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• Coherent Reflection Imaging at Grazing 

Angles of Incidence. 

 

• Laser–Thomson X-ray Generator meets 

MP0601 Network Objectives. 
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Coherent reflection lensless imaging. 
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Coherent reflection lens imaging. 
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Lens coherent imaging of tilted reflective objects. 
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SUMMARY 

• The theory and software are developed for 3D 

simulation of coherent imaging of reflective 

objects illuminated at grazing angles of 

incidence 

• The applications are:  

 (a) X-ray methods for surface sciences  

 (b) mirror optics for SR and FELs. 
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Laser-Electron (Thomson) 

X-Ray Generator. 

 
1. ~ 50 MeV accelerator unit. 

2. ps 1.06µ laser unit, av. power  0.3 – 1 kW. 

3. Synchronization system. 

4. X-ray optics. 

 

X-ray beam: 10 – 60 keV, tunable, collimated in  ~1

 

,  

1011 – 1013 ph/sec.  

 

Estimated cost – 10 M$, size – 10mX20m. 
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Relativistic Thomson Scattering in Compact 
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a Route to  

Tunable Laboratory-Scale X-ray Sources.  
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• Academic - Harvard, Purdue, Boston U., Niels Bohr Institute, 

London Center for Nanotechnology, Institute of Biophysics and 

Nanosystems – Austrian Academy of Sciences 

• Medical 

Massachusetts General Hospital 

• National Labs 

ORNL, National High Magnetic Field Lab, NIST 

• Industrial 

Novartis, Wyeth, GE, Rigaku Americas Corp, Siemens 

• Cultural 

Louvre Museum 

Who Wants a Compact Source? 

1. See Objectives of MP0601 Network, started Brussels, 2-3 April 2007. 

 

2. W.S. Graves, F.X. Kaertner, D.E. Moncton 

“High Repetition Rate Inverse Compton Scattering Source”, 2010 SLAC: 
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Compact Thomson X ray sources  

Applications Flux (@ 10% 

bandwidth) 

Type Energy 

[KeV] 

Source 

size 

(μm) 

ThomX, France  Medicine 

Cultural Heritage 

1013 (25 MHz) Storage ring 40-90 70 

Thomson source at 

INFN-LNF, Italy 

Mammography 

Advanced Imaging 

inside Hospitals 

2
 

108 -2
 

1010 Linac  20-500(50-

90) 

0.5-13 

COBALD, Daresbury, 

UK 

>1020 photons/mm2 

/mrad2/s/0.1% 

bandwidth 

Linac 30 keV , 15 

keV 

(transverse) 

20 
 

 

35 

NESTOR, Kharkov, 

Ukraine 

Angiography, 

Biology, Hard X-

rays 

2.6
 

1013 (25 MHz) Storage ring 6-900 35 

LEXG, LPI-MSU, 

Moscow, Russia 

XRD, EXAFS  for 

nanoscience 

up to 1013 Compact 

Storage ring 

12-45 20 

LEXG, LPI-MSU, 

Moscow, Russia 

 

K-edge subtraction 

imaging for 

medicine 

4.5
 

1013 ; 

 

Compact 

Storage ring,  

2 interaction 

lasers 

33 20 
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CW Laser-electron X-ray Generator  

for micro-CT or EXAFS applications: 
circulator based on second harmonic generation in 
a high-Q cavity 

15- 30 MeV, 1nC, 50Hz 

RFC   

Beam 

dump 

X-rays 

KICK INF   

IP 

e e 

  

R1.064 < 1% 

R0.53 > 99.9% 

  

Nonlinear crystal 
R1.064 < 1% 

R0.53 > 99.9% 
R1.064 < 1% 

R0.53 > 99.9% 

λ2 = 0.53μm 

  

R1.064 < 1% 

R0.53 > 99.9% 

  

τ < 15 ps  

T = 1  μ s T = 1 μ s 

t 

CW opertaion 

λ1 

  

    

  

λ1 = 1.064 μm 

t 

T = 1  μs 

τ < 15 ps 

T c  = 10 ns 
  

λ2 

20000μs <0.1μs 

e 

20000 μs 

e 
t 

CW opertaion 

LINAC 

CW mode 

Circulator and storage ring for enlargement of X-ray photon 

flux up to 1013 sec-1. 
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LEXG designed for K-edge subtraction imaging for human 

angiography 

τ  < 15  ps 

T = 1 μ s T = 1  μ s 

t 

1 ms <1 ms 1.5-2 ms 

λ 1 λ 2 

  

  
  

 30Hz, 1nC, 43 MeV  LINAC   

RFC   

Beam 

dump 

  

X-rays 

KICK INF   

IP 

e e 

R>99.9% 
  

R>99.9% 

  

R>99.9%   

R>99.9% 

    

  

P1 

Pockels 

cell 2 

  

  

  

λ1 

  

t 

T = 1  μs 

τ  < 15 ps 

T c  = 10 ns 
  

P2   

Pockels 

cell 1 

λ2 

Pulsed operation mode 

30Hz, 900W, train 

length - 1ms, 103 pulses, 

train energy - 30J. 

1.5•1012ph / 

4.5•1013sec-1. 
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SUMMARY 

1. Laser-Thomson X-ray generator is a feasible 
source that meets the MP0601 objectives. 

 

2. Several projects exist in Europe and outside. 

They are mainly based on present technologies. 

 

3. When developed it promises an impact on 

science, education, public health and security…  
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Coherent reflection lensless imaging. 
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