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The recent advances in laser technology allowed us to reach the intensities up to 1022 

W/cm2. The near-future developments such as ELI facilities aim four orders of magnitude 

higher, which enables exploration of new physics. Modeling laser-plasma interaction is an 

essential element in making and testing theoretical predictions, as well as choosing 

favorable parameters for experimental studies. Standard particle-in-cell (PIC) codes have 

been invaluable over the years, but they are based on completely classical principles, 

and  therefore inadequate to model some of the effects that are expected to appear at very 

high laser intensities. First of these effects is radiation reaction, a charged particle energy 

loss due to emitting radiation. If an electron is able to transfer a significant fraction of its 

energy to one or multiple photons, then this needs to be accounted for. We have included 

radiation reaction in OSIRIS framework via Landau&Lifshitz formula. This allows for 

modeling the laser-plasma interactions in radiation reaction dominated regime.  

We have studied the possibility of entering the radiation reaction dominated regime with 

laser technology available today. A configuration where a laser wakefield accelerator is 

used to obtain electrons with multi-GeV energies in combination with an intense laser can 

be used to demonstrate radiation reaction in an all-optical setup. After leaving the plasma, 

the energetic electrons are directed to collide head-on with a laser of intensity on the order 

of 1021 W/cm2. The interaction is accompanied by emission of X-rays and gamma-rays, 

which carry a big fraction of the electron energy, and this is easily observable in the 

electron spectrum. The energy loss depends on laser peak intensity,  duration and spatial 

characteristics, as well as the spatial characteristics  and the initial energy of the electron 

beam, but can be computed with high accuracy. We have developed an analytical method to 

easily predict the output electron spectrum, and confirmed the results with full-scale 3D 

ab-initio PIC simulations. Our study encompasses a wide range of current and near-future 

laser technology parameters,  and can therefore be used for planning the experiments. We 

have discussed the limits of applicability of this semi-classical approach, and defined a 

range of parameters where the transition from radiation reaction dominated to quantum 

regime can be explored.  
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