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Abstract

A combination of two planar magnetic wigglers with
orthogonal fields and a shared electron beam is proposed
for energy transfer between two different electromagnetic
waves. It is shown that one of the wigglers can acts as an
IFEL accelerator by extracting energy from a seed wave,
while simultaneously another wiggler works as a FEL and
amplifies its corresponding resonant frequency. The
equation of motion in the small signal gain (SSG) regime
for this FEL-IFEL structure is studied. It is shown that the
bunching process occurs for the electron beam in two
different scales, corresponding to two different
ponderomotive waves. It is concluded finally that, in
principle, it is possible to use a FEL-IFEL scheme for
energy exchange between two electromagnetic waves and
retain an electron beam in resonance with two different
electromagnetic waves simultaneously.

INTRODUCTION

A combination of two planar magnetic wigglers with
orthogonal fields and a shared electron beam is proposed
for energy transfer between two different electromagnetic
waves. It is shown that one of the wigglers can acts as an
IFEL accelerator by extracting energy from a seed wave,
while simultaneously another wiggler works as a FEL and
amplifies its corresponding resonant frequency. The
equation of motion in the small signal gain (SSG) regime
for this FEL-IFEL structure is studied. It is shown that the
bunching process occurs for the electron beam in two
different scales, corresponding to two different
ponderomotive waves. It is concluded finally that, in
principle, it is possible to use a FEL-IFEL scheme for
energy exchange between two electromagnetic waves and
retain an electron beam in resonance with two different
electromagnetic waves simultaneously.

FEL-IFEL STRUCTURE

Consider a wiggler which is composed of two planar
wigglers that its total vector potential can be presented as

- B, . ~ By, . -
A, = sin(k;, z)% + 22 sin(ky,,2) (1)
klw k2w
where  Bj,, magnetic field amplitudes and

kiaw=2m/4% 3, are and wavenumbers associated to
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the wiggler periods /11’2W of two magnetic fields. Each of

planar wigglers interacts with an electromagnetic wave

which has the same polarity as the wiggler field.

Therefore, the total vector potential of the radiation wave

has the form

- Ep . . Ey . A

A =k—sm[kl(z—ct)+1//1]x+k—sm[k2(z—ct)+l//2]y 2
1 2

s

where

k1,2

wavenumbers and phases of two waves, respectively. The
Hamiltonian of the system can be written as

E1,20, and Y, are amplitudes,

H=|p-edpc? +met]? 3)

Then, from the canonical equations of motion we get to
the following expressions for the transverse components
of electron velocity

B =X in(hy, )~ K sinfly z ety vyl @)
V4 V4

B, =~ X2 sinthy, 2 - Ko sinlhy - ety rya] )
Ve Ve

eBy sy
Here K;,=—="— are the FEL parameters
kl,ZWmc
. . ek 50
corresponding to each magnetic field, K, =——
ky yme

and y is the electron beam relativistic factor.

Now we introduce the ponderomotive phase of each e-
wave as

0, = (k;, +k;)z — ket (6)

Then, the z-component of electron velocity, after some
manipulation and using the Bessel function expansion of
sin function, becomes

@=%+Zﬂ§§%m@+%)
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where F; =J0(§i)_J1(§i)’ fi =

1 1 s o
and 3, 21_?[”52(& +Kir)]

The time derivative of », which determines the rate of

energy transfer of electron beam, now can be calculated
as follows,

._ef-E_ EFKK,

4 =k sin(0; +y;) (7)
me i=1
Introducing the resonant energy
2 2
= + 8
VRi 7 k,'w [ 7 ( )
and two detuning parameters for e-beam as 7, = Vinvdiiy
VR1
_Y TR .
and 77, = —== we find for the ponderomotive phase
VR2
6; = 2k 17; €

In an ideal situation where e-beam is in resonant with
both em-waves, the following equality must hold

2
m=1,~ _ZQ% sin 6;

(10)
i=1
k. FKK;
where Q7 =%. Therefore, the pendulum
VRi

equation is now a set of two coupled pendulum equations
for @ as

0, =-2kj, > O sind, (=1,2). (11)

Equivalently, we can solve the following set of first order
equation for the phase-space evolution of electron beam,

6 = 2k (12)

92 =2ky 1, (13)
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2
-y Ql-2 sin 6,
i=1

m= (14)

Here, 7, and 77, differ only in a constant. Now we can

solve this set of equations numerically. The results for the
phase-space evolution of a set of initially uniform
distributed electron beam after pass through a wiggler
with 4;,, =104, is shown in Fig. 1.
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Figure 1: Phase-space evolution of electron beam in
scales of two ponderomotive waves.

As one can see here, the bunching occurs for both
ponderomotive phases. This means that both phenomena,
namely FEL and IFEL, can occur in this system. The
bunching factor that defines as

1 &
b=abs o > exp(in6) (15)

P n=1

is also depicted in Fig. 2, for two types of bunching.
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Figure 2: Bunching factor versus interaction time in FEL-
IFEL structure.

This illustration shows that there is an optimize condition
in which the bunching in both scales is considerable.
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CONCLUSION

In this work we have done an elementary study about
possibility of using FEL and IFEL structures together for
energy exchange between two electromagnetic waves.
Our investigations for bunching process in such
configuration show that it is possible, essentially, to have
electron bunching in such structure such that both FEL
and IFEL phenomenon occur. More studies about growth
rate and saturation mechanism are future works that can
be considered for future.
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