis completely analogous to the standard
DDS theory. WHe we have carried out only a small part of

In a damped detuned accelerator structure the dipole mod§d! @ Program, a number of interesting phenomena have
are detuned such that their synchronous frequencies vary WiiiE'9ed- The concluding section includes some discusions
error function profile along the length of the structure, so i the applicability of what we have leamed to the more
the frequency distribution function is Gaussian. In additi@¢neral misalignment problem.

four damping manifolds, connected to each cell, extend along
the length of the structure. The detuning leads to a rapid

initial fall off of the transverse wakefield and the_dampmghe study of both the detuned structure without damping and
prevents the recoherance reappearance which Wod pps begins with the study of individualls as part of a
otherwise occur [1]. The utility of the manifold radiation agniform structure. Proceeding analogously here we consider
a source of information about beam position within thece|| pair as a unit in a structure of period 2p, where p is the
structure and about structure misalignment is discussed '”ﬂ@}iod of the structure when the cell to cell displacement 2d
and [3]. The spectral distribution of manifold radiation,anjshes. Mode patterns and frequencies as a function of
computed by means of the equivalent circuit theory, Wafase advance over the 2p period were obtained from the
found to be ir_1 good agreement with opservations [2, Fig. &hite difference program GdfidL [5] for a typical cell,
Furthermore it was shown, by computing the effect of beagjjar to cell 103 of a detuned structure. The mesh for these
displacements localized to a few cells within the structuggycyiations is shown in Fig. 1. Considerable care in mesh
that there was a strong correlation between the localizati§hstryction is required to preserve the symmetry of the
position and the frequencies emitted into the manifold [ﬁvoblem, obtain sufficient accuracy, and avoid the
Fig. 2] allowing manifold radiation frequency to be mappefiroduction of mesh artifacts as d is varied. The Brillouin

onto cell position. Reference [3] reports measurements @persion) diagram for the accelerating mode and first two
beam position which minimizes manifold radiation as dpole modes is shown in Fig. 2.

function of frequency. By assuming that this minimum

position is centered with respect to the cells which providg is conventional the diagram is folded so that the phase
the frequency being observed and applying the mappi,ance range is limited to 0 to 180 degrees. Also shown on
function defined above, one obtains a measure of gell 2 s the (folded) light line. Computations were
position as a function of cell number and good agreemeftformed for d = 0, 0.1825, and 0.365 mm. For comparison
with mechanical misalignment measurements. we note that the diameter of the iris aperture is 9.5926 mm.

1. Introduction

2. Relative Displacement of 2 Identical Structures

Implicit in the above is the assumption that localized c&lje first discuss Fig. 2 for the case d = 0. In that case the
displacements can be taken into account by replacing thgmyctyre is periodic over the distance p (as well as 2p), and

with localized beam displacements in the equivalent circyll conventional Brillouin diagram, folded with respect to p
theory. In reference [4], which discusses the computation of



GdfidL.

Material boundaries

hatlibemicrometers were inferred from the simulations to be -
7.58, -13.2, 15.3, 27.5, 17.8, and -6.95 respectively, starting
from the lowest frequency to the highest. Numbering them
one to six, the odd numbers correspond to the alias cases.
The fact that the coincidence of the curve pairs remains at
180 degrees is evidence that the mesh variation as d is varied
is under control. The curves separate if the cells differ from
one another.
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The interaction of a v = ¢ beam with a mode of the structure
is controlled by the longitudinal voltage integral:
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where P is the structure period (p or 2p in our case), and E

© 001001 © ' and » refer to the mode under study. We base our
- X-Axis comparison of beam displacement with cell displacement on
¥ the behaviour of Yand V.

We consider the beam displacement model first. The beam

Figure 1: GdfidL mesh used for double period structurdisplacement approximation is based upon the d = 0
viewed from the y symmetry plane. A coarse mesh is usedfigiCture, a structure with period p. At a synchronous point

illustrate the geometrical features. we have besides the expression given above:
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- 12 Thus at a synchronous point the beam displacement model
e yields V,(x)y) = V,(x-d) + V,(x+d), while at an alias
0 25 50 75 100 125 150 175 synchronous point it yields {x,y) = V,(x-d,y) - V,(x+d,y).

We recall that at a synchronous point of a periodic structure,
V, is a solution of the 2D laplace equation at all points within
a region A defined by the area common to the beam
Figure 2: Brillioun diagram for double period structure withpertures. Since the d = O structure is also rotationally
Omm displacement of structure. symmetric about the beam axis, within A ¢ constant for

the monopole case and a constant times x or y for the two
mode curves of the conventional form become doubled ¢pole mode polarizations. Hence for all synchronous cases
folding back the 90 to 180 degree sections, leading to ®iethe modes we study here, \= 2 V.. Away from a
paired curves of the 2p representation connected at $80chronous point Vno longer has this simple behaviour.
degrees. One also sees that the three synchronous frequiiegyever the departure from it is found to be very small, and
points (light line intersections) of the conventiondhe symmetry properties under reflection are preserved. It
representation become supplemented by three more whichfeliows that
refer to as alias synchronous frequencies. The longitudinal
voltages for velocity of light particles vanish identically at V,, = -2d(d/dx)V,
these frequencies. to an excellent approximation. This means that the alias

synchronous modes have their x reflection behaviour
We next discuss what happens when one cell of the paireigersed in parity. The monopole becomes an x dipole, the x
offset to the left a distance d and the other offset to the rigipoles become monopoles, and the y dipoles become
by d. As far as the Brillouin diagram is concerned there @readrupoles. Note that to the extent thasatisfies pure 2D
small frequency shifts, varying a$ @t each phase advancelaplacian behaviour the x dipoles behave like a pure
The shifts of the six synchronous frequencies in KHz for d =

Phase (Deg.)



monopole and the )yvanish for the monopole and y dipoles. 3. Manifold Radiation Phenomena
Hence the alias dipole and quadrupole effects are very weak.

An equivalent circuit computation of the manifold radiation
We have compared these results with the behaviour seectrum from DDS1 fordam displacements alternated from
GdfidL simulations at y = 0 and values of x over the intervé€!l by equal amounts yielded a striking shift in the spectrum
[-4,4] mm. To compare different cases we require that which we intepreted as implying that each cell was excited at
have the same stored energy over the [0,2p] interval. Altso aliased synchronous frequency rather that its actual

since the GdfidL simulations have an arbitrary overall phas¥nchronous frequency. In the future we plan to investigate
we compare absolute values of,V the extent to which this effect is localised. The other striking

result was the the fact that the radiation was predominantly
Comparisons were made at d = 0.365 and 0.1825 mm. Firdpatream rather than downstream, an effect which was
few general observations. Since all modes are synchronéesistent with the explanation of directional asymmetry
with respect to the 2p period, all of the, \gatisfy the 2D given in [1].
laplace equation. The rotational invariance about the beam
axis is, however, broken, and hence the simple x dependence
of pure multipoles may be altered. On the other hand,
e
5

4. Concluding Comments.

ile the evidence is limited to the special situations that we
ave studied, we attempt here to draw some tentative general
f:onclusions. First, frequency shifts due to misalignments are
Hnimportant compared to those likely to arise from
dimensional errors in the cells. Second, for the computation
We discuss the even numbered modes first. For t(I;]fetrangvers_e nges _due to dipole modes_ the displaced beam
. X roximation is reliable. These misalignment may also
monopole case, there is no detectable difference between tfie Lo ; s
: . . cause a longitudinal wake from the dipole modes, but it is
displaced beam model and the simulation at 0.1825 and_no . o .
L ; mall and of little practical importance. Third, we have no
detectable variation from pure monopole behaviour. For fla o o
: . . L _ eandence that misalignment produces any signifigant effect
first dipole there is a 0.1% deviation for d = 0.1825 an .
_ . on the accellerating mode band. The transverse wakes from
0.25% for d = 0.365 and no evidence for departure from pure . :
; . . . allasing are very small, and we have no evidence of
dipole behaviour. For the second dipole the discrepancy Was . crse wakes produced directly by the RE drive
10% at d = 0.1825 and 30% at d = 0.365 and there was slight P y by :
evidence for a deviation from pure dipole behaviour. We

note that the voltage integral is abnormally small for this

mode and therefore seems to be more sensitive to figlfls work is supported by Department of Energy grant
changes associated with the displacement. The descrepagiber DE-FG03-93ER4075%nd DE-AC03-76SF00515
does appear to be decreasing with d and may well becoyie are pleased to acknowledge the timely advice and

very small at d values likely occur in practise. These resuigoport of Dr. W. Bruns, the author of GdfidL.
provide no evidence against the use of the displaced beam

approximation for calculating the transverse wakefunction as 6. References
was done in [4].

can show that the behaviour under x reflection should
preserved. Hence we expect the alias monopole to
principally dipole, and the alias x dipoles to be principal
monopole, an expectation born out by the simulations.
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