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— Introduction

— Motivation and Performance of (sub-) THz Accelerators

- 110 GHz Standing-Wave Single-Cell Accelerating Structure
— Measurement of High Gradient Pulses and rf Breakdowns

— Conclusions



In Pursuit of Compactness, High Efficiency for rf
Accelerators
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— Accelerator Science and Technologies in the sub-
. Anode
Terahertz (100s GHz)regime enable Photoinjectors f
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« Attosecond resolution Huang et al., Scientific Rep. 5 (2015) "’LVL “ N

- Ultrafast e~ diffraction Fluang etal, Optica (2016)

« Compact X-ray sources
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Accelerators

THz accelerator

\

« GeV Gradient, Brightness, ... =
_ Addltlonal advantages A i _ THz E-field polarization ILEDUUUU
. - hot(;;rrr:ttdéggﬁztmns longitudinal + radial
* Shunt Impedance INcreases Nanni et al., Nature Comm. 6 (2015) Dal Forno et al., PRAB 19 (2018)

* RF pulse energy decreases
« Breakdown threshold increases

— Contingent on rf sources development >
« Microwave tubes, gyrotrons, ~MW, ns-us

« Laser generated, ~MW, ps

Deflectors and Compressors
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Othman et al., OE (2019)
Li, et al., PRAB (2019) Snively et al., arXiv (2019)



Design of the First Externally Driven Single Cell W-
Band Accelerator Structure

ic Field w776 MV/m .
ElecliciiFio Gy — Structure designed for
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- ——» . comparison with X-band
~OCCL W goen -0 studies™

3 mm
Magnetic Field ® 1.27 MA/m

- Iris thickness [mm] 0.2
Shunt impedance [MQ/m] 360

Axis of Cylindrical Symmetry

Esurface/Eacc 2.27
1 MW dissipated power +— Accelerating gradient E,.. [MV/m] 404
10 ns pulse «— Pulsed heating [K] 70

“Dolgashev et al., Appl. Phys. Lett. 97.17 (2010). Fill time [ns] 5



Coupling of High Power from External rf Source at sub-
THz

Assembly of structure and impact on RF and high
gradient performance is a key concern

Nanni et al., IPAC 2016
Othman et al., IPAC 2019



Coupling of High Power from External rf Source at sub-
THz

Assembly of structure and impact on RF and hlgh
gradient performance is a key concern

— Efficient excitation and avoid lossy metal
waveguide

— 10s ns pulses to reduce pulsed heating

Nanni et al., IPAC 2016
Othman et al., IPAC 2019



Coupling of High Power from External rf Source at sub-
THz

Assembly of structure and impact on RF and hlgh
gradient performance is a key concern

— Efficient excitation and avoid lossy metal
waveguide

10s ns pulses to reduce pulsed heating

us Pulses Mir

AR, = A Gaussian beam 1 MW,
L A A J 110 GHz
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. i '-' | Output Gyrotron
-— - Corrugated
110 GHz accelerator Waveguide

v Quasi optical transport

v . Nanni et al., IPAC 2016
Ultrafast rf switch Othman et al., IPAC 2019



Gaussian to TM Mode Converter for a 110 GHz
Accelerator Cavity
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— The rf power is coupled using 50 mm
a tapered Gaussian horn 90° Bend
X
— The horn converts the
Gaussian mode into the TE,, Input TEqy to Tivigy =
mode of a circular waveguide ~ ©aussian Standing-Wave Cavities \
with 99% conversion efficiency beam Diagnostic RF Port\;;;

Beam Tunnel to Faraday Cup —p»

- ATE, to TMy, mode converter includes a 90° bend with a 97% power
conversion efficiency and a bandwidth exceeding 2 GHz

- AWR-10 diagnostic window is used to probe cavity fields
Nanni et al., IPAC 2016.



110 GHz High Gradient Structure Full Assembly
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Quasi-Optical Transport Cold Test
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Gaussian beam launcher used to test

excitation

Back propagated field in the cut plane of the
assembly

First Quasi-Optical Coupling into Narrow-Band Accelerating Structure




Quasi-Optical Transport Cold Test

ol A

S parameters [dB]

TN

— Good agreement in cold test - T-mode 110.1 GHz, S11<-25 dB, S21=-41 dB
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First Quasi-Optical Coupling into Narrow-Band Accelerating Structure



Laser-Based Semiconductor Switch for Pulse Shaping

SLAC
« Short tunable pulse lengths 10s ns at
MIT 4 ks Pulses |41 Mw 110 GHz
. : : : Si Wafer ___F Gyrotron
 Quasi-optical coupling at high power TN\
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Structure
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\ ¥ Diagnostic port

— | - Current Monitor
0 10 Tizrrr?e (nS)BO 40 Picard et al., App. Phys. Lett 114.16 (2019)
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Laser-Based Semiconductor Switch for Pulse Shaping

Reflected Power

Short tunable pulse lengths 10s ns at
MIT

Quasi-optical coupling at high power
up to MW
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Measurement of High Power rf Pulses
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Measurement of High Power rf Pulses — rf Breakdowns
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Cavity Processing and Collecting Breakdown Statistics
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Cavity Processing and Collecting Breakdown Statistics
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Summary and Outlook

- mm-Wave/THz accelerating structures promise high gradient
achieving GeV/m

— Understanding the performance of structures at high frequency
and high-field is needed

— Advanced manufacturing techniques deliver expected
pe rfO Fmance Access for diamond tip

— Record breakdown statistics at highest
gradient for at least 10% shots — Comparison
with X-band studies

— Gun type structures, field emission
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