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 Ensure you have these versions of packages and python

Initialize

Set the global PATH 
variable to where your 

LISEcute results folder is 
located

But in order for you to inspect my files I 
have copied this file into the home directory 
of this notebook
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 ETACHA output files are divided into sets of 10 
electron shells

 We usually are concerned with ions near fully 
stripped

 Therefore, this code has shell ‘0009’ as an 
example, which contains orbitals 1s through 2p

 This will report results for all 0009 ETACHA files in 
your LISEcute/results directory

Shell Files
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There are three metrics that can help 
you numerically define the 

equilibrium thickness
• White Chi
• Blue Chi

• Charge State Evolution Curve Slopes

Equilibrium Thickness
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 To use the white chi method you actually have to 
copy and paste the text from the diagnostic output in 
ETACHA and store it in a file called ‘ET_output.txt’ 
in the same directory as the Jupyter Notebook to 
extract the information

 The smallest white chi usually corresponds to the 
thickness with the least change in charge state with 
increasing thickness (equilibrium)

 If confused, consult Oleg

 All data used here is
• 85 MeV/u 198Pt61+

• Ni 25 mg/cm^2

White Chi Method

! Equilibrium
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 The blue chi is the width of the charge state 
expectation value <q>

 This result is provided in the EtaLog.txt output file of 
ETACHA for LISE

 This code block will extract that value and make a 
plot so you can inspect for the minima

 It also prints the minima

Blue Chi Method

! Equilibrium
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 Here we simply inspect the charge state fractions 
and their evolution curves

 You need to set the specific charge state you are 
inspecting, I recommend He-like or something close 
to fully stripped

 When the slope approaches zero, this means the 
electron loss and capture cross sections for that 
orbital has balanced each other out

 This code is designed to handle fine grain resolution 
charge state evolution curves, and will take the 
center of the “highest flat zone”

Charge State Evolution Curve Slope

! Equilibrium
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 Why the “Highest Flat Zone” for the charge state evolution curve?

 In nuclear experiments, a heavy ion beam with high Z will enter the target most likely not at its “most-
stripped” or at equilibrium

 Therefore these lower lying orbitals like the 1s get populated quickly (sharp rise)

 After this process slows down and equilibrium is approached, the beam is always continuously losing 
energy

 The stripping power of the material is dependent on beam energy, so the lower lying orbital begins to 
slowly deplete (slow fall)

 That’s why we want the highest flattest point, it is the point where you have reach optimal stripping from 
the material and are beginning to fall backwards to a lower energy equilibrium

Afterword – Highest Flat Zone
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 You can see all methods don’t necessarily agree. The first real minima of blue chi is much further than the 
white chi and evolution curve methods

 The white chi and evolution curve methods actually agree in this case, we could conclude that this 
concurrence gives us confidence in the value of 8.25 mg/cm^2 eq. thickness for Ni target

 It makes you wonder… That 17 mg/cm^2 target for the 198Pt exp at NSCL was PRETTY EQUILIBRATED 
huh?

 THAT is why we didn’t use the MC NeR method… You can check my thesis if you are curious about what 
all this nonsense is about

Afterword – Comparing Methods


