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  الخلاصة

 الأشعة السينية ذات نبضة قصيرة من خلال استطارة ثومسون لها فائدة لـيس              إن توليد 
تم فـي هـذا البحـث       . فقط في مجال فيزياء التصادم ولكن تستخدم في مجالات بحثية متعددة          

عرض بعض النتائج النظرية الناجمة من تصادم ثومسون بين حزمة الالكترونات ذات طاقـة              
وذات نبـضة   )  جول 2(زمة من الليزر ذات طاقة قدرها       وح)  ميكا الكترون فولت   16(قدرها  

 العرضية التفاضـلية    عومن خلال هذه الدراسة تم حساب المقاط      ).  نانوثانية 10(زمنية قدرها   
وعند زوايـا متعـددة لانبعـاث       ) c0.992لغاية  و c)0.12 سرعة الالكترونات ما بين      ضمن

العرضية التفاضلية وطاقـة الالكترونـات   ة ما بين المقاطع قكما تم تحديد علا . الأشعة السينية 
إضافة إلى ذلك تم حـساب طـول        . الساقطة عند زاوية انبعاث الأشعة السينية تساوي صفراً       

 ضـمن    عمليه ولحد معلوماتنا لا تتوفر نتائج    . نبضة الأشعة السنية عند زوايا استطارة مختلفة      
  .هذه المديات في هذه الدراسة

  
Abstract 

Short pulse x-ray generation which is produced through Thomson 
scattering is of interest not only to the basic collision physics, but also 
used in various research fields. In this work, some theoretical results have 
been obtained on Thomson scattering between (16MeV) relativistic 
electron energy and laser pulse energy (2J) of pulse duration (10ns). The 
differential cross sections of Thomson scattering have been determined 
between 0.1c up to 0.99c electron energies through different x-ray 
emitting angles. A relation between the differential cross sections and 
incident electron energies is established at an x-ray emitting angle equal 
to zero. In addition, x-ray pulse length over different scattering angles 
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have been determined. To our work knowledge, no experimental data 
available of this work for comparison. 
 
Introduction 

The generation of x-ray by scattering between relativistic electrons 
and laser light was proposed in 1960[1]. the angstrom scale wavelengths 
of x-ray have the advantages compared to other light sources, such as 
(Ti:Sp laser) of the wavelength 800nm, in that they give excellent 
resolution, capable of penetration of atoms, exciting deeper core electrons 
capable of imaging surfaces and standing crystalline structure.Thomson 
scattering is one of the most promising approaches to ultra short pulsed x-
rays [2]. A tunable ultra short pulse x-ray sources of pulse duration (in 
nanosecond and femtosecond) are being widely used in various research 
fields such as solid state physics, material science, atomic and molecular 
physics with femtosecond optical and x-ray pulses, ultra fast photo 
chemical reactions, medical imaging, and industrial applications [3]. 
Researches on the Thomson scattering x-rays sources received increased 
interest in recent years[4,5,6,7 and 8]. 

In this work, theoretical results on Thomson scattering between 
relativistic electron beam and short pulse laser have been presented, such 
as differential cross sections of Thomson scattering have been estimated 
for a wide range of x-rays emitting angles, polar plots of differential cross 
sections against x-rays emitting angles have been estimated. Furthermore, 
the results of x-rays pulse length for a different scattering angles have 
been also determined. 
 
Basic Principle of Inverse of Compton (Thomson Scattering) 

Thomson Scattering of photon by an electron at rest, strictly only 
applied at low photon energy, i.e., when (hυ<<moc2) (Compton effect). if 
the photon energy is comparable or greaten them electron rest energy  
i.e (hυ>>moc2) relativistic effect must be taken in to account. An 
important case arise when the electron no longer to be at rest. energy is 
transferred from the electron to photon, i.e., it is opposite of Compton 
scattering in which the photon transfer energy to the electron [1].The 
generation of the X-rays in the inverse scattering where abeam of 
accelerated electrons are collided with a burst of photons in vacuum. 
Below is a diagram of the interaction configuration. 
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Fig(1)Diagram of interaction configuration

 
 

In this process,the electrons oscillate under the influence of the 
electric field of photons. The oscillating electrons emit photon soft x-ray 
region.The accelerator for electrons operate at repetition rate from a few 
Hz to120Hz. The laser needed to produce inverse Compton scattering 
have the following properties[9]. 
1-  High number of photon per unite time. 
2-  Short pulse duration (a few Ps).  
3-  Low oscillator jitter. 
4-  High beam stability. 
5-  High beam profile. 
 
Theory 

The theoretical background of Thomson scattering between 
relativistic electron beam and short pulse laser light is reviewed else 
where[2,3,6,9]. In Thomson scattering the differential is given [1] 
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Where ro is the classical radius of electron, α is the scattering angle. 
The differential cross section of the relativistic Thomson scattering is 
given by[6]. 
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Where θx is the emitting angle of x-ray, ro is the classical radius of 
electron, B=v/c where v is the velocity of electron and c is the velocity of  
Light. 
The pluse length of the generated x-ray is given by[6] 

 
 

Where α is the scattering angle, δez is the electron rms size for electron 
beam, δLz is the laser rms size for laser beam and c is the velocity of light. 
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Results and discussions 
The results below is a theoretical simulations are resulted through 

Thomson scattering.In this process an electron beam of relativistic energy 
(16 Mev) of microbunch duration of (35ps) with rms beam radius of 
(1.25mm) is collided with laser beam [6]. The laser Nd: YAG of 
wavelength (1.064 µm), pulse duration (10ns), pulse energy (2J) and of 
focal radius (0.5mm) form was used in the present study fig. (2) show the 
classical behavior of Thomson differential cross section against the 
scattering angle (alpha) according to equation (1). From this fig. we can 
notice the periodicity behavior of the Thomson differential cross section 
due to the influence of (cos2θ) factor in eq. (1). Fig (3) Shows the 
behavior of the differential cross section of Thomson scattering against a 
wide range of x-rays emitting angle (theta) and wide range of impact 
velocity of electron (nearly the classical limit). From the fig (v=0.1c and 
0.2c), we can notice that the differential cross section depend on x-ray 
emitting angle. For larger value of electron beam, the differential cross 
section is independent on the emitting angle (see fig 4). In order to 
illustrate the effect of large value of emitting energy (v~c), the 
differential cross section had a larger value compare to. Fig(5) on the 
other band that the differential cross section decreases rapidly with the x-
ray emitting angle and approaches to zero at an angle (0.02) radians 
Fig(6). Illustrate the effect of the electron beam velocity on the 
differential cross section. In other word the dependence of differential 
cross section upon the electron beam energy rather than the electron 
velocity is shown in.Fig (7) as shown from this figure that the threshold 
value to generate x-ray pulse is about (0.5Mev). polar plots of the 
differential cross sections for different values of electron velocities and x-
ray emitting angle have shown is Fig. (8,9,10 and 11). Fig (12) shows x-
rays picosecond pulse generation the scattering angle (theta) for different 
values of longitudinal coordinate (sig ze=1mm, 2mm and 5mm). We can 
notice from this figure that the pulse length decreases with increasing (sig 
ze) The projection of x-ray picosecond pulses for these value of sig ze 
had shown is Fig. (12b, 12c and 12d). The projection is concentric for 
(sig ze=1mm). And deviated for other values of sig ze(3mm and 5mm). 
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Conclusions 

A short pulse x-ray source is an important tool for studying the 
dynamics of material in the fundamental time scale.In this simulation, we 
have shown that the differential cross section of Thomson scattering 
depends on many parameters specially such as scattering angle, x-ray 
emitting angle and impact electron energy. Noticeable argument can be 
drawn from these dependence that the minimum impact energy required 
to generate short pulse x-ray is about (0.5µev).Furthermore another 
conclusion can be illustrated that the projection of x-ray pulse length 
against the scattering angle (alpha) is concentric at (sig ze=1mm) and 
deviated apparently bigger than this value. 
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