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Abstract

In this paper, the simultaneous effects of pre-bunching two relativistic electron beams and
the application of an external axial magnetic field on the coherent emission in a free-electron
laser (FEL) with a helical wiggler are investigated numerically and analytically. The research
methodology is based on the nonlinear modeling of wave-particle interactions, where the
system’s behavior is simulated by averaging the Maxwell equations and numerically solving
the Lorentz-Newton equations of motion. The findings indicate that the combination of these
two factors—pre-bunching and the guide field—Ileads to a significant improvement in key
laser parameters, resulting in an approximately 35% increase in the growth rate and a 25%
reduction in the saturation length. These results suggest that by precisely adjusting the pre-
bunching phase and the magnetic field intensity, higher efficiency and output power can be
achieved in two-stream free-electron lasers.

Keywords: Two-Stream Free-Electron Laser, Pre-Bunching, Axial Guide Field, Dispersion
Relation, Growth Rate, Nonlinear Simulation.
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Evolution of Electron Bunching
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  𝛿 𝜙 ( z , t ) = 𝛿   𝜙 ^ ( z ) [   c o s ⁡  𝛼 ( z , t ) ]
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    𝛼 + ( z , t ) =   ∫ 0  z  d   z ′   k + (   z ′ ) − 𝜔 t


  𝛼 ( z , t ) =   ∫ 0  z  d   z ′ k (   z ′ ) − 𝜔 t
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  𝛿 a


    𝛤 +


      k ̄ +


  𝛿 𝜙


    d 𝛿 a  d   z ̄ =   𝛤 + 𝛿 a


    d   𝛤 +  d   z ̄ = ( −     𝜔 ̄ 2 +     k ̄ + 2 −   𝛤 + 2 ) +


    d     k ̄ +  d   z ̄ = − 2     k ̄ +   𝛤 + −


    d 𝛿 𝜙  d   z ̄ = − 2   ∑  i = 1 2      𝜔  b i 2  𝛿 a   𝜔 ̄ <   s i n ⁡    𝜓  s c i > 


    k  w


    d   𝜓  i (   z ̄ )  d   z ̄ =     k ̄ + (   z ̄ ) + 1 −     𝜔 ̄    𝛽  3 i


    d   𝜓  s c i (   z ̄ )  d   z ̄ =     k ̄ + (   z ̄ ) −     𝜔 ̄    𝛽  3 i


    𝛤 +


    𝛽  3 i


  𝜋


  𝜋


  2 𝜋


    d   u  1 i  d   z - = − (     𝛺 ^ 0   − u  3 i )     u  2 i    u  3 i + [ 𝛿 a  (   𝜔    v  3 i −   k + ) s i n   𝜓  i +   d 𝛿 a  d   z - c o s   𝜓  i


    d   u  2 i  d   z - =  (     𝛺 ^ 0   − u  3 i )     u  1 i    u  3 i + [ 𝛿 a  (   𝜔    v  3 i −   k + ) c o s   𝜓  i −   d 𝛿 a  d   z - s i n   𝜓  i ] −     𝛺 ^ 0


    d   u  3 i  d   z - =   k + 𝛿 a     u  1 i s i n   𝜓  i +   u  2 i c o s   𝜓  i    u  3 i −  1    𝛽  3 i ( k 𝛿   𝜑  i s i n   𝜓  s c i −   d  d   z - 𝛿   𝜑  i c o s   𝜓  s c i ) +     𝛺 ^  w     u  2 i    u  3 i


    d 𝛿 a  d   z -     u  1 i c o s   𝜓  i −   u  2 i s i n   𝜓  i    u  3 i


      𝛺 ^  w =   e   B  w  m   c 2   k  w


      𝛺 ^ 0

