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Introduction

The Canadian Light Source is a third generation synchrotron which has been open for 
users since May 2005. To date the CLS has operated the storage ring in decay mode, 
but to remove the disruption in scientific experiments both for the time it takes to 
reinject and the thermal instability in optics components that results, we plan to 
transition to Top-Up.

At the moment the storage ring operates at a maximum of 250mA, though the original 
design was for 500mA. 



The original shielding design was done using the analytical equations from Swanson’s 
work (1979 IAEA No 188 report) and the subsequent updates to that work performed 
by Moe at the Advanced Photon Source (1997 LS-295).

We had wanted to measure directly some of the worst case radiation conditions to 
test the shielding on our way to Top-Up, but the accelerator group can not guarantee 
the perfect worst case failure positioning and alignment.  Without the ability to test 
exactly the worst cases identified in the safety analysis a reliable way for all the 
beamlines to be evaluated was needed. So as others have done a Monte Carlo 
approach was chosen.  

Simulations would be performed using the FLUKA software package which has 
become standard for this kind of analysis (USRBIN – Dose-EQ).

However this leads to a problem, since the FLUKA program is so intricate and versatile 
how can we be sure that we have the correct settings (Neutrons, photon and electron 
interactions, transport cut-offs, etc.)?

A decision to use Monte Carlo



Starting From Scratch



First Consideration
What level of detail should go into the model geometry?

We want the least amount of detail that gives a reliable result.



FLUKA Settings
‘New-Defaults’ settings were used, as well as, the photonuclear reactions card and 
the decay length bias card. EMF-CUT cards were defined for electron and photon 
production and transport thresholds. They were set to 150keV and 5keV respectively 
to reflect the detectible limits of the OSL being used in the measurement. USRBIN 
was used to score dose and AUXSCORE was used to separate the photon and neutron 
components of the dose.  



Our Test Case

At the end of the 250MeV LINAC where the electron beam is turned to go into the 
booster ring there is a beam stop. Unlike a beamline front end which has many 
components in and around the beam this is simple and has relatively few 
components in the vicinity.  

We are therefore able to collide a known number of electrons at a known energy 
into this position. Using monitors we can measure the radiation created and 
compare this with the FLUKA results for a simple geometry.    
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The Ta type passive area monitors supplied by Landauer dosimetry service were used. 
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FLUKA Monte Carlo Geometry

A simple model of the transport pipe and beam dump was created leaving out the 
surrounding support structures and accelerator components. 



FLUKA Results
To plot the FLUKA results with the measured values obtained from the OSL 
dosimeters a scaling factor was needed as the values reported by Landauer
were in mSv and the values reported by FLUKAs ‘Dose-Eq’ USERBIN scoring 
was pSv per primary. 

Using the average current of the LINAC which was 6.3nA the number of 
primaries was 6.2nC/s x 274s = 1.7µC or 1.06e13 electrons.

Also needed is a 1.0e-9 factor to convert from pSv to mSv units.



Examination of the Results



A check of the experimental and Monte Carlo dose contributions shows that the 
neutron dose is matched fairly well, but there is a gap in the photon dose contribution. 

Our Mystery



A check of the data from the side of the beamstop shows the same gap in 
photon dose as the data from the top of the beamstop. 



Front Dosimeters



Electron Beam Alignment



Centering of beamstop



Further Refinement
The initial results from the FLUKA model did not match the experimentally 
measured values for photon dose, but did agree well for the neutron values. 
Some of the things tried so far to reconcile this disparity have been:

1) The presence of addition components around the beamstop which could
be a source of secondary scatter was investigated. 

2) Beam property parameters have been reviewed and variations attempted 
• Energies, distribution, position
• Beam properties, Size, Divergence, Path

3) Electron and photon transport cut-offs were lowered to see any change.  

4) The composition of the centre of the beamstop has been modeled as 
different materials.    

5) Dose conversion coefficients will be examined next. 



Energy Spectrum of Dose Contributors

With the calculated energy spectrum of the photons and neutrons scored a manual 
check of the dose conversion factors will be performed. 



Conclusions
• The LINAC beamstop measurement has been a rigorous test of the 

agreement between the experimentally measured values using Luxels and 
FLUKA Monte Carlo predictions.   

• The neutron dose predicted by FLUKA matches the measured dose well, but 
the photon dose contribution is not in agreement yet. 

• Once suitable FLUKA settings are determined for the LINAC measurement 
the exact same software configuration will be used for other radiation 
problems in the facility, like beamlines with shutter open storage ring 
injections and these results will be relied upon to guide safety decisions.

• The most pressing question is what would be the maximum possible 
radiation field outside a primary optical enclosure for a miss-steered 
electron bunch injected into a beamline front end.  



Beamline modeling

1nC injected electron
pulse enters the POE.

Shielding geometry of the
HXMA beamline at the CLS
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A Geometry Bias to Look For
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