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Energetic particles in the universe, or cosmic rays, are
ubiquitous in a variety of phenomena with their energies
of orders of magnitude different. The origins of cosmic
rays in our galaxy are considered to be the first-order
Fermi acceleration relevant to collisionless shocks or the
so-called diffusive shock acceleration. However, the
origins of ultra-high-energy cosmic rays from
extragalactic sources are not well understood. One of the
candidates is wakefield acceleration in relativistic
collisionless shocks, where the synchrotron maser
instability emits intense electromagnetic waves. The
intense electromagnetic waves propagate in the upstream
of the relativistic collisionless shocks and excite
wakefields. Then, the wakefields nonthermally accelerate
particles in the upstream of the relativistic collisionless
shocks [1-5]. However, there is no way to access such
extreme astrophysical plasmas to verify this.

We have been working on space and astrophysical
phenomena in laboratories using high-power lasers and
exploring the relativistic regime with intense, short-pulse
lasers [6]. By replacing the intense electromagnetic
waves with intense lasers, we have demonstrated
relativistic electron acceleration with the power-law
components in high-energy tails of the energy
distribution functions [7, 8]. Recently, we have been

investigating the ion wakefield acceleration with
controlled injection of pre-accelerated ions into the
relativistic wakefield [9]. We introduce model
experiments of cosmic ray acceleration in laboratories
using intense lasers. We address the universality of the
power-law spectra of energetic particles in laboratories
and in the universe.

References

[1] P. Chen, T. Tajima, and Y. Takahashi, Phys. Rev. Lett.
89, 161101 (2002).

[2] M. Hoshino, Astrophys. J. 672, 940 (2008).

[3]Y. Kuramitsu, Y. Sakawa, T. Kato, H. Takabe, and M.
Hoshino, ApJ 682, L113 (2008).

[4] M. Iwamoto, T. Amano, M. Hoshino, and Y.
Matsumoto, Astrophys. J. 840, 52 (2017)

[5] M. Iwamoto et al., Astrophys. J. 883, L35 (2019).

[6] H. Takabe and Y. Kuramitsu, High Power Laser Sci.
Eng. 9, €49 (2021)

[7]1Y. Kuramitsu, et al., Phys. Plasmas 18, 010701
(2011).

[8] Y. Kuramitsu, et al.,, Phys. Rev. E 83, 026401 (2011).
[9] S. Isayama, et al., Phys. Plasmas 28, 073101 (2021).



