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Abstract 
 The Matter-Radiation Interactions in Extremes (Ma-

RIE) XFEL concept at LANL utilizes a 20-GeV electron 
linac to drive a 50-keV XFEL. Experimental requirements 
drive a need for multiple photon bunches over time dura-
tions of about 10 microsecond produced by a bunch train 
of interleaving 0.1 nC very low-emittance bunches with 
2-nC electron bunches. The linac is required not only to 
provide high gradient and high efficient acceleration, but 
also a controlled wakefield profile to maintain the beam 
quality. In this paper, we explore the feasibility of using 
the S-Band technology to meet such acceleration re-
quirements. We will present the design optimization and 
comparison of S-Band structures based on different de-
sign considerations. 

INTRODUCTION 
 The MaRIE [1] XFEL 12 GeV drive linac conceptual 

design uses normal conducting, S-band structures operat-
ing at 25 MV/m, accelerating up to 30 100 pC bunches in 
10-µs-long RF pulses, with a minimum bunch spacing of 
50 ns and a pulse repetition frequency of 60 Hz. In choos-
ing a specific accelerator design, considerations need to 
be given to the low beam loading, the tradeoff of efficien-
cy with wakefield strength and the fact the bunch train 
length is long compared to the ~ 1 µs S-band copper cavi-
ty time constant. Given these and other factors, both trav-
eling wave (TW) and standing wave (SW) designs are 
being explored for this application. The goal is not only to 
maximize the RF-to-beam energy transfer efficiency, but 
also to suppress the long range wakefields generated by 
the bunches so that significant coupling of the bunch mo-
tion does not occur. We present these design considera-
tions and RF parameter comparisons for both types of 
structures as possible options for the MaRIE XFEL accel-
erator. 

TRAVELING WAVE STRUCTURE 
A traveling wave (TW) structure is composed of a se-

ries of metallic cylinders and washers to form the so 
called disk-loaded waveguide (DLWG) [2]. In a TW 
structure, the RF power injected from one end of the 
structure travels along the structure with a group velocity 
much smaller than in the power waveguide thus the RF 
power is compressed in the structure to achieve a high 
acceleration field while the RF phase maintains synchro-
nous with the beam being accelerated.  The basic parame-
ters of a TW structures are the phase advance per cell, the 
average iris radius (a) and the RF field attenuation con-
stant (tau). A 120 degrees phase advance per cell is cho-
sen for this comparison to maximize the structure shunt 
impedance. The iris opening is tapered to achieve a con-

stant accelerating gradient along the structure. An average 
iris radius of 10 mm is chosen for RF efficiency and 
short-range wakefield considerations. 

Cell Shape 
A typical TW cell has a rectangular cylinder and a flat 

disk with a fully rounded iris opening (DLWG). A 10% 
increase in shunt impedance could be achieved by simply 
rounding the top of the DLWG cell (RTOP). A re-entrant 
iris (RDS) cell could further improve the shunt impedance 
by about 5% depending on the iris aperture. The typical 
geometry of these three variations in cell shape is shown 
in Figure 1. Given that the re-entrant RDS shape is harder 
to machine and clean, the RTOP cell is chosen in this 
study as it is relatively simple in shape and good in RF 
efficiency. Figure 2 shows the impedance improvement 
with the RTOP cell as compared with the DLWG cell in 
the range of iris opening interested for the MaRIE linac. 

Figure 1: Traveling wave structure cell shapes. 
 

 
 
 
 
 
 
 
 

Figure 2: RF parameter comparison between DLWG and 
RTOP cell shapes. 

The peak surface electric field appears at the surface 
of the rounded iris. An elliptical rounding profile at the 
iris can reduce the peak surface field by 10-15%, as sown 
in Fig. 3, which is desirable in high gradient applications 
such as the MaRIE linac.  

Figure 3: Peak surface electric field v.s. ellipticity of the 
iris rounding for iris openings of 9.6mm and 13mm. A 10-
15% reduction is achievable with an optimal ellipticity. 
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Structure Detuning 
There are two main reasons that the iris diameter in a 

TW structure is tapered. One is to produce a constant ac-
celeration gradient profile along the structure, which im-
proves RF efficiency and reduces the peak surface field to 
average accelerating field (Es/Ea) gradient ratio. The sec-
ond reason is to detune the dipole modes so the long-
range wakefield decoheres. Such detuning occurs natural-
ly in order to achieve a constant gradient, but can be fur-
ther optimized in what is called a “detuned structure”. 
That is, the dipole mode frequency of each cell is speci-
fied differently so a bunch excitation of all cells produces 
a net wakefield where the mode contributions cancel 
(decohere) to a large extent following the bunch. In some 
applications, additional damping is needed to suppress the 
“re-coherence” of the wakefield at a later time. About 100 
cells are needed to achieve a good suppression in a single 
structure. This can be done effectively in a S-band struc-
ture about 4 m and longer. We chose a 6 m detuned TW 
design for the purpose of comparison. The design incor-
porated a Gaussian dipole mode detuning, which cause a 
de-coherence reduction of the wakefield following a 
Gaussian profile within a distance inversely proportional 
to the total frequency detuning. Figure 4 shows the de-
tuned dipole mode spectrum of the structure. Figure 5 
shows a few typical coupled dipole modes in the tapered 
structure. 

  
 
 
 
 
 

 
Figure 4 Dipole mode spectrum of the detuned structure: 
left: frequencies of  “un-coupled” cells; right: frequencies 
of  “coupled” modes of the tapered structure up to 2nd 
band.  
 
 
 
 
 
 
 
Figure 5: Typical dipole modes in a tapered structure. A 
large fraction of modes reside only in a portion of the 
structure due to the change of bandwidth by tapering. 

Gradient and Wakefield in the Detuned Struc-
ture 

 The left figure in Fig. 6 are the gradient profiles in the 
structure for two detuning cases of 8% and 11% total de-
tuning respectively. Both cases produced the typical “over 
constant” gradient profile, with the larger detuning pro-
ducing a larger gradient variation. The long-range wake-
field in the detuned structure is shown in the right figure 
in Fig. 6 and is compared with the “un-coupled” mode 

approximation. Notice that the wakefield drops signifi-
cantly in the first 2 meters due to the detuning (11%).  

 
 

 
 
 
 
 
 

 
Figure 6: Gradient and dipole wakefield profile of the 
detuned TW structure.  

STANDING WAVE STRUCTURE 
Standing wave (SW) accelerator structures have been 

suggested in the past to reduce the demand for peak pow-
er from the source. By appropriately shaping structure 
cavities, SW accelerator structures can achieve a higher 
shunt impedance. Feeding RF power to an appreciable 
length of a pi-mode SW structure is challenging because 
the group velocity of such a structure is “zero” [3]. For 
this reason, a pi-mode SW structure normally has only a 
few number of cells. The RF power is fed into the struc-
ture via a coupling slot on one of the cells by “diffusion”. 
Recently the RF feeding difficulty of a long SW structure 
was resolved by using an RF distribution feed system 
which utilizes a distribution waveguide with feed arms 
each feeds a section of a few SW cells. We propose to use 
such a feed scheme for the MaRIE accelerator. 

Cell Shape 
The aperture is chosen to be similar to the average aper-

ture of the TW structure. Because the cells will be fed by 
a distribution system, the cell-to-cell coupling is not con-
sidered a design constraint, so the iris region can incorpo-
rate special shaping in the cell optimization.  

The SW cavity shape and the basic RF parameters are 
shown in Fig. 7. The rounding and re-entrant features of 
the cavity are essential for obtaining the high shunt im-
pedance. The shape shown here is by no means absolute 
optimal but it is good enough for the purpose of this com-
parison with the TW structure design. 

 
 
 
 
 
 
 
 
 
 
 

Figure 7: SW cell profile with improved shun impedance 
 
RF Power Coupling 

RF power to the SW structure is fed at the outer radius 
of the cell via coupling slots. Different slot shapes were 

1
st

 

2
nd
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examined for both field enhancement and reduction in 
shunt impedance. A circular coupling slot was chosen as it 
has minimal effect on the reduction in shunt impedance. 
The edges of slot are rounded to minimize magnetic field 
enhancement.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: RF coupling slot for the SW cell. A pair of 
symmetric slots on a coupler cell feed a section of 4 SW 
cells. 

Distributed RF Feed System 
 A distributed coupling scheme (SLAC patent pending) 

[4] was proposed to feed a chain of many SW cavities.  A 
single RF distribution waveguide delivers power equally 
to 16 accelerator sections consisting of 4 cavities each, a 
total of 64 cavities as shown in Fig. 9. The length of a SW 
unit of 64 cells is around 3.4 meters. 
  

 
 
 
 
  

Figure 9: Distributed RF coupling system. 

A detuned dipole mode spectrum to suppress dipole 
wakefield could in principal be incorporated into a 64 cell 
SW unit design similar to that of a travelling wave struc-
ture. Unlike in a TW structure where tapering comes by 
naturally in order to produce an efficient constant gradient 
structure, the constant iris SW unit by itself is a constant 
gradient structure. The tapering in a SW unit would in-
duce a non-uniform gradient distribution. So the power 
coupling may need to be tailored to maintain the SW unit 
with a reasonable field profile. The wakefield suppression 
using detuning in a SW unit is not as well understood as 
in the TW structure, which requires further investigation.  

COMPARISON AND SUMMARY 

Aside of some specific design details as mentioned 
above, the TW and SW structures are shown to have quite 
comparable RF efficiencies as shown in Table 1. For the 
SW option, there is about 7% reduction in the peak pow-
er/unit length, but with a cost of 3% more RF energy per 
pulse than using the TW design. With the distributed feed 

scheme, the number of SW sections in a RF feed system 
is flexible, which can reduce the peak power per feed 
making it possible to use lower power klystrons. However 
this comes at the expense of having a larger number of 
klystrons. The length of a TW structure on the other hand 
is determined by the optimal filling time or attenuation 
(and effective detuning for wakefield). The detuning of a 
TW structure is well suited for wakefield suppression, 
while the wakefield suppression for the SW structure need 
to be evaluated. 

One other important concern in a normal conducting 
structure at high gradient is the RF breakdown. The SW 
structure design has a higher surface electric field en-
hancement though it is not clear that this enhancement 
will affect the performance of the structure. Recent stud-
ies [5, 6] showed advantages for SW structure in terms of 
high gradient operation. These studies were conducted 
with pulse lengths much shorter than the MaRIE RF pulse 
length of 13�s. The long pulse length effect needs to be 
studied experimentally for both TW and SW designs. 

Table 1: RF Parameter Comparison Cetween TW and SW 
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