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To extract energy from the wakefield, we place a “witness” bunch in the back 
of the bubble, where it can ride the wake and gain energy.

Plasma Acceleration with Electron Beams

As the beam enters the plasma, plasma electrons are expelled, leaving behind 
plasma ions.

The plasma ions are heavy and stationary. They exert a restoring force on the 
plasma electrons pulling them back to the axis.

The field is decelerating in the front half of the bubble. The plasma extracts 
energy from the electron beam. 

The field is focusing everywhere in the bubble.The field is accelerating in the back half of the bubble. Beam electrons can 
extract energy from the plasma wake in this region.

The plasma electrons keep oscillating after the beam has passed by.

e-

Vacuum Plasma

An electron beam propagates to the right into a neutral plasma. 

e-



What about Positrons?

The plasma electrons are mobile but the ions are not.

The symmetry of the accelerating mechanism is broken.

mi >> me

e- e+



Positron PWFA at the FFTB

Plasma
No Plasma

Acceleration of positrons in a linear plasma wakefield:
• B. Blue et. al. “Plasma-Wakefield Acceleration of an Intense 

Positron Beam” PRL 2003

Two studies on positron beam transport and beam 
quality:

• M.J. Hogan et. al. “Ultrarelativistic-Positron-Beam Transport 
through Meter-Scale Plasmas” PRL 2003

• P. Muggli et. al. “Halo Formation and Emittance Growth of 
Positron Beams in Plasmas” PRL 2008

First experiments with positron beams in plasma 
took place at the SLAC FFTB facility in 2003.

From Patric’s 2008 paper:
“Halo formation and emittance growth are the results of the mutual 

interaction between the plasma e- that focus the e+ bunch (by 
neutralization) and the e- bunch that, in turns, modifies the plasma e-

density within the bunch itself.”



Beam Loading with Electron Bunches

This simulation shows the electron beam-driven wake in

the blow out regime (Litos et. al. Nature 515, 92-95).

When the wake is loaded, the bubble regime is still free

of plasma electrons and the transverse force is un-

modified. The presence of the trailing electron beam

“flattens” the Ez field. This leads to high efficiency and

low energy spread.



Does this wake work for positrons?

Where can positrons be accelerated and focused 

in a non-linear plasma wakefield?

The field is accelerating behind the pinch in the 

first bubble.  

But the field is defocusing in this region.  

Electron Beam-Driven Wake



Positron Beam-Driven PWFA at FACET
No experiments on positron PWFA from 2003-2014.

FACET was able to provide high-density, 

compressed positron beams for non-linear PWFA 

experiments. This led to new observations:

• Accelerated positrons form a spectrally-distinct peak with 

an energy gain of 5 GeV.

• Energy spread can be as low as 1.8% (r.m.s.).

An exciting and unexpected result!

S. Corde et al., Nature 524, 442 (2015)

Experimental results in 1.3 m plasma

Why?



Positron Beam-Driven PWFA

S. Corde et al., Nature 524, 442 (2015)



Positron Beam-Driven PWFA

Beam loading also affects transverse fields for positron driven wakes! 

Unloaded Loaded

QuickPIC simulations: loaded vs unloaded wake (truncated bunch)

defocusing focusing

S. Corde et al., Nature 524, 442 (2015)



Two-Bunch Positron Beam-Driven PWFA

We followed that result with the first two-bunch positron plasma wakefield experiment. 

This demonstrated controlled loading of the positron beam-driven wake.

S. Doche et al., Nat. Sci. Rep. 7, 14180 (2017)



Other Strategies



The Hollow Channel Plasma Accelerator

The Hollow Channel Plasma is a structure that symmetrizes the response of the plasma to 

electron and positron beams. 

There is no plasma on-axis, and therefore no focusing/defocusing force from plasma ions.

Plasma Wall

Plasma Wall

Vacuum
Plasma

Drive Beam e+Witness Beam e+



Creating a Hollow Channel Plasma

Positron Beam Gold Mirror  
with hole 

Kinoform 

Laser 

YAG Screen 
Dipole  
Spectrometer 

LANEX Screen 

Plasma Channel Imaging  
Quadrupoles 

S. Gessner et. al. Nat. Comm. 7, 11785



Longitudinal Field Map

In the two-bunch experiment, we scan the distance between the drive beam and the 

witness in order to map the longitudinal structure of the wake. For the first time, we 

observe acceleration of positrons in the hollow channel plasma wakefield.



Transverse Wakefields

If the beam is not exactly on-axis in

the hollow channel, it induces a

transverse wakefield that deflects the

positron beam.

We can minimize the deflecting force

by placing the positron beam at the

correct phase of the wake, but strong

transverse wakefields are an inherent

limitation to the hollow channel

approach.
C. Lindstrom et. al. Submitted to Phys. Rev. Lett.



Wake Inversion

Two similar concepts exist for inverting the wake:
• J. Viera and J.T. Mendonca, “Nonlinear Laser Driven Donut Wakefields for Positron and Electron Acceleration” PRL 2014
• N. Jain, T. M. Antonsen, Jr., and J. P. Palastro, “Positron Acceleration by Plasma Wakefields Driven by a Hollow Electron Beam” PRL 2015



Future Facilities



Future Facilities
10GeV, 100 kA, e+/e-

2019

FlashForward, DESY: 1.25 GeV, 2.5 kA, e-

2017

AWAKE Run-II, CERN: Pre-Modulated Protons

2021



Some studies suggest 
positrons might be more 
easily trapped by the proton-
driven plasma wakefield.
• K.V. Lotov et. al. “Electron trapping and 

acceleration by the plasma wakefield of a 
self-modulating”. Physics of Plasmas 21, 
123116 (2014)

How do we get positrons at 
AWAKE?

Are there other 
opportunities at CERN???

AWAKE?



ALEGRO Positron Plasma Acceleration Working Group

PAC working group will look at existing research and suggest promising paths forward for
future positron PWFA research.

PAC mini-workshop at CERN on February 9th.



Conclusion

Positron acceleration in plasma is THE most challenging problem for high

energy PWFA applications.

There are lot’s of good ideas but none of them are entirely satisfactory.

ALEGRO will identify the most promising.

There are a dearth of research facilities for positron PWFA and LWFA.

Investment from CERN could go a long way.


