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Abstract: Structure Wakefield Acceleration (SWFA) is one of the three Advanced Accelerator Concepts 

(AAC) recommended by the HEPAP Accelerator research and development (R&D) Subpanel to pursue 

the goal of reducing the construction and operation costs of future colliders. Acceleration at high gradient 

and high efficiency is critical to cost reduction in SWFA, and it heavily relies on the wakefield structure. 

In the baseline design of the conceptual 3 TeV Argonne Flexible Linear Collider (AFLC), dielectric-

loaded structures are powered by 20 ns short pulses with targets of ~300 MV/m gradient and ~27% rf-to-

beam efficiency [1]. Since the last Snowmass and P5 report, progress on accelerating structure R&D has 

shown promising paths toward and beyond these targets, making SWFA a very attractive option for TeV-

scale machines and compact acceleration in general. In Snowmass 2021, we propose to strengthen short-

pulse wakefield structure R&D to facilitate milestones and deliveries. 

Introduction: The AAC field conducts long-term research aimed at a future large-scale collider 

that will operate at substantially higher energy and lower cost than is possible with current 

accelerator technology [2]. In SWFA, a high-charge drive beam traveling through a structure 

excites wakefields, which are then used to accelerate a low-charge main beam, in either the same 

structure (collinear wakefield acceleration, CWA) or a parallel structure (two-beam acceleration, 

TBA). Based on extensive research in the high-gradient community, short radiofrequency (rf) 

pulses are expected to decrease the rf breakdown rate and increase the operating accelerating 

gradient [3]. Therefore, 20 ns rf pulses, more than an order of magnitude shorter than those 

typically used in pulsed machines, are proposed for the TBA-based AFLC so as to achieve an 

~300 MV/m gradient [4]. Gradient and efficiency considerations in the short pulse approach lead 

to unique requirements of the wakefield structure, namely high shunt impedance, high group 

velocity, and low structure losses. Several candidate structures are under development and their 

preliminary tests show promising results. Meanwhile, fundamental research is ongoing to 

understand the physics of gradient limitations. Taking the opportunity of Snowmass 2021, we 

summarize the current status and future directions of wakefield structure R&D as follows. In 

order to realize a practical short-pulse structure, deeper and further explorations are needed.  

Advanced wakefield structures: The high group velocity requirement results in low shunt 

impedance in the current metallic disk-loaded structures. Therefore, advanced structures with 

simultaneous high group velocity, high shunt impedance, and low loss is a core of the short-pulse 

SWFA research. The low-cost dielectric-loaded accelerator (DLA) is currently the most 

developed advanced structure, having demonstrated 200 MW generated power and GV/m 

sustainable gradient [5]. However, its relatively low shunt impedance and high loss limits the 

further improvement of rf-to-beam efficiency. Recently, two other candidates with the potential 

to overcome these disadvantages have begun development: a dielectric disk-loaded accelerator 

(DDA) using low-loss dielectric disks between cylindrical cells [6], and an all-metal 

metamaterial structure (MTM) with sub-wavelength features [7]. If successful, these structures 

could improve the rf-to-beam efficiency by 50% and therefore reduce the site power and 

operation costs. Future work in the advanced wakefield structures includes: (1) push the power 



and gradient achieved in DLA, DDA, and MTM in high power beam test; (2) use the ultralow-

loss dielectric developed in Japan [8] to reduce the rf loss in DLA and DDA; (3) improve the 

fabrication technique to obtain higher reliability and to reduce the cost; (4) study and 

demonstrate higher-order mode damping methods to mitigate long-range transverse wakefield; 

(5) build fully functional prototypes for AFLC; and (6) explore other novel structures that could 

meet the requirements in short-pulse TBA. 

High-frequency wakefield structures: Recently, interest in high-frequency structures has 

increased. It is well known that such structures have the advantage of strong beam-structure 

interaction (high gradient) and small transverse size, which could potentially reduce the 

construction cost of future colliders. However, most wakefield structures proposed for TeV-scale 

colliders operate in the microwave range with maximum frequency lower than 30 GHz. This 

limit is due to conventional fabrication technologies. Recent advances in fabrication, such as 

additive manufacturing [9], two-half assembly without brazing [10], and precise etching control 

of dielectric, have made it possible to consider wakefield structures with frequency in the mm-

wave and THz regime. Researchers have tested 400 GHz DLAs, and ~300 MV/m acceleration 

gradient was observed [11]. There are also 200 GHz metallic corrugated waveguide structures 

under development for a CWA-based multi-beamline XFEL [9]. A theoretical calculation of 

1.4-THz structures shows that a GV/m gradient could be achieved when driven by THz bunch 

trains [12]. Future directions of high-frequency wakefield structures include: (1) fabricate 

matched power extractor (decelerator) and accelerator to demonstrate the TBA concept; (2) study 

advanced approach to improve the power coupling between decelerator and accelerator; 

(3) develop collider concept based on high-frequency short-pulse TBA; and (4) study short-range 

and long-range BBU control. 

Fundamental gradient limitations: The accelerating gradient in SWFA will be eventually 

limited by fundamental physics, such as rf breakdown, multipacting, and beam loading from 

field emission. These issues are common for the high-gradient community and extensive 

research has been conducted to solve the issues or improve the understanding of them, such as 

cryogenic operation [13], curved surface to reduce internal multipacting current [14], and 

multipacting suppression by external magnetic field [15]. However, most of the research focuses 

on long-pulse operation (>100 ns) and the information on short-pulse operation (~20 ns) is based 

on theoretical assumptions. There is an urgent need to experimentally investigate the structure 

limitation in short-pulse regime with direct high-power tests. Future work to understand the 

fundamental gradient limitations includes: (1) study the gradient scaling law in a short-pulse 

regime; (2) build and demonstrate high-gradient structures taking full advantage of recent 

discoveries of the limiting factors; and (3) continue fundamental research to understand the 

complicated physics behind the limiting factors and propose reliable methods to overcome them. 
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