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An all-optical centimeter-scale laser-plasma positron accelerator is modeled to produce quasimonoe-
nergetic beams with tunable ultrarelativistic energies. A new principle elucidated here describes the
trapping of divergent positrons that are part of a laser-driven electromagnetic particle-shower with a large
energy spread and their acceleration into a quasimonoenergetic positron beam in a laser-driven plasma
wave. Proof of this principle using analysis and particle-in-cell simulations demonstrates that, under limits
defined here, existing lasers can accelerate hundreds of MeV pC quasi-monoenergetic positron bunches.
By providing an affordable alternative to kilometer-scale radio-frequency accelerators, this compact
positron accelerator opens up new avenues of research.
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Monoenergetic positron accelerators intrinsic to positron-
electron (eþ − e−) colliders at energy frontiers [1,2] have
been fundamental to many important discoveries
[3–6] that underpin the standard model. Apart from high-
energy physics (HEP), monoenergetic eþ-beams of mostly
sub-MeV energies are also used in many areas of material
science [7,8], medicine [9] and applied antimatter physics
[10]. Applications have however not had ready access to
positron accelerators and have had to rely on alternative
sources such as βþ-decay [11], (p,n) reaction [12] and pair-
production [13] of MeV-scale photons from—fission
reactors [14], neutron-capture reactions [15] or MeV-scale
e−-beams impinging on a high-Z target [16].
Positron accelerators have evidently been scarce due to

complexities involved in the production and isolation of
elusive particles like positrons [2,16] in addition to the
costs associated with the large size of radio-frequency (rf)
accelerators [17]. The size of conventional rf accelerators
is dictated by the distance over which charged particles
gain energy under the action of breakdown limited [18]
tens of MVm−1 rf fields sustained using metallic structures
that reconfigure transverse electromagnetic waves into
modes with axial fields. This limit also complicates
efficient positron production [2,13], which has required a
multi-GeV e−-beam from a kilometer-scale rf accelerator
[17] to interact with a target. Furthermore, the positrons

thus produced have to be captured in a flux concentrator,
turned around and transported back [19] for reinjection into
the same rf accelerator.
Advancements in rf technologies have demonstrated

100 MVm−1-scale fields [20] but explorations beyond the
standard model at TeV-scale eþ − e− center-of-mass ener-
gies still remain unviable. Moreover, the progress of non-
HEP applications of eþ-beams has been largely stagnant.
Recent efforts on compact and affordable positron accel-

erator design based on advanced acceleration techniques
[21,22] have unfortunately been unsatisfactory. Production
of eþ − e− showers using high-energy electrons from

FIG. 1. Schematic of all-optical centimeter-scale schemes of
quasimonoenergetic laser-plasma positron accelerator using the
interaction of eþ − e− showers with plasma-waves.
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muon-pair photo-production



muon-pair photo-production - II



μ-pair photo-production – Geant 4



μ-pair photo-production – Geant 4 - II



μ-pair photo-production – Geant 4 - III



μ-pair photo-production – trapping & acc



Schematics – plasma e+ accelerator

scheme A

scheme B



e+–LPA - PIC-based beam phase-space
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are transversely lost as they interact with corresponding defocusing regions of the plasma 
wave. 
 
Electrons are lost in the electron compression region of the plasma wave, where positrons 
are focused. Positrons are lost in the ion cavity region of the plasma wave, where electrons 
are focused. 
 
This is reason why the electrons and positrons get separated out. 
 
The p1p2 and p1x2 phase-spaces of this process of the separation of the shower electrons 
and shower positrons are now presented using time evolution of the transverse 
momentum and transverse displacement presented as movies in the Supplementary 
Materials. 
 
However, following this valid criticism from the referee a comment is now added in the 
manuscript to explicitly state this point - 
The wave focusing fields longitudinally segregate the e+-beam from electrons (see Supplementary 
Materials). 

For the convenience of the referee a snapshot of the p1p2 phase space is presented in the 
figure below. This shows the transverse dispersion of the accelerated particles (once again 
the full movie of both the p1p2 phase space and the p1p2 phase space are in the 
Supplementary Material) 
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