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How to make polarised-
monochromatic X-rays:

• Quasi-monoenergetic X-rays using filtration 

and Compton scattering

• Synchrotron X-rays using a crystal 

monochromator

• Benchtop solutions



Synchrotron X-rays 

Spring-8, Japan
Australian Synchrotron - Monash



What to do with them:

•X-ray fluorescence (XRF, XANES, EXAFS)

•Microbeam radiotherapy (MRT)

•X-ray activated radiotherapy

•Radiobiology with monochromatic X-rays



HPGe Detector

Wax mounted sample
on a motorised stage

Position sensitive
Detector

Tissue and tumour trace element 
inhomogeneity µ-SXRF (XMAS/ESRF)

Si 111 mono 



Irradiation of a live piglet. 
Laissue et al., SPIE, 4508: 65-73 (2001)

kGy/s dose-
rates limit 
organ motion 
during 
exposure 

Comparison of MOSFET 
measurements with 
EGS4/LSCAT. Orion et al., PMB 
45: 2497-508 (2000)

Spatially fractionated radiotherapy 
(Microbeam RT)

Use “pink-light” from a 3rd generation synchrotron



High resolution dosimetry 
MOSFETs

Multi element RadFET -
Thickness of gate oxide layer 
tuneable in range 100-1000 nm

GateSource
Drain



Rayleigh (yellow) and Compton 
(blue) scattering from a 10 micron 
width 70 keV polarised X-ray beam 
penetrating a tissue equivalent 
medium (EGS4/LSCAT)

Dose distribution (length scale 
is microns) for 80 keV 
electrons is predominantly 
forward directed
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May need better sampling of 
the direction of the 
photoelectron including the 
influence of polarisation 



Hainfeld et al., 
2004
Au nanoparticles 
for enhanced 250 
kVp RT,
PMB, 49: N309, 
2004

Adam et al, 
2003, 
Synchrotron 
RT of I and Gd 
loaded glioma, 
IntJ 
RadiatOncBiol
Phys 57: 1413

Dose enhancement through high-Z targeted RT



Maximum enhancement occurs beyond K-edge

Biston et al., 2004, Irradiation above or below K-edge 
indistinguishable, Cancer Res., 64: 2317

Some other mechanism, e.g. LET effect?

Energy used by Adam et al.
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Linear energy transfer (keV/ mmmmm)

Variation in RBE for low-LET radiation



Determination of energy 
deposition within small 
volumes: Beyond LET

29 kVp X-rays 
with Mo target 
and 0.03 mm filtration:
K-alpha for Mo = 19 keV



Sr/Y-90:  0.5 and 2 MeV 
beta - absorbed in a 5×5 
micron cylinder
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Calculating LET and lineal energy spectra with 
Monte Carlo

Non-stochastic Quantities
(sum of all histories)
fluence = sum(dsi)/vol.
dose = sum(dEi)/mass
LET = sum(dEi /dsi , i = 1..9)

Stochastic Quantities 
(sum within individual histories)
y_dose = Sum(dEi , i in R) /avg. cord 
length
y_track = Sum(dsi , i in R) /avg. cord 
length



Lineal energy spectra - Sr-90 and X-rays in a 5 micron 
cavity using PENELOPE 

Lineal energy (eV)

2keV 5keV

10keV

19keV

30keV
Sr-90 beta

Dose
weighted

probability



Model for RBE - Dose fraction occuring above an inactivation 
threshold  within a 1 micron cavity. 
X-rays relative to Sr-90 beta source

Ratio of
cumulative
probability

Lineal energy (eV/micron)

2keV

5keV

10keV

19keV

30keV



UK XMAS Beamline at ESRF – BM28 announce sub-2 keV photon capability



Modifications to PENCYL
• Record energy deposition and track 
lengths within a micron thin slab



• Score dose and energy weighted LET and 
conventional spectra on a per event basis



• Randomly select several events occuring within slab
• Translate events to randomly sampled position within micron cylinder
• Score energy and track weighted lineal energy for completed history 
weighted according to the selection probability



 0

 0.2

 0.4

 0.6

 0.8

 1

 0.1  1  10

line 1
line 2
line 3
line 4
line 5

Post processing of a single history in MATLAB
- 1 sample of anchor and cylinder position
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Post processing of a single history in MATLAB
- 10 samples
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Post processing of a single history in MATLAB
- 1000 samples



LET spectra – Only factor of 2 increase in numbers 
of electrons in range above 10 keV/micron 

Co-60 gamma

Sr-90 beta

29 kVp Mo/Mo X-ray

5 keV mono X-
ray 



Problems with slowing down spectra below 1 keV –
Auger electrons?



Slowing down spectra (Tilly et al., 2002) calculated 
using PENELOPE and increased density of oscillators 
for inelastic scattering interactions. Stepping is due 
Auger electron contributions approaching the K-edge of 
O (532 eV)



1. Linear polarisation for Compton and 
Rayleigh scattering processes
2. Better angular sampling of 
photoelectrons including the influence of 
linear polarisation
3. Anomalous Rayleigh scattering?

Shopping list:
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