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Abstract

In this article, numerical and analytical analysis of electron trajectories for brightness in THz region of
longitudinal undulator is numerically studied. Pondermotive force and stimulated emission is investigated
in THz radiation. Spectral brightness, average power of THz radiation emitted by longitudinal undulator
is analyzed numerically.
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1. Introduction

Free Electron Lasers (FELs) have widely recognized importance over quantum lasers in terms of
widespread tunability from microwave to coherent x-rays including THz radiations, high spectral
brightness and precised monochromaticity [1]. Tunability is achieved either by undulator parameter K
indirectly varying magnetic field of undulator or controlling electron beam energy generated from linear
accelerator. In quantum Lasers, the evolution of high intensity Laser beam may potentially damage the
transparent medium of solid-state Laser oscillator. When a Laser light is propagated through a series of
optical amplifier for the development of high intensity, Laser medium albeit a considerable amount of
energy is dissipated by the medium leading to a rise in temperature causing thermal stress within the
material [2-3].

A Terahertz (THz) radiation source with better spatial coherence, high spectral brightness and wider
tunability requirement is multiplied amid various advanced applications in medical imaging, THz
spectroscopy, defense applications, scientific research and commercial industry [4-7]. The present work
describes electron trajectories studied analytically using Generalised Bessel Functions (GBFs) [8-9].
Longitudinal Pondermotive force responsible for microbunching is derived and investigated using
relativistic Lorentz force equation [10-12]. The expression for on axis and off axis spectral brightness in
case of longitudinally polarized undulator is investigated. Numerical calculations in this article confirms
the production of THz radiation with high spectral brightness with longitudinally polarized undulator [13-
14].

Magnetic Field of Longitudinal Undulator

Magnetic field of longitudinally polarized undulator is an integral part of Free Electron Laser development
and is responsible for production of coherent THz radiation over wide range of spectrum. The field is
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givenby B=0.8+0.9 + B, sin(k,z).2, where By is the amplitude of the undulator field [ 15]. The amplitude

Bo of a longitudinal undulator magnetic field.
Electron Trajectories
We use a Relativistic Lorentz Force (RLF) equation dp/dt = —ec(B x B) (1)

where p is oscillatory momentum gained by electron beam in transverse directions within undulator, B is
the longitudinal undulator field, [ is normalized velocity of electron, for the calculations of velocity and

electron trajectories using Generalised Bessel Function (GBF) and Relativistic Lorentz Force (RLF)
equation will derive normalized velocities in x and y directions for I, beam current comprising of Ne
electrons (cf (14)).

On simplification, electron trajectories are defined as
X/C=X,/C+R Z [ sin{n(w,B,t—n/2)}—sin{-nm/2} | )

R={B, /nw,B,}J,{2nN 1,K /ey BZ |

y/c=Yy,/c+R n:zw [cos{n(muBZt —1/2)}—cos{- nn/2}] (3)
1 Bl 2

Where B, =1-— ——=J2(2nN 1, K/eyo,p?) (4)
2y" 2

When a beam of N. electrons constituting current Iy enters an undulator field with an initial transverse
momentum, its trajectory exhibits periodic modulations that reflect multiple harmonic components of its
motion [16].

Pondermotive Force

The Relativistic Lorentz Force (RLF) equation is given by
ifz = _eC(BL x B|_) (5)

where Br is magnetic field of radiation, [ is transverse velocity of electrons.
B, =B, cos{y}.8+B, sin{y}.y, is left-handed circularly polarized radiation field where

vy =(n,K,z—n,o,t+¢,), and n; represents the emission harmonics. Hence the expression for

But real time Free Electron Lasers (FELs) employs an electron beam with I, beam current comprising of
N electrons produces pondermotive force [39] is given by

F = —ZnLLL;bN“j i J. (ZnNuIbK/eymuBf)sin{nl(ku +k)z-not+¢ } (6)
Q)U Z

n=o00

IJLRP20031772 Volume 1, Issue 3 (November 2020) 2



https://www.ijlrp.com/

@ International Journal of Leading Research Publication (IJLRP)
IJLRP

E-ISSN: 2582-8010 e Website: www.ijlrp.com e Email: editor@ijlrp.com

Where Eqv is the amplitude of radiation, Iy is the beam current, Ny is the number of undulator periods and
Ys = {nl(ku +k)z—not+d }

Brightness of Undulator:

The expression of undulator brightness for N electrons in a bunch is given:

d’l o’
dodQ  167°,C

[N, + NN, =D @] [ Jewpion (¢~ 230t ™)

2
where f(w)= Uexp(io)r/ C)S(?)dgr‘ is the form factor responsible for coherent enhancement of radiation

for Ne electrons, S(T) is a steady normalised particle distribution function of electron cluster. The detail

expression is given as

= & eN’y*1, (A) m?sinc®(v,, /2)
a0 0 2580 -5 T e T K o T
m=1 rcaOthsx(mm)cyy(mm)\/1+(;’;\/1+92y TP ETN TR EYO, ) F 1Y

x[ 0.5y°B% 32 (27N, 1, K [eyo,B2){I% ., (Mmy, mn,) + 32, (M, mn, )= (rw) (1B, )3, (27N I K /eyo B2)
xB,J, (mmy, M, ){3,,, (M, ) + 3, (Mmy, mm, ) 3

+y g {B2IZ (M, mn,) - 0.25B23% (2N, 1K /eye,B2)((3 ., (MM, mn,)

+ o (MM, M, ))*}]

(8)

On simplification, we get the modified expression

= - 2.91x10°y*N21, (A) m?sinc?(v,, /2)
B(N/d000/0,0.1%BW) = 3 o [ L TR T N K ey - v T
m—lcx(mm)cy(mm)\/1+"*\/l+ezy Y Pidn u'b Y0P, YV

2
ece

x| 0.5y%B1J2(2nN 1, K /ey BI{I% (M, mn,) 3= (1w)(vB,)J, (2N 1 K /ey, B2)
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Numerical Results and Discussion

The brightness of LU is derived using Lienard-Wiechert expression. The results so obtained demonstrate
that the LU introduces distinctive electron trajectories due to the LU field configuration, resulting in

unique radiation patterns. Moreover, the final off axis expression figured out that the spectral brightness
of the longitudinal undulator field is azimuthally independent.
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Fig.1 Electron trajectory for fundamental harmonic n=1 with K=1.5, A, =50 mm, electron beam energy

Ev=10 MeV and beam current [,=10 mA.
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Fig.2 Electron trajectory for fundamental harmonic n=1 with K=1.5, A, =50 mm, electron beam energy
Ev=10 MeV and beam current Iy=10 mA.
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Fig.3 Pondermotive force F vs phase y, for fundamental harmonic n=1 with K=1.5, A, =50 mm,
electron beam energy Ep=10 MeV and beam current [,=10 mA.
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Fig.4 Spectral brightness of longitudinal undulator as a function of yy with Ex=10 MeV.

Conclusion

In this study, with relevant electron beam parameters, we conducted a comprehensive investigation
numerically into the pondermotive force, off-axis spectral brightness, and average power associated with
Terahertz (THz) radiation as produced by Longitudinal Undulator Free Electron Laser (LUFEL). A
significant observation is the dependence of the amplitude of spectral brightness on the energy factor y.
This key finding suggests that LU-based FEL systems have the potential to generate considerably higher
spectral brightness compared to conventional FEL methods.
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