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Abstract

Being a compact source of x-rays based on the Thom-
son backscattering, Thomson source has potential to be
used in medicine and biology and in other areas where
narrow band x-ray beams are essential. We propose and
investigate theoretically the idea to use laser pulses modu-
lated with a short period in Thomson backscattering. The
coherent radiation is obtained with intensity proportional
to the squared number of micro-pulses in the whole laser
pulse.

INTRODUCTION

Thomson (or Compton) backscattering happens when a
laser pulse scatters off with a counter propagating relativ-
istic free electron. Thomson backscattering underlies a
bright and compact X-ray source. The sizes of such
source are much smaller, than synchrotron’s sizes, while
the brightness is comparable with that. The general layout
of this process is shown in Fig. 1.
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Figure 1: Layout of Thomson backscattering: laser pulse
scattering on a moving relativistic electron.

The frequency of the scattered light is defined as with-
out recoil effect:
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where @, is the frequency of incident laser pulse,

B =v/cwith ¢ being the speed of light in vacuum and v
being the initial speed of the electron, « is an angle of
interaction, & is the angle between the electron’s trajecto-
ry and the propagation direction of the initial laser pulse.
The number of X-ray photons depends on the number

of oscillations of electrons in the external field, i.e. the
laser pulse duration 7 :
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Nph = f (Noscillations ) oC T (2)

Increasing T leads to incoherent enhancement of radia-
tion. It is similar to incoherent radiation from a long elec-
tron beam [1]:

I=1,(N+N°F). 3)

Here the first summand describes incoherent radiation,
while the second one describes the coherent radiation. In
order to switch on coherence effects we propose to use the
laser with periodical longitudinal profile, the layout see in
Fig. 2.

Figure 2: Periodically modulated laser pulse is scattered
on a relativistic electron beams, giving rise to the radia-
tion with frequency higher than initial laser.

As the first approximation the laser wave can be con-
sidered as a plane wave:

E™ (r,1) = E, cos (ot —kr +¢,), “4)

where @ is the laser frequency, k is its wave-vector, E,
is the laser amplitude, ¢, is the initial phase. The modu-
lated laser pulse can be described by [2]:

E™ (r,1) = E, (r)cos (ot —kr +g,). (5)

For periodically modulated beam E (1 +7,)=E, (7). It

means that instead of wave with a modulated profile we
can use the set of N short laser pulses each of which is
described by the field of a plane wave, see Fig. 3.
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Figure 3: Different ways to perform the modulated laser
pulse.

In this paper, we propose the new way to increase the
intensity of X-ray inverse Compton source significantly,
using the modulated laser pulses.

GENERAL THEORY

The energy of light scattered on the relativistic electron
per the unit frequency and per unit solid angle is
T 2
Idtei’“'e_’kR(’) [n, V(t):| ,

0

aw, (n,o) -
dQdw
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where e is the electron’s charge, k is the wave-vector of
scattered light, kK =n®/c with n being the unit wave-

vector, 7 is the duration of a single laser pulse, R(t) and

v (t) are the trajectory and the velocity of the electron in
the external field (laser). As the electron having the initial
speed starts to oscillate in the external field, R(r) de-

scribes this periodical motion along with drift motion in a
single laser pulse [3].

If an external field is periodical (modulated laser
pulse), the electron’s trajectory repeats in every period of
the external field #,. So, for the electron moving in the

modulated laser pulse we can write R(#)=R(7+1,) and

V(t) = V(t +t0) . It means that in the case of scattering of

the modulated laser pulse on the electron the integral in
Eq.(6) reads

2

dte’ ¢ R0 [n, v (t)} , (1)

2 2 (N1 T+n0

= :”?03 z _[

n=0 nt,

dW (n, )
dQdw

where N is the number of periods of the external field.

ELECTRON MOTION

In order to find the coordinates and the velocity of the
electron in the electromagnetic field of laser beam one
need to solve the system of motion equations:

@=€E+E[V,H], E:eVE,
c dt

8
7 ®)

where E and H are the electric and magnetic fields of
laser wave, which are related as H=[n,E], p is the
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momentum of the electron moving under action of the
laser pulse, ¢ is its energy. Wave function describing the
motion of the electron in the field of the plane wave was
calculated strictly by Volkov proceeding from Dirac equa-
tion [4]. Later, the solution for the momentum was ob-
tained by Ritus in form of four-vectors [5]:

e epA & A’
pll:poﬂ_;Aﬂ-’-kﬂ(_____ ’

where p, =(&/c.p). po, =(&/c.p,).P, coincides with

©)

the electron’s momentum when there is no the external
field, A, =(0,A) with A being the vector-potential:

H=roA E=—(l/c)oA/or, k,=(@,/c.k),

pA=-p,A, kp=-Kk,p,+& @,/c’ . The similar solution
can be obtained solving Eqs.(8)-(9) by classical methods
like it was done in [3, 2].

Let the external wave propagate along z-axis. Then the
wave-vector is k, =e_a,/c, the vector-potential can be
written in form [6] A =e A cos(@y—k, z), where A,

is the amplitude, and, consequently, the electrical and
magnetic fields are

E™ =e Ak sin(oyt —k,z),

. (10)
H™ =e Ak sin(opt —k,2).

the laser

a, = eA, / (mcz), where e and m are the electron charge

Let wus introduce strength parameter

and mass correspondingly. In order to avoid nonlinear
effects below we will consider the case q,<<1, that
means that it means that the terms proportional to aé will
be further excluded from our consideration. Second ap-
proximation is Ap, << p ,where Ap_ is the additional
induced by the electromagnetic field:
Ap. = p, — p,,. Taking into account these two approxi-

momentum

mations we can write the expressions for the electron’s

trajectory:
ClOC Sln(t’])—t’] {1 0 ﬂxO } (11)
70w, 1=/, 1-4,.

R(1)=R,+v -

where 77~ @, (1-£3,,) . In order to calculate the energy of

scattered radiation per unit frequency and per unit solid
angle one needs to find the velocity of the electron in
external field:

a,¢ B
v=v, ———(cos(tr7)-1)5L0, } (12)
0 70 ( ( ) ){ 1- IBOZ
INTENSITY OF RADIATION

Substituting the obtain expressions for the velocity and
trajectory of the electron in the external field (i.e. Egs.
(11)-(12)) in Eq. (7) we obtain:
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where we designate

A= a)—a)(nvoc’1 +ayyy [nx +n_B,/(1- B, )]), (14)

B = w[nx +nz ﬁxO/(l_lBOZ ):Iaoy(;]a’(;] (1_'801 )7I s (15)

a,c| P,
K=" —2 (en —en )-(en —ne_)| (16)
70 (1__[%2)( o ') ( ( ' )}
H=[nv,]-K, D=-nR;w/c. (17)

Integration can be performed with help of the following
formula:

(18)

eixsiny — i eisyj (x)
s b
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where J| (x) is the Bessel function of the s-th order. As a
result we find:

2,2 | & in(T(A 2
dW(n,a))= e 6203 ZF(S,IO)SIH( (A+sn)/ )X
dQdw dr-c | =, (A+s77)/2
o , (19)
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where the factor F (s,to) defines the coherent effect due

to the modulation of the laser pulse
sin(N(A+s77)t0/2)
sin((A+s77)1,/2)

F(s.t,)= (20)
Actually, F (s,to)is proportional to N and being

squared is proportional to N, which is maximal coeffi-
cient enhancing the radiation. The condition of maximal
enhancement is

2mm —sat, (1-f,,)

t 1_%_6170 n +n A
0 c 7o ' Zl_ﬂOZ

For [ =0 the radiation is maximal, what follows from
maximum of relation of the sine to its argument in Eq.

(19):

w= J=0,+1.... (21
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In this case these two factors are maximal simultane-
ously and, consequently, the maximal enhancement of
radiation can be observed.

CONCLUSION

In this paper, we propose the new way to increase the
intensity of X-ray inverse Compton source significantly,
using the modulated laser pulses. We construct the theory
describing the radiation in all its spectral and angular
details. Also, we obtain the conditions of the coherent
enhancement of radiation.
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