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ANALYSIS OF THREE FREQUENCY UNDULATOR INTENSITY AND GAIN 
DUE TO OFF AXIS CONTRIBUTION IN FREE ELECTRON LASER

                                                                                  Abhishek Verma*
Vikesh Gupta**                                                                                                                                                            

ABSTRACT
In this paper we study the three frequency undulator radiation and free electron laser gain for higher 

additional oscillations due to which intensity and gain reduction take place. To enhance the intensity and 
gain, we introduce a new scheme -the three frequency undulator scheme. 
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1. Introduction

In a free electron laser (FEL)[1-15], a relativistic beam of electrons passes through a periodic transverse 

When electron enters on-axis, the interaction region of undulators of a free electron laser device, it sees 

extra oscillations drive away electrons from the resonance and FEL gain drops. Both off-axis and angular 

and gain free electron laser. 

The two-frequency & two-harmonic undulator [16-21], Optical Klystron Undulator [23-27] are some 
examples which have attracted wide interests in this context. In this paper we analyze the case of a three 
frequency [28] undulator scheme to increase the intensity and gain of a free electron laser in the presence of 
betatron oscillations.

2. Undulator Radiation 
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4. Results & Discussion
In this paper we have examined the use of three frequency undulator scheme for reducing betatron 

oscillation effects in a free electron laser. In Figure.(1) the linear undulator emits at odd harmonics ...5,3,1m
. The betatron oscillation reduces the intensity at respective harmonics. Figure (2) represents both odd and 
even harmonics due to inclusion of u2  frequency. Here we saw the intensity enhancement for even harmonics 
as we increase value of 1  and odd harmonic intensity decreases. In Figure(3) we saw the intensity of third and 

3.02

. Figure (4)
harmonics either odd or even get enhanced with certain combination of 1  and 2  .  In Figure (5) we plot gain 
curves versus frequency. Figure (5a) shows gain degradation due to inclusion of betatron motion of electron. 
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Figure (5b) enhances gain for even harmonics and Figure (5c) enhances gain for odd harmonics. Figure (5d) 
1  and 2 . The role of 

three frequency undulator scheme concludes that we can achieve higher intensity and gain at higher harmonics. 

case of a three frequency undulator, one gets substantial enhanced intensity and gain at a selected harmonic in 
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Figure 3 . Intensity vs 2
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