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ü  Dual-color lasers scheme 

ü  Dual-energy e-beams scheme 

𝐄↓x ≈𝟒 𝜸↑𝟐  𝐄↓𝐋  

l  For a head-on collision, the energy of 
the generated X-rays is determined by 
the combination of electron beam 
energy and laser photon energy.  

l  The two schemes for producing two-
colour Compton radiation are achieved 
by changing the electron beam energy 
and changing the laser photon energy. 

p Pump-probe experiments 

p Dual-colour X-ray imaging or CT scans 

ü  chemical reactions ü  electronic evolutions 

ü  diagnostic radiography ü  precise dose calculation 

Background & Applications 

Dual-energy hard X-ray generation introduction 
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Experimental parameters 
Beam energy 50MeV Input fundamental Laser Energy 250 

mJ 
Beam charge 500pC Fundamental Laser duration 200 fs 

Beam radius 50µm rms Fundamental Laser beam size 30mm 

Bunch length 3.0ps rms KDP crystal thickness 3mm 
Fundamental Laser Energy left 90mJ 
Second Harmonic Laser 
Energy 

80mJ 

Dual-colour laser scheme 
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l  Analytical simulations with standard 
numerical methods such as split step 
Fourier method are conducted according 
to the stationary and dynamic coupled-
wave equations (CWEs). 

l  The SHG efficiency varies with the 
thickness of the KDP crystal, and the 
curve is similar to the variation in the sin 
function.  

l  Under the condition in the experiment, 
the efficiency is about 30% for a crystal 
thickness of 3 mm. 



The imaging and spectrum measurement system 
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Hard x-ray spectral measurement with HOPG crystal 

 X-ray for SHG: 
(106.20keV) 

 X-ray for 1st: 
(50.60keV) 

Spectrum simulated with the CAIN 

𝑛𝜆=2𝑑𝑠𝑖𝑛𝛩  
𝑬↓𝑿 = 𝒉𝒄/𝟐𝒅𝒔𝒊𝒏{𝟏/𝟐 𝒂𝒓𝒄𝒔𝒊𝒏(𝜟𝒄𝒐𝒔𝝋 /√𝜟↑𝟐 + 𝑹↓𝟐↑𝟐 −𝟐𝜟𝑹↓𝟐 
𝒔𝒊𝒏𝝋  ) }   

𝜑：the tilt angle between the screen and the normal plane of the incident X-ray 

Δ：the distance between the incident and diffractive X-rays at the screen 
R1 = 2.5m    R2 = 0.6m 𝑑=0.3354nm~𝜆 =0.3354nm~𝜆  

Highly Oriented Pyrolytic Graphite 

l  The spectrum of the scattered photons simulated with the 
Monte Carlo code CAIN is presented. As seen, the radiation 
energy for 𝜆𝑜=800 nm is about 50.22 keV, and the radiation 
energy for 𝜆𝑒=400 nm is around 106.65 keV, which is almost 
twice that of the former. 

l  The experimental results are basically consistent with the 
simulation results. 



Schematic of drive laser shaping (several 
ps spacing tunable) for twin bunch 
generation 

Double IR laser pulses with 10ps-spacing 
generation with birefringent crystal. 

Initially generated twin bunches undergo different acceleration to 
have slightly different energy at IP. 
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Dual-energy electron bunches scheme 
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 X-ray for higher 
energy bunch 

38.18kev  

 X-ray for lower 
energy bunch 
(32.49kev) 

Experimental parameters 
bunch I energy 37.40 MeV 
bunch II energy 41.20 MeV 
bunch I charge 0.25 nC 
bunch II charge 0.25 nC 

bunch I length rms 3.42 ps 
bunch II length rms 1.07 ps 
Bunch I spot size 80 µm 
Bunch II spot size 100 µm 

Laser central wavelength 800 nm 
Laser I/II energy 200 mJ 

Laser I/II duration 30 fs 
Laser focal spot waist 10 µm 

Dual-energy electron bunches scheme 
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l  The Two-energy level electron beams have been simulated with beam 
dynamical codes as Astra. The average energy of the two electron 
bunches is approximately 41 MeV and 37 MeV. 

l  The simulation of the spectrum of the scattered photons performed with 
the Monte Carlo code CAIN is presented here.  As seen, the radiation 
energy for the higher energy electron beam is approximately 38.94 keV, 
and the radiation energy for the lower energy electron beam is 
approximately 32.46 keV, which is close to the former. 

l  The experimental results are consistent with the simulation results. 



Experimental results 
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 X-ray for SHG: 
(106.20keV) 

 X-ray for 1st: 
(50.60keV) 

 X-ray for higher 
energy bunch 

38.18kev  

 X-ray for lower 
energy bunch 
(32.49kev) 

Dual-energy electron bunches scheme Dual-colour laser scheme 

l  Two schemes to demonstrate the generation of dual-colour X-rays based on Compton scattering  
ü  The interaction of one single electron beam with two light pulses, of which one is generated by the 

second harmonic generation (SHG) of the other. 
ü  The interaction of two different-energy electron bunches with two light pulses centred at the same 

wavelength 
l  The X-rays were spectrally measured by the images obtained by HOPG crystal diffraction 
l  The above two schemes can be designed with great flexibility to generate dual-colour hard X-ray pulses of 

energy intervals and of time intervals in principle 
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