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pySRIM simulation
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• We managed to run pysrim

• 100 ions for each energy (1->500 keV) for each element (H, He, C, F)
• It took a total of 6 days…

• Quenching factor evaluation

• Spatial distribution of ionization electrons



Quenching factor
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Output file:
E[keV]    QF   ∆QF

where ∆QF = σ/ 𝑛

For each element of each
energy we considered the 

distribution of  
𝐸𝑖𝑜𝑛𝑖𝑧

𝐸𝑡𝑜𝑡

From each histogram we take 
the mean and the standard 
deviation



Quenching factor
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Quenching factor
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Quenching factor
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Quenching factor
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Ionization profile
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• SRIM was not developed to reconstruct the (ionization) energy loss along the track
• We thought we could retrieve the information we need from Ioniz-3D.txt (ionization energy losses as a 

function of 2D position)
• But it’s likely to have ambiguity anyway (points in the track with the same x and y coordinates)

• Two possible solutions:
• with the QF: the product of energy loss and QF gives the energy lost by ionization; dividing by the 

ionization potential results in the average number of electrons
• with the w-value:

𝑤 =
𝑇

𝑁
T = energy of incident ion, N = number of electron-ion pairs formed

The ratio between total energy lost and the w-value is the average number of electron-ion pairs

Once we obtain the average number of electron-ion pairs produced at each position, we can 
extract, at each step, the number of electrons along the track from a Poisson distribution



COLLISON.TXT
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Primary ion

Primary recoil

Secondary
recoils (cascade)

Coordinates of recoil Energy of recoil

Energy loss = 
(Energy lost to cascade) + 
other

We use these information to take into
account the contribution of the cascades

to the track



EXYZ.TXT
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• Ion energy as a function of its
position in 3D

• Energy lost to the last recoil is also
given
• We can merge with the info 

from COLLISON.TXT
• The step is defined by an energy

interval (set by the user)
• We use a multiple of the w 

value (~42 eV)



Spatial energy distribution reconstruction
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Read line from 
EXYZ.txt

is E to last 
recoil > thr? 

Look for recoil in 
COLLISON.txt

is the recoil in 
COLLISON.txt?

Increase number of 
recoil +1

is there a 
cascade?

Compute energy released in 
cascade and subtract from energy

of primary recoil

print to output

NoNo

No

Yes

Yes

Yes

Go to next line

START:

END:



Cascades are not what they seem…
Cascades in COLLISON.txt are actually made of sub-cascades

The collisions that are listed are either a secondary recoil, or 
a tertiary recoil, etc…

→ If we can’t reconstruct the cascade correctly, we would
lose information on the spatial distribution of energy
deposition
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Compute energy released in 
cascade and subtract from energy

of primary recoil



Output file
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Ion
number

Recoil
number

3D position
(µm)

Deposited
energy (eV)

Number of 
electrons

Primary recoil

Cascade

Primary recoil

Cascade

Cascade



Conclusions and future work
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• We evaluated the quenching factor from a sample of 100 ions per energy per element
• To do: larger sample for higher accuracy

• We can reconstruct the energy loss along the track, but we lose the details of the spatial
distribution for some cascades
• To do: understand how to identify the tertiary (and higher order) recoils OR make some 

assumptions on the deposited energy distribution along the secondary tracks (and lose some 
information/precision)
• We could use the stopping power to estimate the fraction of energy lost at each position 
• or identify the recoils that give rise to secondary cascades and discard the details of the 

tertiary
• or optimize the energy deposited in the cascade at each step to match the total energy
• or distribute the total charges in a region around the primary collision point
• The choice also depends on the spatial resolution (O(100µm))
• …?

• Suggestions?


