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Overview 
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•  Introduction: 
•  Present  
•  Future: adding Advanced Rare IsotopE Laboratory (ARIEL) 

•  ARIEL target stations: 
•  p+ target station: 100µA at 500MeV 
•  e- target station: 10mA at 50MeV 

•  Proton target station overview & adjacent areas 
•  Standard simulation to determine the necessary shielding for 
the Laser Ion Source (LIS) setup 
•  Alternative solutions:  

•  use a Two-Step method 
•  File manipulation for the Two-Step method 
•  Results 
•  Conclusions 
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•  Now adding ARIEL to 
increase from one to 
three simultaneous 
beams 
• Add e-Linac (50MeV 
10mA cw - 1.3GHz SC 
linac)  

ARIEL at TRIUMF 
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ARIEL target stations 
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Proton Station & LIS beam pipe - top view 
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 Elevator & Stairs Locations 
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Results: B2 level  
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•  TRIUMF’s limit for 
Low Occupancy 
Area: 10µSv/hr 

•  Recommendations: 
additional localized 
shielding to the 
north of the LIS 
table to allow 
occupancy during 
beam operation 
MAZE 

Dose (µSv/hr) 100µA of p+ at 500MeV on UCx target 



Results: summary  
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Dose (µSv/hr) 100µA of p+ at 500MeV on UCx target 



Alternative Solution 
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1. General method  2. Two-Step method 
REPLACE 



Two-Step Method 
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First Step Second Step 

•  First Step: score the hadrons 
crossing the Air Regions: position, 
angle, energy & weight; 

•  Second Step: input them from the 
Vacuum Region  

AirS AirN 

Vacuum 
Air 



First Step – How?   
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1.  Scoring: USERDUMP card 
2.  Do a coordinate  transformation 
3.  Compile: Use & Modify mgdraw.f user routine of the first file 
4.  Concatenate the data files after the Run(s) -> output first step -> input 

second step 
5.  Check the results: the output and the data file 

AirS AirN 

Concrete 
Iron 



First Step - USERDUMP card 
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1.  Scoring: USERDUMP card 

•  Defines a phase space file to be written. 



First Step - coordinate  transformation 
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2.  Coordinate transformation 

In FORTRAN: 
XSCO=XSCO + 1859.11 
ZSCO=ZSCO - 1093.78  



First Step - mgdraw.f user routine  
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1 - proton 
8 – neutron 
13 – pion+ 
14 – pion- 
23 – pion-zero 

coordinate transformation 



First Step – Checking the Results 
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First Step – The Output File 
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•  Concatenate the data files:  
         >cat   *srcNEUT  FirstMod1neut.dat    

Output First Step -> Input Second Step 



First Step – Results/USERBIN Plot 
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Dose (µSv/hr) 100µA of p+ at 500MeV on UCx target 



Second Step - Maze 
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Second Step: input/launch the hadrons from the Vacuum Region  



Second Step – How? 
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1.  In Primary: SOURCE card + BEAM card 
2.  In Compile:  

•  Use & Modify source.f user routine -> source2b.f 
•  Use soevsv.f user routine 

3.  Check the results 
4.  Normalize accordingly 



Second Step – Primary 
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In Primary: SOURCE card + BEAM card 



Second Step –  Compile (1) 
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Second Step – Compile (2) 
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Use & Modify source.f user routine -> source2b.f 



Second Step – Compile (3) 
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Use & Modify source.f user routine -> source2b.f 



Second Step – Normalization 
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SCORING normalization: # of hadrons scored / # of primaries  1st step normalization  



Second Step – USRBIN for Normal Target  

September 17, 2012 TWO STEP METHOD FOR SHIELDING SIMULATION  25 



September 17, 2012 TWO STEP METHOD FOR SHIELDING SIMULATION  26 

Second Step–USRBIN for 5 degrees Rotated Target  

Used ROT-DEFI to rotate the target 5 degrees 



Conclusions 
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•  Saves CPU time  
•  Cannot Bias 
•  Flexibility in changing the geometry to achieve the optimal solution 
•  Flexibility in activation assessments  
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Thank you! 
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