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Over the past decades, rapid development of electron
acceleration via plasma-based wakefield accelerators has
been achieved [1, 2], which shows the potentials for
future compact and economical particle colliders in
high-energy physics and many other applications in
science and industry [3]. To make an electron-positron
collider [4], it is imperative that both electrons and
positrons must be highly polarized and highly energetic
[5]. In recent years, the communities have reported some
studies on positron acceleration through wakefield [6-9],
however, few attention has been paid to positron
injection schemes, which significantly affects the final
beam quality. In addition, it is also a big challenge to
make a highly polarized positron beam, which is also
necessary for many other applications [10].

To solve these hinders, in this report, we propose a
novel scenario for positron polarization, injection and
acceleration. An ultra-intense dichromatic laser pulse is
used to collide with an initially unpolarized electron
beam, resulting in the emission of y-photons through the
nonlinear Compton scattering [11], which further
generate electron-positron pairs polarized in the
magnetic field direction within the multi-photon
Breit-Wheeler process [12]. A relativistic hollow electron
beam is used to excite a wakefield which could
effectively focus and accelerate the polarized positrons.
The polarization of the generated pairs come from the
dependence between the particle polarizability and the
asymmetry of the laser field. The injection of the
polarized positrons is fulfilled during the recovery of the
wakefield and the depolarization of the beam has been
well suppressed during the acceleration.

Through two dimensional particle in cell simulations
with fully-spin-resoved Monte Carlo method developed
in [13, 14], we found that 70% of initially polarized
positrons can be injected in the front of the wake bubble,
such that a positron bunch with transverse polarization
above 50%, energy exceeding 1 GeV and angular
divergence smaller than 20 mrad is observed in a plasma
less than 1 mm. This brings hopes for accelerating highly
polarized positrons to the energy level of 100 GeV
through multi-stage wakefield accelerators [15, 16].

T These authors contributed equally to this work.

References

[1] E. Esarey, C. B. Schroeder, and W. P. Leemans, Rev.
Mod. Phys. 81, 1229-1285 (2009).

[2] M. C. Downer, R. Zgadzaj, A. Debus, U. Schramm,
and M. C. Kaluza, Rev. Mod. Phys. 90, 035002 (2018).
[3] T. Tajima, X. Q. Yan, and T. Ebisuzaki, Rev. Mod.
Plasma Phys. 4, 7 (2020).

[4] W. P. Leemans and E. Esarey, Phys. Today 62, 44-49
(2009).

[5] K. Fujii, D. J. Miller, and A. Soni, World Scientific,
2005.

[6] S. Corde, et al., Nature 524, 442-445 (2015).

[7] S. Gessner, et al., Nat. Commun. 7, 11785 (2016).

[8] N. Jain, T. M. Antonsen, and J. P. Palastro, Phys. Rev.
Lett. 115, 195001 (2015).

[9] J. Vieira and J. T. Mendonca, Phys. Rev. Lett. 112,
215001 (2014).

[10] G. Moortgat-Pick, et al., Phys. Rep. 460, 131-243
(2008).

[11] L. S. Brown and T. W. B. Kibble, Phys. Rev. 133,
A705-A719 (1964).

[12] H. R. Reiss, J. Math. Phys. 3, 59-67 (1962).

[13] Y.-F. Li, et al., Phys. Rev. Lett. 122, 154801 (2019).
[14] Y.-F. Li, et al., Phys. Rev. Lett. 124, 014801 (2020).
[15] S. Steinke, et al., Nature 530, 190-193 (2016).

[16] J. Luo, et al., Phys. Rev. Lett., 120, 154801 (2018).



