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Universities



National Labs



University Facilities
Cornell CBETA ERL Michigan Zeus Laser

Texas Petawatt LaserNebraska Diocles Laser
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FAST/IOTA



FAST/IOTA @ Fermilab

Unique Capabilities:
● Non-linear optics testing
● Single electron dynamics
● Optical stochastic cooling



FAST/IOTA @ Fermilab

Research Highlights

Experimental Study of a Single Electron in a Storage Ring via 
Undulator Radiation
S. Nagaitsev et. al., IPAC2019-MOPRB089
https://accelconf.web.cern.ch/ipac2019/papers/moprb089.pdf 

Experimental demonstration of optical stochastic cooling
J. Jarvis et. al., Nature (2022)
https://www.nature.com/articles/s41586-022-04969-7 

https://accelconf.web.cern.ch/ipac2019/papers/moprb089.pdf
https://www.nature.com/articles/s41586-022-04969-7


FAST/IOTA @ Fermilab

Upgrades

Proton injector



ATF



ATF @ Brookhaven

Unique Capabilities:
● 10 µm CO2 laser



ATF @ Brookhaven

Research Highlights

Experimental Characterization of Electron-Beam-Driven 
Wakefield Modes in a Dielectric-Woodpile Cartesian 
Symmetric Structure
P.D. Huang et. al., PRL (2018)
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.
164801 

Demonstration of a 2 ps, 5 TW peak power, long-wave 
infrared laser based on chirped-pulse amplification with 
mixed-isotope CO2 amplifiers
M. Polyanskiy et. al., OSA Continuum (2020)
https://opg.optica.org/osac/fulltext.cfm?uri=osac-3-3-459&id=4
27803 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.164801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.164801
https://opg.optica.org/osac/fulltext.cfm?uri=osac-3-3-459&id=427803
https://opg.optica.org/osac/fulltext.cfm?uri=osac-3-3-459&id=427803


ATF @ Brookhaven

Upgrades:

● Further development of CO2 
laser.
○ Near term goal = 25 TW



AWA



AWA @ Argonne

Unique Capabilities:
● Two-Beam acceleration
● High-gradient structures
● Bunch shaping and emittance exchange



AWA @ Argonne

Research Highlights

Observation of High Transformer Ratio of Shaped Bunch 
Generated by an Emittance-Exchange Beam Line
Q. Gao et. al., PRL (2018)
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.
114801 

Single Shot Characterization of High Transformer Ratio 
Wakefields in Nonlinear Plasma Acceleration
R. Roussel et. al., PRL (2020)
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.
044802 

R  = 5 R  = 7.8

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.114801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.114801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.044802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.044802


AWA @ Argonne

Upgrades
● Expand AWA bunker for 

AWA-HE (high-energy) 
using a staged approach. 



BELLA



BELLA @ Berkeley

Unique Capabilities:
● Petawatt-class, high-quality laser for LWFA



BELLA @ Berkeley

Research Highlights

Petawatt Laser Guiding and Electron Beam Acceleration to 8 
GeV in a Laser-Heated Capillary Discharge Waveguide
A.J. Gonsalves et. al., PRL (2019)
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.
084801 

Multistage coupling of independent laser-plasma accelerators
S. Steinke et. al., Nature (2016)
https://www.nature.com/articles/nature16525 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.084801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.084801
https://www.nature.com/articles/nature16525


BELLA @ Berkeley

Upgrades
● Staging of two GeV-class 

LWFA stages.
● BELLA -> k-BELLA using 

kHz laser technology.



FACET-II



FACET-II @ SLAC

Unique Capabilities:
● 100 kA-class beams
● Laser for non-linear QED
● Positron PWFA



FACET-II @ SLAC

27

First Results from 2022! (Preliminary)

First signs of electron-gamma 
collisions with a laser timing scan

2-3 GeV acceleration of 
electrons in a Hydrogen plasma

Color image of 
meter-scale H2 plasma 

Slide courtesy C. Clarke



FACET-II @ SLAC

Upgrades
● Positron PWFA

○ Would be the only facility with 
electron driven wakefields for 
positron acceleration.

● Laser upgrade from 20 TW to 200 
TW to access highly non-linear 
QED regimes.

● Reconfigure final bunch chicane 
for higher-quality beams.



FACET-II @ SLAC

Upgrades
● Positron PWFA

○ Would be the only facility with 
electron driven wakefields for 
positron acceleration.

● Laser upgrade from 20 TW to 200 
TW to access highly non-linear 
QED regimes.

● Reconfigure final bunch chicane 
for higher-quality beams.

Go to https://careers.slac.stanford.edu/ 
and search for jobs #5057 and 5140.

https://careers.slac.stanford.edu/


Conclusion/What’s Next?

Accelerator Test Facilities in the United States have produced world-class 
research and results over the past decade.

Current facilities are debuting new capabilities aimed at developing technologies 
for a future collider based on Advanced Accelerator concepts.

Staging is critical!
● Currently pursued by BELLA (LWFA) and AWA (SWFA).
● Need a demonstration facility for PWFA. Something to follow FACET-II?

Final Focus and Beam Delivery is also critical!
● Research could be carried out in conjunction with ATF2@KEK.


