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Abstract 

This is a summary of the design procedure for the de- 
tuned accelerator structure for SLAC’s Next Linear Col- 
lider (NLC) program[l]. The 11.424 GHz accelerating 
mode of each cavity must be synchronous with the beam. 
The distribution of the disk thicknesses and lowest syn- 
chronous dipole mode frequencies of the cavities in the 
structure is Gaussian in order to reduce the effect of 
wake fields[2]. The finite element field solver YAP cal- 
culated the accelerating mode frequency and the lowest 
synchronous dipole mode frequency for various cavity di- 
ameters, aperture diameters and disk thicknesses. Polyno- 
mial J-parameter fits are used to calculate the dimensions 
for a 1.8 m detuned structure. The program SUPERFISH 
was used to calculate the shunt impedances, quality factors 
and group velocities. The RF parameters of the section like 
filling time, attenuation factor, accelerating gradient and 
maximum surface field along the section are evaluated. Er- 
ror estimates will be discussed and comparisons with con- 
ventional constant gradient and constant impedance struc- 
tures will be presented. 

. ._, .-. _ 
I. ACCELERATING MODE 

The accelerator structure is a disk loaded waveguide 
driven at 11.424 GHz. The phase advance per cell is chosen 
to be 4 = 2x/3. In order for the accelerating mode to 
maintain synchronism with the beam the phase velocity 
must be v4 = c, thus the cell length is I= 0.8748cm. 

Synchronism with the beam is a constraint on the 
dimensions of a cell. The dimensions are the disk aper- 
ture 2a, the cell diameter 2b and the disk thickness t. The 
inner edge of the disks are round with full radius, not flat. 
The RF parameters of a cell can be computed by treating 
the cell as part of a periodic structure. Let f,,(2a, 2b, t) be 
the accelerating mode frequency at 4 = 2~13. Then the 
synchronism constraint is 

f,(2a, 2b, t) = 11.424 GHz. (1) 

This can be considered an implicit formula for 2b(2a, t) for 
the cells of the accelerator structure. That is, given the 
parameters 2a and t of a cell, solve (1) for 2b. 

The finite element field solver YAP[3] was used to 
compute the accelerating mode frequency f0 for various cell 
dimensions covering the range 0.7493 cm 5 2a 2 1.1684 cm 
and 0.1016cm 5 t 5 0.2540cm. The range of cell diame- 
ters was 2.0828cm 5 2b 5 2.3622 cm. For a given set of 
dimensions (2a, 2b and t) meshes for one cell of a periodic 
structure were constructed using triangular elements. The 

*Work supported by U.S. DOE contract DE!-AC03-76SF00515. 

L I 
0.8 0.9 

disk aperture diameizr 2a (cm) 
1.1 

Figure 1. The cell diameter 2b (in cm) which yields syn- 
chronism with the beam (“4 = c). The dots are the 
206 cells of the detuned accelerator structure. The right- 
most dot is the first (input) cell and the leftmost dot is the 
last (output) cell. 

number of elements and the topology of the meshes are 
independent of the cell parameters, so the mesh depends 
smoothly on the cell dimensions. Then discretization error 
can be considered a systematic error when comparing two 
cells with slightly different dimensions. 

The accelerating mode frequency f,, was calculated by 
YAP using four successively refined meshes composed of 
quadratic elements. The estimated relative accuracy of the 
frequency calculation for the finest mesh is N 10-e. Fur- 
ther accuracy was obtained by extrapolating the four cal- 
culations to zero element size (an infinitely refined mesh). 
Conservative error estimates for the extrapolated f0 range 
from 5 KHz for large t cases to 30 KHz for small t cases. 

The calculations were fit to the polynomial 

fo(2a, 2b, t) = 2 k k f;:jk(2b)‘(2a)jtk. (2) 
k-1 j=O h=O 

Only 165 calculations with If0 - 11.424 GHz] < 150 MHz 
were included in the least squares fit for the 45 parame- 
ters. The polynomial approximates the calculations with 
residual errors < 80KHz. The polynomial can be used to 
solve (1) for the cell diameter 2b with an error N 1 pm. 
This error is comparable to the skin depth in copper at 
the operating frequency and about an order of magnitude 
smaller than available machining tolerances. A contour 
plot of 2b(2a, t) is shown in Figure 1. 

II. DIPOLE MODE 
In order to reduce the effect of wakefields it is useful 

to detune or spread out the frequencies of the undesired 
modes. A Gaussian distribution of the modes leads to very 
good cancellation of the wakefield effects. The wakefield 
decoheres in a time comparable to the reciprocal of the 
width of the frequency distribution of the modes. 
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Figure 2. The lowest synchronous dipole mode fre- 
quency fi (in GHz). The cell diameter 2b is determined 
from the synchronism condition. The open circles are the 
dimensions at which fr was computed. The dots are the 
206 cells of.the detuned accelerator structure. 

The largest wakefield by far comes from the lowest 
dipole mode. Higher dipole modes have less effect and can 
be effectively detuned by varying the disk thickness t along 
the structure such that the distribution of thicknesses is 
nearly Gaussian[4]. The disk thickness t has little effect 
on-the lowest dipole mode, so the aperture diameter 2a 
is varied along the structure such that the distribution of 
lowest synchronous dipole mode frequencies fi is nearly 
Gaussian. While the synchronous dipole mode frequencies 
of the cells are not the-same as the dipole mode frequen- 
cies of the structure, the distributions of the frequencies 
are similar -according to equivalent circuit models of the 
structur@j; ‘- - 

A Gaussian distribution with rms width 2a = 0.7 GHz 
provides decoherence of the wakefield effects by the time 
the following bunch arrives (1.4ns). To obtain good cancel- 
lation of wakefield effects over the whole bunch train (per- 
haps 90 bunches) it is necessary to have a good distribution 
of modes. Beam dynamics simulations[b] for the NLC indi- 
cate the tolerance for systematic relative frequency errors 
is approximately 10m4, hence accurate calculations of fi 
are important for the design of detuned accelerator struc- 
tures. 

The lowest synchronous dipole mode frequency fi was 
calculated using YAP[7]. The cell diameter 2b was fixed 
using the beam synchronism constraint (l), so two param- 
eters remain for the dipole mode calculations: 2a and t. 
Frequencies at two phase advances 4 close to the syn- 
chronous phase and 0.02 radians apart were computed for 
15 cells. Calculations on three successively refined meshes 
were extrapolated to zero mesh size, with conservative er- 
ror estimates ranging from 120KHz for large t cases to 
400KHz for small t cases. Then the lowest synchronous 
dipole mode frequency and phase advance were obtained 
using linear interpolation. The frequencies were fit to a 
polynomial quadratic in 2a and t. The estimated error of 
the fit is 600KHz. The fit is shown in Figure 2 and is 
expected to be good only near the region encompassed by 
the 18 calculated points. 

The Gaussian distributions for t and fr for 206 cells 
were truncated at f2o. The range of the disk thickness t 
was chosen to be 0.1 cm to 0.2 cm. This is sufficient to spec- 
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Figure 3. Dispersion diagram for the two lowest dipole 
modes of three differenct cells of the structure. The dashed 
line is the first (input) cell, the dotted line is the middle cell 
and the solid line is the last (output) cell. The dot-dash 
line is the velocity of light line. 

ify t for all cells. The relative range of fi was chosen to 
be 10.1%. With this information only one free parameter 
for the whole structure remains. In practice the parameter 
was the aperture diameter 2a of the first cell, but the av- 
erage lowest synchronous dipole mode frequency is also a 
viable free parameter. In either case the free parameter de- 
termines fi for each cell. Given fi and t for a cell the aper- 
ture diameter 2a was found using the quadratic polynomial 
approximation to the lowest synchronous dipole mode fre- 
quency. Then the cell diameter 2b was obtained from 2a, 
t and the synchronism constraint (1). 

III. STRUCTURE RF PARAMETERS 
RF parameters like the shunt impedance, quality fac- 

tor Q, group velocity us and peak surface field to ac- 
celerating gradient ratio E,,,,,/E,, were computed for 
the accelerating mode by SUPERFISH[8] for a few of the 
cells. While the code calculates RF parameters for peri- 
odic structures, the calculations are still valid locally for 
the detuned structure since the cell dimensions vary slowly. 
A polynomial fit was used to obtain the RF parameters for 
the remaining cells. The filling time of the structure was 
computed from 

fl.Sm d, 

The free parameter (e.g., the aperture diameter 2a of the 
first cell) of the structure was varied to achieve Tf = 
100nsec. The corresponding cell dimensions are plotted 
in Figures 1 and 2. 

Dispersion curves for the two lowest dipole modes of 
three cells (first, middle and last) of the structure were 
computed using YAP and are shown in Figure 3. 

The accelerating gradient along the length of the 
structure was computed[9] by first finding the attenua- 
tion T(Z) along the structure, 

J 
I 

T(%) = 
wdz 

o 2Q(zz) v&l (4) 
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Figure 4. Accelerating gradient along the length of the 
structure for 100MW input power and various structure 
types. 
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Figure 5. Peak surface gradient along the length of the de- 
tuned accelerator structure for 100 MW input power. 

where w = 27rf,, is the angular frequency. Then the power 
flow P(Z) in the structure is 

P(%) = PinfZ-2r(z) (5) 

and the accelerating gradient is 

&&) = M,,(%) r (6) 

where r(z) is the shunt impedance per unit length. The 
gradient is shown in Figure 4 along with gradients for a 
conventional constant gradient structure and a constant 
impedance structure. All three structures in Figure 4 have 
the same attenuation constant I-. 

It is noteworthy that the peak surface field Es,,,, on 
the disk edges varies little along the structure as shown in 
Figure 5. The first cell has a thin disk and large aperture, 
so Es,,axlEacc is high (% 3) but E,,, is small due to the 
low shunt impedance and high group velocity. For the last 
cell the situation is just the opposite. Other RF parameters 
are listed in Table 1. 

Table 1 
Structure RF Parameters 

Section length 
Phase advance per cell 
Iris aperture: 

radius 
normalized radius 

Group velocity 
Filling time 
Unloaded time constant 
Attenuation constant 
Shunt impedance 
Elastance 

For 50MV/m average gradient: 
Peak input power/( 1.8 m) 
Peak power per feed 
Average power dissipation 

for 250ns pulses, 18Opps 

IV. REFERENCES 
[l] R.D. Ruth, “The Development of the Next Linear 

Collider at SLAC,” SLAC-PUB-5729 (1992). 
[2] H. Deruyter, et. al., “Damped and Detuned Acceler- 

ator Structures,” SLAC-PUB-5322, 1990 Linear Ac- 
celerator Conference Proceedings. 

[3] E. Nelson, “A 2d Field Solver for Periodic Struc- 
tures with Special Corner Elements,” SLAC-PUB- 
5532, Conference Record of the 1991 IEEE Particle 
Accelerator Conference, pp. 722-724. 

[4] K. Bane, private communication. 
[5] K. Bane and R. Gluckstern, “The Transverse Wake- 

field of a Detuned X Band Accelerator Structure,” 
SLAC-PUB-5783, submitted to Particle Accelerators. 

[6] K. A. Thompson, C. Adolphsen and K.L.F. Bane, 
“Multibunch Beam Break-up in Detuned Structures,” 
SLAC-PUB-6153 (1993), these proceedings. 

[7] E.M. Nelson, “A Finite Element Field Solver for 
Dipole Modes,” SLAC-PUB-5881, 1992 Linear Accel- 
erator Conference Proceedings, pp. 814-816. 

[8] K. Halbach and R. F. H o sin 1 g er, Particle Accelerators 
7, 213 (1976). 

[9] J.W. Wang and B.W. Littmann, “Design Study on 
Quasi-Constant Gradient Accelerator Structure,” 
SLAC/AP-92, Sep. 1991. 

1.8 m 
2x/3 radians 

5.72-3.91 mm 
0.218X-0.149X 

O.l2c-0.03~ 
100 ns 

207-186 ns 
0.517nepers 

67.5-88.0 Ma/m 
853-946 V/PC/m 

48.1 MW/m 
86.5 MW 

1.4 kW/m 
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