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Plasma Heating and Expansion in PWFA Experiments at FACET 
Formation of Collisionless Shocks and Filamentation Instability 
presenter Ken Marsh, UCLA AAC 2022 



Observation of Skewed Electromagnetic 
Wakefields in an Asymmetric Structure Driven by 
Flat Electron Bunches
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Walter Lynn, UCLA



Transverse Stability in an Alternating Gradient 
Planar Dielectric Wakefield Structure

Walter Lynn, UCLA





E300: Energy Doubling and Emittance Preservation through Beam Driven Plasma Wakefield 
Acceleration at FACET-II

AAC’22, Nov 6-11, 2022               D. Storey

• Goal of E300: Demonstrate beam parameters required for a single stage of a PWFA future linear 
collider

• Progress made in diagnostics development (below) and readiness for PWFA studies at FACET-II

• Beam-ionized plasmas generated in He and H2 up to 5 Torr in pressure, with differential pumping 

• First run show energy depletion and acceleration through beam ionized PWFAElectron Spectra from 1.5 Torr H
2

 PWFAEmittance of incoming beam PWFA Betatron radiation LPS via XTCAV
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Summary: Beam-driven afterburners for extending the spectral reach of XFELs

• Many XFEL facilities could take advantage of drive/witness bunch generation and properly design 
advanced accelerator structure to increase beam energy even by 20-30 %. 

• Lasing after 5-10 % relative energy gain has already been demonstrated
• Driver/witness pair generation technology is well diffused as it overlaps with pump/probe efforts
• Large impact could be obtained even with conservative afterburner stage design. 

• Essentially free energy upgrade (no construction or drive power needed).
• First experiments underway at PSI  
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Student Poster Honorable Mention!



Trojan Horse-II at FACET-II: prospects and 
experimental plans

20

E-210 E-310

● Building on the science generated at FACET, we have developed an optimised plasma 
channel.

○ Studies performed on acceptable injection tolerances

○ Plasma profile generation and optic fabrication

○ Experimental implementation ongoing

With 10mm centre mask

No mask

Andy Sutherland, Strathclyde





FLASHFORWARD‣‣

Advanced Accelerator Concepts Workshop 2022  |  Hauppage, NY, USA  |  WG 4

Direct measurements of emittance growth from Coulomb scattering on neutral gas atoms in a plasma lens – summary slide

J. Björklund Svensson1, L. Boulton1,2,3, M. J. Garland1, C. A. Lindstrøm1, F. Peña1,4, S. Schröder1, S. Wesch1. J. Wood1, J. Osterhoff1 and R. D'Arcy1

1Deutsches Elektronen-Synchrotron DESY, 2SUPA, Department of Physics, University of Strathclyde, 3The Cockcroft Institute, 4Universität Hamburg

argonnitrogenhydrogen1. Single-scattering regime – limited, but noticeable, 
emittance growth in GEANT4 simulations

2. Measurement trends similar to simulation but no 
quantitative agreement, also see emittance decrease

3. Charge loss in beamline likely culprit – tracking simulations 
indicate larger decrease for more scattered beams

4. Bonus data: focusing gradient measurements indicate 
linear gradients also in nitrogen – nitrogen could be better 
candidate for APLs than argon

5. Refined experiments and simulations underway





E301: Laser-Ionized, Unconfined Gas PWFA at FACET-II

AAC 2022 - Long Island, NY

R. Ariniello Diffractive Lenses

Measured Bessel Int. Profile
Measured Final Intensity

First Plasma 
from Tandem 
Lens Pair(!)

Goal: emittance preservation by matching beam into plasma with density ramp
Emittance Evolution





Optical visualization of e-beam-driven plasma wakes at FACET-II    Experiment E-324
Rafal Zgadzaj, Jason Brooks , M. C. Downer  et al.

Work is supported by NSF grant PHY-2010435 and U. S. DoE grant DE-SC0011617 Advanced Accelerator Concepts Workshop  2022 11 08

1)  0 to >>microsecond.  Long-time dynamics of 
post-wake plasma (with and without pre-ionization).   In 
FACET-I, E-224 obtained data covering <1.4ns delays, 
with a small amount of data reaching 10microseconds 
using electronic delay.  In FACET-II we aim to observe 
the medium until its return to its original state.
2) 0 to ~ 100ps.  Formation and evolution of ion wake 
(including central density peak and its decay into a 
channel)
3) 0 to ~ 1ps.  Plasma wake structure
4) 0 to >>microsecond.  Faraday and 
Cotton-Mouton effect based measurements of 
magnetic fields.

The aim of experiment E-324 in FACET-II is to study plasma dynamics covering a broad 
timescale, from the creation of the wake, which deposits an enormous amount of 
energy in the plasma, all the way to the return of the medium to its initial state.

Experimental phases, in 
anticipated sequence:

**  Zgadzaj, R., Silva, T., Khudyakov, V.K. et al. Dissipation of electron-beam-driven 
plasma wakes. Nat Commun 11, 4753 (2020). 
##  D’Arcy, R., Chappell, J., Beinortaite, J. et al. Recovery time of a plasma-wakefield 
accelerator. Nature 603, 58–62 (2022). 
&&  T. Silva et al., “Stable Positron Acceleration in Thin, Warm, Hollow Plasma 
Channels,” Phys. Rev. Lett. 127, 104801, 2021
^^ Cheng Y-y, et al., Phys. Plasmas 28, 123105 (2021);  

**
##

Phase 1

&&

^^

Phase 2

Phase 3

Phase 4
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11-10-2022  |   20th Advanced Accelerator Concepts Workshop (AAC’22) 29

FACET-II E-305: Beam filamentation and bright gamma-ray 
bursts – First results

Study of relativistic streaming instabilities with the FACET-II electron beam 

Gas jetshadowgraph
y

Top viewSolid 
targets

e-beam

Ionizing 
laser

Ion. 
front

Alignment and synchronisation

High resolution 
imaging spectrometer

Laser-ionized high 
pressure gas jet

- Good progress on setup commissioning
- First experiments reveal important observables and the path forward  



• Experimental results of first ever positron 
DWA with witness-bunch-relevant beam 
parameters show that higher order effects are 
not induced

• 500 MV/m gradient
• Statistically equivalent with respect to charge 
sign

• Important progress towards dielectric 
wakefield acceleration of positrons

Positron Driven High-Field Terahertz Waves 
via Dielectric Wakefield Interaction



First results from the E332 Experiment: NF-CTR Self Focusing @ FACET-II

AAC’22, Nov 6-11, 2022               D. Storey              First Results from E332: NF-CTR and Target Damage at FACET-II

• Near Field Coherent Transition Radiation (NF-CTR) 
can result in strong transverse fields at a foil surface 
boundary that can have a strong impact on the beam:

- Strong self focusing to achieve electron beams of solid-density 

- Drives the generation of an intense, collimated gamma beam

• E332 aims to demonstrate and probe these effects

• Progress and next steps:

- Diagnostics and acquisition tools developed

- Studies to understand target damage mechanism underway

- NF-CTR self focusing not resolvable under current conditions

• Resolution of the NF-CTR effects are expected in 
upcoming run with smaller emittance beams and 
multi-foil targets

First 
foil:

6th 
foil:
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Preceding e- bunch generating 
seed wakefield.

Propagation directionLong p+ bunch modulated with larger growth rate 
and initial phase determined by seed wakefield.

 

 

Dominance of the seed from a tightly-focused electron bunch 
over the self-modulation of a long proton bunch in an over-dense plasma

Kook-Jin Moon, UNIST, Korea, kookjine@unist.ac.kr

• Electron bunch preceding a long proton bunch generates wakefield for seeding the proton bunch modulation for 

PWFA. 

• Seed and the long proton bunch parameters decoupled.

• More degrees of freedom with new aspects of physics.

AAC’22, Nov. 6-11, 
2022





• LC regime has used wide drive beams in the 
past to avoid this extra ion motion but this 
causes severe head erosion.

• Different spot size drivers lead to different ion 
structures.

Witness beam realignment in plasma wakefield accelerators in the linear collider regime – 
Summary Slide
L. Hildebrand, Y. Zhao, W. An, F. Li, X. Xu, W. B. Mori, C. Joshi

• If we use a narrower drive beam (or unmatched) 
this will seed ion motion before witness beam 
arrives.

• Hildebrand et al. (2018) shows a proof of 
concept for the FACET-II parameters with 50 
times smaller emittance for both beams.

• There’s a trade off between hosing 
suppression/alignment and emittance growth.

• We can design an adiabatic plasma ramp 
that matches the beams with ion motion.

• Full PWFA-LC stage with Li plasma and 
adiabatic ramps and offset witness beam. 
We show elimination of centroid with ~85% 
emittance growth.

• Many ramps/drive beam parameters can be 
tested.
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11-10-2022  |   20th Advanced Accelerator Concepts Workshop (AAC’22)

High average gradient in a laser-gated multistage plasma wakefield accelerator

• Temporarily separated lattices

• Laser-ionization as PWFA 
gating mechanism

• 1 GV/m average gradient at 
final beam energies up to 1 
TeV

Depleted 
driver

New 
driver

200 um spacing



Beam-Driven Dielectric Wakefield Acceleration with a Plasma 
Photocathode at the AWA
• ”Dielectric Trojan Horse” replaces PWFA 

bubble with DWA structure

• Laser injected witness beam inside gas-filled 
DWA

• GV/m acceleration and low-emittance witness 
beams

• AWA experiment using 4-bunch train 
(4nC/bunch)

• E
z
 ~ 650MV/m

• First test run: 
• generated drive bunch train 
• gas delivery (windowless)
• laser delivery at IP

• Next run: generate/measure witness beam 4-bunch train in 
DWA

Witness 
beam

G. Andonian, et 
al.

Resonant 
excitation

500µ
m



Acceleration/Focusing of Positrons in
Elongated Warm Plasma Bubbles

Positrons EB

Triangular 
DB

 

 
Positrons

 

 

 

T. Wang, V. Khudik, and G. Shvets, arXiv:2110.10290
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Only 2% emittance growth in a PWFA-LC stage!

 

 

 

� M. Tzoufras et al., PRL 101, 145002 (2008)
� T. N. Dalichaouch et al., POP, 28, 063103 (2021)
� F. Li et al., Comput. Phys. Comm. 261, 107784 (2021)
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