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Generation of High Energy X-ray Photons
Classical X-ray Tube

� Acceleration of electrons by a  
static potential difference 
between anode and cathode

� Insulation properties of the 
HV supply and the vacuum 
inside the X-ray tube limit the 
achievable potential 
difference needed for the 
X-ray generation process.

� Achievable X-ray energies up 
to around 600 keV using 
bipolar HV
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High Voltage supply

Pulsed X-ray beam

9 MeV

Generation of High Energy X-ray Photons
Linear Accelerator

HF-Pulse modulation

Magnetron

Electron gun Accelerator

40 keV

� Acceleration of electrons based on HF 
modulated series of cavities

� Increase of X-ray Energy by magnetron 
frequency and current amplitude

� X-ray Energy limited by the number of 
cavities and accelerator length
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� Classic low-energy absorption mechanisms: 

� Photoelectric effect

� Compton- and Rayleighscattering

� Absorption by pair production of Photons above 1.022 MeV 

� Electron-positron annihilation � X-ray production in penetrated matter

Absorption mechanisms of High Energy X-ray Photons
Pair Production

γ → e− + e+ e− + e+ → γ511 + γ511

© Wikipedia.org
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� Classical X-ray detector systems can be used 

� Detector lines 

� Flat panel detectors

� Convenient scintillator materials and setup

� Shielding properties 

� Adaption of the detection system to the
pulsed X-ray beam

� Consideration of the read out time  

Detection of High Energy X-ray Photons
Detector types and specifics

© X-Scan Imaging

© Perkin Elmer FPD
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XXL-CT: stage zero
Evaluation stage

Test facility: 

� Concrete + Dross

� Dimensions:
20 x 20 x 12 m

X-ray Source:

� SILAC – 9 MeV

Detector: 

Different Perkin Elmer 
FPD’s

� 840

� 1640  
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XXL-CT: stage zero 
First approaches in evaluation of the imaging properti es

� Adaptability of the ASTM E 2597-07 characterization me thods on the 
High Energy detection 

� Measurement of the Basic Spatial Resolution (BSR)

� Efficiency measurement 

� Computed tomography on representative Objects
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Characterization of the stage zero
Imaging properties

Basic Spatial Resolution (BSR)

� Electron- proton annihiliation provides a helo at high energy levels

� Basic Spatial Resolution comparable standard lower energy application

� Duplex wire D4 > 20% � BSR < 0.4 mm

9 MeV

4,6 MeV

Corresponding to 400 µm pixel size
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Characterization of the stage zero
Imaging properties

Efficiency measurement

� Quantity for the ability of the detector to convert applied dose into Signal to 
Noise Ratio (SNR) as a function of the incomming X-ray spectrum 

� Regarding the effective pixel size (BSR) 

BSRimagedifference
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y(9 MeV no Filter) = 28,965

y(4,7 MeV no Filter) = 39,434

y(9 MeV 3,4cm Pb 8mm Sn) = 25,452
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Characterization of the stage zero
Imaging properties

� The efficiency 
decreases by a 
factor of 10 
compared to 450 
keV spectra

� Higher efficiency at 
lower energy levels  

� Due to a Gadox
scintillator screen 
behind an aluminum 
plate
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XXL-CT: stage zero 
First approaches in evaluation of the imaging properti es

� Adaptability of the ASTM E 2597-07 characterization methods on the High 
Energy detection

� Measurement of the Basic Spatial Resolution (BSR)

� Efficiency measurement 

� Computed tomography on representative Objects

7



© Fraunhofer EZRT 15 International Symposium on Digital Industrial Radiology and Computed Tomography, Berlin, 20.-22. June 2011

Characterization of the stage zero
Imaging properties

� Computed Tomography of high 
absobing materials

Type metall
(80% Pb alloy)
With porosities 80 mm

Al-wedge
With milled grooves

Iron screw

80 mm

3D

Cross section

Small porosities in Lead can be detected
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� Computed Tomography of light weight alloys with long penetration lengths

Characterization of the stage zero
Imaging properties

8



© Fraunhofer EZRT 17 International Symposium on Digital Industrial Radiology and Computed Tomography, Berlin, 20.-22. June 2011

Characterization of the stage zero
Imaging properties
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Characterization of the stage zero
Imaging properties

� Computed Tomography of 
high absorbing materials
with long penetration lengths

� Example: Hydraulic system

� Iron casting with
penetration lengths over
200 mm

� Additional iron screws
positioned all over the object
for resolution evaluation
purposes
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Characterization of the stage zero
Imaging properties

M10
M8

Sink head with typical shrink 
holes resulting from the cooling 
process of the casted hydraulic 
system  (100 mm x 30 mm)

The threads of the iron screws can be
resolved in this position
(0.4 mm – 0.6 mm)
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Characterization of the stage zero
Imaging properties

� Long penetration lenghts

� Beam hardening

� Cone beam setup

� Enhanced scattering

� Correction of the image 
quality needed!

� Iterative Artefact
Reduction (IAR)

IAR
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Characterization of the stage zero
Imaging properties

IAR - optimized
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Characterization of the stage zero
Imaging properties

IAR - optimized

� The threads of the M8 screws
imaged at high penetration
lengths cannot be resolved
even in the IAR optimized
image

� The contrast at the thread
according to the maximum
penetration length is around
0.1 %

� Enhencement of image 
quality using a fan beam
setup and a line detector
with an optimized
scintillator material

11



© Fraunhofer EZRT 23 International Symposium on Digital Industrial Radiology and Computed Tomography, Berlin, 20.-22. June 2011

Content

� Generation of high energy X-ray photons

� Absorption mechanism & Detection capabilities

� XXL-CT: stage zero

� Characterization of the high energy imaging system

� Outlook stages 1 & 2 

© Fraunhofer EZRT 24 International Symposium on Digital Industrial Radiology and Computed Tomography, Berlin, 20.-22. June 2011

XXL-CT: stage one
Laminography and CT on large objects

� Extended manipulation system

� Different scan trajectories

� Laminography

� Tomosynthesis

� Object weight up to 10 t

� Linear detector 4 m length

� 3D Measurement of vast 
objects

� Standard CT capabilities using 
a high-load turntable (3 t)

� Resolution from 1 mm for large 
objects to < 50 µm 
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XXL-CT: stage two
Rotational-gantry based CT on large objects

CAD

Simulation model

Simulated reconstruction
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Thank you for your attention!

Michael.Salamon@iis.fraunhofer.de

Tel.: 0911/58061-7562
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