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Abstract
2 THE TAPERED DAMPED STRUCTURE
A new 30 GHz multibunch accelerating structure

incorporating both damping and detuning has been The new structure geometry is shown in Fig. 1. It

designed for the Compact Linear Collider (CLIC). Eacrj]ncorporates both damping and detuning, but does not

cell of the 150-cell structure is damped by its own set ]ely on a high degree of optimization of either. Each cell
four radial waveguides resulting in @ of 16 for the of the 150-cell structure is damped by its own set of four

lowest dipole mode. A simple linear taper of the bean{-adial waveguides. The damping waveguides have a

. . : . : rectangular cross-section (4.5 mm x 1.39 mm) with a
pipe dimension provides a detuning frequency spread bt
2 GHz (5.4%). Predictions of the transverse wakefiel ut-off frequency above the 30 GHz fundamental but

levels in this structure have been made using bo elow all higher-order modes. Higher-order mode

uncoupled, and two-band coupled equivalent circuﬁr:frgdy pl)rg?:algatgs Xutt via tfhteh W.a.veg.u'des.to fsmall
models with non-perfect loads. The short-rang vidua oads. A taper of the Ins dimension from

wakefield has been calculated to be about 100 5 mm to 4.5 mm provides a detuning frequency spread

V/(pC.mm.m) decreasing to less than 1% at the secoﬁ)&2 GHz (5.4%) for the I.owest dipole mpde which helps
to decrease the roll-off time. The detuning also plays an

. i 0
bunch (0.67 ns) and with a long time level below 0.1%. important role in reducing the levels of all higher
1 INTRODUCTION longitudinal and transverse modes.

The CLIC study of a 0.5 to 5 TeV &near collider [1]
proposes the use of 30GHz normal-conducting
structures operating at high accelerating fields (100 to
200 MV/m) to reduce the length and, in consequence,
the cost of the main linacs. In order to reach the required
luminosities (16)4—1035 cm’ sec) it is necessary to
accelerate and collide multiple bunches per RF pulse.
The present CLIC parameter list has 150 bunches each
with 4.10 particles spaced at 0.67 ns.

The luminosity that can be achieved depends strongly
on the vertical emittance at the interaction point. The
main source of emittance dilution in CLIC comes from
the strong transverse wakefields produced by the

accelerating structures. Beam dynamics simulations

show that transverse wakefield levels of about The transverse wakefield of the standard CLIC
1000 V/(pC.mm.m) decreasing to less than 1% at thgycture without damping or detuning is dominated by
second bunch and continuing to decrease thereafter, & |owest transverse passband with the higher bands
required to limit the vertical emittance blow-up alongcontributing at the 5-10% level. The damping
the linac to reasonable values [2]. These wakefield 'eve\}%\veguides produce@ < 20 for the lowest dipole band
cannot be obtained by detuning only, because of &4 5 Q~100 for the next transverse band. The
limited bandwidth and recoherence effects [3] nor by & nchronous mode of the lowest band propagates with a
combination of detuning and light damping as proposeghocity of 3% of the speed of light and is attenuated by
for NLC [4]. 'I_'he required levels were_obtained using & y 10° per cell. The energy does not propagate very far
structure  with  four  T-cross-sectioned  dampingyiong the structure so the behaviour of this mode can be

waveguides per cell terminated by perfect loads [5]. Thisstimated very well using an uncoupled model.
structure was considered too difficult to fabricate. It

became evident that the problematic stem of the T-shagel Uncoupled-cell analysis

waveguide could be eliminated if the beneficial detuning A aood estimate of the transverse wake behaviour can
effects of a quasi-constant gradient structure were 9

included in the analysis. This has finally resulted in ge optmn_ed from_a simple RLC lumped-element single-
multi-bunch structure design suitable for CLIC cell circuit analysis of the lower band. The valued of
' and C were chosen to make the circuit resonant at the

Figure 1: 30 GHz Tapered Damped Structure.
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synchronous frequency of the equivalent undampethe effects of detuning were included by adding the
constant impedance (CI) structure with24mm. From responses of 150 different circuits covering the detuning
[5] it is known that &Q of 16 is obtained for this mode range (2 = 3.5 mm to 4.5 mm). The wakefield for these

for the chosen waveguide dimensions. Below cut-off thdamped-detuned uncoupled cells is given in Fig. 3
Q is assumed to be 4000 (teof an undamped cell). together with results obtained from a complete two-band
These effects were simulated in the circuit by an abrufPuP!ed-cell analysis (see Section 2.2). To improve the
change ofR at cut-off. The Fourier transform of the OV?fa” model, the upper banéj of the first pass band
frequency response of this circuit gives the Wakefiel&\’h:f(:1 ngrs]t?rgl;(zz ?;[1 222 galrr? ?v\llgvegstotrfge|owgr”%taer? d
time response (Fig. 2). It can be seen that the wakefi y ’

. e waveguides damp this primarily TE-like mode to a
does not always decrease exponentially-the long rangfz 100 which alone results in a wakefield level at the
wakefield is affected by the waveguide cut-off.

second bunch which would be too high. The level is
1 however further reduced by the detuning. As done
previously, the responses of 150 different circuits
covering the detuning rangeaZ 3.5 mm to 4.5 mm)
were added to produce the wakefield shown in Fig. 4.
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Figure 2: Normalised wakefield using only damping for '° 2
single-band uncoupled model with perfect loads.
(o MAFIA analysis).
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Results from a complete MAFIA time-gwin multi-cell

analysis of the T-waveguide damped CI structure with
perfect loads [5] are given in Fig. 2 for comparison. The. ) . i . .
stem part of the T-waveguide takes out the contributio%Igure 4: The normalised wakefield with damping and

to the wake of the upper band. The simple modget?ni?? fcc;r theroubee;jband Iurc;coulpl)led lr?odel with
predicts the basic behaviour very well. perfect loads. (o Two-band coupled-cell results)

nsec

1 2.2 Coupled-cell double-band analysis

A complete double-band coupled-cell analysis of this
new structure has been made using a more complete
equivalent circuit model [6]. The damping waveguide,
(¢) which couples only to the TM part of the circuit, is
modeled by a resistor in parallel with the TM
0.01 inductance. The waveguide load is incorporated into the
circuit directly in the form of a table of scattering
parameters calculated BAFIA. The determination of
1'10 ! O the damped circuit parameters follows the procedures of
Bane and Gluckstern [7] for the detuning, and Kroll and
Yu [8] for the damping. Circuit voltages are determined
1104 - — - — , as a function pf frequency and phase ad_vance by the

' . ' spectral function method [9]. Calculation of the
. ) . , . : transverse wakefield from the results of this circuit
F'g‘”‘? s No'rmahsed wakefield with dampmg and nalysis is not straightforward. For highstructures the
detuning for single-band uncoupled model with perfec@eam sees a real transverse impedance only at discrete

loads. (0 Two-band coupled-cell results) frequencies which are synchronous with the velocity of

0.1
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light. For lowQ structures the resonances spread out
such that there is interaction with the beam over a 3 CONCLUSIONS

continuous range of phases and frequencies. In this Casey a0 GHy tapered damped accelerating structure has

the usual Brillouin diagram has to be replaced by a tw%- desianed f hich i I

dimensional broad-band impedance function dependin yon desighed for CLI? which gives very fow transverse
Wakefields. The wakefield behaviour has been analysed

on frequency and phase advance. . . ; . d
. : . . ... by simple single-cell equivalent circuits assuming
For this particular analysis, the detuning distribution erfect loads. and by a verv complete two-band coupled-
used was not quite linear - it had slight rounding at the ' y y b P

ends to improve the long time response, and cell analysis with a real load. The single-cell analysis

conservative valu® = 200 was used for the upper—banoprovIdes a quick and simple way to calculate the

damping (MAFIA results gave 80 to 130). The IoadNaKEﬁEId envelope with sufficient accuracy to establish,
consists of two SiC slabs which sit in the side walls offmd study the influence of changing basic design

. ) - ._parameters such as the damp@d detuning range,
the waveguide (see Fig. 1) giving a good absorptlo\%vaveguide cut-off frequency and number of cells. The

behaviour close to cut-off. The reflection coefficientfu” analysis is however essential for a detailed design
data obtained from aJAFIA analysis of this load Y an.

. X . Cold model tests are presently underway to confirm the
assuming a dielectric constant of 30 and a loss tangent 0
T L alculated values, and prototype structures are foreseen.
0.5 for all frequencies is given in Fig. 5. The calculate

transverse wakefield is given in Fig. 6. The levels. particular, it is planned to build an X-band scale
i . C model for tests in the ASSET facility at SLAC.

obtained are below those determined by beam dynamics

simulations for beam stability and good emittance

preservation in the CLIC main linac. 4 REFERENCES

[1] J-P. Delahaye and 30 co-authors., “CLIC, a 0.5t0 5
TeV Compact Linear Collider”, Proceedings of
EPAC98, Stockholm, June 22-26, (1998).

[2] G. Guignard, J. Hagel, “MBTR Simulations for
Different Multibunch Structure Models”, CLIC Note
348, November 1997.

[3] I. Wilson, W. Wuensch, “Multibunch Studies for
CLIC", Proceedings of PAC93, Washington, May
17-20, 1993, 641-643 (1993).

[4] M. Dehler, I. Wilson, W. Wuensch, “CLIC
Waveguide Damped Accelerating  Structure
Studies”, Proceedings of LINAC96, CERN, August

WG Load
0.55 T

05

0.45

04

0.35

0.3 [

0.25

abs(s11)

0.2

0.15

0.1 [

0.05

3Oe+10 3.5e+10 4e+10 [:rgglﬁzo 5e+10 5.5e+10 6e+10 1_5’ 1996, 734_736 (1996).
[5] M. Dehler, 1. Wilson, W. Wuensch, R.M. Jones,
Figure 5: Reflection coefficient versus frequency. N.M. Kroll, R.H. Miller, “Design of a 30 GHz

Damped Detuned  Accelerating  Structure",
Proceedings of PAC97, Vancouver, May, 1997.
o g [6] M. Dehler, “Modelling a 30 GHz Waveguide
| Loaded Detuned Structure for CLIC”, CLIC Note
‘\ 358, April 1998.
= [7] K. Bane, R. Gluckstern, “The Transverse Wakefield
\{-\ of a Detuned X-band Accelerator Structure”,
] Particle Accelerators, Vol.42, 213 (1993).
[8] N.M. Kroll, D. Yu, “Computer Determination of the
il External Q and Resonant Frequency of Waveguide
[ ‘ Loaded Cavities”, SLAC-PUB-5171 (1990).
i [9] R.M. Jones, K. Ko, N.M. Kroll, R.H. Miller, “A
oni M = Spectral Function Method Applied to the
"H!UW@MM&MM Calculation of the Wake Function of the NLCTA”,
" g M Proceedings of LINAC96, CERN, August 1-5, 1996,
650-652 (1996).

Wit (VipC/mmim)

0 0.2 0.4 0.8

Figure 6: The wakefield obtained for the double-band
coupled model plus RF load.
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