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 Abstract: We present an analytical treatment for the 

generation of high-energy gamma radiation by laser-

plasma interaction. The peculiar property of plasma to 

tackle high accelerating gradients makes it suitable to 

operate under ultra-intense laser fields.[1] When laser 

impinges into plasma, the pondermotive force associated 

with the laser expels the electrons towards the low-

intensity region and induces an electrostatic field. This 

space-charge field further produces a plasma channel that 

focuses the laser beam due to the modified refractive 

index. In the quasi-static regime, the generation of a 

spontaneous magnetic field [2] in both the axial and 

azimuthal direction takes place, which confines the 

motion of electrons. The trapped electrons execute the 

betatron oscillations inside the channel and radiate 

synchrotron gamma radiation.[3]  

Under the extreme intense laser field, the 

quiver velocity of electrons enters into the relativistic 

regime. We opt long laser pulse with time duration less 

than the characteristic response time of ions but higher 

than that of the electrons. In this regime, the direct 

acceleration [4] of electrons dominates the laser wakefield 

acceleration, and the ions make a stationary background. 

The incident Laguerre-Gaussian (LG) [5] laser beam 

(shown in Fig. 1) belongs to the dark hollow family 

possessing the intrinsic angular momentum. On the one 

hand, the circular polarization incident beam produces the 

spin angular momentum to the electrons, and on the other 

hand, the LG beam transfers its orbital angular momentum 

to them.  

In the present work, we have studied how to 

regulate the angular momentum of the electrons by using 

laser and plasma parameters. The control over this 

additional degree of freedom also makes us able to 

understand the dynamics behind the generation of emitted 

gamma radiation. The momentum and energy losses 

associated with the collisions among the particles alters 

the dynamics of the electrons in a significant way that 

needs to be studied. It encourages us to analyze the effects 

of collisions on the generation of gamma radiation along 

with other laser and plasma parameters.  
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Figure 1: Graphical representation of Laguerre-Gaussian 

laser pulse (a) side view and (b) top view. 
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