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Abstract of Thesis

Radiation reaction (RR) force plays an important role in gamma ray production in the interaction of ultraintense
laser with relativistic electron beams at the laser intensity beyond 1022 W/em?. The relationship between
emission spectrum and initial kinetic energy of the electrons at such intensities has not been studied
experimentally yet. The energy from both the relativistic electron beams and laser pulse may be converted into
the gamma rays. Therefore, the conversion efficiency of energy purely from laser pulse into gamma rays is of

great interest. We can use them as an alternative gamma ray source if the conversion efficiency is high enough.

We present the simulation results for the dynamics of an electron in strong laser field by taking into account the
effects of RR. We have investigated how the effects of RR affect the emission spectrum and photon number
distribution for different laser and electron beam conditions. We found that the peak locations of emission

spectra are suppressed for higher initial kinetic energies of the electron interact with a long laser pulse duration.

We have studied the conversion efficiencies of laser energy into gamma ray energy. We found that that an
electron with an energy of 40 MeV would convert maximally 80 % of the sum of electromagnetic work and its
initial kinetic energy to the radiation energy when interacting with 10 fs laser pulse at the laser intensity of 2 x
1023 W/em?2, By using this estimation, a bunch of electrons with the maximum charge of 1 nC at

Helmholtz-Zentrum Dresden-Rossendorf (HZDR) would emit around 0.1 J of energy into gamma ray emission.

The laser field energy depletion can be neglected for a single electron. When considering a realistic electron
beam with 109 electrons, the laser energy depletion has to be included, and we have to solve Maxwell's equations
self-consistently via Particle-in-Cell (PIC) method. For this purpose, we performed three-dimensional PIC
simulation by considering the interaction of a pulsed Gaussian beam with a finite size electron beam. We present
the simulation results for electron charge density in strong laser field with and without RR. We investigate how
the ponderomotive force affects the emission process at laser intensity more than 1023 W/em?2, When treated
self-consistently, however, the conversion efficiency reduces to 8 % due to the laser field energy depletion. This is
because the laser field energy reduction is sensitive to the motion perpendicular to the laser beam. As the energy
of the electron beam increases, the laser energy reduction is relatively small. We emphasise that to obtain
efficient gamma ray production at laser intensity more than 1023 W/cm?2, an eleciron beam with energy more
than 1 GeV is required to reduce the laser energy change. The same requirement is also necessary in order to
observe a clear signature of radiation reaction in the radiation spectrum at high power laser facility such as

BExtreme light Infrastructure {(ELI) where the lagser intensity is expected to reach the order of 102926 W/cm?2,
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