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1 INTRODUCTION 2 CIRCUIT MODEL COMPARISON

In the Next Linear Collider (NLC)[1], long trains of short, In this report we consider cylindrically symmetric, disk—
intense bunches are acceleratedtigh the linac on their loaded accelerating structures at X-band (withdamen-
way to the collision point. One serious problem that need@l frequencyf, = 11.424 GHz), but with the simplifica-
to be addressed is the multi-bunch, beam break—up instén that the irises are rectangular, and not rounded. Let
bility in the linac. To counteract this instability the ac-us consider an earlier version of the NLC structure, a DT
celerating structures are designed so that the dipole mog#ucture. It consists of 206 cells, with Gaussian detuning
wakefields are detuned and weakly damped. Detuning @ the dipole modes, with a central synchronous frequency
accomplished by gradually varying the dimensions of thé; = 15.07 GHz, an rmg(f;),ms = 0.025f;, and a total
206 cavity cells in each structure, and weak damping byidth Af; = 0.1f;. The structure periog = 8.75 mm,
surrounding the structure with four manifolds, which allowiris thicknesg — ¢ = 1.46 mm, cavity radiug$ ~ 11 mm,
the dipole modes to weakly couple out of the cells. In ordend iris radius: varying from 5.9 mm at the beginning of
to design and predict the performance of such a structurefide structure to 4.1 mm at the end.
the NLC, it is necessary to be able to calculate accurately DT structures have been modelled using a double band
the strength of its long—range wakefields. circuit model computer program[2]. ¥/ is the number
NLC detuned structures were designed first using a@f cells in a structure, this program generaté$ coupled
equivalent circuit approach, for example, the double banf@ode frequencieg,, and kick factors:,,. The transverse
model of Ref. [2]. With the introduction of weak damp-Wakefield is then given by
ing, a more elaborate equivalent circuit approach was oM
required[3]. Other methods that have been used fordetunedWL(S) -9 Z fepn SIN (27 fy5/c) e~ Tm 90 (1)
structures are the open—mode, field expansion method[4],
and a finite element calculation employing 206 parallel
processors[5]. A scattering matrix Fr)ne)t/ho% can F;Iso b ith s the dis.tance between dr'iving and test particles,
applied to cavities that consist of a series of waveguid e_SPe_Ed oflight, an@ the quality factor due to the wall
sections[6], such as the NLC structure, and such a meth&eIStVILY. i i ,
has also been applied to the problem of detuned acceler-For the scatterlng matrix calcu'latlons we follow the'ap-
ating structures[7],[8]. Among its natural strengths whef"0ach oOf Ref. [6], implemented in the program described

applied to structure problems are the ability to model thl@f Ref. [9]. QSUUCWE withM CelleiS r;pdelebd b%(“adset
effects of complicated 3 dimensional couplers and to inQ,QM joined waveguide sections of rad, or m., 1€
th a number of dipole TE and TM waveguide modes.

vestigate the behavior of higher passband modes. In thid i - © ) ,
report we will employ a computer program that uses suchko' each section the S-matrix is obtained, and the S-matrix
Qr the composite chain is constructed by cascading the

an approach [9], to demonstrate that the scattering matr.% o ; ; o :
method can yield accurate results concerning the Wakg\_dlwdual S-matrices. From this the Iongltudlnal dipole
fields of damped, detuned accelerating structures. impedance for a beam offsetat= 4 mm is calculated,

We begin by calculating the dipole mode impedance anfaom which, using the Panofsky-Wenzel theorem, the trans-

wakefield of a slightly simplified version of a detuned (DT)yersed lmpéglancéﬁ. Its oifatalner(?. T??nfrireﬁl piﬁ:t I?f r:hf_
structure, results which we compare with those of the dodT'Pe ".’II':C Lng?nf'zs 0 tﬁ ¢ les Ioti n timesf ra yr ? b-
ble band circuit model. An important related problem i OW'SpIKes, and 1o reduce the caicuiatio € forour pro
) . .. lem the peaks have been artifically widened by introducing
the wakefield effect caused by internal structure misalign-"_". i . )
an imaginary 1.5 MHz frequency shift, corresponding to a

ments, a problem which has the special difficulty of no : S
. L L of 5000 (the width of the peaks is still narrow compared
longer being cylindrically symmetric; and we next stud the minimum mode spacing 7 MHz, however). The

the transverse kicks to the beam caused by misaligning jL}gt . . S
one cell in a DT structure, and compare results with tho l&mﬁgag;ma%%eﬁ]l:i?r'ig ﬁzeigivgyr:;eafé] EISSTlI\E/_)I :;1%323 15
of a perturbation calculation based on the circuit model. Fi- To com’ are with the ?:ircuit model  results tHe
nally, a future goal is to be able to use the scattering matrix P i ; ! .
formalism to model the more complicated NLC damped'rm)ed"’mce can be fit, for r.esonfemt' frequenmes and kick
detuned structure (DDS), and we present some prelimina ctors, to a sum of Lorentzian dlstrlbutlgns. Or, the area
results toward this goal derR, (f), averaged over frequency bins—the average
' impedanceR | —can be compared t§)k dn/df of the cir-
*Work supported by Department of Energy contract DE-Ac03-CUit model. Results for all first and second band modes,

76SF00515. comparing the kick factors, the density of modes, ahd

m=1

0-7803-5573-3/99/$10.00@1999 | EEE. 2822



Proceedings of the 1999 Particle Accelerator Conference, New Y ork, 1999

for the two methods are shown in Fig. 1 (to facilitate com- 3
parison, discrete results are connected by straight lines).
The agreement is very good_ There is disagreement in tHéhere are internal misalignments inthe accelerating struc-
k of the (much weaker) second band modes, but for the$ere, due tce.g. fabrication errors, then even if the beam is
modes it is not expected that the double—band circuit modaligned to the nominal structure axis there will be resid-
be accurate. With the S-matrix approach, to obtain théal transverse wakefield kicks, both at frequencies near the
wakefields, the fitted mode frequencies and kick factors afendamental mode (11 GHz) and the 1st band dipole modes
summed according to Eq. 1. Finally, the envelope of thel5 GHz). In the NLC these kicks can, independent of or-
dipole wake (withQ set to 6500, appropriate for copperbit, increase the beam projected emittance, and destroy the
wall losses) up ta = 80 m (the NLC bunch train length) resolution of the structure as a beam position monitor.

INTERNAL MISALIGNMENTS

for the two methods is shown in Fig. 2.
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Figure 1: Comparison with the circuit model.
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Figure 2: Wakefield envelope comparison.

Internal misalignments break cylindrical symmetry in
geometry, and we study this problem with a 3—dimensional
version of the S-matrix program. In the NLC what is
normally used to estimate the effects of internal structure
misalignments (due to the dipole modes) is a perturbative
approach based on the circuit model solution[10]. The
method assumes that, for small misalignments, the mode
frequencies and eigenfunctions do not change significantly,
and the kick factors associated with them can be obtained
through an integration of fields along a path described by
the misalignments. The result is linear in cell offset, and
the effect of a misaligned structure can be decomposed into
many single-cell misalignments.

Let us study the effect of modes near 15 GHz on a
beam on-axis in a structure with a single cell misaligned.
We consider a 21—cell section of the DT structure de-
scribed above (cells 175-195, withvarying from 4.527—
4.343 mm). The structure has been shortened to save com-
puting time, and this particular section was chosen since
it contains many trapped dipole modes that do not reach,
and therefore are not affected by, the boundary cells. For
the simulations, 45 waveguide modes are used in the cavity
region (15 each of TM and TE dipole, and Tbnopole)
and 15 modes in the iris region (5 modes of each type). To
avoid fundamental mode standing waves, matching cells
were added at the ends (with, = 6.39 mm, b;, =
11.112 mm, a,y¢ = 5.65 mm, andb,,; = 10.815 mm),
and the resulting SWR at 11.4 GHz is below 1.02.

When one cell (of cells 187-192) is misaligned, the S-
matrix program finds that only very few modes are excited
significantly, and that nearly the total effect is due to just
one or two modes. To obtain kick factors the impedance
was fitted to a set of Lorentzians, as before. The results
for six cases, showing the kick of the one or two domi-
nant modes, are given in Fig 3. Note that hereas been
normalized to 1 mm offset of the shifted celi;has also
been scaled to the full 206 cell structure (by multiplying
the 21—cell result by 21/206). Also shown in Fig. 3, for
comparison, is the results of the perturbation calculation
based on the double—band circuit model, but with frequen-
cies all shifted down by 44 MHz. The agreement is remark-
ably good. It validates the perturbation theory, showing that
there is no missing contribution due to having broken cylin-
drical symmetry. Finally, note that the sum of kick factors
due to one misaligned cell is almost the same for all cases,
~ 0.3 V/IpC/mm/m, and that this value is about the same as
is found in the peak of the distribution férof Fig. 1a.
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Figure 3: Largest kick factors for dipole modes neafFigure 5: Wakefield envelope of transverse kicks at
15 GHz, in a DT structure with one cell misaligned. 11.4 GHz due to one misaligned cell.

3.1 Transverse Kick at 11 GHz is 5.0 mmx10.496mm, and the distance from manifold
When the monopole field interacts with a shifted cell it exedge to structure axis is 11.921 mm. Modelled was 1/4 of
cites a dipolefield that causes a transverse kick independéhg cell; in the cavity region 23 waveguide modes (includ-
of the position of a witness bunch. This is true whether thi®ng manifold modes) were used, in the iris region 28 waveg-
field is external or excited by the beam. The dipole fieldlide modes. The waveguide modes were obtained using the
does not propagate far from the shifted cell because the fu=d finite element code SLANS[11]. Final results are com-
damental frequency is far below the first dipole passban@ared in Fig. 6 with those obtained with MAFIA[12], and

In Fig. 4 we plot the ratio of transverse to longitudinal volt-we see that agreement is good.

ageV, /V;, excited by the beam at the fundamental mode
frequency. The integral over the real part is in each case 22
zero. Then the transverse impedance was calculated in the
frequency range 11.4-11.5 GHz, and the results were in- 20 -
verse Fourier transformed to yield a wakefield (see Fig. 5).
Note that these kicks are much weaker than those of th@ 18 -
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