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Plasma Linear Colliders
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Laser-Plasma Linear Collider
arXiv 2203.08366 

Challenge for our field: How do we accelerate positron bunches in plasma?



Positron PWFA Experimental Research
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Positron PWFA experiments have only taken place at SLAC, 
enabled by pre-existing SLC infrastructure.

FACET-II*FFTB FACET
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*E333 experiment planned for filament regime positron PWFA.

Plus many new ideas! 



FACET: Positron PWFA with ultra-short bunches
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At FACET, we made an exciting and 
unexpected observation: 

Monoenergetic acceleration of self-loaded 
positron bunches

The FACET results inspired the 
development of novel concepts for 
accelerating positrons in plasma. 

Corde et al. Nature (2015)



FACET Sparked New Ideas in Positron PWFA Research 
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Novel concepts on electron beam-driven acceleration of positrons in plasma:

● S. Diederichs et al. “Positron transport and acceleration in beam-driven plasma wakefield accelerators using plasma columns,” 
Phys. Rev. Accel. Beams 22, 081301 (2019).

● S. Diederichs et al. “High-quality positron acceleration in beam-driven plasma accelerators,” Phys. Rev. Accel. Beams 23, 121301 
(2020).

● T. Wang et al. “Positron Acceleration in an Elongated Bubble Regime,” arXiv:2110.10290 (2021).
● S. Zhou et al. “High Efficiency Uniform Wakefield Acceleration of a Positron Beam Using Stable Asymmetric Mode in a Hollow 

Channel Plasma,” Phys. Rev. Lett. 127, 174801 (2021).
● T. Silva et al. “Stable Positron Acceleration in Thin, Warm, Hollow Plasma Channels,” Phys. Rev. Lett. 127, 104801 (2021).
● C. S. Hue et al. “Efficiency and beam quality for positron acceleration in loaded plasma wakefields,” Phys. Rev. Research 3, 043063 

(2021).
● S. Zhou et al. “Positron beam loading and acceleration in the blowout regime of plasma wakefield accelerator,” arXiv:2211.07962 

(2022).
● S. Zhou et al. “High efficiency uniform positron beam loading in a hollow channel plasma wakefield accelerator,” Phys. Rev. Accel. 

Beams 25, 091303 (2022).
● S. Diederichs et al. “Stable electron beam propagation in a plasma column,” Phys. Plasmas 29, 043101 (2022).
● S. Diederichs et al. “Self-stabilizing positron acceleration in a plasma column,”  Phys. Rev. Accel. Beams 25, 091304 (2022).
● T. Silva et al. “Positron acceleration in plasma waves driven by non-neutral fireball beams,” Phys. Rev. Accel. Beams 26, 091301 

(2023).
● S. Diederichs et al. “Temperature effects in plasma-based positron acceleration schemes using electron filaments,” Phys. Plasmas 

30, 073104 (2023).



Review of Positron Acceleration in Plasma
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Gevy Cao will cover all of those topics and more! 



Positrons at FACET-II
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Positron Damping Ring Magnet
Repairs on the positron source vacuum system are 
underway (see talk by C. Hast).

The next step is to install a compact positron damping 
ring in S10. We have a prototype for one of the magnets.

Lastly, we will reconfigure the S20 to chicane to allow for 
simultaneous delivery of electron and positron beams.

https://facet-ii.slac.stanford.edu/sites/default/files/2023-10/EQU_Hast_FacetUserMeeting_112023_0.pdf


Agenda
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Positron Damping Ring Magnet


