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Objective

• Modelling a beam line of Canadian Synchrotron Research 
Facility

• Studying the impacts of beam loss scenarios in the storage 
rings during top-up and normal mode of operation, and to 
calculate the doses in the user’s area

• Studying efficacy of existing shielding and to design new 
shielding.
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Importance

• Beam-loss events may cause unwanted doses to the 
workers and damage equipment.

• The information achieved from this study will provide 
information regarding safe and controlled operation 
of the synchrotron

• CLS is planning to adopt a top-up operation mode in 
order to provide uninterrupted beam-light to the 
users, that can save both time and energy. This 
modeling study will directly facilitate the proposed 
top-up mode of operation at CLS. 
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Introduction 

Relativistic electrons (v/c ≈ 1)  emit radiation 
that is sharply forwarded

Radiation becomes more focussed at 
higher energies

Synchrotron Radiation 
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Synchrotron operation: Decay Vs Top-up mode

Introduction 

Two modes in synchrotron operation: (*) Decay mode of operation 

In decay mode of operation, the storage ring 
current slowly decay down with time, until next 
injection

Traditional operation mode

Scale is arbitrary

Limitations:

(*) No stability in storage-ring 
current
(*) No thermal stability in the 
beam line optics 
(*) Users can not use beam 
line during the injection

No Safety Concern as the beam line safety shutter keeps closed
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• Synchrotron operation: Decay Vs Top-up mode

Introduction 

Top-up mode of operation

Advantages:

(*) Beam current stability 
within specified limit

(*) Avoid beamline shutter 
cycling during each injection

(*) Thermal stability of 
beamline optics, avoiding 
drifts

In top-up mode of operation, electron is injected 
to the storage ring in short time interval, yields 
almost steady state ring current. 

Safety Concern: Beam line safety shutter keeps open
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Scale is arbitrary

Quasi-continuous injection
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Introduction 

HXMA Beam line components
[Hard X-Ray MicroAnalysis]

Top up measurement plan

Total: 21
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• Radiation Safety in Top-up operation 

Introduction 

Front components in a beam line

Bending magnet

Thick 
concrete 
Wall Primary Optical 

enclosure

Secondary optical 
enclosure

Concrete 
Wall

Radiation safety and optical components 
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Materials and Methods

Basic radiation Safety components in the  HXMA beam line 

10 m

20 m
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Monte Carlo Design Features: MCNPX
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• Electron transport was found time EXPENSIVE [14-16 hours for 50K history]
• Statistics was poor
• After conversion from SimGeo to MCNPX, the input card was manually 

restructured

A thick Cu 
plate (t=3 cm) 
was used as 
target

Materials and Methods

����� ����� �����

HXMA initial model: MCNPX
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Materials and Methods

SS target 
(t=0.85 cm)

W valve

Pb block

Shielding wall
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Scoring surface 
[100 cm apart]
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Study of Electron Distribution: MCNPX
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Materials and Methods

Study of Electron Distribution: Fluka

Target

Scoring surface
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Results

Study of Electron Distribution: MCNPX
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Results

Study of Electron Distribution: MCNPX
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Results

Study of Electron Distribution: MCNPX

Considering +/- 3 mrad 
tolerance for bending 
magnet
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Results
Study of Photon Distribution: MCNPX
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Results
Study of Photon Distribution: MCNPX
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Results
Study of Electron Distribution: Fluka_UsrBin
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Results
Study of Electron Distribution: Fluka_UsrBdx
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Results
Study of Electron Distribution: Fluka_UsrBdx
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Discussion
Study of Electron Distribution: Fluka_McnpX

• E < 0.5 Gev, electron fluence increases with 
increase angle

Electron fluence decreases when angle 
increases, over full energy range
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Study of Electron Distribution: Fluka_McnpX

Discussion
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Evaluation

Comparison: MCNPX vs FLUKA [My experience]

Parameter MCNPX Fluka

Building Input card • Geometry convention: Same
• Source definition: Hard
• Material and cross section data: Hard
• Advanced feature: Magnetic field, electric 

field etc. not available

• Geometry convention: Same
• Source definition: Simpler
• Material and cross section data: Simpler
• Advanced features are available

Scoring option • Limited • Wider

Visual Editor • I have limited knowledge to plot with Vised • Flair is user friendly 

Application in high 
energy physics

• New version of MCNPX is capable to work 
at high energy

• FLUKA is SPECIFICALLY designed for 
high energy 

Time Simple geometry: 0.48 msec/par Simple geometry: 0.642 msec/par

Version and update • Strictly controlled and strongly monitored • FLUKA is free and update not controlled
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