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Continual advances in achievable laser power has spurred renewed interest in using intense light to 

study fundamental predictions of classical and quantum electrodynamics (QED) [1–5]. One cornerstone 

of such experiments is the collision of laser beams with particle bunches [6, 7]. Particle motion in 

intense fields is inherently non-linear, in particular due to radiation reaction (RR) which is the impact of 

energy loss on particle motion. RR can reduce collision energies [8], hinder particle acceleration schemes [2, 

9, 10], and is seemingly unavoidable. Much work has gone into demonstrating that RR, long thought 

negligible, must now be accounted for in order to accurately model state-of-the-art high intensity laser- matter 

interactions [2, 11, 12]. Here, we will show on a different facet of the quantum nature of radiation reaction. 

Using analytical results, as well as both single particle and particle-in-cell simulations, we demonstrate that 

one can control, and effectively turn off, RR by tuning the laser pulse length. We will also present a realisable 

experimental setup (see Fig. 1), requiring only modest parameters, with which to observe the effect and 

so demonstrate a possibility to control quantum processes in intense light-matter interactions [13]. 
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Figure 1. Proposed experimental setup for testing quantum quenching. 

mailto:mattias.marklund@chalmers.se
mailto:mattias.marklund@chalmers.se


References 

[1] M. Marklund and P. K. Shukla, Rev. Mod. Phys. 78, 591 (2006). 

[2] A. Di Piazza, C. Muller, K. Z. Hatsagortsyan, and C. H. Keitel, Rev. Mod. Phys. 84, 1177 (2012). 

[3] E.Lundström,G.Brodin,J.Lundin,M.Marklund,R.Bingham, J. Collier, J. T. Mendonca, and P. Norreys, Phys. 

Rev. Lett. 96, 083602 (2006). 

[4] T. Heinzl, B. Liesfeld, K.-U. Amthor, H. Schwoerer, R. Sauerbrey, and A. Wipf, Opt. Commun. 267, 

318 (2006). 

[5] B. King, A. Di Piazza, and C. H. Keitel, Nature Photon. 4, 92 (2010). 

[6] S.-y. Chen, A. Maksimchuk, and D. Umstadter, Nature 396, 653 

(1998). 

[7] C. Bula et al. (E144), Phys. Rev. Lett. 76, 3116 (1996). 

[8] A. M. Fedotov, N. V. Elkina, E. G. Gelfer, N. B. Narozhny, and H. Ruhl, Phys. Rev. A 90, 053847 (2014). 

[9] S. V. Bulanov, T. Z. Esirkepov, J. Koga, and T. Tajima, Plasma Physics Reports 30, 196 (2004). 

[10] V. Malka, J. Faure, Y. A. Gauduel, E. Lefebvre, A. Rousse, and K. T. Phuoc, Nature Physics 4, 447 (2008). 

[11] D. A. Burton and A. Noble, Contemp. Phys. 55, 110 (2014), arXiv:1409.7707 [physics.plasm-ph]. 

[12] A. Gonoskov, S. Bastrakov, E. Efimenko, A. Ilderton, M. Marklund, I. Meyerov, A. Muraviev, A. Sergeev, 

I. Surmin, and E. Wallin, Phys. Rev. E 92, 023305 (2015). 

[13] C. N. Harvey, A. Gonoskov, A. Ilderton, and M. Marklund, Phys. Rev. Lett. 118, 105004 (2017). 

 

 

 

 

 

 

 


