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AWA MISSION
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• High intensity electron beam
• Novel cathodes and RF guns
• Electron beam driven wakefield acceleration

o Structure Wakefield Acceleration (SWFA)
o Plasma Wakefield Acceleration (PWFA)

• Advanced Structures
• High power RF generation
• Phase space manipulation

o Bunch shaping
o Bunch compression 

• Novel applications

Research Focus

The mission of the AWA R&D program at ANL-HEP is to develop the science 

and technology of electron beam-driven wakefield acceleration to enable 

performance breakthroughs for future linear colliders and other advanced 

accelerators applications.

Electron Sources

AAC

Beam Physics



BEAMLINES  AND  TEST-STANDS
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ACT

Cathode studies

Breakdown studies

Witness beamline

4 – 15 MeV

0.001 – 20 nC

20 MW RF power station

RF gun studies and 

conditioning

Drive beamline

8 – 70 MeV

0.001 – 100 nC (single bunch)

Bunch trains (up to 32 bunches with 600 nC total)

witness beam

drive beam

Unique capabilities of AWA:

• Two independent linacs

• Emittance exchange beamline

• Wide range of bunch charge 

(highest)

&  flexibility Ideal test-stand 

for beam driven 

wakefield studies



WAKEFIELD STRUCTURE EXPERTISE

Some of the structures that have been tested at the 
AWA facility
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Iris loaded

Metallic (AWA)
Cylindrical Dielectric (AWA)

Meta/left-handed (MIT)
Photonic band gap (LANL)

Planar dielectric (Euclid)

Coaxial dielectric (Omega-P)



TWO-BEAM ACCELERATION EXPERIMENT

• 11.7 GHz metallic iris loaded structure

• 300 MW

• 150 MeV/m

C. Jing et al., Nucl. Instr. Meth. in Phy. Res. A 898, 72-76 (2018)



STAGING DEMONSTRATION AT AWA
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• 11.7 GHz metallic iris loaded 

structures

• 70 MeV/m

C. Jing et al., Nucl. Instr. Meth. in Phy. Res. A 898, 72-76 (2018)



EEX



5 nC / 48 MeV

① Shaping with masks

② Take final longitudinal current profile
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ARBITRARY LONGITUDINAL SHAPING WITH EEX

*G. Ha et al., PRL 118, 104801 (2017)

*G. Ha et al., PRAB 19, 121301 (2016)
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 High transformer ratio with EEX technology

TOWARDS HIGH EFFICIENCY

Tunable structure

Transformer ratio ~ 5

Q. Gao, et al, Phys. Rev. Lett., 120, 114801 (2018)



PLASMA WAKEFIELD ACCELERATION WITH 
SHAPED BUNCH

R: 1→4

*R. Roussel et al., NIMA (2018)



SUB-fs BUNCH GENERATION WITH EEX 
COMPRESSOR

No treatment

2nd order control

2nd order control

with CSR

*J. M. Seok et al., IPAC TUPMK006 (2018)

*G. Ha et al., IPAC THPAB062 (2017)
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zAWA
Emittance Exchange beamline

Transverse focusing Longitudinal compression

• No chirp required!

• Can even control the chirp!

𝜎𝑧,𝑓 = 0.2 𝑚𝑚
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THz SWFA, PWFA, LWA need this



AAC R&D
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K-BAND 26 GHZ STRUCTURES

 All-dielectric TBA

power extractor accelerator
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bunch 1-4

55 MW
generated power

28 MeV/m
acceleration

J. Shao, et al, in Proceedings of IPAC2017



 High power, high gradient at 91 GHz with two halves structure

COLLINEAR ACCELERATION STRUCTURES

 Corrugated waveguide structure for multi-beamline XFEL

G. Waldschmidt, et al, in Proceedings of IPAC2018 (2018)

Peak power ~5 MW  peak gradient 85 MeV/m

D. Wang, et al, Phys. Rev. Lett., 116, 054801 (2016)

220 GHz module 21 GHz prototype First deceleration



NOVEL STRUCTURES

 Dielectric-disk accelerator

J. Shao, et al, in Proceedings of IPAC2018, (2018)

 High power, high gradient at 11.7 GHz with reversed CR structure

Peak power 80 MW  peak gradient 50 MeV/m

X. Lu, et al, PRL (2019)
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 Wagon wheel structure

 Periodic subwavelength structure

 Period: 2 mm

 Free wavelength at 11.42 GHz: 26 mm

 Negative group velocity

 Fundamental mode: TM mode

 Interaction frequency: 11.42 GHz

 Cutoff frequency of an empty waveguide: 14.2 GHz

Wagon Wheel Structure Unit Cell

Dispersion Curve

Stainless steel

Copper
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 CST Wakefield solver, 

single bunch

 45 nC, σz = 1.2 mm

 26 MW steady state in 

the backward port

 Much lower power in 

the forward port

 Reversed Cherenkov 

radiation

 Analytical theory: 

= 25 MW

CST Simulation

Beam

Backward Port

Forward Port

Simulation
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Installed Experiment at AWA



19

 High RF power from a single 45 nC bunch

 Experiment: 25 MW

 Simulation: 26 MW (steady state)

 Analytical theory: 25 MW

 Reversed Cherenkov radiation verified

 Coherent radiation at 11.4 GHz

 Backward port has much more power

Single Bunch Experiment

100 GSa/s, 16 GHz BW scope
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 Good linear scaling of gradient vs. charge, good agreement with theory

 No breakdown events

Scaling with Charge
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Two-Bunch Experiment
Single bunch

Two bunches with 0 deg phase difference Two bunches with 180 deg phase difference
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 Two bunches with a total charge of 85 nC

 80 MW extracted RF power

 50 MV/m decelerating electric field

 75 MV/m available accelerating gradient 

for a possible witness bunch

 ~130 MV/m maximum surface field

Highest power shot



X-BAND DIELECTRIC-LOADED POWER EXTRACTOR



RF PULSE SHAPE
 2-bunches

- CST simulation with full structure including the coupler, based on the realistic 

charge balance

- A 5 GHz band-pass filter applied to the measurement results to reduce noise



RF PULSE SHAPE
 8-bunch train

- CST simulation with full structure including the coupler, based on the realistic 

charge balance

- A 5 GHz band-pass filter applied to the measurement results to reduce noise



POWER LEVEL
 8-bunch train

- Transmitted charge: ~350 nC with 100% transmission

- Power level: ~200 MW (assuming the coupling of the pickup is 71 dB)

- Flat-top: ~3 ns



THANK YOU FOR YOUR ATTENTION!


