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Radionuclide detectors convert activity to signal



Simulations can produce an absolute result

??



Simulations provide experimental refinement

 An EGSnrc model of your detector allows you to:

● Validate experiments

● Predict detector response for unknown isotopes

● Refine experimental uncertainty budget

● Test geometrical variations

● Test manufacturing tolerances

● Test radioimpurity effects



EGSnrc
General purpose: energies from 1 keV to 10 GeV

Efficient: released in 2000 as the new EGS4 version

Accurate physics: nominal accuracy at 0.1% level

Gold standard  for electron-photon transport

Electron Gamma Shower



















We are discussing a new source model

1. geometry (divide space into regions)

2. material properties (elements, density)

3. source of particles (distribution in space, energy, direction)

4. physical parameters (e.g., cutoff energy)

5. simulation parameters (histories, random numbers)

6. application (mostly EGSnrc’s responsibility)

7. computer resources (entirely your responsibility!)

8. data analysis tools (mostly your responsibility)

A Monte Carlo simulation for radiation transport requires 
that you provide the: 



Introducing: EGS_RadionuclideSource



Radionuclide decays are complex to model



Radionuclide production branches



 Electron rearrangement

● Cascade of X-rays or Auger electrons to fill shell vacancies

 Secondary phenomena accompanying nuclear transformations

● Internal bremsstrahlung/ionization/excitation

Radionuclide production branches

Currently uncorrelated with decays



Radionuclide data from LNHB
 Data from Laboratoire National Henri Becquerel (LNHB)

● http://www.nucleide.org/DDEP_WG/DDEPdata.htm



The ENSDF format is widely used

 Evaluated Nuclear Structure Data File (ENSDF)
67ZN    67GA EC DECAY (3.2613 D)                                               
...   
 67ZN T  Auger electrons and X ray energies and emission intensities:           
 67ZN T       {U Energy (keV)}   {U Intensity}  {U Line}                        
 67ZN T                                                                         
 67ZN T        8.61587            17.0     6     XKA2                           
 67ZN T        8.63896            33.0    12     XKA1                           
...                           
 67ZN T                                                                         
 67ZN T        7.21-7.55      |]                 KLL AUGER                      
 67ZN T        8.31-8.63      |]  60.4    21     KLX AUGER                      
 67ZN T        9.39-9.65      |]                 KXY AUGER                      
 67ZN T        0.732-0.997        167.5   21     L AUGER                        
 67GA  P 0.0         3/2-              3.2613 D  5              1000.8    12    
 67ZN  N 1.0         1.0       1         1.0                                    
 67ZN  L 0           5/2-               STABLE                                  
 67ZN  E                       3.3     326.532                                  
 67ZN2 E CK=0.8836   15$CL=0.0989   12$CM=0.0164    4$CN=0.0011    1            
 67ZN  L 93.31       1/2-              9.00 US   4                              
 67ZN  E                       50.5    175.261                                  
 67ZN2 E CK=0.8834   15$CL=0.0991   12$CM=0.0164    4$CN=0.0011    1            
 67ZN  G 93.307    1238.1     7E2                      0.854  12                
 67ZN2 G KC=0.748    11$LC=0.0922   13$MC=0.01300  19$NC=0.000388  6            
 67ZN  L 184.58      3/2-              1.028 NS  14                             
 67ZN  E                       22.3    275.523                                  
 67ZN2 E CK=0.8832   15$CL=0.0993   12$CM=0.0164    4$CN=0.0011    1            
 67ZN  G 91.263    153.09     7M1+E2     0.123   25    0.091   6                
           



 egs++ design is object-oriented

ENSDF records converted to c++ objects



It's a tree-like structure



Beta decay energies from Fermi distribution

 “Recall” beta- decay:

 Beta- energy is a spectrum, with maximum:

● Where       is the energy of disintegration and      is the 

energy of the level to which decay occurs.



Example: Xe-133 has 3 beta- decays



Beta decay spectrum



The input file is easy

:start source:
    name                = my_mixture

    library             = egs_radionuclide_source
    activity            = total activity of mixture, assumed constant

... optional arguments ...

    :start shape:
        definition of the source shape
    :stop shape:

    :start spectrum:
        Next slide...
    :stop spectrum:
:stop source:



The input file is easy

:start source:
... source definition (previous) ...

:start spectrum:

    type            = radionuclide
    isotope         = name of the isotope (e.g. Sr-90)

    relative activity = [optional] the relative activity (sampling
                        probability) for this isotope in a mixture

:stop spectrum:

:start spectrum:
    type                = radionuclide
    isotope             = name of next isotope in mixture (e.g. Y-90)
    relative activity   = ...

:stop spectrum:

:stop source:



Simulations can produce an absolute result

??



 EGSnrc reports energy deposited in nitrogen [eV]:

 Convert to total charge [C]:

 The charge is deposited for exactly      decays

EGSnrc cumulates energy depositions

(average energy to create ion pair in nitrogen)



Simulations can produce an absolute result



There was a problem with the detector model

 Initially, the modelled detector response was systematically low

● An energy-dependent difference (~7%)

 This indicates a physical discrepancy:

● Material properties (density, composition)?

● Geometrical (wall thicknesses)?



We increased the gas pressure

 Varying within manufacturer tolerances could not account

 There was no tolerance on the nitrogen pressure (nominal 1MPa)

● Increasing the pressure ~7% worked (chi-squared optimized)

 Therefore, our model predicts a 7% higher pressure



Turns out it's corroborated

 Strikingly, a previous group also found a 7.2% higher pressure by 

simulations of a similar chamber using PENELOPE



Calculating calibration factors: an example



Let's try this the “old way”

6 high intensity photon lines



Use a series of monoenergetic simulations



Interpolate response
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Perform weighted sum using relative intensities
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The radionuclide source models a bit more



Closer agreement!

k
mc

 = 1.5547

k
exp
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-1.8%

(factor of 1.7 closer)



After a few minutes on the cluster...



 Low energy gammas

Impurities of 154,155,156Eu

Impurities of 56,58Co

Standardized before 1994



 The discrepancies highlight isotopes inviting a closer look

 In the experiment:
● Radio-impurities?
● Re-standardization by primary method?
● Sharpen uncertainties by testing different conditions

 In the model:
● Pure water used as the source solution (even for gases!)
● Lead shielding around detector
● Materials, geometries, source modelling etc.

Now we know where to focus



Simulations provide answers

 With an accurate EGSnrc model at our disposal, we can now look at 
the questions:

● How does the uncertainty on a parameter affect 
measurement?

● What is the calibration factor for a radionuclide not 
previously measured?

● What is the calibration factor for a non-standard geometry?

● What is the effect of radioimpurities?



https://nrc-cnrc.github.io/EGSnrc/



Thanks to Patrick Saull for his help 
with beta spectrum generation

Thanks to LNHB for providing 
ENSDF data
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